ROHIM

SEMICONDUCTOR

Dear customer

ROHM Co., Ltd. ("ROHM"), on the 1st day of April, 2024,
has absorbed into merger with 100%-owned subsidiary of LAPIS Technology Co., Ltd.

Therefore, all references to "LAPIS Technology Co., Ltd.", "LAPIS Technology"
and/or "LAPIS" in this document shall be replaced with "ROHM Co., Ltd."
Furthermore, there are no changes to the documents relating to our products other than

the company name, the company trademark, logo, etc.

Thank you for your understanding.

ROHM Co., Ltd.
April 1, 2024



ROHM GROUP

LAPIS

TECHNOLOGY FEDL7416N-060-05

ML 7416N-060 o

Sub-GHz (900 MHz Band) Broadband RF Transceiver IC with Built-in MCU

m 1. General Description

ML7416 is a low power consumption LSI for sub-GHz broadband radio communication, which integrates the MCU

block and RF block in a single chip.

@Product Name ML7416N-660ALA

@ Application Remote control
Home, Building Security
Sensor Network

Smart Meters

The features are shown below. * For details of the RF block, refer to ML7396B Data Sheet (FJDL7396A B E).

e Industry-standard ARM® Cortex®-M0+ CPU core * Maximum operating frequency: 40 MHz

e 512 KB flash memory (for program [256 KB x 2 bank configuration is possible]. Can be used as data flash)

e 64 KB RAM (for data. Whether to hold data in low power consumption mode can be selected)

e Start-stop synchronous serial communication interface (UART) * Max. 3 ch

e Synchronous serial communication interface (SPI) * Max. 2 ch (additionally, 1 ch for SPI dedicated to RF control,
which does not exist on the external port)

o WDT

e General-purpose 10

e Timer * 32-bit timer x 10 ch. Among them, 4 ch (2 sets) can be used as 64-bit timer by the cascade connection

e RTC

o Flexible timer (FTM) (PWM mode, etc.)

e 12C * Master/slave supported

¢ RF control transmit/receive data interface (DIO) * As this is dedicated to RF control, it does not have an external port

e Random number generation circuit (RAND)

e Clock correction counter (CLK_Timer)

e SWD (two-wire serial wire debug port)

e XTAL OSC * 32.768 kHz ROHIM

SEMICONDUCTOR

e PLL * Multiplying/dividing 32 kH

e ADC * 10 bits, Max. 3 ch (Max. 2 ch when using the temperature sensor function)



TECHNOLOGY

FEDL7416N-060-05
ML7416N-060

e Voltage drop detection (LVD)

e Temperature sensor (TEMP)

e CR OSC * High-speed, low-speed

e AES*ECB, CBC, CTR, CCM, GCM, CFB and OFB supported

e DMA controller * Transfer between SPI and RAM and between AES and RAM, 4 ch
e Flash DMA controller * Write to flash, Verify
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e Supply voltage

e Operating temperature

e Current consumption
At DeepSleep
Atidle
At reception
At transmission 1 mW
10 mw
20 mwW

¢ Package

1.8 to 3.6 V (when the transmission power is set to 1 mW mode)
2.31t0 3.6 V (when the transmission power is set to 10 mW mode)
2.6 t0 3.6 V (when the transmission power is set to 20 mW mode)

-401t0 85 °C

2uA(Typ.)

11 mA(Typ.)
24 mA (Typ.)
22 mA (Typ.)
33 mA(Typ.)
41 mA(Typ.)

81-pin BGA (MCP product/P-LFBGA81-1010-1.00-1-MC)

10 mm x 10 mm (pin pitch: 1 mm)

Lead-free package conforming to RoHS
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ARM®, Thumb®, Cortex®, AHB, and APB are registered trademarks or trademarks of ARM® Limited in the EU and

other countries.
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m 2. Block Diagram
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m 3. Pin Layout

* Please contact us before board design.

o 81BGA (10 mm x 10 mm, pin pitch: 1 mm)

1 2 3 4 5 6 7 8 9
VDDIO_ | GPIOA | GPIOA | GPIOA | GPIOA | GPIOA | GPIOA | GPIOA |GND_CP A
RF 0 1 2 4 5 6 7 U
DONT |vDD PA GPIOA MODEO | MODE1 GPIOA | GPIOA |GND.CP| GPIOA B
3 12 8 U 9
TRX_SW|ANT_SW VIBIDLR= UES1E RESETN GNELe ADCO SR C
G PU U 10
TEST | AAMON | GND_RF | GND_RF RE?\IPDI GN%CP ADC1 GF;I1OA D
VDDIO_
GND_RF | GND_RF | GND_RF | GND_RF | GND_RF | GND_RF CPURF ADC2 [ CXOUT E
VDD _RE
GND_RF | GND_RF | GND_RF | GND_RF | GND_RF | GND_RF | VPP G CPU CXIN F
VDDIO_
PA_OUT | GND_RF GND_RF [ GND_RF | GND_RF | TCXO CPU SWCK G
VDDIO_
LNA_P | GND_RF CPU SWD H
GND_RF LP1 IND1 IND2 |VBEXT| VBG XIN XOouT V(D)EIUO’ J
TOP View
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m 4. Pin Description

* The pin names and LS| numbers may be changed in the future.

Input/output definition

Irr

Orr

:RF input pin

:RF output pin

:Analog input pin

:Analog output pin

:36 MHz oscillation circuit input pin
:36 MHz oscillation circuit output pin
:32.768 kHz oscillation circuit input pin
:32.768 kHz oscillation circuit output pin
:Digital input pin

:Digital output pin

:Schmitt trigger input pin

:Open drain pin

:High-impedance output pin
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D7

. Power Supply
Pin name LSl 110 Active Attribute/Value | Functional description
No. level at reset
VDDIO_CPU G8 Power -/- Power supply pin for the digital 1/0 (Typ. 3.3 V)
H8 supply
J9
VDDIO_RF Al Power -/ - Power supply pin for RF (Typ. 3.3 V)
supply
VDD_REG C3 Power -/ - Regulator voltage supply pin (RF side/Typ. 3.3
supply V)
VDD_REG_CPU F8 Power -/ - Regulator voltage supply pin (CPU side/Typ.
supply 33V)
VDD_PA B2 Power -/- Power supply pin for PA (Typ. 3.3 V)
supply
VDDIO_CPURF E7 Power -/- Power supply pin for supply from CPU to RF
supply (Typ.33V)
VDD_RF H3 Power -/- Power supply pin for LNA/MIX (Typ. 1.5 V)
supply
VDD_IF H4 Power -/- Power supply pin for IF (Typ. 1.5 V)
supply
VvDD_VCO H5 Power -/- Power supply pin for VCO (Typ. 1.5 V)
supply
VDD_CP G3 Power -/- Power supply pin for CP (Typ. 1.5 V)
supply
GND_RF D4 to D5 Ground -/- Ground pin (for RF)
Elto E6
F1to F6
G2,G4 to G6
H2
J1
GND_CPU A9 Ground -/ - Ground pin (for CPU)
B8
c7
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4-2. Regulator Interface

Pin name LSI 110 Active Attribute/Value | Functional description
No. level at reset
REG_OUT H6 - - -/- Regulator output (Typ. 1.5V)
C connection (10 uF) * Outputs 0 V at sleep
state.
REG_PA D1 - - -/ - PA regulator output pin * Outputs 0 V at sleep
state.
VBG J6 - - -/ - C connection pin (RF side/0.1 uF)
REGPDIN D6 | H /- Regulator power down pin
* Fixed to "L" input in normal operation
REG_CORE H7 - - -/- Monitor pin for power supply for digital core
(RF side
/Typ. 1.5 V)/C connection(10 uF))
REG_CORE_CPU C4 - - -/- Monitor pin for power supply for digital core
(CPU side/Typ. 1.5 V/C connection (0.22 uF))
4-3. RF Interface
Pin name LSI 110 Active Attribute/Value | Functional description
No. level at reset
LNA_P H1 Ire - | RF antenna input pin
PA_OUT Gl Orr - (0] RF antenna output pin
IND1 J3 - - -/- External inductor connection pin
IND2 J4 - - -/- External inductor connection pin
LP1 J2 - - -/- Loop filter connection pin
VB_EXT J5 - - -/- Internal bias averaging capacitor connection pin
A_MON D3 Orr - Hi-Z Test pin for analog monitor, IF block, and analog
circuit
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4-4. ADC Interface

Pin name LSI 110 Active Attribute/Value | Functional description
No. level at reset
ADCO cs Ia - I/- ADC input pin 0
ADC1 D8 Ia - 1/- ADC input pin 1
ADC2 E8 Ia - 1/- ADC input pin 2
* Input from this pin is disabled when using the
temperature sensor
4-5. CPU Interface
Pin name | LSI 110 Active Attribute/Value | Functional description
No. level at reset
GPIOAO A2 /0 - oZ/- Primary function: General-purpose pin
| - Secondary function: UART data input pin (RXD)
/0 PorN Tertiary function: SPI clock pin (SCK)
Is/ Op PorN Quartic function: 12C clock pin (SCL)
/0 - Quintic function: Single cycle 10 pin
GPIOA1 A3 1/0 - oZ/- Primary function: General-purpose pin
0 - Secondary function: UART data output pin (TXD)
1/0 L Tertiary function: SPI enable pin (SSN)
Is/Op - Quartic function: 12C data I/O pin (SDA)
1/0 - Quintic function: Single cycle 10 pin
GPIOA2 A4 1/0 - oZ/- Primary function: General-purpose pin
| L Secondary function: UART CTS (Clear To Send) pin
1/0 - Tertiary function: SPI data I/O pin 1 (MISO)
1/0 - Quartic function: FTM 1/O pin
1/0 - Quintic function: Single cycle 10 pin
GPIOA3 B3 1/0 - oZ/- Primary function: General-purpose pin
0] L Secondary function: UART RTS (Ready To Send) pin
1/0 - Tertiary function: SPI data I/O pin 2 (MOSI)
1/0 - Quartic function: Reserved
1/0 - Quintic function: Single cycle 10 pin
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Pinname | LSI 110 Active Attribute/Value | Functional description
No. level at reset
GPIOA4 A5 1/0 - oZ/- Primary function: General-purpose pin
| - Secondary function: UART data input pin (RXD)
1/0 PorN Tertiary function: SSI slave clock pin (SSICK)
Is/Op PorN Quartic function: 12C clock pin (SCL)
1/0 - Quintic function: Single cycle 10 pin
GPIOA5 A6 1/0 - 0Z/- Primary function: General-purpose pin
| L Secondary function: UART data output pin (TXD)
| L Tertiary function: SSI slave enable pin (SSIN)
Is/ Op - Quartic function: 12C data I/0O pin (SDA)
/0 - Quintic function: Single cycle 10 pin
GPIOA6 A7 1/0 - oZ/- Primary function: General-purpose pin
| L Secondary function: UART CTS (Clear To Send) pin
0 - Tertiary function: SSI Slave data output pin (TXD)
1/0p - Quartic function: FTM I/O pin
/0 - Quintic function: Single cycle 10 pin
GPIOA7 A8 /0 - oZ/- Primary function: General-purpose pin
0 L Secondary function: UART RTS (Ready To Send) pin
| - Tertiary function: SSI Slave data input pin (RXD)
1/0 - Quartic function: Reserved
1/0 - Quintic function: Single cycle 10 pin
GPIOA8 B7 1/0 - oZ/- Primary function: General-purpose pin
| - Secondary function: UART data input pin (RXD)
1/0 PorN Tertiary function: SPI clock pin (SCK)
Is/Op PorN Quartic function: 12C clock pin (SCL)
1/0 - Quintic function: Single cycle 10 pin
GPIOA9 B9 1/0 - oZ/- Primary function: General-purpose pin
0 - Secondary function: UART data output pin (TXD)
1/0 L Tertiary function: SPI enable pin (SSN)
Is/Op - Quartic function: 12C data 1/O pin (SDA)
1/0 - Quintic function: Single cycle 10 pin

10
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Pinname | LSI 110 Active Attribute/Value | Functional description
No. level at reset
GPIOA10 C9 1/0 - oZ/- Primary function: General-purpose pin
| L Secondary function: UART CTS (Clear To Send) pin

1/0 - Tertiary function: SPI data 1/O pin 1 (MISO)

1/0 - Quartic function: FTM 1/O pin

1/0 - Quintic function: Single cycle 10 pin
GPIOA11 D9 1/0 - oZ/- Primary function: General-purpose pin

O L Secondary function: UART RTS (Ready To Send) pin

1/0 - Tertiary function: SPI data 1/O pin 2 (MOSI)

1/0 - Quartic function: Reserved

1/0 - Quintic function: Single cycle 10 pin
GPIOA12 B6 1/0 - oZ/- In 1 bank mode: General-purpose pin

In 2 bank mode: System mode input pin (for software)
0: User application mode
1: ISP mode
4-6. Debugger Interface
Pin name LSI 110 Active Attribute/Value | Functional description
No. level at reset

SWCK G9 | -PorN /- SWD clock input pin
SWD H9 1/0 HorL /- SWD data I/0O pin

11
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4-7. Others
Pin name LSl 110 Active Attribute/Value | Functional description
No. level at reset
RESETN Cé Is L /- Hardware reset pin
XIN J7 los PorN | 36 MHz crystal oscillator connection pin 1
* Connect this pin to GND when using an external
clock.
XOoUT J8 Oos PorN O 36 MHz crystal oscillator connection pin 2
* Connect this pin to GND when using an external
clock.
TCXO G7 Ia - | External clock (TCXO) input pin
* Connect this pin to GND when using an oscillator.
CXIN F9 lost PorN | 32.768 kHz crystal oscillator connection pin 1
CXouT E9 OosL PorN 0 32.768 kHz crystal oscillator connection pin 2
TRX_SW C1 0 HorL Oo/L Transmit/receive switch pin
or OD
ANT_SW C2 O HorL Oo/L Diversity switch pin
or OD
TEST D2 | H /- Test mode pin
* Always fix this pin to "L" input in normal
operation
TEST_CPU C5 | H 1/- Test mode pin
* Always fix this pin to "L" input in normal
operation
MODEO B4 | HorL /- Remapping pin
0: The program executes from the address 0 in
the internal Flash ROM
1: The program executes from the boot area in the
internal Flash ROM
MODE1 B5 | HorL /- Test mode pin
* Always fix this pin to "L" input in normal
operation
DCNT B1 0 HorL oZ/L External PA control pin
or OD
VPP F7 - H -/ - High voltage application pin for flash core test
* Normally, leave this pin open.

12
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4-8. Handling of Unused Pins

See below for handling of unused pins.

Pin name Recommended treatment

XOouT GND (when TCXO is used)

XIN GND (when TCXO is used)

TCXO GND (when an oscillator is used)

A_MON Open

ANT_SW Open

DCNT Open

VPP Open

ADCO Open

ADC1 Open

ADC?2 Open

SWCK Connect this pin to a pull-up or pull-down resistor.
SWD Connect this pin to a pull-up or pull-down resistor.

13
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m 5. Electrical Characteristics

* The electrical characteristics may be changed as a result of evaluation or any other reason.

5-1.Absolute Maximum Ratings

Item Symbol Conditions Rating Unit
Power supply voltage (1/0) (*1) VDDIO -0.3to +4.6 \Y
Power supply voltage (RF) (*2) VDDRF -0.3to0 +2.0 \Y
Digital input voltage VDIN -0.3to VDDIO+0.3 \%
RF input voltage VRFIN -1.0to +2.0 \%
Analog input voltage VAIN -0.3to VDDIO+0.3 \Y
Analog input voltage 2 (*3) VAIN2 -0.3 to VDDRF+0.3 \Y
TCXO input voltage VTCXO -0.3to +1.75 \Y
Digital output voltage VDO Ta=-4010 85 °C -0.3to VDDIO+0.3 \Y
RF output voltage VRFO GND=0V -0.3 to VDDRF+1.9 \%
Analog output voltage VAO -0.3to VDDIO+0.3 \Y
Analog output voltage 2 (*4) VAO2 -0.3to VDDRF+0.3 \Y
Digital input current IDI -10 to +10 mA
RF input current IRF -2to +2 mA
Analog input current 1Al -2t0+2 mA
Analog input current 2 (*3) 1A12 -2to +2 mA
TCXO input current ITCXO -2to +2 mA
Digital output current IDO -8 to +8 mA
RF output current IRFO -2 to +60 mA
Analog output current 1AO -2to+2 mA
Analog output current 2 (*4) 1AO2 -2t0 +2 mA
Power dissipation PD Ta=+25°C 300 mw
Storage temperature Tstg - -55 to +150 C

(*1) VDDIO_CPU, VDDIO_RF, VDD_REG, VDD_REG_CPU, VDD_PA, and VDDIO_CPURF pins
(*2) VDD_RF, VDD_IF, VDD_VCO, and VDD_CP pins

(*3) XIN, TCXO, and CXIN pins

(*4) XOUT and CXOUT pins

14
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5-2. Recommended Operating Conditions

Item Symbol Conditions Min. Typ. Max. Unit
VDD_I0* pin and
Power supply voltage (1/0) VDDIO VDD_REG* pin 1.8 3.3 3.6 \%
VDD_PA pin
Power supply voltage (PA) VDD_PA Transmission power +1 1.8 3.3 3.6 \%
mW mode
VDD_PA pin
10 mW mode 23 33 36 v
VDD_PA pin
20 mW mode 26 33 36 v
VDD_RF pin,
VDD_IF pin,
* -
Power supply voltage (RF) (*2) VDDRF VDD_VCO pin and 14 15 1.6 V
VDD_CP pin
Operating temperature Ta - -40 +25 +85 °C
Digital input rise time tIR1 Digital input pins (*1) - - 20 ns
Digital input fall time tIF1 Digital input pins (*1) - - 20 ns
Digital output load CDL All digital output pins - - 20 pF
Master clock 1 -20 ppm +20 pom
36 MHz crystal oscillator FMCK1 | XIN pin, XOUT pin (*2;) 36 (*g)p MHz
frequency
Master clock 2 . -20 ppm +20 ppm
FMCK2 | TCX MH
36 MHz TCXO frequency c CXOpin (*3) 36 (*3) ‘
TCXO VTCXO | DC cut 0.8 - 15 Vpp
Slow clock
32.768 kHz crystal oscillator FSCK1 CXIN pin, CXOUT pin -20ppm | 32.768 | +20ppm | kHz
frequency
RC clock 1
. FRCK1 -15 % 4 +15 % MH
High-speed CR clock frequency ¢ 5% 3 5% ‘
RC clock 2
FRCK21 her than D | -5 % 2 +5 % kH
Low-speed CR clock frequency c Other than DeepSleep 5% 3 5% z
FRCK22 | DeepSleep -15% 32 +15 % kHz
SPI clock input frequency FSCLK | SCLK pin - - Cl::jfl‘ MHz
SPI clock input duty ratio DSCLK | SCLK pin 45 50 55 %
RF channel frequency FRF LNA_P and PA_OUT pins 896 - 960 MHz

(*1) Pins described as | or Is in the Input/output column in "Pin Description™.

15
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(*2) Use the REG_OUT output of this LSI.
(*3) If set to 10 kbps, the maximum is +10 ppm, and the minimum is -10 ppm.
(*4) These values are provided under the condition of 25 °C. Under the condition of -40 to 85 °C, the maximum

value is +150 ppm, and the minimum value -150 ppm.

[Notices]

The electrical characteristics are measured under the recommended operating conditions above, unless otherwise

specially noted.
The timings are measured at the 20 % and 80 % levels of VDDIO, unless otherwise specially noted.

16
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5-3. Common Characteristics

Item Symbol Conditions Min. Typ. (*2) Max. Unit
Supply current (*1) IDD1 Sleep state (*3) - 2 5.6 HA
IDD2 Idle state - 11 14 mA
IDD3 RF receiving state (*4) - 24 32 mA
IDD4 RF transmitting state (1 mW) (*4) - 22 32 mA
IDD5 RF transmitting state (10 mW) (*4) - 33 47 mA
IDD6 RF transmitting state (20 mW) (*4) - 41 55 mA
High level input voltage VIH1 Digital input pin VDDIOXx0.75 - VDDIO \Y
VIH2 XIN pin VDDRFx0.9 - VDDRF V
Low level input voltage VIL1 Digital input pin 0 - VDDIOx0.18 V
VIL2 XIN pin 0 - VDDRFx0.1 \Y%
Schmitt trigger
high level decision VT+ Digital pins with schmitt trigger - 1.2 VDDIOx0.75 \%
threshold value
Schmitt trigger
low level decision VT- Digital pins with schmitt trigger VDDIOx0.18 0.8 - \%
threshold value
Input leakage current 1H1 Digital input pin -1 - 3.6 LA
11H2 XIN pin 0.3 - 0.3 HA
11H3 CXIN pin -0.3 - 0.3 HA
L1 Digital input pin -1 - 1 pA
L2 XIN pin 0.3 - 0.3 pA
13 CXIN pin 0.3 - 0.3 LA
Tri-state 10ZH1 Digital 1/0 pin -1 - 3.6 pHA
Output leakage current 10ZL1 Digital 1/0 pin -1 - 1 pHA
c;az;zve' output VOH IOH=-4 mA /-2 mA (*5) VDDIOX0.8 ; VDDIO v
\';;’It"‘; ;"e' output VoL I0L=4 mA /2 mA (*5) 0 ; 03 Vv
Pin capacitance CIN input pin - 6 - pF
CouT output pin - 9 - pF
CRFIO RF 1/0 pin - 9 - pF
CAl Analog input pin - 20 - pF

(*1) The power supply current is the total current of all power supply pins.
(*2) The "Typ." value is the center value under the condition of VDDIO = 3.3 V and 25 °C.

(*3) The "Typ." and "Max." values are under the condition of 25 °C.

(*4) Values when the data transfer speed is 100 kpbs and the frequency is 920 MHz.

17
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(*5) This condition applies to TRX_SW, ANT_SW, DCNT, GPIOA0-12, and SWD. For TRX_SW, ANT_SW, and DCNT,
only 4 mA mode is used.
(*6) REG_CORE pin and REG_OUT pin. REG_OUT outputs 0 V at sleep state.

18
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5-4. RF Characteristics

Modulated data rate : 10 kbps/ 20 kbps/ 40 kbps/ 50 kbps / 100 kbps / 150 kbps/ 200 kbps/ 400 kbps
Modulation method : Binary GFSK

Channel spacing : 200 kHz / 400 kHz / 600 kHz

Frequency range . Afrequency from 750 MHz to 1 GHz can be set by changing external circuit constants.

The measurement point is at antenna end specified in the recommended circuits.

Characteristics not described here and ones of 400 kbps (optional) will be provided separately as reference data.

19
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5.4.1 [TX Characteristics]

Item Conditions Min. Typ. Max. Unit
When set to 20 mW (13 dBm) mode 9 13 15 dBm
Transmitter power output When set to 10 mW (10 dBm) mode 6 10 12 dBm
When set to 1 mW (0 dBm) mode -4 0 2 dBm
Adjustment range of frequency shift
[Fdev] (*1) 2,250 kHz
920 MHz band (920.5 MHz to 928.1 MHz)
Occupied bandwidth n: Number of unit channels (n=1, 2, 3, 4 or 5) - - 200*n | kHz
Power at the edges of radio channel 20 mW mode (920.5 MHz to 922.3 MHz) - - -7 dBm
10 mW mode - - -10 dBm
1 mW mode - - -20 dBm
Adjacent channel leakage [ACP] 20 mW mode * 1 ch, bandwidth 200 kHz - -33 -15 dBm
10 mW mode * 1 ch, bandwidth 200 kHz - -39 -18 dBm
1 mW mode * 1 ch, bandwidth 200 kHz - -47 -26 dBm
Spurious emission level (20 mW | 710 MHz or lower, 100 kHz band - -65 -36 dBm
mode) Higher than 710 MHz to 900 MHz, 1 MHz band - -70 55 | dBm
Higher than 900 MHz to 915 MHz, 100 kHz band - -72 -55 dBm
Higher than 915 MHz to 930 MHz, 100 kHz band
(Excluding within 200 + 100xnkHz above and
below the channel frequency, however, within
- -51 - B
100 + 100xn kHz above and below for 920.5 > 3 dBm
MHz to 922.3 MHz. n is the number of
concurrently used channels)
Higher than 930 MHz to 1000 MHz, 100 kHz ) 70 55 dBm
band
Higher than 1000 MHz to 1215 MHz, 1 MHz ) 75 45 dBm
band
Higher than 1215 MHz, 1 MHz band
: . - -4 - B
(Equal to or higher than the 2nd harmonics) 0 30 dBm
915 MHz band (902 MHz to 928 MHz)
6dB bandwidth Frequency shift = 171 kHz 500 - - kHz
Power spectrum density 20 mW mode, frequency shift = 171 kHz, 3 kHz ) i 8 dBm
band
Spurious emission level (20 mw | 900 MHz or below - -65 -56 dBm
mode) Higher than 960 MHz (2nd harmonics or higher) - -50 -41 dBm
868 MHz band (863 MHz to 870 MHz) (*2)
rSnF;lg;)us emission level (10 mw Higher than 1000 MHz (2nd harmonics or higher) - -35 -30 dBm

*1 While the adjustment range is described as above, the possible maximum value depends on the RF channel frequency to be used.

20
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RF channel frequency + frequency shift should not include a multiple of 36 MHz (864 MHz, 900 MHz, 936 MHz, and so on).
Example)  For 902 MHz, 2,000 kHz can be set at a maximum.
*2  863.5 MHz to 866.2 MHz cannot be used. For details, refer to "Setting channel frequency" in ML7396B Data Sheet.

21
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5.4.2 [RX Characteristics]

Item Conditions Min. Typ. Max. Unit
920 MHz band (920.5 MHz to 928.1 MHz)

. - e 50 kbps mode (*1) - -107 -102 dBm
Minimum receiver sensitivity BER —755 Kbps mode (*1) - 105 100 dBm
<0.1% 200 kbps mode (*1) - -102 -97 dBm
Maximum receiver input level 50 kbps mode, 100 kbps mode, 200 kbps mode 0 - - dBm
Receiver C/I adjacent interference | 50 kbps mode 20 35 - dB

100 kbps mode 20 35 - dB

200 kbps mode 20 35 - dB
Receiver C/l second adjacent 50 kbps mode 30 45 - dB
interference 100 kbps mode 30 45 - dB

200 kbps mode 30 45 - dB
Mini detection level

inimum energy detection leve ) ) 100 d4Bm
(ED value)

Energy detection range Dynamic range 60 70 - dB
Energy detection accuracy -6 - +6 dB
Collateral emission level 710 MHz or lower, 100 kHz band - <-93 -54 dBm
ARIB T108 measurement Higher than 710 MHz to 900 MHz, 1 MHz band - <-83 -55 dBm
condition Higher than 900 MHz to 915 MHz, 100 kHz band - <-93 -55 dBm
Higher than 915 MHz to 930 MHz, 100 kHz band - -63 -54 dBm
915.9MHz to 916.9MHz )
Higher than 930 MHz to 1000 MHz, 100 kHz band - <-93 -55 dBm
920.5MHz to 929.7MHz Higher than 1000 MHz, 1 MHz band - 57 -47 dBm
915 MHz band (902 MHz to 928 MHz)
100 kbps mode (modulation index = 1) (*1) - -106 -99 dBm
150 kbps mode (modulation index = 0.5) (*1) - -102 -96 dBm
Minimum receiver sensitivity BER | 200 kbps mode (modulation index = 1) (*1) - -102 -96 dBm
<0.1% 100 kbps mode (frequency shift: 171 kHz) - -100 -87 dBm
150 kbps mode (frequency shift: 171 kHz) - -97.5 -84 dBm
200 kbps mode (frequency shift: 171 kHz) - -96.5 -83 dBm
868 MHz band (863 MHz to 870 MHz) (*2)
* - - -
Minimum receiver sensitivity BER 50 kbps mode (*1) 108 102 dBm
100 kbps mode (*1) - -106 -100 dBm
<0.1%
200 kbps mode (*1) - -102 -97 dBm
. 1000 MHz or below (local frequency) - -63 -57 dBm
Collateral emission level
Frequency over 1000 MHz - -57 -47 dBm

*1  When normal bandwidth mode (NBO_SEL = 0) is set. See the [DATA_SET] register (B0 0x47).
*2 863.5 MHz to 866.2 MHz cannot be used. For details, refer to "Setting channel frequency" in ML7396B Data Sheet.
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5-5. UART Interface Characteristics

Item Symbol Conditions Min Typ Max Unit
Load
Baud Rate Feaup capacitance - 115200 - bps
CL=20pF
Baud Rate
e == =1
! ! // 1
Serial Data ><Parity / Stop \

1
Start / Data(5-8)
L 7

7

One Character
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5-6. SPI Interface Characteristics

5-6-1.Master
Item Symbol Conditions Min Typ Max Unit

Serial clock cycle time tsck - 100 - - ns
Serial clock High/Low time twsck - 48 - - ns
Data delay time (output) top - - - 50 ns
Data setup time (input) tsp CL=20pF - - 48 ns
Data hold time (input) tHD - 0 - - ns
SSN-SCK lead time fLeAD - 0.5* tsck - 1.6* tsck ns
SCK-SSN lag time tLac - 0.5* tsck - 1.6* tsck ns
SSN H minimum guaranteed time twssH - 1* tsex - 511* tsck ns
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© SPI master mode timing (CPHA = 0)

SSN
(Output)

SCK . ! ! \ .
(CPOL =0, output) ' ' i

.
-

SCK , i :
(CPOL =1, output) ' . ! !
MISO L N y
(Input) L X LSB X L X wmsB X
S ' 77
too ™ i“ - i" too
MOSI U 1 rya
(Output) X LSB X L X wMsB X

© SPI master mode timing (CPHA = 1)

(Sgllj\iput) _\ LL ‘:

L_ [LEAD*:‘_ Tsck L 7 R
- — - ———— - - - -
(CPOL = 0, output) ' twsck | ! !
i plataluhy
SCK ' \
(CPOL =1, output) ! ! :
i, tsp 1 thp \
' :4———»:4-————>:
MISO - . 7t
LSB MSB
(Input) : X X ,é X X
oD ! fe
1
MOSI V tH-
LSB MSB
(Output) X X /49 X X
CPHA=1

*Note: For CPHA and CPOL, refer to SPI register.
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5-6-2.Slave
Item Symbol Conditions Min Typ Max Unit

Serial clock cycle time tsck - 100 - - ns
Serial clock High/Low time twsck - 50 - - ns
Data delay time (output) top - - - 50 ns
Data setup time (input) tsp CL=20pF - - 50 ns
Data hold time (input) tHD - 10 - - ns
SSN-SCK lead time fLeAD - 0.5* tsck - - ns
SCK-SSN lag time tLac - 0.5* tsck - - ns
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© SPI slave mode timing (CPHA = 0)

SSN _\I\ 1 ;/—

(Input) i TLEAD \ tsck v 7 I (N
h il itk > b
SCK ! f : \ '
(CPOL =0, input) ! ' twsek tovser: !
| 22Tl T
SCK ; ' \
(CPOL = 1, input) : , ! 5
. ! !
too - : ->i = top
1 1
MISO ' : ' it
B MSB
(Output) X L;'S X /49 X > X
' tsp ! thD :
MOSI e (s
[SB MSB
(Input) X X /49 X X
CPHA=0

© SPI slave mode timing (CPHA = 1)

SSN _\ I /—

(Input) i ILEAD |, fsex o7 R (WY
h il itk >! b
SCK ' ' : \ '
(CPOL =0, input) Ltwscx - twsek !
——— e — = — >
SCK : | :
(CPOL =1, input) W
1 1
top -} |
1 1
MISO Ty - 7
B MSB
(Output) : X LES X /49 X > X
'ttt ! twp
[Dalialinih o aliliniall €
MOSI ' 1t
LSB MSB
(Input) X X /9 A \
CPHA=1

*Note: For CPHA and CPOL, refer to SPI register.
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5-7. 12C Interface Characteristics

Item Symbol | Conditions Min. Typ. Max. Unit
SCL clock frequency Fscl - - 400 kHz
SCL H pulse width TWSCKH 600 - - ns
SCL L pulse width TWSCKL | conditions 1300 - - ns
Start condition hold time TosTAH Load 450 - - ns
Stop condition setup time Tostos Capaccifnce 575 - - ns
SDA output hold time TDsoH 20pF 0 - - ns
SCL output delay time TDsOs 600 - - ns
SDA input setup time TDsIs 100 - - ns
SDA input hold time TDSIH 0 - - ns

© Stop condition (SDA fall at SCL = 1), Start condition (SDA rise at SCL = 1)

FscL

1 1
TWSCKH :i«————-»: ______ :
scL == . !
1 ! :
1 ! \
| g
sDA N/ N
1 | | 1

(output) : - TDSTAH 54- —» TDSTOS
1
1

l . ! b
Start Condition Stop Condition

© Transmission/reception

1 1 1 1
1 I 1 1
1 1 1
SCL M S 4/—\:\—
| oo | |
1 ! 1 1
Tosos | | TDSOH | |
- o : :
1 PR | 1 —_———— 1
SDA / >< : >< !
(output) : : S :
« —» 1DSIS e
1 1

| — o TDSH
1 1
1 1

SDA(inpUt)////////////><

>
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[Notices]
The SCL H pulse width (TWSCKH) should be set to 750 ns or longer when Fast (400 kHz) mode is used.
Otherwise, the start condition hold time (TDSTAH = 600 ns) and stop condition setup time (TDSTOS = 600 ns) in the 12C

standard would not be met.
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5-8. A/D Conversion Characteristics

Item Symbol Conditions Min. Typ. Max. Unit

Number of bits NSAR Number O_f SAR - 10 - bits
register bits

Resolution RES | VIN=0to VDDIO 1.8 - 3.6 mV/LSB

Input voltage range VIN 0 - VDDIO \Y

Zero-scale error Ezs -2.0 - 2.0 LSB

Full-scale error EFs ) -2.0 - 2.0 LSB
+10-bit accuracy

Differential DNL | ‘Inputsignal source 20 i 20 LSB

non-linearity impedance <1 KQ

Integral INL 2.0 - 2.0 LSB

non-linearity

Conversion time TL 10 - 20 us

[Note] The ADC output is based on power/GND (tracked).
Connect a sufficient bypass capacitor between each power and GND to suppress the power fluctuation.
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5-9. Temperature Sensor Characteristics

Item Symbol Conditions Min. Typ. Max. Unit

VDDIO=3.3V

IDLE state

A E - +5 - °C
ceuracy TSt 0 °C or more and

85 °C or less

VDDIO=3.3V

IDLE state

E - +1 _ o
Ts2 -40 °C or more and 0 c

less than 0 °C

Conversion time TL 10 - 20 us
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5-10. Low Voltage Detection Characteristics (LVD)

Item Symbol Conditions Min. Typ. Max. Unit
Detection error VDDIO=1.8t0 3.0V -6.0 — +6.0 %
Mmlmu.m response 200 o o Us
pulse width

5-11. Low Voltage Detection Characteristics (LLD)

Item Symbol Conditions Min. Typ. Max. Unit
Detecting voltage — 1.8 — \Y
Detection error -0.2 — +0.2 \Y
Mini

inimum response 200 - - Us
pulse width
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5-12. Reset Characteristics

Item Symbol Conditions Min. Typ. Max. Unit
RESETN activation time (pulse
width) Trew - 200 - - ns
(When starting from VDDIO=0V)
RESETN pulse time 2 (*1)
(When starting from VDDIO 10 V) Trewz | VDD>18V 500 i i us
---- VDD level
VDDIO /
_____________________________________________________________________ GND level
, TRPW . TRPW2 |
R === —»
U 1 U 1
RESETN \u\ \ ™\ %
| | | :
1 1 1 1
1 1 1 1
(*1) When starting from VDDIO# 0V, input a pulse to the RESETN signal after VDDIO exceeds 1.8 V.
(*2) This is reset by the power-on reset circuit built in the LSI at power-on.
5-13. Power-On Characteristics
Item Symbol Conditions Min. Typ. Max. Unit
At power on
Power-on time difference Tewon (All power supply - - 5 ms
pins)
TPWON
i
— - VDD level
VDDIO 771 80 %
1 1 0,
A ':"20 o GND level
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5-14. Flash ROM Characteristics

Item Symbol Conditions Spec Unit
Erase cycles endurance (Data) Cer1 8KB 10000
cycles
Erase cycles endurance (Program) Cep2 504KB 100
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m 6. Functional Description

* For the RF block, refer to ML7396B Data Sheet.

6-1.CPU (Cortex®-M0+)

A RISC processor manufactured by ARM®,

It is a 32-bit processor for small size and low power consumption applications and has a 2-stage pipeline configuration. It

implements the ARMv6-M architecture, and operates with 16-bit Thumb® instructions and Thumb®-2 instructions.

The configuration is as follows:

- Little-Endian
- Number of break points: 4

- Number of watch points: 2

- SysTick timer, a 24-bit system timer, is included

- NVIC (Nested Vectored Interrupt Controller) is included

- Multiplier: High-speed (1-cycle) hardware multiplier is provided

- SLEEP/DEEPSLEEP supported

- WFI (Wait for Interrupts)/WFE (Wait for Events) supported

- Relocatable vector table

- MTB-MO0+ supported

(Cortex-M0+ components

Execution Trace Interface

3

Corlax-MO+ processor
F v Debug
Interrupts MNested .
*  Vactored Cortex-M0+ iBrﬁ:inlijpolnl
Interrupl (== processor  [d—» .
# Controller core watﬁ:ﬁolnt
(NVIC)
F Y ¢ ¢
L B T
ebug
| IMemory 1Debugger |
FWakeup "] protection unit interface | Access Port
Interrupt (DAP)
Controller (WIC) [ r 'y
) 4 h 4
‘ Bus matrix |
[y A
L J L J v
AHB-Lite interface ISingle-cycle TSerial Wire or

1 Optional component

to system

Cortex®MO0+ Schematic Di

0 port

agram

JTAG debug port
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6-2.Flash ROM Controller

Flash ROM controllers are included. The boot from the Flash ROM is possible.

For the Flash ROM area of 512 KB, the 256 KB x 2 bank configuration or the 512 KB x 1 bank configuration can be
selected.
For each bank, a Flash ROM controller is connected.
Rewriting from the debugger through the debug port (SWD) is possible.

In the 2-bank configuration, the program of one bank can be rewritten dynamically

while the other CPU is running on another bank.

In the 1-bank configuration, a rewriting program can be started from the ISP area or SRAM area.
It is possible to perform the 1-word rewrite, sector erase (in 512 Bytes), block erase (in 4 Kbytes), or chip erase.
The bank can be assigned to the remapping area (4 Kbytes) starting at 0x00000000 by the remapping function.
The ROM area is divided into the trimming area to store the trimming value of analog macro, boot program area to store the
starting program such as ISP, security area to store the security setting, and user area, and the trimming area, boot program
area, and security area are protected.

FLASH11
32 KWord x 32 bit
128 KB
FLASH10
32 KWord x 32 bit
128 KB
FLASHO1 FLASHO1 FLASH11
32 KWord x 32 bit 32 KWord x 32 bit 32 KWord x 32 bit
128 KB 128 KB 128 KB
FLASHO00 FLASHO00 FLASH10
32 KWord x 32 bit 32 KWord x 32 bit 32 KWord x 32 bit
128 KB 128 KB 128 KB
Flash ROM Flash ROM Flash ROM Flash ROM
controller 0 controller 1 controller 0 controller 1
A A A A
< A A > < >
AHB Lite AHB Lite
P y o < \ 4 >
—_APB ” APB
1-bank configuration 2-bank configuration
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* At power-on, the system always starts in 1 bank mode.

* In 2 bank mode, only the bank 0 side can be rewritten from the debugger.

* Only when both of the two Flash ROM controllers are not executing the processing, the transition to Sleep or DeepSleep is possible.
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6-3.Interrupt Controller

The NVIC (Nested Vector Interrupt Controller) is included in Cortex®-MO0+. The following interrupt sources are provided:

-30 IRQs

6-4.SRAM IF

The SRAM IF of 64 KB is provided.

6-5.AHB-lite Bus

An AMBA 3 AHB-lite bus is included, to which an AHB slave can be connected.

6-6.APB Bus

An AMBA 2.0 APB bus is included, to which an APB slave can be connected.

6-7.Single-cycle I/O Port

A single-cycle 1/0 port which can be accessed in one cycle is included.

6-8.Debug Port
The SWD (2-wire serial wire debug port) is included as an interface for communicating with the debugger.

The internal resources can be accessed through this interface.

It also can be used for writing to on-chip memory such as a Flash ROM from the debugger.
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6-9.MTB

The MTB (Micro Trace Buffer) which enables the execution trace of Cortex®-MO+ is included. This MTB shares the data RAM

as the memory for trace.

6-10. Clock
This section describes the following three clocks:
- System clock system
- Debug port clock system

- Peripheral clock system

6.10.1 System Clock System
Clocks supplied to the CPU core and bus.
The maximum frequency is 40 MHz.

There are three derived clocks that are gated depending on the processor operation state.

Clock Name Description

CLK Source Clock The source clock.
This clock can operate at up to 40 MHz with the internal PLL (multiplying/dividing of N/M ratio)
or up to 34 MHz at the internal RC OSC.

FCLK | Free Running This clock can be stopped during the DEEPSLEEP state. It is supplied during the SLEEP state.
Clock This is used by the Wakeup Interrupt Controller and Power Management Unit in the

Cortex®-MO+.

SCLK | Processor This clock is stopped during the DEEPSLEEP state. It is supplied during the SLEEP state.
System Clock This clock (or its derived clock) should be connected to any device that needs to operate during

the SLEEP state.

HCLK | AHB Clock This clock is stopped during the DEEPSLEEP or SLEEP state. This clock (or its derived clock)

should be connected to any device that does not operate during the SLEEP state.

DCLK | Debug domain This clock is always supplied when the Debugger is connected.

clock

CPU Clock System
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6.10.2 Debug Port Clock System
This clock system is supplied to JTAG I/F.
It is supplied from the debugger outside the chip.

The maximum frequency of the debug port clock system is 10 MHz.

6.10.3 Peripheral Clock System

This clock system is supplied to peripherals.

6.10.3.1 UART Reference Clock

This is the reference clock for baud rate generation. To reduce the baud rate error, this clock frequency needs to be adjusted.

Example) When the reference clock frequency = 40.57 MHz (32.768 kHz XTAL OSC multiplied by 1238 by PLL), the baud

rate error is about 0.1 % at 115.2 kbps.

6.10.3.2 SPI Reference Clock

This clock is the source for generating the SPI(Master/Slave) serial clock. The frequency of the clock for serial communication

is lower than 1/2 of the frequency of this reference clock.

6.10.3.3 SSIS Sampling Clock

This clock is used for the data transmission/reception in SSIS (SSI Slave). The frequency of the clock for serial communication

is lower than 1/10 of the frequency of this reference clock.

6.10.3.4 WDT Clock

This clock drives the watchdog timer.
It can measure the time of about hundreds of psec to dozens of msec.

32.768 kHz input, low-speed CR input or source clock divide can be selected.

40



FEDL7416N-060-05
ML7416N-060

6.10.3.5

6.10.3.6

6.10.3.7

6.10.3.8

6.10.3.9

GPIO Debounce Clock

The debounce circuit that performs sampling at a fixed interval is implemented to eliminate the effect of noise and chattering

when using the input signal from GPIO as an external interrupt source. This clock is used by the debounce circuit.

Timer Clock

This clock is used by the standard 32-bit timer.

XTAL 32.768 kHz input, low-speed CR input or source clock divide can be selected.

RTC Clock

This clock is used by the real time clock (RTC).

XTAL 32.768 kHz input and low-speed CR input, or their dividing can be selected.

Flexible Timer Clock

This clock is used by the flexible timer (FTM).

XTAL 32.768 kHz input or low-speed CR input can be selected.

12C Reference Clock

The reference clock for generating a serial clock for 12C communication. The 12C clock depends on the serial communication

mode (Standard mode, Fast mode) that it supports.

The frequency of 12C reference clock must be higher than that of system clock.

Minimum Frequency of 12C Reference Clock

Mode Minimum frequency | 12C bus ratio
Standard mode | 2.7 MHz 100 kbps
Fast mode 12 MHz 400 kbps
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6.10.3.10

6.10.3.11

6.10.3.12

6.10.3.13

6.10.3.14

6.10.3.15

Flash ROM Controller Clock

This clock is used by the flash ROM controller.

DIO Clock

This clock is used by DIO.

RAND_GEN Clock

This clock is used by RAND_GEN (pseudo-random number generation circuit).

CLK_Timer Reference Clock

This clock counts the low-speed clock with CLK_Timer.

High-speed CR clock output, RF clock output or PLL clock output can be selected.

SysTick Timer Clock

This clock drives the SysTick timer in Cortex®-M0+.

It is usually 1 MHz. It is 32 kHz at the CPU low speed (32 kHz) mode.

AES Clock

This clock is used by AES.
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6.10.3.16 ADC Clock

This clock is used by the ADC controller. It is the ADC sampling frequency (Max = 2.5 MHz) or less.

6.10.3.17 TEMP Clock

This clock is used by the temperature sensor controller. It is the ADC sampling frequency (Max = 2.5 MHz) or less.

6.10.3.18 LVD Clock

This clock is used by the low voltage detection controller.

6.10.3.19 DMAC Clock

This clock is used by the DMA controller.

6.10.3.20 Flash DMA Clock

This clock is used by the Flash DMA controller.
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6-11. Reset

The relationship between the reset system and the reset target is shown in the table "Reset Causes and Reset Targets" below.

The reset causes include hardware reset, SYSRESETREQ reset of Cortex®-MO0+, peripheral reset, debugger reset without the
debugger connected, WDT reset, voltage detection reset and reset at CPU LOCKUP.

The hardware reset occurs during the initial operation of hardware including reset by an external pin or reset at power-on triggered
by power-on detection. When a hardware reset occurs, the reset circuit asserts the reset systems connected to all initializable
circuits and initializes those circuits.

The SYSRESETREQ reset of Cortex®-M0+ occurs when the SYSRESETREQ bit of Application Interrupt and Reset Control
Register (AIRCR) within Cortex®-M0+ is set from the CPU or debugger. The CPU, peripherals, bus, and memory IF are
initialized, while the program fetches the reset exception vector.

The peripheral reset resets only the target peripheral by setting the bit assigned to each peripheral in the peripheral reset registers.
When the debugger is not connected, the debug circuit is always in reset state to prevent unnecessary switching or malfunctions
caused by the debug circuit.

The WDT reset, voltage detection reset and the automatic reset at CPU LOCKUP initialize all initializable circuits except the CPU

status register and the debug circuit.
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Reset Causes and Reset Targets

Reset target Reset causes
Hardware LVD WDT SYSRESETREQ bit | Peripheral When the
Reset reset reset/voltage set of Cortex®-MO0+ Reset debugger
Power-on detection AIRCR register is not
reset reset/automatic connected
reset at CPU
LOCKUP
CPU_ST register o - - - - -
Control registers with the o o o - - -

Sticky attribute, excluding

the CPU_ST register

System hardware such as o o o) - - -
clock control circuit and

power management circuit

CPU o o o o - -

AHB bus/AHB peripheral

APB bus/peripheral other o o o o o -
than above
SingleCyclelO o o o o o -
bus/peripheral
Flash ROM o o o - - -
RF chip o o - - o -
Debug circuit o - - - - o
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6-12. Power Management

Low power consumption is realized by clock control and power control.

6.12.1 Operation Mode

The power management function of this LSI has the following features:

- The low power consumption states, SLEEP and DEEPSLEEP, are supported.

- The clocks are stopped depending on each low power consumption state.

The following basic power states are defined in this LSI:

Operation Operation state Current Return to Active mode
Mode consumption
Power mode | LSI Current Method Time
of consumption
Cortex®-M0+
Active RUN All clocks are supplied. However, the clock delivery to 11 mA - -
peripherals (including RF) can be set to on/off by the register.
SLEEP Sleep AHB bus clock (FlashROM/RAM) is stopped. The clock 5 mA Interrupt from | 75 nsec
delivery to peripherals (including RF) can be set to on/off by a peripheral.
the register. Start the
debugger
DEEPSLEEP | DeepSleep The main clock is stopped. The clock delivery to sub clock 2 UA Interrupt from | 150 usec
system peripherals (RTC, TIMER, etc.) can be set to on/off (Allinternal | asub clock
by the register. power supply | system
The power supply to FlashROM/SRAM/non-sub clock system | are OFF) peripheral.
peripherals/RF can be set to on/off with the register setting. Start the
debugger
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6.12.2 Power Separation

This LSI can operate at low power consumption by turning off some power supplies in the LS| during DEEPSLEEP state.

The following function blocks can be set to power on/off.

Function block | Target range Setting register Remarks

SRAM Unit of 32 KB (up to 64 KB) Deep sleep control register
(0x40050040) bits 8-9

FLASH Whole 512 KB area Deep sleep control register
(0x40050040) bit 10
Logic CPU, FlashCnt, STD GPIO, AES, DMAC, FlashDMA, UART, | Deep sleep control register

SPI, 12C, RAND, SSIS, FTM, CLK Timer, DIO, ADC, TEMP (0x40050040) bit 11

RF Whole RF chip area Deep sleep control register
(0x40050040) bit 12
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6-13. System Control
System Control is a block which controls the whole system (including the control of clocks, reset, remapping, interrupt, and SysTick
timer) and displays the 1D information specific to each chip and the CPU status information.
6.13.1 Clock Control
- Selects the clock source (high-speed CR, RF clock, XTAL32kHz, low-speed CR, or PLL).
- Stops/resumes the clock of each peripheral.
- Sets the operation (automatically stops the clock) when the CPU goes to the low power consumption state (SLEEP or
DEEPSLEEP) for each peripheral.
- Changes the frequency of system clock or clock supplied to each peripheral.
6.13.2 Reset Control
- Able to reset individual peripherals.
- Sets the operation when the CPU goes to the LOCKUP state.
- Indicates that the CPU is initialized by the reset due to LOCKUP or the reset caused by low voltage detection or watchdog
timer.

6.13.3 Information Display

Displays the 1D information specific to each chip to distinguish individual chips.

6.13.4 Remapping Control

Selects a device to be placed in the remapping area on the address space.
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6.13.5 Cortex®-M0+ Control

Changes the settings of Nested Vectored Interrupt Controller (NVIC) and SysTick timer mounted in Cortex®-MO0+.

6.13.6 Boot Program Area

The boot program is written to the boot program area.

For details, see "ML7416 Boot Program Functional Descriptions".
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6-14. Peripheral

This LSI implements the following peripherals: UART, SPI, SSIS, WDT, GPIO (APB GPI10), SingleCyclelO (STD GPI0), timer,
RTC, flexible timer (FTM), 12C, Flash controller, DIO, RAND_GEN, CLK_Timer, AES, ADC, thermometer (TEMP), low
voltage detection (LVD), DMAC, and Flash DMA.

6.14.1 UART

A start-stop synchronous serial communication interface which has functions equivalent to the industry standard 16550. The features

are shown below.

- Includes a 16-byte FIFO for each of transmission and reception.

- Full-duplex communication is possible.

- Includes a programmable baud rate generator. Note that the baud rate is the same for transmission and reception.
- The character size of 5- to 8-bit is supported.

- 1or2 (1.5 for the 5-hit character size) stop bit can be selected.

- For parity generation/check, supports even/odd/none/stick.

- Supports the auto-flow control function.

6.14.2 SPI

A synchronous serial communication interface (master/slave). The features are shown below.

- Performs the full-duplex data transfer.

- Master or Slave mode can be selected.

- Includes a 16-byte or 16-word (16-bit) FIFO for each of the transmission and reception sides.

- For the transfer size, 8 bits (bytes) or 16 bits (words) can be selected.

- The interrupt caused by the number of received bytes (words) and the number of untransmitted bytes (words) can be set in
the range 1 to 16.

- Either LSB first or MSB first can be selected.

- The polarity and phase of the serial clock can be selected.

- Able to control the interval before/after transfer in Master mode.

- Uses the status bit to indicate the completion of transmission/reception and the FIFO status.

- Able to detect a mode fault error to avoid multi-master bus contention.

- Able to detect a write overflow error if any further writing is attempted when the transmit FIFO is in the full state.

- Generates an interrupt when the transmit/receive FIFO is in a specific state or when a cause such as mode fault error occurs.
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6.14.3

6.14.4

6.14.5

SSIS(SSI Slave)

A synchronous serial communication interface (for slave only). The features are shown below.

- Supports the Motorola SPI.

- Data length: 4 to 16 bits

- 8-stage FIFO for each of transmit and receive

WDT

Programmable 16-bit watchdog timer. The features are shown below.

When the counter reaches its timeout, this timer asserts an interrupt at the first timeout, and performs the system reset operation

at the second timeout. The mode of asserting only an interrupt without reset operation can be set.

If the CPU is stopped by the SLEEP mode or debugger, the counter operation of watchdog timer is stopped.

The source clock of the watchdog timer can be selected using the control register.

GPIO(APB-GPIO)

General-purpose port with interrupt function. The features are shown below.

13-bit (GPIOA) general-purpose port.

Can be used as external interrupt input.* Either level/edge or Low/High can be selected.

Includes the debounce circuit in the input side, which performs sampling at a fixed interval to eliminate the effect of noise and

chattering.

Can be used as return cause from SLEEP/DEEPSLEEP.
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6.14.6 Standard GPIO (Single-cycle I/O)

General-purpose port connected to a single-cycle 1/0 which can be accessed in one cycle. The features are shown below.

- 4-bit (GPIOA) general-purpose port (assigned to the quintic function).

6.14.7 Timer
32-bit x 10ch general-purpose timer. The features are shown below.
- If the CPU is stopped by the debugger, the counter operation of timer is stopped.

- Can be used as 64-bit timer by the cascade connection (TimerB, TimerC, TimerD, and TimerE only).

6.14.8 RTC

Real time clock with perpetual calendar which can be read/written from a second unit. The features are shown below.

Operates at 32.768 kHz input from the external or at internal low-speed RC.
- Itis possible to set, correct, and read the time.
- Can be used as interrupt source.

- The time-designated interrupt can be generated.

6.14.9 Flexible Timer (FTM)

16-bit multifunction timer. The features (operation mode) are shown below.

- Auto-reload timer (ART)

- Compare out (CMO)

- Pulse width modulation (PWM)
- Capture (CAP)
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6.14.10 12C

2-wire (SCL, SDA) serial interface. The features are shown below.

- Supports the standard mode (up to 100 kbps) and the fast mode (up to 400 kbps).

- Supports the 7- or 10-bit addressing.

- Supports the 7- or 10-bit composite format transfer.

- Supports the bulk transfer mode.

6.14.11 Flash ROM Controller

Memory controller that controls the internal Flash ROM.

It operates as AHB slave when reading the Flash ROM.

Erase/write/register access of the Flash ROM operates as an APB slave.

6.14.12 DIO

Data transmission/reception interface dedicated to the RF block (ML7396B) control.

6.14.13 RAND_GEN

Pseudo-random number generation circuit. The features are shown below.

- The RAND length can be selected from RAND9, RAND15, and RAND23.

- Random number generation result can be output with the logical complement of 2.

6.14.14 CLK_Timer

This function uses the high-speed clock to count a certain time period of the low-speed clock and stores the count result in a

register.
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6.14.15

6.14.16

6.14.17

AES

This function performs the encryption and decryption of transmit/receive data by using Advanced Encryption Standard (AES).

The features are shown below.

Encryption and decryption of 128-bit data (ECB, CBC, CTR, CCM, GCM, CFB, and OFB supported)

Generation and decryption of authentication TAG (CCM128/64/32/16/8)

ADC

This function controls the 10-bit successive approximation type A/D converter.

The features are shown below.

Programmable scan of up to three channels (CHO to CH2) (The scan time and scan order can be set.)
* Two channels when using the temperature sensor (CH2).

Scan result notification (The scan completion is notified by an interrupt.)

Averaging of A/D conversion data (The average value of A/D conversion results is displayed.)

Calculation of CHO to CH2 input voltage (It is assumed that the reference voltage output from the regulator at CH3 is monitored.)

Thermometer (TEMP)

1-channel temperature sensor to measure the temperature in the chip.

The features are shown below.

Accuracy: =5 °C

Converts the temperature to voltage and digitizes the converted voltage by using the 10-bit A/D converter.
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6.14.18 Low Voltage Detection (LVD)

Low voltage detection function.

The features are shown below.

- The voltage detection level can be set.
- After detection, interrupt notification or reset can be selected.
- Starts the reference voltage (VBG) periodically by using the dedicated low speed timer to compare and determine the voltage

detection level.

6.14.19 DMAC

Direct memory access controller. Among peripherals, SPI2 and AES support DMA transfer.

The features are shown below.

- Four-channel DMA controller.

- Each channel includes a 16-stage FIFO (8-stage for channels 0 and 1) for source transfer and destination transfer.
- Supports the peripheral-to-memory transfer.

- Includes the hardware interface to handshake with SPI and AES.

- Supports up to 2048-byte block transfer.

- Supports the channel priority setting.

- Has one AHB master port.

- Supports increment/decrement of the transfer address and transfer to a single address.

- Supports multiple block transfer using a linked list.

6.14.20 Flash DMA

Controls the data write to the flash area and the data compare of the flash area at high speed, instead of CPU.

The features are shown below.

- Batch writes the data in the RAM area to the flash area.

- Compares the RAM area data and the Flash area data and notifies the result.
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6.14.21 Other

Mode control (MODE_CNT): A set of registers for clock dividing setting, power separation control, and adjustment of analog

circuits (regulator, RCOSC, RF, etc.).

56



FEDL7416N-060-05

ML7416N-060

m 7. Programming Model

7-1.Address Map

Table 7-1 Address Map and Table 7-2 Address Map (Details of AHB/APB/IO) show address maps.

Table 7-1 Address Map

Address range Response device Description
Normal REMAP

0xF000_3000-0xFFFF_FFFF Reserved Reserved area.

0xF000_2000-0xF000_2FFF MTB Area assigned to the Micro Trace Buffer (SFR).
This area is responded by the default slave when the
security function of the flash ROM controller is
enabled.

0xF000_1000-0xF000_1FFF Reserved Reserved area.

0xF000_0000-0xF000_OFFF ROM Table Area assigned to the system ROM table.
This area is responded by the default slave when the
security function of the flash ROM controller is
enabled.

0x6000_0000-OXEFFF_FFFF Reserved Reserved area.

0x5C00_0404-0x5FFF_FFFF Reserved Reserved area.

0x5C00_0000-0x5C00_0403 STD GPIO Area assigned to the Single-cycle 1/0 peripheral.

0x5800_0000-0x5BFF_FFFF Reserved Reserved area.

0x5000_0000-0x57FF_FFFF Reserved Reserved area.

0x4000_0000-0x4FFF_FFFF AHB/APB Area assigned to the AHB/APB device.
For details, please refer to "Table 7-2 Address Map
(Details of AHB/APB/I0)".

0x2001_0000-0x3FFF_FFFF Reserved Reserved area.

0x2000_0000-0x2000_FFFF SRAM SRAM area (64 KB).

0x1C04_0000-0x1FFF_FFFF Reserved Reserved area.
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Address range Response device Description
Normal REMAP

0x1C03_EA00-0x1C03_FFFF Flash ROM Boot area of FLASH11 (5.5 KB).* Only for data
reference

0x1C03_E800-0x1C03_E9FF Flash ROM Security area of FLASH11 (0.5 KB).* Only for data
reference

0x1C02_0000-0x1C03_E7FF Flash ROM User area of FLASH11 (122 KB).* Only for data
reference

0x1C00_0000-0x1C01_FFFF Flash ROM User area of FLASH10 (128 KB).* Only for data
reference

0x1804_0000-0x1BFF_FFFF Reserved Reserved area.

0x1803_E800-0x1803_FFFF Flash ROM Boot area of FLASHOl (6 KB).* Only for data
reference

0x1802_0000-0x1803_E7FF Flash ROM User area of FLASHO1 (122 KB).* Only for data
reference

0x1800_0000-0x1801_FFFF Flash ROM User area of FLASHOO (128 KB).* Only for data
reference

0x1404_0000-0x17FF_FFFF Reserved Reserved area.

0x1403_EAO00-0x1403_FFFF Flash ROM Boot area of FLASH11 (5.5 KB).

0x1403_E800-0x1403_E9FF Flash ROM Security area of FLASH11 (0.5 KB).

0x1402_0000-0x1403_E7FF Flash ROM User area of FLASH11 (122 KB).

0x1400_0000-0x1401_FFFF Flash ROM User area of FLASH10 (128 KB).

0x1004_0000-0x13FF_FFFF Reserved Reserved area.

0x1003_E800-0x1003_FFFF Flash ROM Boot area of FLASHO1 (6 KB).

0x1002_0000-0x1003_E7FF Flash ROM User area of FLASHO1 (122 KB).

0x1000_0000-0x1001_FFFF Flash ROM User area of FLASHOO (128 KB).

0x0008_0000-0x0FFF_FFFF Reserved Reserved area.

0x0000_0000-0x0007_FFFF Flash SRAM Remap area.

ROM Flash ROM is assigned as a mirror by default. When

remapping, Flash ROM and SRAM areas can be
assigned by using a value of MODEQO pin or control

register.
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@1 bank mode

NVR(SI 2Bx5)

Logical address
e o %///// - ///f/
0x1003.E80 7

ea(250KB)

ovta0.0000 __|ruanro
I
s /////// /

erve
Flash11
le Area(. )
000000 _0000 Flash10
Reserve
1003,
ogram Area(6KB)
0x1003_E800
Flash01
e Areal: )
000000000000000 00

@2 bank mode

NVR(51 ZBX5)
X Trimmin

Logical address
0x1C03.FFF L /
01003 400 /4///// i {/
Ox1C03_E8!

A Flash10

Ox1C03 FFFF
0x1C03 EAOO
O0x1C03 E800

o p—
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 The Flash ROM area consists of total 512 KB (128 KB x 4), including FLASHO0/FLASHO1/FLASH10/FLASH11.

* In 2 bank mode, it consists of FLASHO0/FLASHO1 (128 KB x 2) and FLASH10/FLASH11 (128 KB x 2).

« At power-on, the system always starts in 1 bank mode.

« The selection between 1 bank mode and 2 bank mode is made by the remapping control register SYSCON_REMAP_CON.

 The Boot Program Area is 11.5 KB in total, consisting of 0x1003_E800 to 0x1003_FFFF (6 KB) and 0x1403_EAO00 to 0x1403_FFFF (5.5
KB).

« In the boot program start mode where the power is turned on by setting the mode0 pin to "H", 4 KB from 0x1003_E800 are mapped to
0x0000_0000.

* The Security Set Area is 512 bytes from 0x1403_E800 to 0x1403_E9FF.

« In 2 bank mode, the logical addresses of both the Flash controller 0 and Flash controller 1 start from 0x1000_0000.

« In 2 bank mode, the update program can be written on the other side of the overlapping address from 0x1000_0000 to 0x1003_E800 hy
specifying the Flash controller in the software.

* For the area from 0x1800_0000 to 0x1C03_0000, 0x1800_0000 to 0x1803_FFFF and 0x1C00_0000 to 0x1CO03_FFFF can always be
referred by Flash00/Flash01 and Flash10/Flash1l as mirror areas respectively, regardless of the bank mode and bank selection. However,

these mirror areas can be used only for data reference, but not for program execution (program code cannot be fetched).
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Table 7-2 Address Map (Details of AHB/APB/IO)

Address range Response Description
device

0x5C000404-0x5FFFFFFF Reserved Reserved area.
0x5C000000-0x5C000403 STD GPIO Single-cycle /0 area.
0x58000000-0x5BFFFFFF Reserved Reserved area.
0x4017009C-0x57FFFFFF Reserved Reserved area.
0x40170000-0x4017009B AES AES area.
0x40160020-0x4016FFFF Reserved Reserved area.
0x40160000-0x4016001F Flash DMA Flash DMA area.
0x40150400-0x4015FFFF Reserved Reserved area.
0x40150000-0x401503FF DMAC DMAC area.
0x40140820-0x4014FFFF Reserved Reserved area.
0x40140800-0x4014081F Reserved Reserved area.
0x40090030-0x401407FF Reserved Reserved area.
0x40090000-0x4009002F LVD Low voltage detection area.
0x40080040-0x4008FFFF Reserved Reserved area.
0x40080000-0x4008003F Reserved Reserved area.
0x4007002C-0x4007FFFF Reserved Reserved area.
0x40070000-0x4007002B ADC ADC area.
0x40060040-0x4006FFFF Reserved Reserved area.
0x40060000-0x4006003F Reserved Reserved area.
0x40050260-0x4005FFFF Reserved Reserved area.
0x40050000-0x4005025F MODE _CNT Mode control area.
0x40045014-0x40045FFF Reserved Reserved area.
0x40045000-0x40045013 CLK_Timer CLK_Timer area.
0x4004400C-0x40044FFF Reserved Reserved area.
0x40044000-0x4004400B RAND_GEN RAND_GEN area.
0x4004303C-0x40043FFF Reserved Reserved area.
0x40043000-0x4004303B DIO DIO area.* For ML7396B control
0x40042114-0x40042FFF Reserved Reserved area.
0x40042000-0x40042113 Ext_Timer TimerF area. * 6¢ch
0x40041CB0-0x40041FFF Reserved Reserved area.
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0x40041C00-0x40041CAF TimerE TimerE area.* Making 64-bit can be enabled by TimerD and the cascade
connection

0x400418B0-0x40041BFF Reserved Reserved area.

0x40041800-0x400418AF TimerD TimerD area.* Making 64-bit can be enabled by TimerE and the cascade
connection

0x400414B0-0x400417FF Reserved Reserved area.

0x40041400-0x400414AF TimerC TimerC area.* Making 64-bit can be enabled by TimerB and the cascade
connection

0x400410B0-0x400413FF Reserved Reserved area.

0x40041000-0x400410AF TimerB TimerB area.* Making 64-bit can be enabled by TimerC and the cascade
connection

0x40040820-0x40040FFF Reserved Reserved area.

0x40040800-0x4004081F SPI2 SPI2 area.* For ML7396B control (dedicated to master)

0x40040420-0x400407FF Reserved Reserved area.

0x40040400-0x4004041F SPI1 SPI1 area.

0x40040020-0x400403FF Reserved Reserved area.

0x40040000-0x4004001F SP10 SPIO area.

0x40018210-0x4003FFFF Reserved Reserved area.

0x40018000-0x4001820F Port Port configuration area.

0x40010100-0x40017FFF Reserved Reserved area.

0x40010000-0x400100FF WDT WDT area.

0x4000D0F4-0x4000FFFF Reserved Reserved area.

0x4000D000-0x4000D0F3 SSIS0 SSI (Slave) area.

0x4000A378-0x4000CFFF Reserved Reserved area.

0x4000A300-0x4000A377 GPIOD GPIOD area.* For ML7396B control. The interrupt source is [29].

0x4000A278-0x4000A2FF Reserved Reserved area.

0x4000A200-0x4000A277 GPIOC GPIOC area.

0x4000A178-0x4000A1FF Reserved Reserved area.

0x4000A100-0x4000A177 GPIOB GPIOB area.

0x4000A078-0x4000A0FF Reserved Reserved area.

0x4000A000-0x4000A077 GPIOA GPIOA area.

0x40008100-0x40009FFF Reserved Reserved area.

0x40008000-0x400080FF 12C0 12C area.

0x40004900-0x40007FFF Reserved Reserved area.

0x40004800-0x400048FF UART?2 UART?2 area.

0x40004500-0x400047FF Reserved Reserved area.
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0x40004400-0x400044FF
0x40004100-0x400043FF
0x40004000-0x400040FF
0x40003070-0x40003FFF
0x40003000-0x4000306F
0x40002208-0x40002FFF
0x40002000-0x40002207
0x400010B0-0x40001FFF
0x40001000-0x400010AF
0x40000760-0x40000FFF
0x40000600-0x4000075F
0x40000560-0x400005FF
0x40000400-0x4000055F

UART1
Reserved
UARTO
Reserved

RTC

Reserved
Flexible Timer
Reserved
TimerA
Reserved
Flash Controll
Reserved

Flash Control0

UART]1 area.

Reserved area.

UARTO area.* It is used in the ISP function
Reserved area.

RTC area.

Reserved area.

Flexible timer area.

Reserved area.

TimerA area.

Reserved area.

Flash ROM controller 1 area.
Reserved area.

Flash ROM controller 0 area.

0x40000200-0x400003FF
0x40000000-0x400001FF

Reserved

System Control

Reserved area.

System control area.

0x58000000-0x5FFFFFFF is responded by STD GPIO. For a reserved area, writing is ignored and 0 is read at reading.
0x40150000-0x57FFFFFF is responded by various peripherals in AHB. For a reserved area, an AHB error is returned.
0x40000000-0x4014FFFF is responded by various peripherals in APB. For a reserved area, writing is ignored and 0 is read at

reading.
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7-2.Remapping Control
A device to be assigned to the remapping area starting at the address 0x00000000 is selected by the external pin or control register.
When power-on reset is generated, a memory device to be placed in the remapping area is determined according to the external pin
state. After the power-on reset, a memory device to be placed in the remapping area is determined by the remapping control register.

For details of the remapping control register, refer to SYSCON_REMAP_CON (0x40000010).

Example of implementing the remapping control is shown below.

When REMAP_EN of the remapping control register = 0 (initial value)
When the external pin MODEO = L, the program executes from the address 0 in the internal Flash ROM.
When the external pin MODEO = H, the program executes from the boot area in the internal Flash ROM.
When REMAP_EN of the remapping control register = 1 (at software reset after rewriting the remapping control register by software)
When REMAP[3:0] = 0b0000, internal Flash ROM is started first.
When REMAP[3:0] = Obxxx1, internal SRAM is started first.
When REMAP[3:0] = 0bxx10, reserved
When REMAP[3:0] = 0bx100, the address (boot program area) set at the remapping base address is started first.
When REMAP[3:0] = 0b1000, reserved

[About Vector Table Relocation]
Cortex®-MO+ makes the vector table relocatable by using the vector table offset register (VTOR). Please note that
VTOR is reset by a software reset (AIRCR.SYSRESETREQ).

Also, note that the relocation of the vector table is performed immediately after rewriting VTOR. The access to the
SCS area involves the DSB instruction in Cortex®-MO0+. It is not necessary to insert the DSB instruction. For details,
refer to the following:
DAI0321A_programming_guide_memory_barriers_for_m_profile.pdf
4.11 Vector table configuration - Vector Table Offset Register (VTOR)
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7-3.Internal Flash ROM Space
Area to which the internal Flash ROM is assigned (512 KB). It is normally used as the program ROM space.
At reading, internal Flash ROM is read via the Flash ROM controller. Rewriting the Flash ROM (erasing and programming) is

performed by the rewrite sequence via the Flash ROM control register.

For the assignment of Flash ROM space, refer to the address map.
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7-4.Internal SRAM Space
Area where internal SRAM is assigned (64 KB). It is normally used as a data RAM space.

It can be assigned as a remapping area by the remapping control register. It can be used as a program storage area when rewriting

the Flash ROM.
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7-5.Interrupt Source

Assignment of interrupt sources for this LSI is shown in Table List of Interrupt Sources below.

List of Interrupt Sources

Interrupt number

Interrupt source

NMI Reserved
IRQ[0] WDT

IRQ[1] Reserved
IRQ[2] GPIOA
IRQ[3] TimerA
IRQ[4] GPIOB
IRQ[5] RTC

IRQ[6] TimerB
IRQ[7] TimerC
IRQ[8] Flexible Timer
IRQ[9] GPIOC
IRQ[10] UARTO
IRQ[11] SSIS

IRQ[12] ADC

IRQ[13] AES

IRQ[14] UART1
IRQ[15] UART2
IRQ[16] TimerD
IRQ[17] Flash Control0
IRQ[18] TimerE
IRQ[19] Ext_Timer
IRQ[20] 12C

IRQ[21] DMAC
IRQ[22] SPIO

IRQ[23] SPI1

IRQ[24] Flash DMA
IRQ[25] Flash Controll
IRQ[26] SPI2
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IRQ[27] DIO

IRQ[28] LVD
IRQ[29] RF (GPIOD)
IRQ[30] CLK_Timer
IRQ[31] MODE_CNT
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7-6.System Control

7.6.1 General Description

ID display, remapping control, CPU control, status display, IRQ/SysTick control, clock control, and power management control are

performed.

7.6.2 List of Registers

Address Name Symbol R/W Initial value Description
0x40000000 ID register 0 SYSCON_IDO R 0x11800000 Indicates model information.
0x40000004 ID register 1 SYSCON_ID1 R 0x00000000 Indicates model information.
0x40000008 ID register 2 SYSCON_ID2 R 0x00000000 Indicates model information.
0x4000000C ID register 3 SYSCON_ID3 R 0x00000000 Indicates model information.
0x40000010 Remapping SYSCON_REMAP_CON | R/W 0x00000000 Controls REMAP operation.

control
0x40000014 Remapping SYSCON_REMAP_BAS | R/W 0x1003E800 Controls REMAP operation.
base address E
0x40000020 CPU control SYSCON_CPU_CON R 0x00000000 Sets the operation when the CPU is
locked up.
0x40000024 CPU status SYSCON_CPU_ST R 0x00000000 Indicates CPU state.
0x40000030 IRQ control SYSCON_IRQ_CON R/W 0x0000000D Sets IRQ latency.
0x40000034 SysTick timer SYSCON_STCALIB R/W STCALIBINIT Corrects SysTick timer clock.
clock control
0x40000040 Peripheral SYSCON_PCLK_EN R/W OXFFFFFCFB Stops a clock supplied to each
clock enable peripheral.
register
0x40000044 Peripheral SYSCON_PCLK_DIS R/W 0x00000000 Stops a clock supplied to each
clock disable peripheral.
register
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0x40000048 Peripheral SYSCON_PPM1 R/W 0x00000000 Automatically stops a peripheral
power clock at DEEPSLEEP.
management
register 1

0x4000004C Peripheral SYSCON_PPM2 R/W 0x00000000 Automatically stops a peripheral
power clock at SLEEP.
management
register 2

0x40000050 Peripheral reset | SYSCON_PRST_CON R/W 0x00000000 Resets each peripheral.
register

0x40000060 Peripheral SYSCON_PERI_ R/W 0x00000000 Clock control register.
clock control CKCON
register

0x40000064 System clock SYSCON_SYS_CKCON | R/W 0x00000000 System clock control register.
control register

0x40000100 ISP system SYSCON_ISP_SYSCLK | R - Indicates a system clock frequency
clock register when started from the boot program

area.

0x40000104 ISP UART SYSCON_ISP_UART_ R - Indicates a UART baud rate
source clock SCLK reference frequency when started
register from the boot program area.

0x40000108 ISP SSI slave SYSCON_ISP_SSIS R - Indicates a SSI slave sampling clock
source clock SCLK frequency when started from the
register boot program area.

0x4000010C ISP timer clock | SYSCON_ISP_TMR _ R - Indicates a timer clock frequency

source register

SCLK

when started from the boot program

area.
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7.6.3 Description of Registers

7.6.3.1 ID Register 0 (0x40000000) (SYSCON_IDO)
332222222222 1111111111000 0 0 0 0000
10987 654321098765 43210987 6 5 4 3210
CONFIGURATI | REVISION
PLATFORM_ID[7:0] CHIP_ID[15:0]
ON[3:0] [3:0]
S
5
= |o|lo|o|1|o|lo|lo|l1|1|0|0|0|0|0|0|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
=
D
R/
R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R
W

Configuration of chip and system is shown to software, debugger, etc.

PLATFORM_ID[7:0] Indicates that this is Ux (Cortex®-MO0+) Platform.
PLATFORM_ID[7:4]: CorelD: 0x1 Cortex®-MO0+
(0x0 Cortex®-MO0)

PlatformID[3:0]: Version: 0x0 MTB not included
0x1 MTB included

CHIP_ID[15:0] This field is used to distinguish among chips.

The upper 4 bits and the lower 12 bits are used for the field category and the product category respectively.

CONFIGURATIONI3:0] | This field is used to manage derived products.

Normally used to distinguish ROM code derived products, memory size derived products, etc.

REVISION[3:0] This field is used for version management.

Normally used to distinguish versions based on the circuit update caused by a bug fix or any other reason.
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7.6.3.3 Remapping Control Register (0x40000010) (SYSCON_REMAP_CON)
3 3222222222211111111 110 O0 0 00 O 0 O
10987 654321098765 432 1 009 38 6 4 3 2 1 O
B R
B
A E
A
N B M
N B
K A A
K A
_ N P
_ N
M K Pyl _
S K 2
Reserved (0] _ @ E REMAP([3:0]
E _ 3
D M = N
L S
E ]
_ E
_ D
M L
M E
o
o
N
N
3,
5
- |0l0O|lO|lO|O|O|0O|0O|O|O|O|O|O|O|0O|0O|O|O|OjO|0O|O|lO] O 0 of0|O0|0]|O
=
()
R R | R RIR|R|R |R
/| RIR|RIRIRIRIRIR|RIRIRIRIRIRIRIRIRIRIR| R |RIRfl W | W R W|W|W|W
w S| S S| S|S|S |S

S: Sticky:= Not initialized at software reset.
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BANK_SEL_MON

Displays the bank in 2 bank mode.
0: FLASHO bank (Flash00/Flash01)
1: FLASHL1 bank (Flash10/Flash11)

BANK_MODE_MON

Displays the bank mode.
0: 1 bank mode
1: 2 bank mode

BANK_SEL

Selects the bank in 2 bank mode.
0: FLASHO bank (Flash00/Flash01)
1: FLASH1 bank (Flash10/Flash11)
This register value is reflected by SYSRESETREQ reset.

BANK_MODE

Selects the bank mode.
0: 1 bank mode (initial value)
1: 2 bank mode
This register value is reflected by SYSRESETREQ reset.

REMAP_EN

0: Selects a boot device depending on the state of external pin MODEQO.
1: Selects a boot device depending on the state of REMAP[3:0] bits of this

register.

REMAP[3:0]

Selects a boot device.
When a value of REMAP[3:0] bits is as follows:
4°b0000: Flash ROM responds.
4’bxxx1: Internal SRAM responds.
4’bxx10: Internal ROM responds. (Not implemented)
4’bx100: The device placed at the address set by the remapping base

address responds.

4°b1000: External DRAM responds. (Not implemented)
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7.6.34 Remapping Base Address Register (0x40000014) (SYSCON_REMAP_BASE)
332 2 2 2 2 2 22 2211111111110 000000000
109 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 876543210
py)
?
g REMAP_BASE[29:9] Reserved
g
5
:Z)_,OO*********************000000000
c
(0]
R RIRIR|IR|IRIRIR|RIRIRIR|RIR|IR|IR|R|R|IR|R|R|R
/| | RIRRW| W WIW W W W W W W W W W W W W W|W|R R RR R Rl R Rl R
w S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|s|S|Ss|S|S

S: Sticky:= Not initialized at software reset.

When a device placed at the address set by this register is selected as the boot device by the REMAP register, assign the 6 KB area

starting at the address set by this register sequentially to the area starting at the address 0. Normal operation cannot be guaranteed if any

device other than the bootable device is selected.

* The initial value of this register is 0x1003_E800. (6 KB of the boot program area)

* Area assigned to the remapping area is only 6 KB at the remapping by the remapping base address. If the space exceeding 6 KB is
needed for ISP, for example, the program needs to jump to the area where the entity such as Flash ROM is placed (0x10000000 and

after for Flash ROM) to be executed, except for the minimum necessary codes such as exception vectors.
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7.6.35 CPU Control Register (0x40000020) (SYSCON_CPU_CON)
3 322222222 2%211111111110000WO0O0©0O0O0T0O0
1098 7 654321098765 4321098765143 210
R
E
S
E
Reserved
T
L
u
g
%OOOOOOO0000000000000000000000000
&
R R
W |RIRIR|IRIRIR|IRIR|R|R|R|RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|W
S S

S: Sticky:= Not initialized at software reset.

Set the operation to be executed when the CPU falls in the Lockup state due to the unrecoverable exception.

RESET_LU Sets the operation when the CPU goes to the LOCKUP state.

0: No action is taken. At this time, no program is executed by
CPU, and only access to internal resource from a debugger is
possible.

1: Resets the whole system.

This bit is initialized only by the power-on reset.
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7.6.36 CPU Status Register (0x40000024) (SYSCON_CPU_ST)

3 322 22222222111 11111100 0 00 00 O0DO

o

1
1 09 87 65 43 210 9 8 6 54 3 210 9 8 7 6 543 210

~

Reserved Reserved Reserved

- n ™+ O < -

4 w ™ o U < r
-4 »w ™ H4 O =
U c X O O r

anfea [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

R

WIWIRIRIRIR|RIR|R|RIR|R|R|RIR[WW RIRIRIR|IR|RIR| W |RIR|R|R|R|R|R| W
S

S: Sticky:= Not initialized at software reset.

Indicates CPU state.

LVDORST Indicates that CPU is reset by the low voltage detection (LVVDO).
This bit is not initialized by means other than the power-on reset.

To clear this bit, write 1.

LVD1RST Indicates that CPU is reset by the low voltage detection (LVD1).
This bit is not initialized by means other than the power-on reset.

To clear this bit, write 1.

WDTRST Indicates that CPU is reset by the watchdog timer.
This bit is not initialized by means other than the power-on reset.
Information in this bit is reserved even when a reset occurs due to expiration of the watchdog timer. To clear this bit,

write 1.

LOCKUP Indicates that CPU falls in the LOCKUP state. (This bit is set when the LOCKUP pin of CPU is asserted.)
This bit is not initialized by means other than the power-on reset.

Information in this bit is reserved even when the system is configured to be reset at LOCKUP by the CPU control

register. To clear this bit, write 1.
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7.6.3.7 IRQ Control Register (0x40000030) (SYSCON_IRQ_CON)
33222222222 %211111111110000 0 0 0 0 0 o0
10987 654321098765 43210987 6 5 4 3 2 1 0

Reserved IRQLATENCY[7:0]

=]

o

- |0|0lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OjO|O]|O|O|1]|12]|0]|1
=

(0]

R RIRIR|IR|R|R|R|R
RIRIRIRIR|RIRIR|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R

W WIW WIWIW W|IW|W

IRQLATENCY[7:0] Sets the minimum number of cycles from the interrupt pending to the vector fetch in NVIC.

Normally the initial value should be used.

77




FEDL7416N-060-05
ML7416N-060

7.6.3.8 SysTick Timer Clock Control Register (0x40000034) (SYSCON_STCALIB)
3 3 2222222222111 11111110U0U0°O0WO0O0TO0CTUO0TG0TDO
1 0 9876543210987 6543 2109876543210
N
S
0]
K
R Reserved TENMS
E
E
w
F
=]
o
</ 0| 1}|0/0|0O|0O|O|OjO|O|O|O|O|1l|1|0O|j0O|lOfO|1l|1|{0f1|0|1|0|l0O|l0O|l0O|0O|0O]|O
=
]
R
R | R RIRIRIR|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
/ RIR|R|R|R| R
W | W W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W
w

Corrects SysTick timer clock source.

SYSCON_STCALIB[31] NOREF | Indicates that there is no clock source other than the system clock.
If the system clock frequency is variable, it is recommended to use a fixed frequency clock
which is independent of the system clock frequency as the SysTick timer. In this case, set 0 to

this bit.

SYSCON_STCALIB[30] SKEW If a clock source frequency is not an integer multiple of 100 Hz, set this bit to 1.

SYSCON_STCALIB[23:0] | TENMS | Set 10 ms (100 Hz) divided by the cycle of clock source as the correction value. The initial

value can be set by a parameter.

Setting example of the correction value is shown below.

The value of SYST_CALIB register (read only) within Cortex®-MO0+ can be rewritten by rewriting this register. The value of this register
does not need to be rewritten because it is normally determined to be a unique value by the system configuration (SysTick clock

configuration).

STCSEL Iéi/s;zgnit/)illi/le) (S'\(;ll:_r'z(; clock frequency 10ms/(System clock cycle) (C}_? II‘EI’)B(())UOI'] value
0 5 5 50000 C350
0 333 33.3 333333.3 51615
0 40 40.0 400000.0 61A80
0 50 50.0 500000.0 7A120
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7.6.3.9 Peripheral Clock Enable Register (0x40000040)! (SYSCON_PCLK_EN)
3322 2222 22221111 1 1 11 1 1 0 0O 0 0 00O O 0O O
1098 7 6 54 3210 98 7 6 5 4 3 210 9 7 3 2 1 0
S |C
G|l G G EX| T |L R R UuluU|U
F S|S|S F T|T|T|T]|T | D R
Dl A T | D |K A|S e AlA|A W
D PlP|P T MIMIM|M|M 2 | e
M LI T G|T N | S RIR|R D
M (| M RIR|R|R|R C (0] S
S C Ol O] O M P | M D|S B T|T|T C|T
A 211|0 0 A|B|C|D|E 0 0 e
N _ 1|0 R|I1|R ojo| r 2|10 _ |
_ . _ N e _ _ rv
E|l E E N _ O|0 | _ \ | _|1_|E E|E
E|E|E E|IE|E|E|E E E e
N[ N N E| E| E | E|E e E|E|E|N N[N
N[ N|N N N|IN|[N|N|N N N d
N| N| N N E | E N| N d N |[N/|N
N | N
=
S‘.
< |1/1j1j1y1j1|1j121{141j1)1(1(1]1 1 1(1(1(12]1]0 111111 ]0|1]|1
QC_’
()
R
RIRIRIR|R|R|RIR|RIRIRIR|R|R|R|R| R R|IR|R|R|IR RIR|R|R|R R|R
/ R R
WWWW W WWW WWWW W W W W W |[W]|W W W W WW|W|W|W W| wW
W
Read

0: Indicates that the clock supply to the corresponding peripheral is stopped.

1: A clock is supplied to the corresponding peripheral.

Write

0: Writing is ignored.

1: Starts clock supply to the corresponding peripheral.

* Each bit may be changed depending on the presence or absence of peripherals.

After making the peripheral clock enabled (after writing 1 to the corresponding bit of the target peripheral), be sure to start the operation of

peripheral after the target bit is set to 1.

Lt is assumed to be controlled by the system software such as OS, boot loader, or power manager instead of an individual driver software.
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7.6.3.10 Peripheral Clock Disable Register (0x40000044) (SYSCON_PCLK_DIS)

33222222 22221111 1 11111 000O0O0OO0OO0OO0O O0OTUO
10987 6 54 3210 9 8 7 6 5 4 32 10 987 6 3 2 1 0
C
S
G| G| G E L R ujluj|u
F S|S|S F T|T|T|T|T T I R | D
D| A XT K Al S AlA|A R
D PIP|P T M{M|M|M| M D 2 e I
M gl _T T N | R|R|R e D
M [ M R|R|R|R|R G C S | O
S C O| O| O M D|S T|T|T s | C
A 2(1|0 0 A|lB|C|D|E P 0 E |O
| _ _ 2110 R 0|0 2110 |_|e|_|_
I r
oDl || Dl T T ol | _1|_ | _|_|_|Db|w|D|D
D D|/D|D D D/ D|D|D|D o D v | D
[ 1 | Dl Dl D D _ D|D DI(D|D|Il]|e]|]l]|]l
| [ | Pl _ I e I
S| S S N | D I |1 {1 |{S{d|S]|S
S S|S|S S S|S|S|S|S D S d | S
S| S| S S | S|S S|S|S
IS
S
3
5
- |0/0/0OjO|O|O|0O|O|O|lO|O|O|O|O|O|O| O]|O|O|O|OjO]|O|OjOj|O|O|O|O|O]|O0O]O
=
(0]
R
RIRIRIRIR|R|RIR|R|RIRIR|R|R|R|R| R |R|R|IR|R|R RIR|R|R|R R|R
/ Rl R R
WWWWWWWW WWWW W W W W W |W|W W W W W W|W|W|W wW| W
w
Read
0: A clock is supplied to the corresponding peripheral.
1: Indicates that the clock supply to the corresponding peripheral is stopped.
Write

0: Writing is ignored.
1: Stops clock supply to the corresponding peripheral.

* Each bit may be changed depending on the presence or absence of peripherals.
After making the peripheral clock disabled (after writing 1 to the corresponding bit of the target peripheral), and after the clock of the

corresponding bit is stopped, 1 can be read from the corresponding bit. If you need to wait for the completion of clock stop, be sure to wait

for the target bit to be set to 1 after reading this register.
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7.6.3.11 Peripheral Power Management Register 1 (0x40000048) (SYSCON_PPM1)

33222222 222211111 1 11 11 000O0O OO OO O O
10 987 654 3210 9 8 7 6 5 4 3 2 1 0 987 6 4 3 2 1 O
C
S
G| G| G E L R|S ujuj|u
F S|S|S F T|T|T|T|T T I D F
D| A XT K AlS| R AlAJA|L
D PIP|P T M|{M|{M|M|M D 2 I C
Il _T T N | e R|IR|R D
M (I M RIRIR|R|R G C @) N
A|S C O| O] O M D|S| S T|T|T C
A 2(1|0 0 A|B|C|D|E P 0 0 T
| _ _ 2110 R 0|0 E 2(1(0|_ _ | _
_ == _ S IO R R 10 _ _ _
P|P P |l _ 0 | _l_|_|P P|P
P PIP|P P PIPIP|IP|P _ P P P
P|P P P|P| P P _ PIP| v P|P|P|P PP
P PIP|P P PIPIP|IP|P P P P P
M| M M Pl PP P P PIP| e P|{P|P|M M| M
M M| M| M M M|{M|{M|M|M P M M M
1)1 1 M| M| M M P M| M| d MIMIM|1 1|1
1 1111 1 1(1|1|1]|1 M 1 1 1
1111 1 M 1|1 1|11
1
1
3
5
- |0/0O|O|O|lO|O|O|O|OlO|Oj|O|O|O|O|O]| O 0|0j/0|0|O0O|OjOjOjO|O|O|O|O]|O]|O
=
@
RIRIR|RIR|IRIRIRIR|RIR|IRIR|R|R|IRIR| R|R|R|R|R|R RIR|R|R|R|R|R|R
[ TWWWWWWWW I WWWW| W WIW W | W |WW|WW|RRWW|W| W W W W|W
W|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S S|S|S|S|S|S|S|S
S: Sticky:= Not initialized at software reset.

A clock for each peripheral is automatically stopped at the DEEPSLEEP state.
0: The clock is not stopped at DEEPSLEEP.

(It is stopped if attempted by the peripheral clock disable register.)
1: The clock is stopped at DEEPSLEEP.

[Notices]

The clocks corresponding to the following bits are always stopped at DEEPSLEEP regardless of these register setting values:

02,04-07,10-14,21-31
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7.6.3.12 Peripheral Power Management Register 2 (0x4000004C) (SYSCON_PPM2)

33222222 222211111 1 11 110000000000
10987654 321098765 4 32 10092876 5 43210
E|s|cC
GlG|G X |T/|L R uju|u
F s|s|s F T|T|T|T|T | D F
D| A T|D|K Als| R AlA]A R
D PIPIP| |T M| M| M| M| M 2 | C
Ll _|le|T Nl 1| e R|R|R D
M RN M R|R|R|R|R C o N
Al'S C ololo T|P|M D|s| s T(T|T c
A 2l1]0 0 A|B|C|D|E 0 0 T
e _ 2/1]0 M|I1|R olo| E 2(1|o|_| |_|_
TPl P T TR T T T T T TR oo T e TP |P|P
P PlPIP|l |P PIPIP|P|P P P P
P| P P PIP|lP L PIP| v PlP|P|P P|P
P PIlPIP|l |P PIPIP|P|P P P P
M| M M PIP|lP P|P|P PIP| e PIP|P|M |M|M
M M| M| M[ | M M| M| M| M| M M M M
2|2 2 M| M| M P|P|P M| M| d M| M| M| 2 2|2
2 2|22 2 212222 2 2 2
2|22 M|M|M 2|2 222
2 2|2
=
5
~|ololo|o|o|lo|o|o|o|o|l0|0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|1
=
()

R R
R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|RIR|R|R|R|R|R
/ W
W W W W W W W W W W W W W W W W W W W W W W W W W W W W www
W s

A clock for each peripheral is automatically stopped at the SLEEP state.
0: The clock is not stopped at SLEEP.

(It is stopped if attempted by the peripheral clock disable register.)
1: The clock is stopped at SLEEP.

Setting by the peripheral clock enable/disable register, setting this register, power state, and state of clock supplied to peripheral are shown in
Table Combination of Peripheral Clock Control Related Registers and Clock State.

RUN state is where all functions except for bus access are supplying operable clocks as with the normal time. If you use the peripheral
interrupt as a return cause from SLEEP/DEEPSLEEP, the target peripheral must be in RUN state. STOP state is where all stoppable clocks
are stopped. Low power consumption can be realized by stopping clocks of peripherals unnecessary for the operation.

If the target peripheral clock is made disabled by the peripheral clock enable register/disable register, the peripheral always goes to the

stoppable state regardless of the peripheral power management register 1, 2 and power state. Hardware can stop all clocks connected to the
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target peripheral. No operation/response for peripherals can be guaranteed? .

If the target peripheral clock is made enabled by the peripheral clock enable register/disable register, the clock is controlled according to the
corresponding bits of the peripheral power management register 1, 2 and power state. If the corresponding bit of the peripheral power
management register 2 is 1, the clock of the target peripheral is automatically stopped when CPU goes to SLEEP or DEEPSLEEP state.

If the peripheral power management register 2 is 0, the clock is controlled by the corresponding bit of the peripheral power management
register 1 and the power state. If the corresponding bit of the peripheral power management register 1 is 1, the clock of the target peripheral

is automatically stopped when CPU goes to DEEPSLEEP state® .

Table Combination of Peripheral Clock Control Related Registers and Clock State

Peripheral clock enable/ | SYSCON_PPM1[n] | SYSCON_PPM2[n] Power state Peripheral clock supply status
disable register
Enable 1 0 DEEPSLEEP STOP
0 I RUN
* SLEEP I RUN
* ACTIVE I RUN
* 1 DEEPSLEEP I STOP
SLEEP I STOP
ACTIVE RUN
Disable * * * STOP

2 It is recommended that clocks of peripherals not used in the system are stopped at the system start using the peripheral disable register.
3 When using the target peripheral interrupt as a return event from DEEPSLEEP, be sure to clear the corresponding bit of the peripheral
power management register 1 to 0.
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7.6.3.13 Peripheral Reset Register (0x40000050) (SYSCON_PRST_CON)

3/3[2|2|2|2]2|2|2|2|2|2|1|1|2]1| 1| 21|1|2|1|1]0lo0|0|lO]|O0|O|O]|O]|O]|O
1/0|9|8|7|6|5/4|3/2/1/0|9|8|7|6| 5|4 |3]2|1|0|9| 8 |7|6|5|4a|3|2|1]0
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S s|s|s| |s s|s|s|s|s|R|R s P s T
T| T T s/ s|s R s|s S|s|s|T|d T
T TIT|T T TIT|T|T|T|S|s T R T 4
T T|T s T T T|T|T
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T
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2 lololojo|lo|o|ojo|olojojolo|lolo|o|lo|o]|o|lo|lolo|ol1|olojolo|o|o|olo
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RIR|R|R|R|R|R/R|R/RIRIR|R|R|R|R| R|R|R/R|RIR|R/R|R/R|R|R|R R|R
/ R
WWWWWWWW WWWW W w www|w|{wWw ww|ww|wWw| w| w|w w| w
W

When writing 1, the corresponding peripheral is reset.

This bit is automatically cleared to O after the reset is completed.

To start the operation of the target peripheral after reset, you must wait for the reset to be completed. After the reset, be sure to wait for the

corresponding bit of the target peripheral to be cleared to 0.

4 The initial value of the RTC control register is undefined and not initialized by this bit.
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7.6.3.14 Peripheral Clock Control Register (0x40000060) (SYSCON_PCLK_CON)
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7.6.3.15 System Clock Control Register (0x40000064) (SYSCON_SYS_CKCON)

3 3222222222211 11111111%00O0O0O0O0O0O0O0TO0
1 098 7 65 43 21098 7 6 543210987 6 543210
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7.6.3.16 ISP System Clock Register: 0x40000100 (SYSCON_ISP_SYSCLK)

3 3222 2222222111111 11110000O0O0O0O0TGO0TUO0STO0
10 98 76 543210987 6 5 43 210987 6 543210

ISP_SYSCLK
]
=
o
z * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Py)
Py)
Py)
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Py)
Py)
Py)
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Py)
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Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

w

Indicates the system clock frequency when being started from the remapping base address by the external pin (normally ISP program is

executed). (Unit: Hz)

7.6.3.17 ISP UART Source Clock Register: 0x40000104 (SYSCON_ISP_UART_SCLK)

3(3(2|2(2|2|2|2|2|2|2|2}|1|1|1|1j1|1f1|1f12|1/0|0|0OjO|jO|O|O|O|O]|O

110(9|8|7|6|5|43|2|1|0|9|8|7|6|5|4|3|2|1]0|9|8|7(6|5(|4|3|2|1]|0

ISP_UART_SCLK

anfeA fenu|

=~ X
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Py)
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Py)
Py
Py)
Py
py)
Py)
Py
Py)
Py
Py)
Py)
Py
Py)
Py
py)
Py
Py
Py)
Py
Py)
Py

w

Indicates the source clock frequency used for the UART baud rate generation when being started from the remapping base address by the

external pin (normally ISP program is executed). (Unit: Hz)
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7.6.3.18 ISP SSI Slave Source Clock Register: 0x40000108 (SYSCON_ISP_SSIS_SCLK)

3|13(2(2|2|2|2|2|2|2|2(2(1|142(2}1|1(42|1|1f(2(0|0O|O|O|O|O|O|O|O]|O

1/0|9(8(7|6|5|4|3|2|1|0|9|8|7|6|5]4|3|2|1|0|9|8|7|6|5[4|3|2|1]|0

ISP_SSIS_SCLK
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W

Indicates the sampling source clock frequency of SSI Slave when being started from the remapping base address by the external pin
(normally ISP program is executed). (Unit: Hz)

The serial clock is supplied from the master device. The sampling clock is the same frequency as the system clock.

7.6.3.19 ISP Timer Source Clock Register: 0x4000010C (SYSCON_ISP_TMR_SCLK)

3|13(2(2|2|2|2}2|2|2|2f(2(1|142f(2}1|21(42|1|1f2(0|0O|O|O|O|O|O|O|0O]|O

1(0(9(8|7|6|5(4(3(2(1(0(98|7|6|5|4|3|2|1|(0|9(8|7]6|5]4|3|2|1|0

ISP_TMR_SCLK
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/ |R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
w

Indicates 32-bit timer frequency when being started from the remapping base address by the external pin (normally ISP program is executed).

(Unit: Hz)
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7.6.3.20 ISP Control Register: 0x40000110 to 0x4000017F
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Register area reserved for future expansion of the ISP features.

Writing to registers is ignored. 0 is read when reading.
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7-7.UART

7.7.1 General Description

A start-stop synchronous serial communication interface which has functions equivalent to the industry standard 16550. The

features are shown below.

- Includes a 16-byte FIFO for each of transmission and reception.

- Full-duplex communication is possible.

- Includes a programmable baud rate generator. Note that the baud rate is the same for transmission and reception.

- The character size of 5- to 8-bit is supported.

- 1or2 (1.5 for the 5-bit character size) stop bit can be selected.

- For parity generation/check, supports even/odd/none/stick.

- Supports the auto-flow control function.

7.7.2 List of Registers

The programming model of this UART consists of registers shown in Table List of Registers Compatible with 16550 and

Table List of Registers Not Compatible with 16550.
Table List of Registers Compatible with 16550
Address Name Symbol Size R/W Initial value
BASE+0x00 Receive Buffer Register UARTNn_RBR 32 R 0x00000000
Transmit Holding Register UARTN_THR 32 w 0x00000000
Divisor Latch Low UARTNn_DLL 32 R/W 0x00000000
BASE+0x04 Interrupt Enable Register UARTN_IER 32 R/W 0x00000000
Divisor Latch High UARTNn_DLH 32 R/W 0x00000000
BASE+0x08 Interrupt ldentity Register UARTN_IIR 32 R 0x00000001
FIFO Control Register UARTN_FCR 32 w 0x00000000
BASE+0x0C Line Control Register UARTN_LCR 32 R/IW 0x00000000
BASE+0x10 Modem Control Register UARTN_MCR 32 R/IW 0x00000000
BASE+0x14 Line Status Register UARTN_LSR 32 R 0x00000060
BASE+0x18 Modem Status Register UARTn_MSR 32 R 0x00000000
BASE+0x1C Scratchpad Register UARTN_SCR 32 R/IW 0x00000000
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Table List of Registers Not Compatible with 16550

Address Name Symbol Size R/W Initial value
BASE+0x20 Low Power Divisor Latch (Low) Register UARTNn_LPDLL 32 R/W 0x00000000
BASE+0x24 Low Power Divisor Latch (High) Register UARTN_LPDLH 32 R/W 0x00000000
BASE+0x30 Shadow Receive Buffer Register UARTN_SRBR 32 R 0x00000000
| Shadow Transmit Holding Register UARTNn_STHR 32 w 0x00000000
BASE+0x6C
BASE+0x70 FIFO Access Register UARTN_FAR 32 R/IW 0x00000000
BASE+0x74 Transmit FIFO Read UARTN_TFR 32 R 0x00000000
BASE+0x78 Receive FIFO Write UARTN_RFW 32 W 0x00000000
BASE+0x7C UART Status Register UARTNn_USR 32 R 0x00000006
BASE+0x80 Transmit FIFO Level UARTN_TFL 32 R 0x00000000
BASE+0x84 Receive FIFO Level UARTNn_RFL 32 R 0x00000000
BASE+0x88 Software Reset Register UARTN_SRR 32 W 0x00000000
BASE+0x8C Shadow Request to Send UARTN_SRTS 32 R/IW 0x00000000
BASE+0x90 Shadow Break Control Register UARTn_SBCR 32 R/IW 0x00000000
BASE+0x94 Shadow DMA Mode UARTNn_SDMAM 32 R/IW 0x00000000
BASE+0x98 Shadow FIFO Enable UARTN_SFE 32 RIW 0x00000000
BASE+0x9C Shadow RCVR Trigger UARTN_SRT 32 R/IW 0x00000000
BASE+0xA0 Shadow TX Empty Trigger UARTN_STET 32 R/IW 0x00000000
BASE+0xA4 Halt TX UARTN_HTX 32 R/IW 0x00000000
BASE+0xA8 DMA Software Acknowledge UARTN_DMASA 32 w 0x00000000
BASE+0xF4 Component Parameter Register UARTn_CPR 32 R 0x00011F72
BASE+0xF8 UART Component Version UARTNn_UCV 32 R 0x3331342A
BASE+0xFC Component Type Register UARTNn_CTR 32 R 0x44570110

*n indicates a module number (n =0, 1, 2).

* Base address of UARTO (n = 0) is 0x40004000.

* Base address of UART1 (n = 1) is 0x40004400.

* Base address of UART2 (n = 2) is 0x40004800.

* When using In-System Programming (ISP) that rewrites the on-chip Flash-ROM included in a system, apply UARTO of BASE =

0x40004000 (n=0).
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7.7.3 Description of Registers

7.7.3.1 Receive Buffer Register (UARTn_RBR): BASE+0x00
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Bit Name R/W Description
7:0 RBR R Received data. This data is valid when the Data Ready bit of the Line Status Register is 1.
7.7.3.2 Transmit Holding Register (UARTNn_THR): BASE+0x00
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Bit Name R/W Description

7:0 THR W Transmitted data. Write to these bits only when the THR Empty bit of the Line Status Register is 1.
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7.7.3.3 Divisor Latch Low (DLL): UARTn_BASE+0x00
332222222 %2%2%21111111111000 0 0 0 0 0 0 O
10987 6 54321098765 43210987 6 5 4 3 2 1 0
Reserved DLL
g
%00000000000000000000000000000000
c
D

py)

w
Bit Name R/W Description
7:0 DLL R/W Low-order 8 bits of a frequency divider for 16-bit baud rate.
7.7.3.4 Interrupt Enable Register (UARTN_IER): BASE+0x04
3 3222222%2%2%2%2111111111100O00 0 O 0O 0 0 O
10987 6543210987 654321098 7¢6 5 4 3 2 1 O
Reserved P| Reserved E |E|E|E
T D|L|T]|R
I S |S|B|B
M SI{I |E|F
E I |
3,
5
< |0|0|0O]jOjO|jO|OlO|lOjO|0O|0O|0O|O|O|O|O|OjO|0O|0O|0O|0O|OjOj]O}|O} O |O|O|O]O
Q
c
()
R
R R|IR|R|R
/| |RIRIR|RIRIRIR|R|R|R|R|R|R|RIR|R|R| R|R|R| R R R| R R|IR| R
W Wi W|W| W
W
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Bit Name R/W Description
PTIME R/W Programmable THRE Interrupt Mode Enable.
Controls generation of the THRE interrupt.
0: Disabled
1: Enabled
EDSSI R/W Enable MODEM Status Interrupt
Controls a mask of the MODEM Status interrupt.
0: Mask
1: No mask
ELSI R/W Enable Receiver Line Status Interrupt
Controls a mask of the Receiver Line Status interrupt.
0: Mask
1: No mask
ETBEI R/W Enable Transmit Holding Register Empty Interrupt
Controls a mask of the THRE interrupt.
0: Mask
1: No mask
ERBFI R/W Enable Received Data Available Interrupt

Controls a mask of the Received Data Ready interrupt and the character timeout interrupt in the FIFO

mode.
0: Mask

1: No mask
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7.7.35 Divisor Latch High (UARTn_DLH): BASE+0x04
322 22 2222211111111 110 0O 0 0 0 O
0 9 87 6 4 3210987 654321009 4 3 2 1 0
Reserved DLH
=3
S‘.
< ojojo0|0|O ojojo|jof0|0O|l0O|O|O|O|O|O|O|0O|O]|O ojo0j0|0]|O
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D
R
RIR|IR|R|R
/ | RIR|R|R|R| R R RIR[R|RIR|R|R|R|R|R|R|R|R|R|R
Wi W | W|W|[W
w
Bit Name R/W Description
7:0 DLH R/W High-order 8 bits of a frequency divider for 16-bit baud rate.
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7.7.3.6 Interrupt Identity Register (UARTN_IIR): BASE+0x08
3 322222 222221111111 111000O0H0OW0O0O0O0TO0
10 98 7 65 43210987 65 432109876543 210
Reserved n 2 IID
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/ |RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
w
Bit Name R/W Description
7:6 FIFOSE R FIFOs Enabled.
When the FIFO Enable bit of FCR is set and both FIFOs for the transmit and receive are enabled, both
bits in this field are set.
00: Disabled
11: Enabled
3:.0 11D R/IW Interrupt ID.
Indicates an interrupt with the highest priority among those occurring.
For priority of interrupts, refer to "Table 7-7  Interrupt List".
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Table 7-7 Interrupt List
Interrupt ID Interrupt | Priority source How to reset
FIFO Common Pending Level
mode to
Only all modes
bit3 bit2 | bitl bit0
0 0 0 1 - State in which no interrupt has been generated | -
0 1 1 0 Highest | Overrun Error, Parity Error, Framing Error, or Read LSR
Break Interrupt has been detected
0 1 0 0 2nd Data has been received. Or the number of Read the received characters (In the
characters in FIFO has reached a trigger level FIFO mode, read characters until the
in the FIFO mode. number of remaining characters
becomes fewer than a trigger level).

1 1 0 0 2nd In the state where at least one character exists Read RBR (the receive FIFO is

in the receive FIFO, no incoming or outgoing visible in the FIFO mode).
characters has been detected for the receive

FIFO during the time duration of 4 characters

or more.

0 0 1 0 3rd No character exists in THR. Read IIR or write characters to THR
when the interrupt ID indicates this
cause.

0 0 0 0 4th When any of the events below occurs in MSR. | Read MSR

For details of conditions, refer to "2.3.9. MSR".
*DCTS has been set

*DDSR has been set

*TERI has been set

*DDCD has been set
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7.7.3.7 FIFO Control Register (UARTNn_FCR): BASE+0x08

3 32222222 222111111111100W0W0W0°0WO0OV0TU0SF°O0
109 87 65432109 87 65432109876 543210
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Bit Name R/W Description

7:6 RT W RCVR Trigger.

Field to specify a trigger level of the receive FIFO interrupt. The meaning of values is as shown in the
table below:

00: One character exists in FIFO

01: At least one character exists in a quarter of the FIFO

10: At least one character exists in a half of the FIFO

11: Less than two characters until FIFO becomes FULL

5:4 TET w TX Empty Trigger.

Sets a threshold level of the FIFO empty for THRE interrupt when the THRE interrupt mode is enabled.
00: FIFO is empty

01: Two characters exist in the FIFO

10: At least one character exists in a quarter of the FIFO

11: At least one character exists in a half of the FIFO
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DMAM DMA Mode.
When this bit is set, the output signal mode of the ports dma_tx_req_n and dma_rx_req_n changes from
0 to 1. The difference between the mode 0 and mode 1 is as follows:
0: mode 0 - Drops the DMA transfer request each time one character is transferred.
1: mode 1 - Transfers characters as much as possible by one DMA request. Therefore, the request is not
dropped at receive until the receive FIFO becomes empty. The request is not dropped at transmit until
the transmit FIFO becomes full.

XFIFOR XMIT FIFO Reset.
Setting this bit clears the transmit FIFO (however, no transmit shift register is affected). A
value of this bit is automatically cleared after the transmit FIFO is cleared.

RFIFOR RCVR FIFO Reset.
Setting this bit clears the receive FIFO (however, no receive shift register is affected). A value of this bit
is automatically cleared after the receive FIFO is cleared.

FIFOE FIFO Enable.

Setting this bit causes this UART to enter the FIFO mode. Both the transmit and receive FIFOs are
enabled in the FIFO mode. If a value of this bit changes, a part of XMIT and RCVR FIFO is reset.
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7.7.3.8 Line Control Register (UARTNn_LCR): BASE+0x0C
3 322222 22%22%2111111111100W0WO0W0O0O0O0O0TO0
109 8 7 6 543210987 6 5432109 876 543210
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Bit Name R/W Description
7 DLAB R/W Divisor Latch Access Bit.
Field to control access to the dividing ratio setting registers (DLH, DLL, LPDLL, LPDLH) for the baud
rate generator. When this is set to 1, reading/writing from/to the dividing ratio setting registers is
enabled.
6 BC R/W Break Control Bit.
Field to control transmission of break condition. When this is set to 1, the serial data output pin TXD is
set to the space state (logical "0") (Only a value of pin is set to the space state and no other logic of the
transmitter section is affected).
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Stick Parity | RIW Stick Parity.

Field to instruct to use a fixed value as the value of parity bit to be generated/checked when performing

communication. This bit is enabled when the generation/check of parity is specified by PEN.

0: No Stick parity is performed (generation/check of parity is performed normally).

1: When odd parity is specified (PEN = 1, EPS = 0), a value of parity bit to be generated/checked is
fixed to 1. When even parity is specified (PEN = 1, EPS = 1), a value of parity bit to be

generated/checked is fixed to 0.

EPS R/W Even Parity Select.

Field to specify a type of parity to be generated/checked when the generation/check of parities is

specified by PEN.

0: Generates/checks the odd parity (summation of the number of 1 bits in the data of character
and parity bits should be odd).

1: Generates/checks the even parity (summation of the number of 1 bits in the data of

character and parity bits should be even).

PEN R/W Parity Enable.

Field to specify that a parity is generated/checked when transmitting/receiving a character.

0: No parity bit is generated/checked.

1: The parity bit is inserted between the last bit configuring a character and the stop bit at
the transmit.

STOP R/W Number of stop bits.

Flag to specify the length of stop bit(s) added when transmitting/receiving characters. Stop bit(s) with a
length corresponding to the value of STOP is added at the transmit. However, the stop bit checked at the
receive is only 1 bit regardless of the value of STOP.

0: The stop bit is 1 bit.

1: If the character length is 5 bits, stop bits of 1.5 bits are added; if it is 6, 7, or 8 bits, 2 bits are added.

DLS R/W Data Length Select.

Field to specify the character length (the number of bits per character) at the serial transfer.
00: 5 bits

01: 6 bits

10: 7 bits

11: 8 bits
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7.7.3.9 Modem Control Register (UARTn_MCR): BASE+0x10
3 3222 2222222111111 111100W000WO0O0O0O0FO0O0
1098 7 65 43210987 6543210987 6543210
Reserved S|A|L|O|O|R|D
I |{F|B|UU|T|T
R| C TIT|S|R
E|E 2|1
5
?OOOOOOO ofojo|0|0|0O|lO|O|O|O|O|O|O|O|O|O|O|jO|O|O|O|O|O]O
&
R
RIR|R|R|R|R|R
/| |RIRIRIR|RIR|IRIR|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R
W| W| W| W| W| W| W
W
Bit Name R/W Description
6 SIRE RIW SIR Mode Enable
Controls the enabled/disabled of IrDA SIR Mode.
0: IrDA SIR Mode is disabled
1: IrDA SIR Mode is enabled
* Because the IrDA mode is not supported by this LSI, this bit should be fixed to 0.
5 AFCE R/W Auto Flow Control Enable
Controls the enabled/disabled of Auto Flow Control. Auto Flow Control is enabled when FIFOs are
enabled.
0: Auto Flow Control is disabled
1: Auto Flow Control is enabled
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LB R/W LoopBack Bit

Setting this bit causes this UART to enter the diagnosis local loopback mode. The state of UART in the

local loop back mode is as follows:

B The module serial data output pin becomes mark state (H level).

B The module serial data input pin is separated from the internal circuit. The serial data output inside
the module is connected to the serial data input inside the UART consisting the loop back.

Bl Four modem control input pins (DSR, CTS, RI, DCD) are also separated from the internal circuit.
Instead for them, four modem control output pins (DTR, RTS, OUT1, OUT2) are looped back
inside the module.

Bl Four modem control output pins (DTR, RTS, OUT1, OUT2) become negating state (H level).

B Operation of the transmission interrupt and reception interrupt is performed normally during the
local loopback mode. However, the MODEM status interrupt (due to change of the MSR bit) is
generated according to the change of the looped back value of the modem control output pin rather
than the modem control input.

B In the infrared mode, the serial data output is reversed and looped back to sir_in during which
sir_out_n is set to L level.

ouT2 R/W ouT2

A value of this bit is reversed and output to the module output pin OUT2.
OuUT1 R/W OuUT1

A value of this bit is reversed and output to the module output pin OUT1.
RTS R/W Request to Send

A value of this bit is reversed and output to the module output pin RTS.
DTR R/W Data Terminal Ready

A value of this bit is reversed and output to the module output pin DTR.
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7.7.3.10

Line Status Register (UARTN_LSR): BASE+0x14

3 3222 2222222111111 111100W00H0WO0O0O0O0F0O0
10 98 7 65 43210987 6543210987 6543210
Reserved R{T|T|B|F|P|O|D
FIE|H|I |E|E|E|R
E| M| R
T|E
?,-
?OOO ojojo|0fl0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|2|1|0O|0O|O|O]|O
&
R
/| |R|R|R RIRIR|R|R|R|R|R|R|R|R|R|R|R|RIR|IR|R|R|R|R|R|R|R|R|{R|R|R
w
Bit Name R/W Description
7 RFE R Receiver FIFO Error bit.
Valid bit during the FIFO mode. This bit is set when at least one character that has been received with
any of framing error, parity error, or break detection exists in the receive FIFO. If no such characters
exists in the receive FIFO, this bit is cleared by reading the LSR. This bit is always 0 while not in the
FIFO mode.
6 TEMT R Transmitter Empty bit.

Indicates that both the transmit shift register and FIFO are empty while in the FIFO mode.
Indicates that both Transmitter Holding Register and the transmit shift register are empty while in the

non-FIFO mode.
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THRE R Transmit Holding Register Empty bit.

Indicates that THR or TX FIFO is empty regardless of FIFO being enabled or not (FCR[0]) when the
THRE mode is disabled (IER[7] is 0).
The THRE interrupt is generated when the THRE interrupt is enabled.

When the THRE mode is enabled (ER[7] is 1), the transmit FIFO indicates FULL if FIFOs are enabled
(FCR[0] is 1). The THRE interrupt is controlled by FCR[5:4].

Condition for setting:

Data is transferred to the transmit shift register from THR or TX FIFO and THR or TX FIFO is empty.

BI R Break Interrupt bit.

Indicates that a break is detected.

Condition for setting:

In the UART mode, a break is assumed to be detected if the serial input stays 0 for longer period than
the total transfer time of one character (transfer time of start bit + data + parity bit + stop bit).

In the infrared mode, a break is assumed to be detected if the serial input stays 0 pulse for longer period

than the total transfer time of one character (transfer time of start bit + data + parity bit + stop bit).

For the non-FIFO mode, this bit is set when a break is detected.
For the FIFO mode, one character with all bits being set to zero is transferred to the receive FIFO when a
break is detected. This bit is set when a character with all bits being set to zero arrives at the head of

FIFO.

Condition for clearing:

Cleared when reading LSR.
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FE Framing Error bit.
Indicates that a value of the stop bit, added to the received character, is invalid.
Condition for setting:
If the value of stop bit is invalid when receiving a character, this UART estimates that the cause of the
error is "due to the next start bit" and performs the recovery operation from the error. In other words, it
samples this start bit again and receives the data.
In the non-FIFO mode, this bit is set when a character received with the invalid stop bit is transferred to
RBR.
In the FIFO mode, this bit is set when a character received with the invalid stop bit arrives at the
beginning of FIFO.
Condition for clearing:
Cleared when reading LSR.

PE Parity Error bit.
Indicates that a value of the parity bit, added to the received character, is invalid. This bit is valid when
PEN(LCR[3]) is set.
Condition for setting:
In the non-FIFO mode, when a character received with the invalid parity bit is transferred to RBR.
In the FIFO mode, if a character appearing at the beginning of the receive FIFO has been detected to
contain an invalid parity bit.
Condition for clearing:
Cleared when reading LSR.

OE Overrun error bit.

Indicates that one or more characters are lost because reading the received characters is too late. In the
non-FIFO mode, characters in RBR are overwritten. In the FIFO mode, data of the receive shift register

is lost although the FIFO data is saved.

Condition for setting:

In the non-FIFO mode, when a new character arrives at the receiver section before reading from RBR.
In the FIFO mode, when the receive FIFO is full and a new character arrives at the receiver section.

Condition for clearing:

Cleared when reading LSR.
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0 DR R Data Ready bit.

Indicates that received characters exist in RBR or FIFO.

Condition for clearing:
Characters are read from RBR when being in the non-FIFO mode.
The receive FIFO becomes empty when being in the FIFO mode.

7.7.3.11 Modem Status Register (UARTn_MSR): BASE+0x18
3322222222 22111111111100W0W0WO0WO0WO0O0TO0SF®O
109 87 654 3 210987 6543 2109876543210
Reserved DIR|D|C|D|T|D|D
C|I|S|T|D|E|D|C
D RIS|C|R|S|T
D|I |R|S
g
%OOOOOOOO000000000000000000000000
&
R
/| |RIRIRIR|RIR|R|R|R|R|R|R|R|R|R|R|R|RIR|RIR|RIR|R|R|R|[R|R|R|R|R|R
w

Bit Name R/W Description

7 DCD R Data Carrier Detect.
A value of this bit changes as shown in the table below depending on a value of the LOOP bit of MCR.
LOOP=0: The value of module input pin dcd_n is reversed and then read.

LOOP=1: The same value as that of the OUT2 bit of MCR is read.

6 RI R Ring Indicator.
A value of this bit changes as shown in the table below depending on a value of the LOOP bit of MCR.
LOOP=0: The value of module input pin ri_n is reversed and then read.

LOOP=1: The same value as that of the OUT1 bit of MCR is read.

5 DSR R Data Set Ready.
A value of this bit changes as shown in the table below depending on a value of the LOOP bit of MCR.
LOOP=0: The value of module input pin dsr_n is reversed and then read.

LOOP=1: The same value as that of the DTR bit of MCR is read.
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CTS R Clear to Send.
A value of this bit changes as shown in the table below depending on a value of the LOOP bit of MCR.
LOOP=0: The value of module input pin cts_n is reversed and then read.

LOOP=1: The same value as that of the RTS bit of MCR is read.

DDCD R Delta Data Carrier Detect.

This bit is set when a value of the module pin dcd_n changes, and cleared when a value of MSR s read.
When the EDSSI bit of IER is set, the MODEM status interrupt is generated if this bit is set.

LOOP = 0: Indicates that no value of the module pin dcd_n changes since the latest value of MSR was
read.

LOOP = 1: Indicates that a value of the module pin dcd_n changed at least one time since the latest

value of MSR was read.

TERI R Trailing Edge of Ring Indicator.

This bit is set when a value of the module pin ri_n changes from the L level to the H level, and cleared
when a value of MSR is read. When the EDSSI bit of IER is set, the MODEM status interrupt is
generated if this bit is set.

LOOP = 0: Indicates that no value of the module pin ri_n changes from the L level to the H level since
the latest value of MSR was read.

LOOP = 1: Indicates that a value of the module pin ri_n changed from the L level to the H level at least

one time since the latest value of MSR was read.

DDSR R Delta Data Set Ready.

This bit is set when a value of the module pin dsr_n changes, and cleared when a value of MSR s read.
When the EDSSI bit of IER is set, the MODEM status interrupt is generated if this bit is set.

LOOP = 0: Indicates that no value of the module pin dsr_n changed since the latest value of MSR was
read.

LOOP = 1: Indicates that a value of the module pin DSR changed at least one time since the latest value

of MSR was read.

DCTS R Delta Clear to Send.

This bit is set when a value of the module pin cts_n changes, and cleared when a value of MSR is read.
When the EDSSI bit of IER is set, the MODEM status interrupt is generated if this bit is set.

LOOP = 0: Indicates that no value of the module pin cst_n changed since the latest value of MSR was
read.

LOOP = 1: Indicates that a value of the module pin cts_n changed at least one time since the latest value

of MSR was read.
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7.7.3.12 Scratchpad Register (UARTn_SCR): BASE+0x1C

o

3 322 2222222211111 111110000 0 0 0 OO

ol

1 0987 65 43210987 6 5432109 8176 4 3 2 1 0

Reserved SCR

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py

W

Bit Name R/W Description
7:0 SCR R/W Temporary data retention area. Programmers can use it freely.
7.7.3.13 Low Power Divisor Latch (Low) Register (UARTn_LPDLL): BASE+0x20

o
o
o

3 38322 2222222211111 111110000O0°O0O00O0

N
[EnY
o

10 98 76 543210987 6 5432109 876 5 4 3

Reserved LPDLL

anfea [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py}

* This register is not supported for use in the IrDA SIR mode. Do not change its initial value.

Bit Name R/W Description

7:0 LPDLL R/W This register can be accessed when LCR[7] (DLAB bit) is set.

This register gives the lower byte of the setting value of the Low Power Divisor Latch register that

provides 115.2 kbps.

If a value of the Low Power Divisor Latch register is 0, the Low Power baud rate clock is disabled and

no pulse detection is performed including the Low-Power pulse detection.
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7.7.3.14 Low Power Divisor Latch (High) Register (UARTNn_LPDLH): BASE+0x24
3 2 2 2 2 2 2 222111111111 1000W0WO0WO00WO0O0TO0
1 9 8 7 6 5 3 210987 6543210987 6543210
Reserved LPDLH

=)
S‘.
< |0 ojo0oj0|0]|O ojofo|jo0|0O0|0O|lO|O|0O|O|O|O|O|O|O|O|O|O|O|lO|O|O]|O|O
=
]
R

R RIR|R|R|R|R
/ | R RIRIRIRIR|RIR|R|R|R|RIR|R|R|R|R|R|R|R|R|IR|R

W) w| W W| Wl W| W| W
W

* This register is not supported for use in the IrDA SIR mode. Do not change its initial value.

Bit

Name

R/W

Description

7.0

LPDLH

RIW

This register can be accessed when LCR[7] (DLAB bit) is set.

This register gives the higher byte of the setting value of the Low Power Divisor Latch register that

provides 115.2 kbps.

If a value of the Low Power Divisor Latch register is 0, the Low Power baud rate clock is disabled and

no pulse detection is performed including the Low-Power pulse detection.
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7.7.3.15 Shadow Receive Buffer Register (UARTNn_SRBR): BASE+0x30-6C

3 322222 2222211111111 1100U0WO0O0O0O0OUO0TG0TO0O0
1 0 9 8 7 65 43 210987 6 54 3 2109 87 6 543210
Reserved SRBR

anjeA eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

py)

W
Bit Name R/W Description
7:0 SRBR R This register is a shadow register for the RBR register. This register can be used to read RBR by using
the burst transfer.

7.7.3.16 Shadow Transmit Holding Register (UARTn_STHR): BASE+0x30-6C

3 322 2 22 2222211111111 11020

o

0 0 0 0 O

o
o
o

1 0 98 76 543210987 6 5 4321009

(o]

7 6 5 4 3

N
[EnY
o

Reserved STHR

anjeA feniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py)

w
Bit Name R/W Description
7:0 STHR W This register is a shadow register for the THR register. This register can be used to write to THR by

using the burst transfer.
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7.7.3.17 FIFO Access Register (UARTNn_FAR): BASE+0x70
3 2 2 2 22 2222111111111 100W00W0O0O0TU0TG0SO
1 9 8 6 543210987 65432109 876543210
Reserved F
A
R
g
?O 00 ojo|jo0|0fl0O|0O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|jO|O|O|O]|O
s
R
R
/ |R|R|R|R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|IR|IRI|R|IR|R|R|R|R|R|R|R
W w
Bit Name R/W Description
0 FAR R/W Enables the access to FIFO aimed at testing. Writing to the receive FIFO and reading from the transmit
FIFO is made enabled.
0 — FIFO access mode is disabled
1 - FIFO access mode is enabled
7.7.3.18 TFR Register (UARTN_TFR): BASE+0x74
3 2 2 2 2 2 2 2 221111111111 0WO0WO0O0TG0UGO0UO0OTO0TUGO0OTG0O0
1 9 8 6 54 3 2 109 8 7 6 543 2109 8 7 6 543210
Reserved TFR
?,-
?O 00 o,0j0|0|0|j0|j0O|jO|jO|O|O|O|O|O|O|O|OjOjO|jO|lO|O|O|O|O|O]|O
&
R
/ |RIR|R|R RIRIRIR|R|RIR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W
Bit Name R/W Description
7:0 TFR R Reads the transmit FIFO when FIFO Access Mode is enabled.
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7.7.3.19 Receive FIFO Write (UARTN_RFW): BASE+0x78

3 322222 222221111111 111 0 000 O OOTUO O

1 0987 65 43210987 6 543210 7 6 5 4 3 2 10

Reserved RFWD

m T ™ ®W|o ©
m ©W M XW|o® O

anjeA reniu
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py}

w

Bit Name R/W Description
9 RFFE w Writes the receive FIFO framing error information when FIFO Access Mode aimed at testing is enabled.
8 RFPE W Writes the receive FIFO parity error information when FIFO Access Mode aimed at testing is enabled.
7:0 RFWD W Writes the receive FIFO data when FIFO Access Mode aimed at testing is enabled.
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7.7.3.20 UART Status Register (UARTNn_USR): BASE+0x7C

3 32222 222222111111 111100U0O00

o

10 98 7 6 5 43210987 65432109876 5

[5=Y
T |lo o

Reserved

M Tnm | O
m =z T XI|w o

m m H|Nn o
m z M™m A

anfea [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
=
=
o

py)

Bit | Name | R/W Description

4 RFF R Indicates that the receive FIFO is full.
0: Indicates that the receive FIFO is not full.
1: Indicates that the receive FIFO is full.

When the receive FIFO becomes non-full, this bit is cleared.

3 RFNE | R Indicates that the receive FIFO is not empty.
0: Indicates that the receive FIFO is empty.
1: Indicates that the receive FIFO is not empty.

When FIFO becomes empty, this bit is cleared.

2 TFE R Indicates that the transmit FIFO is empty.
0: Indicates that the transmit FIFO is not empty.
1: Indicates that the transmit FIFO is empty.

When the transmit FIFO becomes non-empty, this bit is cleared.
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1 TENF | R Indicates that the transmit FIFO is not full.
0: Indicates that the transmit FIFO is full.
1: Indicates that the transmit FIFO is not full.

When the transmit FIFO becomes full, this bit is cleared.

7.7.3.21 Transmit FIFO Level (UARTN_TFL): BASE+080

3 322 22222222111 1111111000UO0°O00O0

o

0 0

o

1 0 98 7 65 43210987 6 5432109 876 5 4

w

2 1

o

Reserved TFL

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py

w

Bit Name R/W Description
3.0 TFL R Indicates the transmit FIFO level. Indicates the number of data entered in the transmit FIFO.
7.7.3.22 Receive FIFO Level Register (UARTN_RFL): BASE+0x84

3 3222222 2222111111111 100W0O0O0O0TQO0TO0TUO0SFO0
10 98 7654321098 7 6 543210987 6543210

Reserved RFL

anfea [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py

Bit Name R/W Description

3.0 RFL R Indicates the receive FIFO level. Indicates the number of data entered in the receive FIFO.

114



FEDL7416N-060-05
ML7416N-060

7.7.3.23 Software Reset Register (UARTn_SRR): BASE+0x88

3 3222222 222%2111111111100W000WO0O0O0TUO0F®©
1098 7 6 5 43210987 6543210987 6543210
Reserved X|R|U
FIF|R
R| R
g
;_)OOOOOOOO000000000000000000000000
&
R
/| |RIRIR|IR|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|{R|R|R|{R|R|R|W W W
W
Bit Name R/W Description
2 XFR w Shadow register for the transmit FIFO reset bits (FCR[2]).
1 RFR w Shadow register for the receive FIFO reset bits (FCR[1]).
0 UR W Resets UART.
It takes up to 2 cycles of UART reference clock + 3 cycles of system clock to complete the reset.
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7.7.3.24 Shadow Request to Send (UARTn_SRTS): BASE+0x8C
3 322222 2222211111111 11000WO0WO0WO0O0O0TUG0SFO0
1 0987 6543210987 6543210987 6543210
Reserved S
R
T
S
3,
g.
<|0|jO|OfO|lO|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O|O]|O 0|0|0|O
=
[¢]
R
R
/| |RIRIRIR|R|R|R|R|R|IR|RIR|R|R|R|R|R|R|R|R|R|R R|R|R
w
W
Bit Name R/W Description
0 SRTS R/W Shadow register for the RTS bit (MCR[1]).
7.7.3.25 Shadow Break Control Register (UARTn_SBCR): BASE+0x90
3 322 2 222 2222111111111 10U0UO0O0UO0TUO0TO0TG0TGO0OSFG0O0
10 9 87 65 43 210987 6 5432109 87 6543210
Reserved S
B
C
R
=}
g
< |/0|0O]jO|O|jO|O|O|O|OjOjO|O|O|O|O|O|O|O|O|0O]|O ojojofojo
=
[¢]
R
R
/| |RIR|IRIR|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R RIR|R|R
w
W
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Bit Name R/W Description
0 SBCR R/W Shadow register for the break bit (LCR[6]).
7.7.3.26 Shadow DMA Mode (UARTn_SDMAM): BASE+0x94

3 322 2 22 2222211111111 110U0UO0UO0UO0TUO0TUO0TUG0TG0SFO0O0
10 9 8 7 6 5 43 210987 6 5432109 876543210
Reserved S
D
M
A
M
5
%O o(o|jo|joj0|OfO|O|O|O|O|O|O|O|O|O|O|O]|O]O o(ojofo0
5
R
R
/ | R RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R| R| R
W W
Bit Name R/W Description
0 SDMAM RIW Shadow register for the DMA mode bit (FCR[3]).
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7.7.3.27 Shadow FIFO Enable (UARTN_SFE): BASE+0x98
3 2 2 2 22 2 2221111111111 0 0 0O
1 9 8 6 54 3 2 109 8 7 6 5 43 210 3 2 10
Reserved S
F
E
3.
g.
< |0 0|0 ojojojojo0j0|l0O|O|O|O|lO|O|O|O|O|O]|O 0|0|0|O
=
@
R
R
/ |RIRIR|R RIRIR|R|R|IR|R|R|R|R|R|R|R|R|R|R|R R|R|R
w
w
Bit Name R/W Description
0 SFE R/W Shadow register for the FIFO enable bit (FCR[0]).
7.7.3.28 Shadow RCVR Trigger (UARTN_SRT): BASE+0x9C
3 2 2 2 222 2221111111111 0 0 0O
1 9 8 6 54 3 2 109 8 7 6 5 4 3 210 3 2 10
Reserved SRT
3.
g.
< |0 00 ojojojo|0|j0O|lO|O|O|O|lO|O|O|O|O|O]|O 0oj0f0|O
=
(0]
R
R R
/I |RIR|R|R RIR|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R R|R
w| w
W
Bit Name R/W Description
1:0 SRT R/W Shadow register for the receive trigger bits (FCR[7:6]).
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7.7.3.29 Shadow TX Empty Trigger (UARTNn_STET): BASE+0xAOQ

3 322222222 2%2111111111100W00O0W0O0O0OUO0TG0SF®O0
10987 6543210987 6543 2109876543210
Reserved STE
T
=]
5
- |0lOjO|O|lO|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O
=
@
R
R| R
/| |RIRIRIR|R|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R
wW| W
W
Bit Name R/W Description
1.0 STET R/W Shadow register for the transmit empty trigger bits (FCR[5:4]).
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7.7.3.30 Halt TX (UARTn_HTX): BASE+0xA4
3 2 2 2 2 2 2 22211111 1 1 1 0 00 O
1 9 8 7 6 5 3 2109 87 6 5 2 10 3210
Reserved H
T
X
=3
g.
< |0 0o(o|0|0]|O o|(ojo|jojo|0O|l0O|O]|O 0(0]|0 o(ojofo0
=
@
R
R
/ | R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R R|R|R R|R|R
w
w
Bit Name R/W Description
0 HTX R/W Register for stop of transmission aiming for testing. The transmit FIFO can be intentionally set to full by

stopping the transmit FIFO.
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7.7.3.31

DMA Software Acknowledge (UARTNn_DMASA): BASE+0xA8

3 3222 2222222111111 11110W0U0O0O0O0O0O0TO0TO0

1 0 98 7 6 543210987 65432109 87 6 5432 1|0

Reserved D

M

A

S

A
=)

%OOO ojo0jo0j0|0|0|0|l0O|0O|O|0O|O|O|jO|O|0O|O|O|O|0O|O]|O 0/0|0|0|O
5
R

/| |R|R|R RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|W
w

Bit Name R/W Description
0 DMASA W The DMA acknowledge is generated according to a software request.
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7.7.3.32 Component Parameter Register (UARTn_CPR): BASE+0xF4
3 3 2 2 2 2 2 2 2 2 2 2111111111 100U0O0O0O0OO0O0TG0SFO
1 0 9 8 7 6 5 4|3 21 0O 9 8 7 6|5 43|22 0 9 8 7 6 5 4 3 2 1|0
Reserved FIFO_MODE § DU S|F|F|A|S|S|T|A (? APB
gMAHIIDIIHF%_DA
S |A|R|A|F|F|D|R|R|R|C| & |TA_
_|T|plo|lo|1|_|_|E|E WID
E| _|o|_|_|T|L|{M_|_ TH
X|A|W S|A|I Ol M| M
T|D T|c|lo|_|D|O|O
R| D A|C{N|M|E|D|D
Al _ TIE[A|O E|E
E S|L|D
N S| _|E
C F
(0] E
D A
E T
D
P
A
R
A
M
S
5
%000000000000 of1f1f1f1(12f0f1|112|11|0 1]0
&
R
/| |RIRIR|R|R|R|R|R|R|R| R |R RIRIRIR|R|R|R|R|R|R|R R|R
W
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The configuration of the UART module is shown below.

Bit

Name

R/W

Description

23:16

FIFO_MODE

R

Indicates the number of FIFO stages.
0x00=0

0x01 =16

0x02 = 32

to

0x80 = 2048

0x81- Oxff = reserved

13

DMA_EXTRA

Indicates whether DMA is supported.
0 - Unsupported
1 - Supported

12

UART_ADD_ENCODED
_PARAMS

Indicates that this register (Component Parameter Register) is implemented.
0 - Not implemented

1 - Implemented

11

SHADOW

Indicates that Shadow Register is implemented.
0 - Not implemented

1 - Implemented

10

FIFO_STAT

Indicates that the bit representing FIFO status information is implemented.
0 - Not implemented

1 - Implemented

FIFO_ACCESS

Indicates that the FIFO access mode is implemented.
0 - Not implemented

1 - Implemented

ADDITIONAL_FEAT

Indicates that the UARTN_UCV register and UARTNn_CRT register are implemented.
0 - Not implemented

1 - Implemented

SIR_LP_MODE

Indicates whether the Low Power IrDASIR mode is supported.
0 - Unsupported
1 - Supported (*1)

SIR_MODE

Indicates whether the IrDA SIR mode is supported.
0 - Unsupported

1 - Supported
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THRE_MODE

Indicates that the THRE interrupt is supported.
0 - Unsupported
1 - Supported

AFCE_MODE

Indicates that the auto-flow control function is supported.

0 - Unsupported
1 - Supported

1:0

APB_DATA WIDTH

Indicates the APB bus width in the LSI.
00 — 8 bits

01 — 16 bits

10 — 32 bits

11 — reserved

(*1) This mode is supported for the UART module but not for ML7416.
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7.7.3.33 UART Component Version (UARTn_UCV): BASE+0xF8

3 2 2 2 2 2 2 2221111111111 0 00O

1 9 8 7 6 5 3 210987 6543210 3 210
ucv

5

?o o|jo|0|1]|0 o|1/0|1|0f1|1|1|0|0|0|0|0O]|O 00|00

s

R

/ | R RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R|R|R|R

w

Bit Name R/W Description

31:0 ucv R Indicates the component version of UART IP.
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7.7.3.34 Component Type Register (UARTNn_CTR): BASE+0xFC

3 2 2 2 2 2 2 2221111111111 0 00O

1 9 8 7 6 5 3 210987 6543210 3 210
CTR

g_

?o 0o|0|0|0|O ojojo|l0|lOfO|lO|lO|O|O|O|0O|O]|O 00|00

s

R

/| |RIRIR|R|R|R|R|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R R|R|R|R

w

Bit Name R/W Description

31:0 CTR R Indicates the peripheral ID code of UART IP.
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7.7.4 Description of Operation

7.7.4.1 Data Transmission

Figure below shows the transmit timing.

TXD —\Start / Data(5-8)§ ><Parity / Stop
sample_clock | | | % | | | |
Interrupt _\_/ %
THR Write | %

Transmit timing

NN W N

7.74.2 Data Reception

Figure below shows the receive timing.

I WL
i | | | % | | | | % | |

Receive timing
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7.7.5 UART Pin Assignment

The UART function (UARTO) is used at execution of ISP. This function is assigned to GPIOA[11:8] as the secondary function.

When selecting the primary function of GPIOA[11:8] | When selecting the secondary function of GPIOA[11:8]
GPIOA[8] RXD
GPIOA[9] TXD
GPIOA[10] CTS
GPIOA[11] RTS
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7-8.SPI

7.8.1 General Description

A synchronous serial communication interface. The features are shown below.

- Performs the full-duplex data transfer.

- Master or Slave mode can be selected.

- Includes a 16-byte or 16-word (16-bit) FIFO for each of the transmission and reception sides.

- For the transfer size, 8 bits (bytes) or 16 bits (words) can be selected.

- The interrupt caused by the number of received bytes (words) and the number of untransmitted bytes (words) can be set in the
range 1 to 16.

- Either LSI first or MSB first can be selected.

- The polarity and phase of the serial clock can be selected.

- Able to control the interval before/after transfer in Master mode.

- Uses the status bit to indicate the completion of transmission/reception and the FIFO status.

- Able to detect a mode fault error to avoid multi-master bus contention.

- Able to detect a write overflow error if any further writing is attempted when the transmit FIFO is in the full state.

- Generates an interrupt when the transmit/receive FIFO is in a specific state or when a cause such as mode fault error occurs.

- Able to perform the burst transfer with SSn fixed to L during the master operation.

- Has a DMA interface.
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7.8.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] Description
BASE+0x00 SPI control register SPIn_CR R/W 0x00000000 Controls the operation mode
(SPI2 only 0x00000002)
BASE+0x04 SPI baud rate register SPIn_BRR R/W 0x00025002 Controls the operation mode
BASE+0x08 SPI status register SPIn_SR R 0x00140000 Indicates the data transfer status
and the error status.
BASE+0x0C SPI write data register SPIn_DWR R/W OX XXX XXX XX 8 (16)-bit register to hold the
transmit data.
BASE+0x10 SPI read data register SPIn_DRR R OX XXX XXX XX 8 (16)-bit register to hold the
received data.
BASE+0x18 SP1 DMA register SPIn_DMA R/W 0x00000000 Makes the settings for DMA.
(Only SPI2 are valid)
BASE+0x1C SPI ID register SPIn_ID R 0x00001010 Reads the ID value.

(Only SPI2 are valid)

*n indicates a module number (n =0, 1, 2).

* Base address of SPI0 (n = 0) is 0x40040000.
* Base address of SPI1 (n = 1) is 0x40040400.
* Base address of SPI2 (n = 2) is 0x40040800.

SP12 is for controlling ML7396B (dedicated to master).
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7.8.3 Description of Registers

7.8.3.1 SPIn_CR Register: BASE + 0x00
3 322222»2222%=2111111111100O0O0O0O0O0 0 0o
10987 654321098765 43210987654 3 2 10
M
F M
S O RI T c|Cc|L|O M
o M| S| S| I P} D F P} Bl S
S e w R FIFQ |P|P|S|D |8 |S
3 Oo|l0o|s|C RFIC TFIC CED F I CED g P
N > > | |1l |OHB|F|g |T
= Z|Z|Z|L = I E = = E
L E E|E LIAIF|E R
R E
N
3
5
- |0lOlO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O|O|O|O|O|O|O]JO|O]|O]O
=
(0]
R
R RI|R|R|R|R|R|R|R|R|R|R|IR R|R|R|R| R RIRIR|R R|R
/ R| R| R R| R| R R R
W, W W W W W W W W W W| W| W W W W| W W W W W| W W| W
w
SSNL SSN output control (Enabled only in Master mode and when SPE = 1 is set. Use this during the burst access in SPI2)
0: SSN free (normal)
1: SSN = Low fixed output (SDO pin is in Hi-Z state)
MOz MOSI output control
0: 0/1 output
1:Hiz
SOz MISO output control when SSn =0
0: 0/1 output
1:Hiz
SSz SSn output control
0: 0/1 output
1:Hiz
FICLR FIFO Clear
0: NONE
1: The number of receive/transmit bytes (words) is cleared. After clearing, set it back to "0".
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RFIC Receive FIFO interrupt control. Initial value: 0. Generates a receive DMA request when DMA is enabled.
0000: An interrupt/receive DMA request occurs when 1 byte (1 word) has been received
0001: An interrupt/receive DMA request occurs when 2 bytes (2 words) have been received
1111: An interrupt/receive DMA request occurs when 16 bytes (8 words) have been received
TFIC Transmit FIFO remaining byte count interrupt control. Initial value: 0. Generates a transmit DMA request when DMA
is enabled.
0000: An interrupt/transmit DMA request occurs when the number of remaining byte becomes 0 byte (1 word) or less
0001: An interrupt/transmit DMA request occurs when the number of remaining byte becomes 1 byte (2 words) or less
1111: An interrupt/transmit DMA request occurs when the number of remaining byte becomes 15 bytes (8 words) or
less
MDFIE SP1 mode fault interrupt enable. Initial value: 0
0:Disable interrupt
1:Enable interrupt
ORIE SP1 overrun error interrupt enable. Initial value: 0
0:Disable interrupt
1:Enable interrupt
FIE Transfer completion interrupt enable. Initial value: 0
0:Disable interrupt
1:Enable interrupt
RFIE SPI reception interrupt enable. Initial value: 0
0:Disable interrupt
1:Enable interrupt
TFIE SPI transmission interrupt enable. Initial value: 0
0:Disable interrupt
1:Enable interrupt
CPOL Serial clock polarity. Initial value: 0
0:Serial clock default is "0" (0" during transmission/reception)
1:Serial clock default is "1" (1" during transmission/reception)
CPHA Serial clock phase. Initial value: 0
0:The data is sampled at the first edge and shifted at the second edge.
1:The data is shifted at the first edge and sampled at the second edge.
LSBF Data transfer order. Initial value: 0

0: LSB first
1: MSB first
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MODFEN

Mode fault control signal
The mode fault can be executed when MSTR = 1, MODEFEN = 1, and not transferring.
1: The mode fault is executed when not transferring.

0: The mode fault is not executed.

MSTR

Master/slave selection. Initial value 0 (1 only for SPI2)
0:Slave

1:Master

SPE

SPI enable. Initial value: 0
0: Disables SPI transfer

1: Enables SPI transfer

133



FEDL7416N-060-05
ML7416N-060

7.8.3.2 SPIn_BRR Register: BASE + 0x04

3 322222%22222111111111

[ERY

00 0O0OOO O O OO

10 987 6543210987 6543210987654 3 2 10
R
e
s|S
LA | LEA | e | |
Reserved DTL SPBR
G D (r|Zz
v|E
e
d
5
5
- |0|0OlOjO|O|lO|O|O|O|O|O|O|O|O|O|2|0f1|0|2|0|0O|0O|O|O|OjO|O|O|O}|1]|O
&
@D
R
RIRIR|R|R|R|R|R|R|R|RIR|IR RIRIRIRIRIRIR|R|R|R|R
/! |RIR|R|R|R|R|R R
W W W W W W W W W W| W| W| W WWWWWWW W |W| W W
w

DTL Minimum data transfer interval (setting enabled only in Master mode). Initial value: 2

LAG SSn-SCK delay interval (setting enabled only in Master mode). Initial value: 01
0x : 0.5 X SCK
10:1.0 X SCK
11:1.5 X SCK

LEAD | SCK-SSn delay interval (setting enabled only in Master mode). Initial value: 01
0x : 0.5 X SCK
10:1.0 X SCK
11:1.5 X SCK

SIZE | Transfer size setting
0: 8 bits
1: 16 bits
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SPBR

Baud rate setting (setting enabled in Master mode). Initial value: 2
Baud Rate=fPCLK/(2* SPBR)

00_0000_000x: 2 dividing

00_0000_0010: 4 dividing

00_0000_0011: 6 dividing

111111 1111: 2046 dividing
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7.8.3.3 SPIn_SR Register: BASE + 0x08
3 32222222222111111111100U0U0T0 0O 0 O
10987 6543210987 65432109 872675 2 1 0
S
RIRIT|T|W, R|IT
P
Reserved FIF|F|F|D RFD TFO FI |F|F
I
E|F|IE|F|F I ]
F
=3
g.
- |0lO|lO|O|O|O|O|O|O|O|OjO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O 0(0|O0
=
@
R
R|R|R
I |RIRIRIRIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|R
W | Wl W
w
RFE | Receive FIFO Empty. Initial value: 1
0: Not empty
1: Empty (No interrupt is generated)
RFF | Receive FIFO Full. Initial value: 0
0: Not Full
1: Full (No interrupt is generated)
TFE | Transmit FIFO Empty. Initial value: 1
0: Not Empty
1: Empty (No interrupt is generated)
TFF | Transmit FIFO Full. Initial value: 0
0: Not Full
1: Full (No interrupt is generated)
WDF | Write overflow. Initial value: 0
0: Normal
1: A write overflow occurred (No interrupt is generated)
This is cleared when this bit is read.
RFD | Number of bytes (words) received in the receive FIFO. Initial value: 00

00000: Empty
00001: 1Byte/1Word

01111: 15Byte/15Word

Ixxxx: 16Byte/16Word (Full)
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TFO

Number of untransmitted bytes (words) in the transmit FIFO. Initial value: 00
00000: Empty
00001: 1Byte/1Word

01111: 15Byte/15Word
1xxxx: 16Byte/16Word (Full)

SPIF

SPI1 byte (word) transfer completion display. Initial value: 0
0:Transferring
1:Transfer completed

This is cleared when this bit is read.

MDF

Mode fault. Initial value: 0

0:Normal

1:A mode fault occurred. SSn changes to 0 in Master mode.
(An interrupt is generated)

The interrupt request is cleared by writing "1".

ORF

Overrun error flag. Initial value: 0
0: Normal
1: An overrun error occurred (an interrupt is generated)

The interrupt request is cleared by writing "1".

Fl

Transfer completion (transmit FIFO is empty, the last 8 bit transfer is completed). Initial value: 0.
0: No interrupt request
1: Interrupt request

The interrupt request is cleared by writing "1".

RFI

Reception interrupt. Initial value: 0
0: No interrupt request
1: Interrupt request

The interrupt request is cleared by writing "1".

TFI

Transmission interrupt. Initial value: 0
0: No interrupt request
1: Interrupt request

The interrupt request is cleared by writing "1".
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7.8.34 SPIn_DW Register: BASE + 0x0C
3322222 2222%211111111110000O0O0WO0 0 0o
1 0 987 6 5 43210987 6543210987654 3 2 10
Reserved DW
=]
5
< |0|0OjOlO|Oj0O|lO|O|O|O|O|O|O|0O|O|O|0O|O|O|O|O|O|O|0O|0O|O|O|O]jO]|]O]|O]O
=
0]
R
RIRIR|R|R|R|R|R|RIRIRIR|R|R|R|R
/! |RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W W W W W W W WWWW|W|W | W W
w

DW | 8 (16)-bit register to hold the transmit data.

7.8.35 SPIn_DR Register: BASE + 0x10
3322222222 %221111111111000O0000 0 00O
10987 6543210948765 432109487654 3 2 10
Reserved DR
g
;‘)OOOO0000000000000000000000000000
5
R
I |RIRIRIR|R|R|R|R|R|R|R|RIR|RIRIR|R|R|R|RIR|R|RIR|R|RIR{IR|R|R|R|R
W

DR | 8 (16)-bit register to hold the received data.
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7.8.3.6 SPI DMA Register: BASE + 0x18 (SPIn_DMA) (n =0..3)
3 3222222222211 111111110000HO00000 O
1 0987 6543210987 65432109876 54321 0
Reserved T
X | X
D | D
M | M
A | A
=]
5
- |0|O|lOjO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O] O
=
[¢]
R
R | R
/| |RIRIR|IR|RIR|RIR|R|R|R|R|R|R|R|R|R|R{R|R|R|R|R|R|R|R|R|R|R|R
W | W
W

* This register is effective only in SPI2.
When the SPE bit of the SPI control register is set to 1, this register sets the DMA transfer request according to the values of TFIC and RFIC

of the SPI control register.

Field | Symbol Initial value | Description

1 RX_DMA_EN | 1 0: Does not generate a receive DMA transfer request.

1: Generates a receive DMA transfer request.

0 TX_DMA_EN | O 0: Does not generate a transmit DMA transfer request.

1: Generates a transmit DMA transfer request.
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7.8.3.7 SPI ID Register: BASE + 0x1C (SPIn_ID) (n =0..3)

32-hit register to hold the received data.

3322222222 2 2 111 111 1110 O0O0OO0OO0OOTOO0OTGO0ODO

10 98 7 65 432 1 0 876 543 2109 876 543210
VER FIFO DMA REV

=3

S‘.

< 0x0000 0x10 0x1 0x0

3

D

R

/ R

w

* This register is effective only in SP12.

Indicates the 1D number of SPI module.

Used for the management of version numbers and branched revisions of SPI module and the identification of SPI module by software.

Field | Symbol | Initial value | Description
31-16 | ID 0 0: UxPlatform DMA standard SPI
15-8 | FIFO 0x10 Indicates the number of FIFO stages.
7-4 DMA 0x1 Indicates the existence of DMA/revision.
0000: No DMA
0001: DMA (transmit/receive reg/ack Handshake)
3-0 REV 0 Indicates the version.
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7.8.4 Functional Description

7.8.4.1 Master Mode and Slave Mode

Two modes, Master mode and Slave mode, are provided as the transmit/receive mode. The mode can be selected by the MSTR bit of
SPCR.

As the SPBR, LEAD, LAG, DSCK, and SSn signals are determined by the master, only the setting values of master are effective.

CPOL, CPHA, LSBF, and SIZE have the same value for both master and slave.

7.8.4.2 Control of Polarity and Phase of Serial Clock

CPOL of SPCR controls the clock polarity. CPHA controls the clock phase and determines the shift timing of transmit data and the sampling

timing of received data. The master and slaves that communicate with each other must have the same setting values for CPOL and CPHA.

7.8.4.2.1 CPHA=0

The figure below shows the data transfer timing when CPHA = 0. For SCK, the case of CPOL = 0 and the case of CPOL = 1 are shown.
MOSI outputs the transmit data in Master mode, and performs the sampling of the received data in Slave mode. MISO performs the sampling
of the received data in Master mode, and outputs the transmit data in Slave mode. SSn is input as slave selection in Slave mode.

In Master mode, the transfer is started when data is written to SPDR. In Slave mode, the transfer is started at the SSn falling edge. The
received data is sampled at the first clock edge of SCK and at the succeeding odd-numbered edges. The transmit data is shifted at the second

clock edge and at the succeeding even-numbered edges.

141



FEDL7416N-060-05
ML7416N-060

CPHA=0

SCK Cycle 1 2 3 4 5 6 7 8
SSn A RN S SR R S e e
[ s e B B
SCK | | | | | | | | |
(CPOL=0) |
|
SCK i
o S R N S S S S S
(M0Z=0) poesef X H X Xk ) B
I A A
iSO (N S S S (N S N N
soz=) sy A 4 & X By
| | | | | |
| | | | | |
| | | | | |

Example for MOZ=S0Z=SSZ=SIZE=LSBF=LEAD=LAG=0.

Clock Waveform When CPHA =0

7.8.4.2.2 CPHA=1

The figure below shows the data transfer timing when CPHA = 1. For SCK, the case of CPOL = 0 and the case of CPOL =1

are shown.

MOSI outputs the transmit data in Master mode, and inputs the received data in Slave mode.

MISO inputs the received data in Master mode, and outputs the transmit data in Slave mode.

SSn is input as slave selection in Slave mode.

In Master mode, the transfer is started when data is written to SPDR. In Slave mode, the transfer is started at the first edge of SCK. The
received data is sampled at the second clock edge and at the succeeding even-numbered edges. The transmit data is shifted at the first clock

edge and at the succeeding odd-numbered edges.
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CPHA=1

SCK Cycle

S3n

SCK
(CPOL=0)

SCK
(CPOL=1)

MOS |
(M0Z=0)

{BIT 05}( i}( l}( l}( l}( l}( WBIT 7
(BIT 0:}( :j( I}( lj( l}(

MISO
(S0Z=0)

|
I
i WBIT 7

Example for MOZ=S0OZ=SSZ=SIZE=LSBF=LEAD=LAG=0.

Clock Waveform When CPHA =1

7.8.4.3 Serial Clock Baud Rate
The baud rate can be selected by the SPBR bit of SPBRR. Only the setting of Master mode is effective. The baud-rate clock SCK is
generated by dividing the system clock (SYSCLK).

The method of calculating the baud rate (fSCK) is as follows.
fsck = fsyscik / (2XSPBR)
fsck: Frequency of baud-rate clock
fsvscix: Frequency of system clock

SPBR: Value set to SPBR of the SPBRR register (1 to 1023). If set to 0, it is treated as 1.
For SPBR, 1023 types of dividing (2 to 2046) can be selected.
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7.8.4.4 Transfer Size

The transfer size can be selected between 8 bits (byte) or 16 bits (word).

Transfer data read/write must be adjusted to the transfer size. As the number of FIFO stages is the same for both byte and word, the

number of transfers is the same.

The master and slaves that communicate with each other must have the same value for SIZE.

CPHA=0

=
|_...IM |||||
I..M |||||
I....M |||||
I.nM |||||
I..M |||||
I.n..IM |||||
Iulf |||||
InM |||||
I_M |||||
IpM |||||
IEH |||||
I.M |||||
IQH |||||
In“ |||||

©
w o c
B2a 8

SCK

SCK

f
i

!

f
i

e

MOSI
MIS0

SPI Bus Waveform When Transfer Size (SIZE) = 1 (16 Bits)

CPHA=T

SCK Cycle

S5n

SCK

L 0L f & s
| L

{BIT 7y BIT8|

L& X
(i

I

i
I

{BIT 0Y

MOSI

yBITIS]

I

I

{BIT 7Y BIT8Y

I

{BIT oy

MI1S0

SPI Bus Waveform When Transfer Size (SIZE) = 1 (16 Bits)
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7.8.4.5 Transfer Interval Setting

LEAD (SSn-SCK time), LAG (SCK_Lag time), and TDTL (SSn(H)-SSn(H)) can be set to align the speed with the slave. Only the setting
of Master mode is effective. The setting value of slave is ignored.
Setting during transferring is invalid.
(1) LEAD
A value from 0.5 to 1.5 Tsck can be set.
(2QLAG
A value from 0.5 to 1.5 Tsck can be set.
(3)TDTL
The minimum transfer interval can be controlled in SCK clocks depending on the DTL setting of SPBRR.
If there is any transfer data in FIFO, the time set by this setting (SSn) changes to H during byte/word transfers.
If there is no transfer data in FIFO, this is H until any transmit data is written.
If DTL is set to 0, the interval after transfer (TDTL) disappears and a continuous transfer is performed. In this case, SSn is

held at L and returns to H after the transfer is completed.

145



FEDL7416N-060-05
ML7416N-060

SCK Cycle 1 2

Data < 2

o 3
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i
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LEAD

Case of DTL disable (continuous transfer)

SCK Cycle 1 2 3

TDTL

7 sticceeded
H clock ...
M L ™
Data s 2 31 4 5 6 715 s ‘I 2 3 41 5 6 715 e
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the interval between 8bit data in continuous
transfer,

SSn timing
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7.8.5 Description of Operation

7.8.5.1 Transmit Operation (Master Mode)

(1) Write the necessary values to SPCR and SPBRR, set the MSTR bit to Master mode, and set the SPE bit to enable the SPI transfer.

(2) When the transmit data is written to SPDWR, the transmit FIFO Empty flag changes to 0 (TFE = 0). SPI starts the automatic transmission
and outputs the transmit data from LSB or MSB on the MOSI pin according to the LSBF setting.

(3) Output the synchronous clock set by using the LSBF, CPOL, CPHA, and SPBRR registers from the SCK pin.

(4) Transmit data can be written to SPDWR successively. However, if further writing is performed when the transmit FIFO is in Full status
(TFF = 1), a write overflow occurs. (WOF =1, No interrupt is generated.)

(5) SPIF bit is set each time the transfer of 8 bits is completed. (SPIF=1)

(6) If the amount of remaining data in the transmit FIFO matches the number of bytes selected with TFIC, a transmission interrupt is
generated. (TFI=1)

(7) If the transmit FIFO becomes empty and the transfer of the last byte is completed, a transfer completion interrupt is generated. (FI=1)
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Master Mode (Transmit Operation)
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7.8.5.2 Receive Operation (Master Mode)

(1) Write the necessary values to SPCR and SPBRR, set the MSTR bit to Master mode, and set the SPE bit to enable the SPI transfer.

(2) When the data is written to SPDWR, the SPI transfer is started.

(3) Output the synchronous clock set by using the LSBF, CPOL, CPHA, and SPBRR registers from the SCK pin.

(4) On the MISO pin, the received data is sampled from LSB or MSB according to the LSBF setting and stored in the receive FIFO. The
receive FIFO Empty flag changes to 0 (RFE = 0).

(5) SPIF bit is set each time the transfer of 8 bits is completed. (SPIF=1)

(6) If the amount of data received in the receive FIFO exceeds the number of bytes selected with RFIC, a reception interrupt is generated.
(RFI=1)

(7) When the receive FIFO becomes Full, the subsequent reception is disabled. If the reception is performed in this state, an overrun error
interrupt is generated. (ORF=1)

(8) If the temporary data of transmit FIFO becomes empty and the transfer of the last byte is completed, a transfer completion interrupt is

generated. (FI=1)

; i
RECEIVE . ) s @5k @3B )¢ -3¢ - % @ B > ® >
data | | | | | | | |
| | | | | | |
| | | | | | |
U S B B B B S SIS NS IS B
s I A |
R P
nnnnonnr Ir==|r—=ar—==a|r—= r—= Fr—o ceSreSre e 1 r
oK B 8 N 0 O 1.
| | | | | | |
| | | | | | |
R B T T S s i et (S SRS
W RSN R R annnn
N R [ R
SPE T I
. datal datal@ I | I I o I
) ¢ |L-' aa / da‘:ca'g i i i i i '”ﬂ Gl’i int clr
write from s alafalalalatatalatsl il n
P8 bus UL L (]
| | i | I | | | | | ; datal ; datalf
' ser) I R P / !
i N N nnnnnnnn
read from i — i UL
APB bus : T S B L1 istatus status
| N L
TFD 0|'|k1':'21 (TR 6 st e T eef uf--T-473a(27u] o
| | i
; : I I | u - b RS N
RFD ; 0 (]2 Jrasfa [ s] - - Tv- Tialis] e ELTTTT Il
| I |
| | |
T | |
RFE : [ N
| I |

RFF - | .
ORF [] [ ]

RFIC 0] 15

SPI INT
\_ Rl
N Rl

Interrupt Interrupt

Master Mode (Receive Operation)
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7.8.5.3 FIFO Operation

SPI includes the receive FIFO of 16 bytes (words) and the transmit FIFO of 16 bytes (words). The status of FIFO is indicated by the TFF,
TFE, TFD, RFF, RFE, and RFD bits of SPSR.
FIFO has the following three statuses: Full (TFF, RFF), Empty (TFE, RFE), and Depth (TFD, RFD).

7.8.5.4 Write Overflow

If further writing is performed when the transmit FIFO is in Full status (TFF = 1), a write overflow is set. (WOF=1)
However, no interrupt is generated even when a write overflow occurs.

WOF is cleared when SPSR is read.

7.8.5.5 Overrun Error

If further reception is performed when the receive FIFO is in Full status (RFF = 1), an overrun error occurs. (ORF=1)
If an overrun error occurs, the ORF bit of SPSR is set, and an overrun error interrupt is generated.
The newly received data is not held.

Read the content of the receive FIFO and clear the RFF bit, and then write "1" to the ORF bit to clear the ORF bit.

7.8.5.6 FIFOCLR

If this bit is set to 1, the transmit/receive counter control of FIFO returns to the initial setting state.

In the SPSR register, TFF =0, TFE = 1, TFD = 00000, RFF = 0, RFE =1, RFD = 00000 are set.

This bit is effective only when SPE =0 is set.

Set FIFOCLR back to 0 before performing a transfer.

Even when this bit is set to 1, RFIC, TFIC, ORIE, FIE, RFIE, and TFIE of the SPCR register and the ORF, FI, RFI, and TFI interrupts of the
SPSR register are not changed.

This bit can be used to discard the data of FIFO when the communication is stopped.
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7.8.5.7 Transfer When Slave Has Different Number of FIFO Transfer Bytes/Words

(1) The master sends data only when the transmit data is already written in FIFO.
(2) As the transmission of slave is determined by the master, data is transferred as follows if the number of FIFO transfer bytes/words of
slave is different from that of the master.

«If no transmit data is written in the slave's FIFO, OxFF (OxXFFFF in the case of words) is sent, including the state after a reset.

o 7 T 7 JTL |

MOS| Jdata M1 ) fdata M2 [data M3 | | data W4| {data M5 | Jdata W6 | Jdata N7} data Ws |
Slave transmit ~ Slave transmit Slave transmit  Slave transmit
data data data data
Initial value  No transmit data No transmit data  No transmit data  No transmit data
IS0 { oxFF Y ¥ oxfF Y Ydata s1) Ydata s2y Y oxfF | 0FF Y ooxrr "{data $3 fdata S4
I VA ] A N FAN—L Fi} L A - it
SPE J Interrupt
data S1 data 53
data 52 data 54
write from ||I|r‘l/ ‘|€
APB bus L) Uy it
\ sper
TFD 0 ji2f 1 [ 0 ji2) 1 [ 0

TFE 1 0

Transfer When Slave Has Different Number of FIFO Transfer Bytes/Words

7.8.5.8 Mode Fault (MDF)

A mode fault error occurs if the SSn signal goes into the low level in Master mode (MDF of SPSR is set). If this bit is 1, that means the risk
of two or more masters competing for the bus.

When a mode fault error occurs, SPI performs the following operations since there is a risk of bus latch-up:

1. Automatically sets the MSTR bit of SPCR to 0 (slave).

2. Automatically sets the SPE bit of SPCR to 0 (disabled) to make the SPI unable to transfer.

3. Sets MDF of SPSR, and also generates an interrupt if the MDFIE bit of SPCR1 is 1 (interrupt enabled).

The system should resolve the causes of the mode fault, and then clear MDF according to the following steps:
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1. Write 1 to MDF to clear it.
2. Set the correct values in SPCR.
At a mode fault, all outputs become Hi-Z.

The figure below shows the timing that allows a mode fault operation.

MDF operation interval MDF operation interval
+“—> t+—»
LEAD state —_
Master state IDLE |J SCK [ [ om] E || SCK_state
~— LEAD state N LAG_state

- —— hiz l— Hiz

SSn_$

MDF

—
|
|
|
|
|
|
|
SCK  (CKZ=0)

Timing That Allows Mode Fault Operation
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7.8.5.9 Interrupt Source

7.8.5.9.1 Interrupt Sources of SPI

There are the following five types of interrupt sources:

o Mode fault

If a mode fault (multi-master bus contention) occurs, MDF of SPSR is set and a mode fault interrupt is generated.

e Overrun

If an overrun occurs, ORF of SPSR is set, and an overrun error interrupt is generated.

o Transmit FIFO threshold

If the amount of remaining data in the transmit FIFO matches the number of bytes selected with TFIC, TFI of SPSR is set, and a transmission
interrupt is generated.

o Receive FIFO threshold

If the amount of data received in the receive FIFO exceeds the number of bytes selected with RFIC of SPCR, RFI of SPSR is set, and a
reception interrupt is generated.

o Transfer completed

If the transmit FIFO becomes empty and the transfer of the last byte is completed, FI of SPSR is set, and a transfer completion interrupt is

generated.

7.8.5.9.2 Interrupt Clear of SPI

An interrupt request is cleared by writing 1 to the interrupt bits of SPSR (TFI, RFI, MDF, ORF, FI).

MDFIE
MDF

ORIE
ORF

TFIE
TFI

SPI interrupt request

RFIE

YOG
|

FIE
FI

SPI Interrupt Signal Logic
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7.8.5.9.3 Interrupt Timing of SPI

Figure below shows the interrupt timing.

The remaining transmit byte count interrupt (TFI) generates an interrupt 1 to 2 SYSCLK after the shift clock of the second bit.

Any receive byte count interrupt (RFI), transfer completion interrupt (FI), or overrun (ORF) generates an interrupt 1 to 2 SYSCLK after the
sampling clock of the MSB bit.

MDF generates an interrupt at a mode fault occurrence.

SCK Cycle 1 2 3 4 5 6 7 8
ssn AN SRS SR S N S N
I i i i i i i i i
| | | | | | | | |
: | | | | | | | |
SCK )
| | | | | | | | |
iy i7 Iy Iy i i i 'r "
MOS1/M1S0 ! LSBPiI_ i 'ii K i A A MSBPJ;L
| | | | | | | | |
I I I I I I I I I
| | | | | | | | |
Transfer completion (FI) I I I I I I I I I
interrupt l : | ! // ! ‘ l : : : l
| | i rj:"f i | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
! ! ! ! ! ! | ! |

TFI, RFIl, ORF interrupt : : J
i

Timing That Allows Mode Fault Operation
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7.8.5.10 Hi-Z Operation

The figure below shows an example of using Hi-Z (MOZ, SOZ, SSZ).

The Hi-Z transmit interval of the master is limited to the IDLE time shown below.

To reduce the effect of noise in the Hi-Z state, "1"/"0" is fixed 1SCK before the transmission starts, and "1"/"0" is fixed during the DTL time

of the transfer interval.

HiZ output interval

HiZ output interval

+ - +—»
v LEAD state
Master state IDLE H SCK \ \ DTL\ |DLE \ SCK_state \ \ DTL \
"~ LEAD_state ™ LAG_state

SSn_M(SSZ=1) iz

|

J

SSn_M(SSZ=0)

s —
T [

| | |
| | |
[ |
| | |
HiZ | 1 o | HiZ
SCK  (WoZ=1) i T U —Juuuuuuyl
[ I
SCK  (M0Z=0) B |
o |
| I
MO (MOZ=1) T T T T T T Yo T T T
l.l i Ll 1 il Al Al | i 1 1 A1 A1 i 1 1
o |
MO (MOZ=0) BOOBERERNE fofnf T LI I 1710
o i
. | | | .
oo o= ——Co [ [ Ao [ [T —
| | |
[ |
SO (302=0) Yo T T T T T fo T T T I T I7]
i i
|

7.8.5.11 Interval from MSTR Setting to Transfer Start

Hi-Z Operation

The SPI bus (MISO, MOSI, SCK, SSn) is in a high impedance state until Master mode is set.

After setting MSTR, wait for at least 100ns before starting the transmission (SPE = 1, or transfer started by data write).
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hasterzlave
initial settings
{ Power OFF state |

*

| Power-on resst

-
Reqgister
il'l.ili.ﬂESﬂ'[il'lﬂ

hla=ter transfer start

(" Transtfer contral )

HTmGeET IJTLEIS'E Tmed
o by

l

| T BTYTE N

I

W AmBET Of trans e rretiyk s

I_BYTE N> LG

it tm*Emi‘t data

Slawe transfer start
{WNirte transmit data)

Register infial z&ttin
SPLE I_
(Tranzfer zettings 2

. T
Wimte transmit_ data

b E-Id 3 rapeat (16 Faepasat (T_BYTE N}
SPDWR=USER _FAM SPDWR=USER _RAM | !
M ambs: 1 of raeEE rred
ot byles |
T_BYTE M |
TmnsfeF'Settin =
SFE=1 & transmi a_|
[Transfer settings’) SRR RAM=SATNR
-
w w
Transter completad Transter completed
I_BYTE N ik I_BYTE M i ik
| l
{ End ) ( Bbd )
Example of Initial Settings
Master Slave
Register name |Control bit |Initial setting Transfer settings Stop Transfer Initial setting
MOZ 0 [Initial value Ol Initial value 0] Initial value 0] Initial value
SOZ 0 [Initial value Ol Initial value 0] Initial value 0} Initial value
SSzZ 0 [|Initial value O] Initial value 0] Initial value 0] Initial value
FICLR 0 [Initial value O] Initial value 0} Initial value 0} Initial value
RFIC 0 [Initial value Ol Initial value 0] Initial value 0] Initial value
TFIC 0 [Initial value Ol Initial value 0] Initial value 0] Initial value
MDFIE 0 [|Initial value O] Initial value 0] Initial value 0] Initial value
ORIE 0 [Initial value Ol Initial value 0] Initial value 0] Initial value
Spcp FIE 0 [|Initial value 1|Transfer completed 1| Transfer completed OfInitial value
RFIE 0 [Initial value OJInitial value O} Initial value 1|Per 1 byte
TFIE 0 [|Initial value OJInitial value 0} Initial value 0} Initial value
CPOL 0 [|Initial value O] Initial value 0} Initial value 0|Same as master
CPHA 0 [|Initial value OJInitial value O} Initial value 0]Same as master
LSBF 0 [|Initial value O] Initial value 0] Initial value 0]Same as master
MODEFEN J0 [Initial value O] Initial value 0} Initial value 0} Initial value
- 0 [Initial value O] Initial value 0} Initial value 0} Initial value
MSTR 1 MASTER 1|MASTER 1|MASTER 0| SLAVE
SPE 0 [|Initial value 1|Start transmission 0] Stop transmission 1|Communication enabled
DTL 16 ]Transferinterval 16 2] Initial value
LAG 1 [|Initial value 1] Initial value
SPBRR LEAD 1 [|Initial value Not set when transferring 1|Initial value
SIZE 0 |8bit 0]Same as master
SPBR 2 |8Mbit/s() 2] Initial value

Example of Register Initial
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hster example

SP5R read

tmp3P3R=
SPSR

v
_ Clear intermupt
SPSR=
tmp3PSR

Stop transfer

SPE=0

r
Riead received data |

repeat (tmpSPSRRFD])
USER_RAM=SFDRR :

k.

Conutthe §Ambe roriEeek —Compl e byes

T_BYTE_N=
T_BYTE_N - tmpSPSR[RFD]

BYTE N1

e o]

Slave example

5P5R read

tmp3PSR=
3P3R

F
Clear intemupt

SPSR=
tmpSPSR

Fead received data

USER_RAM=5PDRR :

Comutthe §Ambe ForEeek —Comple e byes

T_BYTE_N=T_BYTE_N - 1

Wirite transmit data

Nirte transmit data

- ~
——<1_BYTE N =0

SPDRR=USER_RAM !

Wirite transmit data

repeat (16)
SPOWR=USER_RAM

repeat (T_BYTE_N)

SPIWR=USER_RAM

"
.

r
Transfer settings

SPE=1

ks

return

L

F
{ return ]

(Note) In master, the number of transmitted bytes is equal to the number of received bytes (RFD).

Example of Interrupt Control Flow

156



FEDL7416N-060-05
ML7416N-060

7-9.SSIS(SSI Slave)

7.9.1 General Description

A synchronous serial communication interface (slave). The features are shown below.

- Supports the Motorola SPI.

- Data length: 4 to 16 bits

- 8-stage FIFO for each of transmit and receive
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7.9.2 List of Registers

Table List of SSI Registers
Address Name Symbol Size | R/W | Initial value
BASE+0x00 control register 0 SSISn_CTRLRO 32 R/W | 0x00000007
BASE+0x04 control register 1 SSISn_CTRLR1 32 R/W | 0x00000000
BASE+0x08 | SSI enable register SSISn_SSIENR 32 R/W | 0x00000000
BASE+0x0C | Microwire control register SSISn_ MWCR 32 R/W | 0x00000000
BASE+0x10 | Slave enable register SSISn_SER 32 R/W | 0x00000000
BASE+0x14 | Baud rate select register SSISn_BAUDR 32 R/W | 0x00000000
BASE+0x18 | Transmit FIFO threshold level register SSISn_TXFTLR 32 R/W | 0x00000000
BASE+0x1C | Receive FIFO threshold level register SSISn_RXFTLR 32 R/W | 0x00000000
BASE+0x20 | Transmit FIFO level register SSISn_TXFLR 32 R 0x00000000
BASE+0x24 | Receive FIFO level register SSISn_RXFLR 32 R 0x00000000
BASE+0x28 status register SSISn_SR 32 R 0x00000006
BASE+0x2C | Interrupt mask register SSISn_IMR 32 R/W | 0x0000001F
BASE+0x30 | Interrupt status register SSISn_ISR 32 R 0x00000000
BASE+0x34 | RAW interrupt status register SSISn_RISR 32 R 0x00000000
BASE+0x38 | Transmit FIFO overflow interrupt clear register | SSISn_TXOICR 32 R 0x00000000
BASE+0x3C | Receive FIFO overflow interrupt clear register | SSISn_RXOICR 32 R 0x00000000
BASE+0x40 | Receive FIFO underflow interrupt clear register | SSISn_RXUICR 32 R 0x00000000
BASE+0x44 | Multi-master interrupt clear register SSISn_MSTICR 32 R 0x00000000
BASE+0x48 | Interrupt clear register SSISn_ICR 32 R 0x00000000
BASE+0x58 | ID register SSISn_IDR 32 R Master
0x00000707
Slave
0x80000707
BASE+0x5C | Version ID register SSISn_SSI_ COMP_VER 32 R 0x3332322A
BASE+0x60- | Data register SSISn_DR 32 R/W | 0x00000000
BASE+0XEC
BASE+0xFO | RXD sample delay register SSISn_RX_SAMPLE_DLY | 32 R/W | 0x00000000

*n indicates a module number (n =0). % Base address of SSI Slave (n = 0) is 0x4000D000.

158



FEDL7416N-060-05
ML7416N-060

7.9.3 Description of Registers

79.3.1 Control Register 0 (SSIxn_CTRLRO0): BASE + 0x00
This register controls the operation mode of the SSI module.
3322222222221111111 111 000 0O 0 0 0 O
1 0987654321098 765 4 3 2 10 9 8 7 6 5 3 2 1 0
Reserved CTRLRO
=]
5
- |0j0|0|0O|lO|O|O|O|O|O|O|lO|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|1|1]|1
=
@
R
RIRIRIRIR|IR|R|R|R|R|R|R|R|R|R|R
/ |RIRIRIRIR|RIR|R| R R| RIR| R| R| RI R
WIW W W W W W WW W W W W W W W
w
Bit Name | R/W Description
CTRLRO[15:12] | CFS R/W | Specifies the control word length in the Microwire frame format.
"The setting value of this field + 1" bits is the actual length of the control word.
CTRLRO[11] SRL R/W | Register for test. Normally use the initial value as it is.

0: Normal mode

1: Test mode

CTRLRO[10] SLV_OE | R/W | This bit is effective only in SSI Slave.
It controls the data output of the slave.
0: The slave transmit data is enabled.

1: The slave transmit data is disabled.

CTRLRO[9:8] TMOD R/W | Sets the transfer mode.

00: Transmit/receive mode
01: Transmission only

10: Reception only

11: Read EEPROM

CTRLRO[7] SCPOL | R/W | Sets the polarity of the serial clock.
0: The inactivated state is L.

1: The inactivated state is H.

CTRLRO[6] SCPH R/W | Sets the phase of the serial clock.

0: The phase is toggled in the middle of the first data transfer.

1: The phase is toggled when starting the first data transfer.
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CTRLRO[5:4]

FRF

R/W | Sets the frame format.

00: Motorola SPI
01: TI SSP
10: National Semiconductor Microwire

11: Reserved

CTRLRO[3:0]

DFS

R/W | Sets the data frame length.

"The setting value of this field + 1" is the data length.

(data length 16 bits).

The minimum settable value is 0011 (data length 4 bits), and the maximum settable value is 1111

7.9.3.2

Control Register 1 (SSIxn_CTRLR1): BASE + 0x04

This register controls the operation mode of the SSI module.

3 3222222%2222111111 1111 000 0 O 0 0 0 O
1 0987654321098 765 4 3 2 10 9 8 7 6 5 3 2 1 O
Reserved CTRLR1

3
g.
< |0l0|l0O|O o|0|0/0/0|0OflO|lOjO|lOlOlO|O|O|O|O|O|O|O|O|O|O|O|OfO|O]O
=
(0]
R
RIRIR|R|R|R|R|R|R|R|IR|R|R|R|R|R
/ | RIRIRIR RIR|R|R|R|R| R| R| R| R| R
WW W W W W W W W W W W W W W W
w
Bit Name | R/W Description
CTRLR1[15:0] | NDF | R/W | Sets the number of data frames to be continuously received when TMOD = 10 or TMOD = 11."The

setting value of this field + 1" is the number of frames.
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7.9.3.3 SSI Enable Register (SSIxn_SSIENR): BASE + 0x08
3 322222 22222111111111100W00WO0WO0O0O0OQO0F0O0
10 987 6543210987 6543210987 6543210
S
S
I
E
N
?,-
?OOO ojojojo|0|l0O|0O]|O 0(0|0]|O 0j0j0|0]| O
&
R
R
/| |RIR|IR RIRIRIR|R|R|R|R RIR|R|R R|R|R|R
W w
Bit Name | R/W Description
SSIENR[O] | SSI_EN | R/W | Enable the SSI module.

When SSI is disabled, the transfer is stopped immediately and the transmit FIFO and receive FIFO are

cleared. The control register cannot be rewritten when SSI is enabled.

0: Disabled
1: Enabled
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7.9.34 Microwire Control Registers (SSIxn_MWCR): BASE + 0x0C
3 22222 2222211111 111110000O0O0O0O0 O0 o
0 987 6543210987 6543210987 635432 1 0
Reserved MWCR
[2:0]
=3
g.
< 0|00 ofojo|jo0flO0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O0]|O
=
@
R
R|R|R
/ R|R| R RIRIR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W |W| W
w
Bit Name R/W Description
MWCR[2] | MHS RW | * This bit is effective only in SSI Master.
It enables the handshake that is based on the busy/ready status of Microwire.
0: The handshake is disabled.
1: The handshake is enabled.
MWCR[1] | MDD RW | Sets the data transfer direction when Microwire is set.
0: Reception
1: Transmission
MWCRI[0] | MWMOD | RW | Sets the Microwire transfer mode.

0: Non-sequential transfer

1: Sequential transfer
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7.9.35 Slave Enable Register (SSIxn_SER): BASE + 0x10
3 322222222 22111111111100 00 0 O
109 87 654321098765 432109 8 32 1 0
Reserved S
E
R
=3
5
< |0|0|0O|O|O|jO|lO|lO|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O 0|00 O
3
]
R
R|R | R
/| |RIRIRIRIRIRIR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R R
W W| W
w
Bit Name | R/W Description
SER[0] | SER RW | * This bit is effective only in SSI Master.

Asserts the corresponding slave select signal.
1: Selected

0: Not selected

* Ensure that this bit is set when the master operation is started.
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7.9.3.6 Baud Rate Select Register (SSIxn_BAUDR): BASE + 0x14

3 32222222222111111 11110 00

o
o
o
o
o
o
o

1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved SCKDV
2
g_,00000000000000000000000000000000
c
(0]

Bit Name | R/W Description

BAUDR | SCKDV | RW | * This bit is effective only in SSI Master.

The value of the frequency divider of SSI clock. LSB is always 0, which means writing is invalid.
The communication clock cycle can be calculated by the following equation:

SSI communication clock cycle = Input communication clock frequency/SCKDV

SCKDV can be set to an even number from 2 to 65534.
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7.9.3.7 Transmit FIFO Threshold Level Register (SSIxn_TXFTLR): BASE + 0x18
332222222222 1111111111 00 0 O
1 09 87 65 43 210987 6543210 32 1 o0
Reserved TXFTLR
=3
g.
- |0|0O|O|lO|O|O|jO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O o/j0|0]|O0
=
(0]
R
R|IR|R
/| |RIRIRIR|R|R|R|RIRIRIR|R|R|R|R|R|R|R|R|R|R|R R
WI|W|[|W
w
Bit Name | RIW Description
TXFTLR[2:0] | TFT RW | Sets the threshold of transmit FIFO.

If the amount of data in the transmit FIFO is smaller than or equal to the setting value of this field, a

transmit FIFO Empty interrupt occurs.

000: An interrupt occurs if the amount is smaller than or equal to 0 data.

001: An interrupt occurs if the amount is smaller than or equal to 1 data.

111: An interrupt occurs if the amount is smaller than or equal to 7 data.
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7.9.3.8 Receive FIFO Threshold Level Register (SSIxn_RXFTLR): BASE + 0x1C
3 3222222222211 11111111000P0TP0 0O 0 0 O
10987 65 43210987 6 5432109871635 3 2 1 0
Reserved RXFTLR
=3
S‘.
< |0jO|O|O|O|0O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O]|O o|0|0]|O
=
]
R
R|R|R|R
/| |RIR|RIRIR|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W|W|W
w
Bit Name | R/W Description
RXFTLR[2:0] | RFT RW | Sets the threshold of the receive FIFO.

If the amount of data in the receive FIFO is greater than or equal to the setting value of this field, a receive

FIFO Full interrupt occurs.
000: An interrupt occurs if the amount is greater than or equal to 1 data.

001: An interrupt occurs if the amount is greater than or equal to 2 data.

111: An interrupt occurs if the amount is greater than or equal to 8 data.

7.9.3.9 Transmit FIFO Level Register (SSIxn_TXFLR): BASE + 0x20
3 3222222 2222111111111 100°00 0O 0 0 0 O
10 98 7 65 4 3 210987 6 543 2109 87 6 4 3 2 1 0
Reserved TXFLR
g
%OOOO0000000000000000000000 0ojo0j0f0fO0
s
R
/| |RIR|R|IR|RIR|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R{R|R|R|R
W
Bit Name R/W Description
TXFLR[2:0] | TXTFL | R Indicates the number of valid data within the transmit FIFO.
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7.9.3.10 Receive FIFO Level Register (SSIxn_RXFLR): BASE + 0x24
3 322222222 %2=211111111110000W0WO0W0°O0°WU0FO®O0
109 87 6543210987 6543210987 6543210
Reserved RXTFL
5
? o|jo|jo0|0|O|O|O|0O|O|O|O|0O|0O|O|O|O|0O|O|O|O|O|O|O|O|O|0O|O|O|O|O|O]O
s
R/
W RIRIR|IRIRIRIRIR|R|R|R|R|R|R|R|{R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Bit Name | R/W Description
RXFLR[2:0] | RXTFL | R Indicates the number of valid data within the receive FIFO.
7.9.3.11 Status Register (SSIxn_SR): BASE + 0x28

3 322 2222222211111 1111100U0UO0O0O0O0O0°O0TO0
1 0987 65 432160987 6543210987 6543210

Reserved SR[6:0]
g
j%OOOOOOOOO00000000000000000000110
3
R/
W RIRIRIRIRIRIR|IR|R|R|R|R|R|R|R|{R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
Bit Name | R/IW Description
SR[6] | DCOL | R Data collision error. This bit is effective only in Master mode.
This bit is set if this device is selected as a slave by another master device while this device is operating as the
master device. This bit indicates that the last data transfer is stopped before it is completed.
This bit is cleared when it is read.
0: No error
1: A data collision error occurred
SR[5] | TXE R Transmit error. This bit is set if the transmit FIFO attempts transmission when it is empty. This bit is effective
only in Slave mode. This bit is cleared when it is read.
0: No error
1: A transmit error occurred.
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SR[4]

RFF

Receive FIFO Full.

This bit is set when the receive FIFO is full. When the receive FIFO becomes non-full, this bit is cleared.
0: not Full

1: Full

SR[3]

RFNE

Receive FIFO not empty.

This bit is set when there is one or more data in the receive FIFO, and cleared when the receive FIFO becomes
empty.

0: Receive FIFO empty

1: Receive FIFO not empty

SR[2]

TFE

Transmit FIFO Empty.

This bit is set when the transmit FIFO is empty. This bit is cleared when there is one or more valid data. This bit
does not cause an interrupt.

0: Transmit FIFO not empty

1: Transmit FIFO empty

SR[1]

TFNF

Transmit FIFO not full.

This bit is set when there is one or more data in the transmit FIFO, and cleared when the transmit FIFO becomes
empty.

0: Transmit FIFO full

1: Transmit FIFO not full

SR[0]

BUSY

SSI busy.
This bit is set during the serial transfer. This bit is cleared at IDLE or SSI Disable.
0: SSI module is in IDLE or Disable status

1: Serial transferring
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7.9.3.12 Interrupt Mask Register (SSIxn_IMR): BASE + 0x2C
33222222222 %2111111111100000 0 0 0 0 O
10987 6543210987 654321098765 4 3 2 1 0
Reserved IMR[5:0]
2
g_,0000000000000000000000000001 11111
c
@

Bit Name | R/W Description

IMR[5] | MSTIM | RW | * This bit is effective only in SSI Master. Always 0 is read in SSI Slave.
Multi-master contention interrupt mask

0: Mask/1: Non-mask

IMR[4] | RXFIM | RW | Receive FIFO Full interrupt mask
0: Mask/1: Non-mask

IMR[3] | RXOIM | RW | Receive FIFO overflow interrupt mask
0: Mask/1: Non-mask

IMR[2] | RXUIM | RW | Receive FIFO underflow interrupt mask
0: Mask/1: Non-mask

IMR[1] | TXOIM | RW | Transmit FIFO overflow interrupt mask
0: Mask/1: Non-mask

IMR[0] | TXEIM | RW | Transmit FIFO empty interrupt mask
0: Mask/1: Non-mask

This bit is masked when 0 is written to it.
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7.9.3.13 Interrupt Status Register (SSIxn_ISR): BASE + 0x30
33222222222 %2111111111100000 0 0 0 0 O
10987 6543210987 654321098765 4 3 2 1 0
Reserved ISR[5:0]
g
g_,OOOOOOOOO00000000000000000000000
c
@

Py)

/| |RIR|R|R|R|RIR|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R

w

Indicates the interrupt status after mask.

Bit Name | R/W Description

ISR[5] | MSTIS | RW | * This bit is effective only in SSI Master.

Multi-master contention interrupt

ISR[4] | RXFIS | RW | Receive FIFO full interrupt

ISR[3] | RXOIS | RW | Receive FIFO overflow interrupt

ISR[2] | RXUIS | RW | Receive FIFO underflow interrupt

ISR[1] | TXOIS | RW | Transmit FIFO overflow interrupt

ISR[0] | TXEIS | RW | Transmit FIFO empty interrupt

170



FEDL7416N-060-05
ML7416N-060

7.9.3.14 RAW Interrupt Status Register (SSIxn_RISR): BASE + 0x34

3 3222222 22%2%2111111111100W0H0°W0O0O0O0O0TFTOQO0
109 8 7 65 4321098 7 65432109876 543210
Reserved RISR[5:0]

anjeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

- 3
Pyl
Pyl
Pyl
Pyl
o
o
o
o
Pyl
Pyl
o
o
o
o
o
Pyl
o
o
o
o
o
o
Pyl
Pyl
Pyl
Pyl
Pyl
o
o
o
o
o

w

Indicates the interrupt status before mask.

Bit Name | R/W Description

RISR[5] | MSTIR | R * This bit is effective only in SSI Master.

Multi-master contention RAW interrupt

RISR[4] | TXFIR Receive FIFO full RAW interrupt

RISR[3] | TXOIR Receive FIFO overflow RAW interrupt

RISR[2] | RXUIR Receive FIFO underflow RAW interrupt

RISR[1] | TXOIR Transmit FIFO overflow RAW interrupt

0|0 |V |D|D

RISR[0] | TXEIR Transmit FIFO empty RAW interrupt
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7.9.3.15 Transmit FIFO Overflow Interrupt Clear Register (SSIxn_TXOICR): BASE + 0x38

3 3222 22 2222211111111 1100W0WO0WO0O0O0DO0DO0O0O0
1 0 9 87 6543210987 6543210987 6 543210
Reserved T
X
O
|
g
;E_JOOOOOOOOOOOO00000000000000000000
5
R
/| |RIRIRIRIR|IR|R|R|R|RIRIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|RI|R|R|R|R|R|R
W

Bit Name | R/W Description

TXOICR[0] | TXOICR | R When this register is read, the transmit FIFO overflow interrupt is cleared. Writing is ignored.
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7.9.3.16 Receive FIFO Overflow Interrupt Clear Register (SSIxn_RXOICR): BASE + 0x3C

3 32 2222222221111 11111100HO0O0O0MO0O0O0O0TO0
1098 7 6543210987 65432109876 543210

Reserved R

X
@)

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Bit Name R/W Description

RXOICR[0] | RXOICR | R When this register is read, the receive FIFO overflow interrupt is cleared. Writing is ignored..
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7.9.3.17 Receive FIFO Underflow Interrupt Clear Register (SSIxn_RXUICR): BASE + 0x40

3 32 2222222221111 11111100HO0O0O0MO0O0O0O0TO0
1098 7 6543210987 65432109876 543210

Reserved R
X
U
|
=)
5
< |O|]OjO|O|O|O|0O|0O|0O|0O|0O|0O|0O|]O|O|jO|O|O|O|O|O|O|O|O|O|O|O|O|0O|0O|O0O]| O
N
c
@D

Bit Name R/W Description

RXUICR [0] | RXUICR | R When this register is read, the receive FIFO underflow interrupt is cleared. Writing is ignored.

174



FEDL7416N-060-05
ML7416N-060

7.9.3.18 Multi-master Interrupt Clear Register (SSIxn_MSTICR): BASE + 0x44

3 32 2222222221111 11111100HO0O0O0MO0O0O0O0TO0
1098 7 6543210987 65432109876 543210

Reserved M

S
T

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Bit Name R/W Description

MSTICR [0] | MSTICR | R When this register is read, the multi-master contention interrupt is cleared. Writing is ignored.

7.9.3.19 Interrupt Clear Register (SSIxn_ICR): BASE + 0x48

3 322222 2222211111111 1100WU0O0O0O0O0O0TO0TFO0O0
10 98 76 543210987 6 543210987 6 543210

Reserved I

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Bit Name | R/IW Description

ICR[0] | ICR R When this register is read, all active interrupts are cleared. Writing is ignored.
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7.9.3.20

ID Register (SSIxn_IDR): BASE + 0x58

3 3222 2222222111111 1111000HO0O0O0O0O0TQG0SO
10987 65 43210987 6 543210987 6543210

IDCODE

5
5 -
< Refer to the description below.
=
@
R
/| |RIR|IRIR|RIR|R|R|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
w

Bit Name R/W Description

IDR[31:0] | IDCODE | R User-defined ID codes. This register indicates the configuration of SSI.

Bit[31]=0:Master, 1:Slave.
Bit:[30:25] = Reserved. The value is 0.
Bit:[24:20] = Peripheral numbers. 0-31.

Bit:[19:16] = Number of SSI signals (SSI_NUM_SLAVES).

The values 0 to 15 correspond to numbers of signals 1 to 16.

Bit:[15:8] = Depth of transmit FIFO.

The values 1 to 255 correspond to depths of FIFO 2 to 256.
Bit:[7:0] = Depth of receive FIFO.

The values 1 to 255 correspond to depths of FIFO 2 to 256.

Initial value
Master:0x00000707
Slave:0x80000707
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7.9.3.21 Version ID Register (SSIxn_SSI_CMP_VERSION): BASE + 0x5C
3 3222222 2222111111111 1000 0 0 00O
1 0 987 65 43 210987 6 5432109 817 4 3 2 1 0
SS_CMP_VERSION
=3
g.
< |0jOf2f1|0|0|2|1j0|0|2|2|0|O|1|0|0O|0O|2|1]|0|0|2|0]|0O o|j1(0(1|0
=
@
R
/| |RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
w
Bit Name R/W Description
SSI_CMP_VERSION [31:0] | SSI_CMP_VERSION | R Component version
7.9.3.22 Data Register (SSIxn_DR): BASE + 0x60 to OXEC
3 3222222222211 111 11 1 1 0 0 0 O 0O 0 0 0 O
10987 654321098765 4 3 1 0 9 8 7 6 4 3 2 1 0
Reserved DR
3.
g.
< |0l0O|l0O|0O|0O|O|O|O|O|O|O|O|O o/jo0f0|0]|0 o(ojo|o0|o0O0|oO o(ojo0o|0]|oO
=
(0]
R
R|IR|R RIR|R|R|R|R R|IR|R|R|R
/ | R R R R| R| R| R| R| R| R R R R R| R
WIW W W W W W W W W Wi W W W| W
w
Bit Name | R/W Description
DR [15:0] | DR R/W | Read: Receive FIFO buffer
Write: Transmit FIFO buffer
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7.9.3.23 RX Sample Delay Register (SSIxn_RX_SAMPLE_DLY): BASE + 0xFO

3 322222222%221111111111000 0 0 0O O0OO0OCO0 O
10987 6543210987 6543210987 6 5 4 3 2 10

Reserved RSD

3N[eA [eniu]
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py)

Py
Py
Py
Py
Py
Py
Py
Py
py)
Py
Py
py)
py)
Py
Py
Py
py)
Py
Py
Py
Py
Py
Py
Py

w

S This register is effective only in SSI Master. In SSI Slave, write is ignored and read returns 0x00000000.

Bit Name | RIW Description

RX_SAMPLE_DLY [7:0] | RSD | R/W | Received data sample delay

If set to 5 or larger, the delay is 0.
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7-10.WDT

7.10.1 General Description

Programmable 16-bit watchdog timer. The features are shown below.

- When the counter reaches its timeout, this timer asserts an interrupt at the first timeout, and performs the system reset operation

at the second timeout. The mode of asserting only an interrupt without reset operation can be set. For mode setting, refer to "*

7.29.3.1 WDT Setting Register".

- The SYSCON_PPM1 and SYSCON_PPM?2 registers can be used to select whether the counter operates or stops in SLEEP

mode.

- The source clock of the watchdog timer can be selected using the control register.

7.10.2 List of Registers

Address [H] Name Symbol R/W | Initial value [H] Description
0x40010000 WDT control register WDT_CR RW | 0x00000002
0x40010004 WDT timer timeout range register WDT_TORR RW | 0x0000000F
0x40010008 WNDT current count value register WDT_CCVR R O0x007FFFFF
0x4001000C WDT counter resume register WDT_CRR W 0x00000000
0x40010010 WDT interrupt status register WDT_STAT R 0x00000000
0x40010014 WDT interrupt clear register WDT_EOI R 0x00000000
0x400100E4 WDT Configuration Parameter Register 5 | WDT_COMP_PARAMS_5 R 0x007FFFFF
0x400100E8 WDT Configuration Parameter Register 4 | WDT_COMP_PARAMS_4 R 0x00000000
0x400100EC WDT Configuration Parameter Register 3 | WDT_COMP_PARAMS_3 R 0x0000000F
0x400100F0 WDT Configuration Parameter Register 2 | WDT_COMP_PARAMS 2 R O0x007FFFFF
0x400100F4 WDT Configuration Parameter Register 1 | WDT_COMP_PARAMS 1 R 0x100F0212
0x400100F8 Component version register WDT_CMP_VERSION R 0x3130372A
0x400100FC Component type register WDT_COMP_TYPE R 0x44570120
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7.10.3 Description of Registers

7.10.3.1 WDT control register: 0x40010000

3 322222222 %2%2111111111100O0O0O0O0 0 O0 0 o
10987 6543210987 654321098765 4 3 2 1 O
w
R | D
M| T
Reserved RPL
O
D
N
3
5
< |0j0|0O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O|O|O|O|O|lOjO|O|O|O]|] 1O
=
@
R
R|{R|R|R|R|R
/| |RIR|RIR|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W |W|[|W|W|W
w
RPL Sets the reset pulse width. Normally the initial value should be used.
RMOD Sets the operation when a counter timeout occurs.

0: Resets the system.

1: An interrupt is asserted at the first timeout. If the interrupt source is not cleared until the second timeout, the system is reset.

WDT_EN | Enable the watchdog timer.
0: The watchdog timer is disabled.

1: The watchdog timer is enabled.

* Bit 5 is a reserved R/W bit. When bit 6 to 31 are read, always 0 is read.
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7.10.3.2 WDT Timeout Range Register: 0x40010004

3 32222222 2%2%21111111111000O0O0O0O0 O0 0 O
10 987 65 43210987 6 5432109876543 2 1 O

Reserved TOP

anfeA [enu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
[S
[S
=
=

TOP | Sets the counter value when the counter operation is resumed. The relationship between the setting value and the counter initial value
is as follows:

TOP: Counter initial value
0x0: 0x0000_00ff

0x1: 0x0000_01ff

0x2: 0x0000_03ff

0x3: 0x0000_07ff

0x4: 0x0000_Offf

0x5: 0x0000_1fff

0x6: 0x0000_3fff

0x7: 0x0000_7fff

0x8: 0x0000_ffff

0x9: 0x0001_ ffff

Oxa: 0x0003_ffff

0xb: 0x0007_ffff

Oxc: 0x000f_ffff

Oxd: 0x001f_ffff

Oxe: 0x003f_ffff

Oxf: Ox007f_ffff
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7.10.3.3 WDT Current Counter Value Register: 0x40010008

3 32 2 2 2222222111111

=
=
=
=
o
o
o
o
o
o
o
o
o
o

1 09 8 76 54321098 7 6 543 2109 87 6 543 210
WDT_CCVR
2
:Z)_,00000000011111111111111111111111
c
I}

-~ X
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
py)
py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

WDT_CCVR | Indicates the value of internal counter.

7.10.3.4 WDT counter resume register: 0x4001000C

3 322222 2%2%2%2%2111111111100O0O0O0O0TO0O0TO00
1 0 987 65 43 21098 7 6 543210987 6 5 4 3 2 10

Reserved WDT_CCR

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py}

WDT_CCR | Used to resume WDT.

Write 0x76 to this register to resume WDT. When WDT is resumed, the interrupt is cleared.

Always 0 is read when reading.
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7.10.35 WDT interrupt status register: 0x40010010

3 322 22 22 2 2221111111111 00UO0WO0O0O0OO0O0O0SFO0

10 9 87 65 4 3 210987 654 3 210987 654 3 210

W

D

T

Reserved B

S

T

A

T
2

;)_)OOOOOOOOOOOOOO000000000000000000
5
R

/| |RIRIRIR|IR|IRIR|R|R|RIR|R|R|R|R|R|IR|{RIR|R|R|R|R|R|R|R|R|R|R|R|R|R
W

WDT_STAT | Indicates the interrupt status.
1: Indicates that an interrupt has been generated.

0: Indicates that no interrupt has been generated.
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7.10.3.6 WDT interrupt clear register: 0x40010014

3 32222 2222221111111 11100O0UO0O0O0O0O0TO0TO0
10 987 65 43 2109 87 6 543210987 6543210

Reserved

w
D

o m

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

S -
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py

WDT_EOI | Used to clear an interrupt without resuming the watchdog timer.

This can be used for 1-shot timer.
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7-11.Port Configuration

7.11.1 General Description

- Selects the function of each general-purpose port (Pmn: m=A,B,n=0, 1, 2, .., 15).

Pmn

APB Bus

\ 4

Control | Port Selector

Reg W

I :Debou nce >

Primary
Function
STDGPIOm

-

Secondary
Function

Port Configuration

Tertiary
Function

Figure 7-11 Port Configuration Schematic Diagram
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7.11.2 List of Registers

Address Name Symbol R/W Description

BASE+0x00 | Port m secondary function | STDPORTm_SEL2 | R/W | Enables the secondary function of GPIOm
select register (general-purpose port m).

BASE+0x04 | Port m tertiary function STDPORTmM_SEL3 | R/W | Enables the tertiary function of GPIOm
select register (general-purpose port m).

BASE+0x08 | Port m quartic function STDPORTmM_SEL4 | R/W | Enables the quartic function of GPIOm
select register (general-purpose port m).

BASE+0x0C | Port m quintic function STDPORTm_SEL5 | R/W | Enables the quintic function of GPIOm
select register (general-purpose port m).

0x40018010 | Test control register TESTCON R/W | Enables the test mode such as BER

measurement.

0x40018014 | RF chip wiring function INTRPORT_SEL R/W | Enables the RF interface function.

selection register

* m indicates a module number (m = A, B).
m=A: BASE=0x40018000; m=B: BASE=0x40018100
* 0x40018014 (RF chip wiring function selection register) is a reserved register and should be used with the initial value.
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7.11.3 Description of Registers

7.11.31 Port m Secondary Function Select Register (STDPORTm_SEL2): BASE + 0x00
33222222222211111111110U0WO0O0TC0TPO0 0 O
10987654321098765 4 3 2 10 9 87 6 5 4 1

Reserved PORTm_SEL2

5

g<_, 0j0|0f0|0O|0O|0O|0O|l0O|O|O|0O|0O|O|0O|O|]O|O|O|O|O|O]|O|O|0O]|O|O|0O]|0O|0O|0O]O0

R

RIRIRIRIR|IRIRIRIRIR|IR|R|R|R|R|R
RIRIRIRIRIRIRIRIRIRIR R RIR R R
W W W W W W W W W W W W W W W W W

PORTm_SEL2[n]: 0: Does not set the secondary function to the source of Pmn (general-purpose port m, bit n).

1: Sets the secondary function to the source of Pmn (general-purpose port m, bit n).

* When m = A, bits 00 to 12 are enabled.

7.11.3.2 Port m Tertiary Function Select Register (STDPORTm_SEL3): BASE + 0x04

3322222222221111111111040UO0UO0WO0WO0UO0O0O0O0
10987654321098765 4 3 210987 6543210
Reserved PORTm_SEL3
5
g<_, 0|/0|0|/0|0/0|0l0O|0O|lO|0O|lO|0OlO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O
R
RIRIRIRIR|IRIRIRIRIR|IR|R|R|R|R|R
RIRRR RRRRRRRRRR RR
W W W W W W W W W W W W W W W W W

PORTm_SELS3[n]: 0: Does not set the tertiary function to the source of Pmn (general-purpose port m, bit n).

1: Sets the tertiary function to the source of Pmn (general-purpose port m, bit n).
* When m = A, bits 00 to 12 are enabled.
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7.11.3.3 Port m Quartic Function Select Register (STDPORTmM_SEL4): BASE + 0x08

332222222222111111111100W0WO0WO0TO0 0 0
10987654321098765 4 3 2 10 9 8 7 6 5 4 1
Reserved PORTm_SEL4

5
QZ, 0/0|/0|0|0/0l0O|0O|0O|0OlOl0O|0O|0OlO|OjO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O
R
RIRIRIRIR|IRIRIRIRIR|IR|R|R|R|R|R
RIRIRIRIRIRIRIRIRIR R R R R R R
W W W W W W W W W W W W W W W W W
PORTm_SELA4[n]: 0: Does not set the quartic function to the source of Pmn (general-purpose port m, bit n).
1: Sets the quartic function to the source of Pmn (general-purpose port m, bit n).
*When m = A, bits 00 to 12 are enabled.
7.11.3.4 Port m Quintic Function Select Register (STDPORTmM_SEL5): BASE + 0x0C
3322222222221111111111040UO0UO0WO0WO0WO0O0O0O0
10987654321098765 4 3 2109 8 7 65 43 210
Reserved PORTm_SEL5
=]
gz’ 0/0|/0|0|0j0Ol0O|0O|0O|0OlOl0O|0O|0O|lO|O|O|O|O|O|O|O|O|O|0O|O|O|O|O|O|O]O
R
RIRIRIRIR|IRIRIRIRIR|IR|R|R|R|R|R
RIRIRIRIRIRIRIRIRIR R R R R R R
W Wi W W W W W W W W W W W W W W W

PORTm_SEL5[n]:  0: Does not set the quintic function to the source of Pmn (general-purpose port m, bit n).

1. Sets the quintic function to the source of Pmn (general-purpose port m, bit n).

* When m = A, bits 00 to 12 are enabled.
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7.11.3.5 Test Control Register (TESTCON) : 0x40018010

332222222222111111111100U0UO0O00O0 0 O
10987654321098765 43 2109 87 6 5 4 0
R B
F E
M R
Reserved Reserved O| Reserve | _
N d M
_ O
E D
N E
g
;)_)00000000000000000000000000000000
c
]
R
/RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
W W WIW W W W W W W W W W W W W W
RFMON_EN DMON pin input is written to GPIOA3
0: Normal mode
1: DMON pin input is written to GPIOA3
BER_MODE BER measurement mode enable

0: Normal mode

1: Switches GPIOAL and GPIOA2 to BER measurement mode

When this bit is set to 1, GPIOA1 and GPIOA2 are assigned to DCLK and DIO outputs respectively.
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7.11.4 Description of Operation

7-11.4.1 Function Selection

The functions assigned to the pins of general-purpose ports, GPIOAn, GPIOBn (n =0, 1, .., 15) are selected.

The function of STDGPIOm([n] (m = A, B/n =0 .. 15) is determined by the following conditions:

Table 7-11-1 General-purpose Port (GPIOmn) Function Selection Conditions

Conditions Feature Remarks
PORTm_SEL2[n]=0 and Primary function Initial value
PORTm_SEL3[n]=0 and
PORTm_SEL4[n]=0 and
PORTm_SEL5[n]=0
PORTm_SEL2[n]=1 Secondary function
PORTm_SEL2[n]=0 and Tertiary function
PORTm_SEL3[n]=1
PORTm_SEL2[n]=0 and Quartic function
PORTm_SEL3[n]=0 and
PORTm_SEL4[n]=1
PORTm_SEL2[n]=0 and Quintic function
PORTm_SEL3[n]=0 and
PORTm_SEL4[n]=0 and
PORTm_SEL5[n]=1
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7.11.5 General-purpose Port Setting

Table 7-11-2 List of GPIO Functions

Port Primary function Secondary function | Tertiary function | Quartic function | Quintic function
GPIOA[0] General-purpose port | UART RXD SPI SCK 12C SCL STD GPIO
GPIOA[1] General-purpose port | UART TXD SPI SSN 12C SDA STD GPIO
GPIOA[2] General-purpose port | UART CTS SPI MISO FTM STD GPIO
GPIOA[3] General-purpose port | UART RTS SPI MOSI Reserved STD GPIO
GPIOA[4] General-purpose port | UART RXD SSI Slave SCK 12C SCL STD GPIO
GPIOA[5] General-purpose port | UART TXD SSI Slave SSn 12C SDA STD GPIO
GPIOA[6] General-purpose port | UART CTS SSI Slave TXD FTM STD GPIO
GPIOA[T7] General-purpose port | UART RTS SSI Slave RXD Reserved STD GPIO
GPIOA[8] General-purpose port | UART RXD SPI SCK 12C SCL STD GPIO
GPIOA[9] General-purpose port | UART TXD SPI SSN 12C SDA STD GPIO
GPIOA[10] General-purpose port | UART CTS SPI MISO FTM STD GPIO
GPIOA[11] General-purpose port | UART RTS SPI MOSI Reserved STD GPIO
GPIOA[12] General-purpose port | Reserved Reserved Reserved Reserved
GPIOD[0] General-purpose port

* The yellow cells indicate the functions (port) used by ISP(In-System Programming).

* The purple cells indicate functions used when an RF interrupt is detected (they do not exist as LSI ports).
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In ML74186, several functions have output ports more than the number of blocks of the internal peripherals.

Peripheral name Number of Number of GP1O
blocks output ports
UART 3 7
SPI 2(*1) 6
12C 1 7
FTM 1 7
STD GPIO 4 28

(*1) SPI (SPI12) connected to ML7396B is not assigned to GPIO, but output from the dedicated port.

For these functions, the assignment is automatically changed depending on whether GPIO is enabled or not.

The assignment method is as follows:

1. If a pin has any standard application block, that block is always applied when GPIO is enabled.

2. If a pin does not have any standard application block, the remaining block is applied depending on the enable status of other pins.

If there are multiple remaining blocks, a block with the smallest number is applied first.

If there is no remaining block, nothing is assigned even if the GPIO function is enabled.

For details of combinations, refer to the table below. In the table, the blocks indicated with (*2) are assigned to the general-purpose port

(APB GPIO).

STD GPIO is assigned as shown below. * indicates A or B.

Only one of GPIO*[0], [4], and [8] can be selected.
Only one of GPIO*[1], [5], and [9] can be selected.
Only one of GPIO*[2], [5], and [10] can be selected.
Only one of GPIO*[3], [6], and [11] can be selected.
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oUART
Enable conditior | GPIOB secondary (HW primary) GPIOB second: HW prir
B g BT [ALT 4] 5120 (11 8 T4 30l (11 8 74 30
0
0 UARTO
T UARTO
T UARTT | UARIO
0 UARTO
0 UARTO UART|
i UARTO | UARII
1 UARTO | UARTZ | UARIL
0 UARTO
0 UARTT UARTO
1 UART UARTO
1 UART? UARTT | UARTO
UARTT | UARTO
UART? | _UARTO UART |
UART? | UARTO | UARII
— (2 UARTO UART2 UART|
UARTO
UARTT UARTO
UART1 UARTO
UARTZ UARTT | UARIO
UARTT UARTO
UART? UARTO UARTT
T UARTZ UARTO | UARI
T G UARTO | UARTZ | UARIT
0 TARTT | UARTO
0 UARTZ | UARTT UARTO
T UARTZ | UARTI UARTO
T —(2) | _URIZ UARTT | UARTO
0 UART2 | UARTI UARTO
0 G UART? | _UARTO UART|
1 & UART? | UARTO | UARII
1 G 7 UARTO | UARTZ | UARTI
UARTO
UARTT UARTO
UARTT UARTO
UARTZ UARTT | UARIO
UARTT UARTO
UART? UARTO UART |
UART2 UARTO UART1
=) UARTO | UARTZ | UARIT
TARTT UARTO
UART UARTT UARTO
T UART UART UARTO
T 62 UART? UARTT | UARTO
0 TART UARTT | UARTO
0 G UARTZ | _UARTO UART1
T G UART? | UARTO | UARIT
1 ~(:2) —(x7 UARTO | UARTZ | UARIL
0 1]
0 U UARTO
1 U UARTO
1 - UART UARTO
T UARTO
- R UARTO UART|
- R UARTO | UARIT
1 G2 ¥ UARTO | UARTZ | UARIL
0 TART? | AR UARTO
1 G UAR UART UARTO
1 —(x UAR UART1 UARTO
T & (7 UART? UARTT | UARIO
0 & TR UARTT | UARTO
0 —(x —(x UART2 UARTO UART|
T & & UART? | UARTO | UARIT
T =0 =0 (7 UARTO | UARTZ | UARIT
0 UARTO
0 1 UART] UARTO
1 0 UART UARTO
1 1 UART? UARTT | UARTO
UARTI UARTO
UART? TUARTO UART|
UART? UARTO | UARTI
—(x2 UARTO UART2 UART(
TART] UARTO
UART? UART] UARTO
UART? UARTT UARTO
1 —(2) UARTZ UARTT | UARIO
0 TAR UARTT | UARTO
1 2 UART? | _UARTO UART |
T G UARTZ | UARTO | UARIL
T ~(2) 7 UARTO | UARTZ | UARIT
0 TART UARTO
0 UART: UART1 UARTO
T UART UARTT UARTQ
T 7 UART? UARTT | UARTO
0 TART: UARTT UARTO
0 1 e UARTZ UARTO UART 1
1 0 2 UARTZ UARTO | UARII
1 1 —&2 & UARTO | UARTZ | UARIL
TART? TARTT | UARIO
= UART? | UARTT UARTO
G UART? | UARTI UARTO
— (%] —(x2) | UART2 UART UARTO
& TARTZ | UARTT | UARIO
G G UART? | _UARTO UART|
— (¥ — (: UART2 UARTO UARTI
1 ~62) =t ~(x2 UARTO | UARTZ | UARIT
0 TARTT | UARIO
1 UART? | UART] UARTO
T UART2 | UART] UARTO
T —(2) | _UMRIZ UARTT | UARIO
0 TART? | UARTT UARTO
0 — (2 UART2 UARTO UART|
i 2 UARTZ UARTO | UARI
1 —2) | - % UARTO | UARTZ | UARIL
0 UART? UARTT UARTO
0 1 G UART? UARTT UARTO
1 0 G UART UART] UARTO
1 1 & ) UART? UARTT | UARTO
& TR UARTT | UARTO
G UART? | _UARTO UART|
G UART? | UARTO | UARII
—(x2 — (x2 UARTO UART2 UART|
TART? | 0
e 7| 1 UARTO
—(x 7] T UARTO
& ] 2 UARTT | UARIO
G 7| UARTT UARTO
G UART? UARTO UARTT
T & UARTZ UARTO | UARLI
T G TG UARTO | UARTZ | UARIT
0 G 2 [ UARTT | UARTO
0 — (] JART2 | UARTI UARTO
T & 2| _UARTT UARTO
T & )| UR? UARTT | UARTO
0 - (x2) UART2 | UARTI UARTO
0 1 & G UART? | _UARTO UART|
1 0 G G UART? | UARTO | UARII
T 1 G —(2) | _UARTO | UARTZ | UARTI
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oSPI, SSIS

En; it | GPIOB tertiary (HW second: GPIOB tertiary (HW secondary)
Bl15:12] [BI11: 8] [ B[ 7- 4] [ B[ 3: O] [ A[11: 8] [ A[ 7: 4] [A[ 3: 0] (1612 11: 8 7 4 30 118 7 4 3 0
SPI0
SSIS
SSIS SPI0
SPI0
SPI1 SPI0
SPI0 SSIS
SPI1 SSIS SPI0
SPI0
SPI1 SPI0
SPI1 SSIS
— (%2 SSIS SP10
SPI1 SPIO
— (k2 SPI1 SP10
— G2, SPIO SSIS
— (k2 SPI1 SSIS SP10
SPIO
SPI1 SP10
SPI1 SSIS
— (%2, SSIS SP10
SPI1 SPIO
— (%2, SPI1 SPI0
—(x2, SPIO SSIS
— (2, SPI1 SSIS SP10
SPI1 SPI0
= SPI1 SP10
- SPI1 SSIS
- — (2 SSIS SP10
= SPI1 SPI0
- —G2) | SPI1 SPI0
= —(2) [ SPIO SSIS
= — (<2 SPI1 SSIS SPI0
SPI0
SPI1 SPI0
SPI1 SSIS
— G2 SSIS SPI0
SPI1 SPI0
— (2, SPI1 SPI0
— (k2 SPI0 SSIS
— (<2, SPI1 SSIS SPI0
SPI1 SPI0
— (k2 SPI1 SPI0
— (2 SPI1 SSIS
—(*2 — (2 SSIS SP10
=2, SPI1 SPIO
—(x2 — (k2 SPI1 SP10
— (2 — (k2 SPIO SSIS
—(x2 — (42 SPI1 SSIS SPI10
SPI1 SPIO
— (k2 SPI1 SP10
— (2, SPI1 SSIS
2, — (2 SSIS SP10
— (<2, SPI1 SPIO
— k2, = (%2, SPI1 SP10
— (<2, — (2 SPIO SSIS
— (2, — (2 SPII SSIS SPI10
— (<2, SPI1 SPI0
— (2 = SPI1 SP10
—(*2 - SPI1 SSIS
— (2 _ =) SSIS SPI0
— (k2 = SPI1 SPI0
— (2 - —G2) | SPI1 SP10
—(x2 = —(2) [ SPIO SSIS
— (2, _ — (2 SPI1 SSIS SPI0
SPI0
SPIT SPI0
SPI1 SSIS
— (2 SSIS SPI0
SPI1 SPI0
— (2, SPI1 SPI0
— (2, SPI0 SSIS
—(x2, SPII SSIS SPI0
SPI1 SPI0
- SPI1 SP10
= SPI1 SSIS
. —(x2 SSIS SP10
S SPI1 SPI0
= — (k2 SPI1 SP10
= — (2, SPIO SSIS
= — (42 SPI1 SSIS SP10
SPI1 SPIO
= SPIT SP10
= SPI1 SSIS
- — (k2 SSIS SP10
= SPI1 SPIO
= — (2, SPI1 SP10
= — (2 SPIO SSIS
= — (2, SPI1 SSIS SP10
= SPI1 SPI0
= = SPI1 SP10
= = SPI1 SSIS
- = —G2 SSIS SP10
= = SPI1 SPI0
- - —G2) | SPI1 SP10
= —(x —(2) [ SPI0 SSIS
= — (¥ — (%2 SP11 SSIS SPI0
SPI1 SPI0
= SPI1 SPI0
= SPI1 SSIS
= — (2, SSIS SPI0
= SPI1 SPI0
= — (2, SPI1 SPI0
= — (k2 SPIO SSIS
= — (2 SPI1 SSIS SPI0
= SPI1 SPI0
= = SPI1 SP10
- —(¥2) SPI1 SSIS
- —(x2 — (k2 SSIS SP10
- — (2 SPI1 SPIO
- —(x2 — (k2 SPI1 SP10
= — (2 — (k2 SPIO SSIS
—(x2 — (42 SPI1 SSIS SPI0
= SPI1 SPIO
— (2 SPIT SPI0
- — (<2, SPI1 SSIS
= — (k2 = (x2, SSIS SPI10
= — (<2, SPI1 SPIO
= — (2, — (2 SPI1 SP10
= — (<2, — (k2 SPIO SSIS
= — (k2 — (2 SPLI SSIS SP10
= — (k2 SPI1 SPI0
- — (2 = SPI1 SPI0
= — (k2 = SPI1 SSIS
= — (2, - — G2 SSIS SPI0
= — (k2 = SPI1 SPI0
= — (2, _ —G2) | SPI1 SPI0
- —(x2 = —(2) [ SPI0 SSIS
= — (52, - —(2) [ SPIT [ SSIS SPI0
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ol2C
Enal GPIOB quartic (HW terti: GPIOB guartic (HW tertiary)
B AL 7 4] TASE OF|[15:12 11: 8 74 11: 8 7.4 3: 0
0 0
0 1 120
1 120
1 — (2 120
0 120
0 — (%2 120
1 —(x2 120
1 — (%2 — (2 120
0 2
0 1 & 120
1 0 . 120
1 1 . — (2 120
. 120
X, —(x2 120
*. —(*2 120
*: — (2 — (x2) 120
2
& 120
X 120
& — (x2) 120
& 120
& —(*2 120
1 X — (k2 120
i G ) [ 12
0 & 2
0 K *; 120
1 & *; 120
1 & & — (2 120
0 K *; 120
0 & *; —(x2 120
1 & *, —(*2 120
1 & *; — (2 — (+2 120
2
—(*; 120
— (¥ 120
— (¥ — (2 120
—(*; 120
—(x —(x2 120
=G —2 120
—(x — (2 — (2 120
— (¥ 20
= 120
1 = 120
1 = — (2 120
0 = 120
0 1 - ) —(*2 120
1 0 = —(x2 120
1 1 = — (2 — (42 120
[ . 2
0 — (*: & 120
1 — (¥ & 120
1 —(x X — (k2 120
— (*: & 12C
— (¥ & —(x2 120
— (¥ & —(*2 120
1 — (K & — (k2 — (2 120
0 —(x & 2
1 — (¥ & & 120
1 —(x K *2) 120
1 — (% & X, — (2 120
0 — (%! & . 120
0 —(x & *: = (k2 120
1 — (*: & ¥, —(x2 12C
1 — (; & X, —(+2 — (2 120
0 2
0 1 — (% 120
1 0 — (K 120
1 1 — (¥ — (2 120
[i] —(x 120
0 — (%! —(x2 120
1 — (%! — (%2 120
1 — (% — (k2 — (k2 120
— (; 2
—(x — (. 120
— (% . 120
1 — (% *; — (2 120
0 — (%! . 120
1 — (% & — (2 120
1 —(x *2) — (k2 120
1 — (%! ; — (2 — (2 120
0 —x 2
0 —(x2) K 120
1 — (% & 120
1 — (%! & — (%2 120
0 — (% *: 120
0 1 —(x & —(x2 120
1 0 — (K & — (%2 120
1 1 —(x & — (2 — (2 120
—(x K 2
—(x & *; 120
= o & 120
—(x2) K *: = (2 120
— (: & . 120
— (¥ & & — (2 120
— (% & : —(*2 120
1 — (% & *; — (k2 — (2 120
0 — (% 2
1 — (%! —(x 120
1 — (% — (% 120
- =5 =0 —) 12
0 —(x —(*! 120
0 (% — (% — (%2 120
1 — (%! —(x — (k2 120
1 — (%! —(x — (2 — (2 120
0 — (% —(x 2
] 7 =G = ¥ 120
1 0 — (%! — (! —(* 120
1 1 — (¥ — (% *. — (2 120
— (: —(x *2) 120
—(x —(x X, —(x2 120
= =G o ~(x2 120
—(x —(x *; — (2 = (x2 120
— (*: — (% 2
— (¥ — (¥ & 120
— — & 120
—(x — (% & — (2 120
= =6 o 120
—(* — (%! & —(*2 120
1 — (% — (% & —(*2 120
1 — (%! —(x & — (2 — (2 120
0 — (¥ — (¥ X, 2
0 — (¥ — (. k. *: 120
1 — (% —(x & . 120
1 0 & G o =7 120
0 —(x2) —(x K *: 20
0 1 & & G . —(+7 126
1 0 & & & ; —(*2 120
1 1 = (x — (* & i —(*2 ~ (2 120
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oFTM
Enable conditions | GPIOB quartic (HW terti GPIOB guartic (HW terti
B i AL 7 4] TASE OF|[15:12 11: 8 74 3: 0 11: 8 7.4 3: 0
0 0
0 1 FTNO
1 FTMO
1 — (2 FTMO
0 ETHO
0 — (%2 FTMO
1 —(x2 FTMO
1 — (%2 — (2 FTMO
0 FTMO
0 1 — (¥ FTMO
1 0 —(* FTMO
1 1 — (% — (2 FTMO
*: ETHO
—(x — (2 FTMO
—(x —(*2 FTHO
— (¥; — (2 — (x2) FTMO
F10
— (¥ FTMO
—(x FTMO
—(x — (2 FTMO
— FTHO
— (¥ — (%2 FTMO
1 & —(x2 FTMO
1 — (¥ — (+2 — (2 FTMO
0 — (& FTHMO
0 — — (X FTMO
1 — (¥ —(* FTMO
1 — (& — (] — (2 FTMO
0 —(x *; FTMO
0 —(*: —( —(x2 FTMO
1 & *, —(*2 FTMO
7 — (% — (; — (2 — (2 FTMO
FI0
—(*; FTMO
— (¥ ETHO
—(x — (2 FTMO
—(*; FTHO
—(x — (2 FTMO
=G —2 FTHO
—(*: — (2 — (2 FTMO
— (¥ FTHMO
= = FTNO
1 = = FTNMO
1 = — (2 FTMO
0 - = FTMO
0 1 - —(k2) —(*2 FTMO
1 0 = = —(x2 FTMO
1 1 = — — (2 — (2 FTMO
[i] —(x FTMO
0 — (*: — (¥ FTMO
1 — (%! — (¥ FTHO
1 —(x —(x — (k2 FTMO
— (*: — (¥ FTHO
— (¥ — (¥ —(x2 FTMO
— (¥ — (¥ —(*2 ETHO
1 G G —7 2 FT10
0 — (k! —(x FTMO
1 — (& —(x —(x FTMO
1 —(x —(x —(*2) FTMO
1 — (% —(x —(* — (2 FTMO
0 — (%! —(x —(* ETHO
0 G G ¥ —2 FTH0
1 — (k: —(x — (¥ —(x2 FTNMO
1 — (! & X, —(+2 — (2 FTMO
0 FTl
0 1 — (% FTMO
1 0 — (K FTMO
1 1 —(x — (2 FTMO
[i] —(x FTMO
0 — (*: —(x2 FTMO
1 — (¥ — (%2 ETHO
1 — (% — (k2 — (k2 FTMO
— (; FTMO
— (¥ —(* FTMO
— (% — (% ETHO
1 — (*: — (¥ — (x2) FTMO
0 — (%! —(* FTHO
1 — (% — (* —(*2 FTMO
1 — (*: —(x2) —(*2 FTMO
1 — (%! — (] — (2 — (2 FTMO
0 G FTHO
0 —(x2) —(x FTMO
1 — (% —(x FTMO
1 — (%! —(x — (%2 FTMO
T —x G FTHO
0 1 —(x & —(x2 FTMO
1 0 —(x —(x — (%2 FTHMO
1 1 —(x —(x — (2 — (2 FTMO
— (*: — (¥ FTMO
— (*: — (¥ — (] FTMO
G —(x & FTHO
—2) —(x G 7 FTNO
& —( G FTHO
G —(x & &2 FTII0
—(* — (¥ — (% —(*2 ETHO
1 & G 0 ~:2 —2 FTH0
0 G FTHO
1 — (%! —(x FTMO
1 — (% — (% FTMO
1 —(x —(x — (42 FTI0
0 — (%! — (¥ ETHO
0 (% — (% — (%2 FTMO
1 —(x —(x —(*2 ETMO
1 — (%! —(x — (2 — (2 FTMO
0 = (x —( FTMO
0 1 — (% — (*: — (¥ FTMO
1 0 — (%! — (! —(* FTHO
1 1 — (¥ — (% —(x — (2 FTI0
—(x — (%! *2) FTHO
G = & &) FTH0
G —(x (. —G:2 FTHO
—(x & —(x: —(x7 —(x7 FTI0
— (*: —(x FTMO
— (¥ — (¥ — (¥ FTMO
— — G FTHO
& & =t 2 FTIO
G = & FTHO
G G — 2 FTI0
il —(x — (% & —(*2 FTMO
T G G =(x —(:2 2 FTI0
0 & & G ETHO
0 —(x —(x & 0 FTH0
T & & = & FTHO
T G & & (. 2 FTNO
0 —(x2) —(x —x * FTHO
0 1 G & 0 G &2 FTH0
1 0 & & & —(x —(*2 FTHO
1 1 = (x — (* — (¥ — (* —(*2 ~ (2 FTMO
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oSTD GPIO

ditior

GPIOB quintic (HW quartic
4

GPIOB guartic (HW terti
11: 8 74 3

15:12 11. 8 7 0
STD
STD GPIO
— (2, STD
STD GPIO
— (k2 STD
— (k2 STD_GPIO
— (k2 — (%2 STD
STD GPIO
El STD
= STD GPIO
= — (2, STD
= STD_GPIO
—(2) | —(x2 STD
—(x2) — (k2 STD_GPIO
*2 — (k2 — (%2 STD
STD GPIO
—(x2, STD
—(x2 STD GPIO
— (%2, — (2 STD
—(x2, STD GPIO
—(x2 —(x2 STD
—(x2 — (k2 STD_GPIO
— (k2. — (k2 — (%2 STD
—(x2 STD GPIO
—(x2 - STD
—(x2 - STD GPIO
—(k2 = — (k2 STD
— (%2, - STD_GPI0
—(x2 - — (k2 STD
—(x2 - — (k2 STD GPIO
50 —(x7 —(:2 ~G2)_| S1D
STD GPI0
- STD
= STD GPIO
= — (2, STD
- STD_GPIO
- — (k2 STD
- — (k2 STD_GPIO
- — (k2 — (%2 STD
S STD GPIO
- El STD
= = STD GPIO
= = — (2 STD
- - STD_GPI0
- —(x2 STD
- - — (k2 STD GPIO
- — (x2 — (k2 — (%2 STD
S STD GPIO
- —(x2 STD
- —(x2 STD GPIO
= — (%2, — (2 STD
- —(x2 STD_GPI0
- —(x2 — (k2 STD
- —(x2 — (k2 STD_GPIO
= — (k2. — (k2 — (x2 STD
= —(x2 STD GPIO
- —(x2 - STD
- —(x2 - STD GPIO
—(x2, = — (2 STD
- —(x2 = STD_GPI0
—(x7, T G2 STD
- —(x2 - — (k2 STD_GPIO
— (2 — (2 — (%2 — (k2 — (%2 STD
STD GPIO
- STD
- STD GPIO
- — (2 STD
- STD_GPIO
- —(x2 STD
- — (k2 STD GPIO
- — (k2 — (%2 STD
El STD GPIO
- El STD
- = STD GPIO
- = — (2 STD
- - STD_GPIO
- - —(x2 STD
- - — (k2 STD GPIO
= = — (%2 — (%2 STD
El STD GPIO
- —(x2 STD
- —(x2 STD GPIO
- —(x2, — (2 STD
- —(x2 STD_GPI0
- —(x2 —(x2 STD
- —(x2 — (k2 STD GPIO
= — (k2. — (k2 — (x2 STD
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7-12.GPIO(APB-GPIO)

7.12.1 General Description
General-purpose port with interrupt function. The features are shown below.
- 13-hit (PortA 13 bit) general-purpose port.
- Can be used as external interrupt input.* Either level/edge or Low/High can be selected.

- Includes the debounce circuit in the input side.

- Can be used as return cause from SLEEP/DEEPSLEEP.
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7.12.2 List of Registers

Address Name

Symbol

R/W

Description

BASE+0x00 | GPIO port data register

GPIOn_SWPORTA_DR

RIW

Determines the output value of the port when a

general-purpose port is selected.

BASE+0x04 | GPIO port data direction

register

GPIOn_SWPORTA_DDR

R/IW

Reads the input level of the port when a

general-purpose port is selected.

BASE+0x30 | GPIO interrupt enable register

GPIONn_INTEN

R/IW

Enables the interrupt from the port.

BASE+0x34 | GPIO interrupt mask register

GPIONn_INTMASK

R/IW

Masks the interrupt from the port.

BASE+0x38 | GPIO interrupt level register

GPIONn_INTTYPE_LEVEL

R/IW

Specifies the type of the interrupt from the port.

BASE+0x3C | GPIO interrupt polarity GPION_INT_POLARITY R/W | Specifies the polarity of the interrupt from the
register port.

BASE+0x40 | GPIO interrupt status register GPIONn_INTSTATUS R Indicates the interrupt status from the port.

BASE+0x44 | GPIO RAW interrupt status GPIOn_RAW_INTSTATUS | R Indicates the interrupt status before mask from the
register port.

BASE+0x48 | GPIO debounce enable register | GPIOn_DEBOUNCE R/W | Enables the debounce circuit of the port.

BASE+0x4C | GPIO interrupt clear register GPIOn_PORTA_EOI w Clears the interrupt from the port.

BASE+0x50 | GPIO external port register GPIOn_EXT_PORT R Indicates the port input level.

BASE+0x60 | GPIO level-sensitive GPIONn_LS_SYNC R/W | Sets the synchronization of the level interrupt

synchronization enable

from the port.

*n indicates a module number (n=0, 1, 2, ...).

* Base address of GPIOA (n = 0) is 0x4000A000.

* Base address of GPIOD (n = 3) is 0x4000A300. For ML7396B control. This is not a LSI port.
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7.12.3 Description of Registers

7.12.3.1 Port Data Register (GPIOn_SWPORTA_DR): BASE + 0x00

3322222222 %22111111111 1 00O0O0UO0OUO0OTO0TO0OTO0TUO0
10987654321098765 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
Reserved SWPORTA_DRJ[15:0]

=]
5
- |0|0|0O|0O|O|O|O|O|O|O|O|O|O|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]O
=
@
R

RIRIR|IRIR|R|IR|IRIR|R|{R|R|R|R|R|R
/ R|R| R R|R|R|R|R|R| R R|R| R R| RI R

WW W W W W W W W W W W W W W W
w

SWPORTA_DR[n]:  0: Sets the output to the L level when GPIO[n] is a general-purpose port (primary function mode) and is in the output

mode.

1: Sets the output to the H level when GPIO[n] is a general-purpose port (primary function mode) and is in the output

mode.

* |n case of GPIOA, bits 00 to 12 are enabled.

7.12.3.2 Port Data Direction Register (GPIOn_SWPORTA_DDR): BASE + 0x04
332222%222%22%21111111 11 1 0 00 O0OTO0OO0OTUO0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved SWPORTA_DDR[15:0]
3
)
< |0|0O|j0OfO|0O|0OjO|0O|O|O|0O|O|O|O|0O|OjO|O|O|O|O|O|O|O|O|O|JO|OJO]|O|O]O
=
@
R
RIRIR|R|R|R|R|R|RIR|R|R|R|R|R|R
I |RIR|RIRIR|R|R|R|RIR|R|R|R| R RI R
WIWW W W W W W W W W W W W Wl W
W

SWPORTA_DDRIn]: 0: Sets GPIO[n] as input.
1: Sets GPIO[n] as output.

* In case of GPIOA, bits 00 to 12 are enabled.
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7.12.3.3 GPIO Interrupt Enable Register (GPIOn_INTEN): BASE + 0x30
33222222222 21111111 11 1 00 0 0O 0 0 0 O
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 3 2 1 0
Reserved INT_EN[15:0]
=3
g.
- |0|0|0O|0O|O|O|O|O|O|0O|0O|O|0O|0O|O|OjO|O|O|O|O|O|O|O|O|O]O o(o0j0]oO
=
@
R
RIRIR|IR|IR|R|R|{R|R|R|R RIR|R|R
/I |RIR|R|R|R|R|RIRIR|RI R R| R R| RI R
WW W W W W W W W W[W W|W|W|W
W
Uses each bit of the port as an external interrupt source.
INT_ENI[n]: 0: The interrupt from GPIO[n] is disabled.
1: The interrupt from GPIO[n] is enabled.
* |n case of GPIOA, bits 00 to 12 are enabled.
7.12.3.4 GPIO Interrupt Mask Register (GPIOn_INTMASK): BASE + 0x34
332222222 2%2211111 11 1 1 1 0 0 0O 0 O 0O 0 O oO
10987 654321098765 4 3 2 1 0 9 8 7 6 5 3 2 1 O
Reserved INTMASK]15:0]
=
=
- |0|0|0O|0O|0O|O|O|0O|0O|0O|0O|O|0O|0O|O|OjO|O|O|O|O|O|O|O|O|O]O o(o0j0]|oO
=
@
R
RIRIR|IR|IR|R|R|{R|R|R|R R|{R|R|R
I |RIR|R|R|R| R RIR| R R R R| R R| R| R
WW W W W W W W W W[W Wi W|W|W
w

Masks the interrupt from each bit of the port.

INTMASK[n]:

0: The interrupt from GPIO[n] is not masked.

1: The interrupt from GPIO[n] is masked.

* In case of GPIOA, bits 00 to 12 are enabled.
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7.12.35 GPIO Interrupt Level Register (GPIOn_INTTYPE_LEVEL): BASE + 0x38

332222%22%2%22%21111111 11 1 0 00 O0O0OO0OO0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved INTTYPE_LEVEL[15:0]
=]
5
- |0|0O|j0OfO|0O|OjO|O|O|O|0O|O|O|O|0O|OjO|O|O|jO|O|O|O|O|O|O|O|OJO]|O|O]O
=
@
R
RIRIR|R|R|R|R|R|R|IR|R|R|R|R|R|R
I |RIR|R|R|R|R|R|R|R|R|R|R|R| R RIR
W W W W W W W WW W W W W W W W
w

Sets the type of the interrupt from each bit of the port.

INTTYPE_LEVEL[n]: 0: GPIOA[N] is used as a level interrupt.

1: GPIOA[N] is used as an edge interrupt.
* When the GPIO clock is stopped just like in DeepSleep mode, only the level interrupt is enabled.
* In case of GPIOD, only the level interrupt can be used during DeepSleep.

* |n case of GPIOA, bits 00 to 12 are enabled.

7.12.3.6 GPIO Interrupt Polarity Register (GPIOn_INT_POLARITY): BASE + 0x3C

3 32222222»2»2»2111111111 1 1 0 0 OO0OO0OTO0O OO0 O0 O
10987 6 54321098765 4 3 2 1 0 98 7 6 5 4 3 2 1 0
Reserved INT_POLARITY [15:0]

3
o
< |0j0lO|0O|O|lO|O|O|O|0O|0O|O|0O|O|jO|OfO|lO|OfO|O|O|O|O|O|O|O|O|O|O}|O0O|0O
=
o
R

RIRIRIR|IRIR|RIR|R|R|R|R|R|R|R|R
I |RIR|RIRIR|R|R|R|RIR|R|R|R| R RI R

WIW W W WWWWW W W W W W W W
W

Sets the polarity of the interrupt from each bit of the port.

INT_POLARITY [n]: 0: L level or falling edge
1: H level or rising edge

* In case of GPIOA, bits 00 to 12 are enabled.
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7.12.3.7 GPIO Interrupt Status Register (GPIOn_INTSTATUS): BASE + 0x40

3 3222222 2222111111111 1000U0°O0°F0 0 0
10 9 8 7 6 5 4 3 2 109 87 654 3 2109 87 6 5 4 10
Reserved INTSTATUS [15:0]
2
g_,OOOOOOOOOO000000000000000000 0|0
s
R
/| |RIRIR|IRIR|RIRIR|R|R|R|IRIR|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R R| R
W
Indicates the status of the interrupt from each bit of the port.
* |n case of GPIOA, bits 00 to 12 are enabled.
7.12.3.8 GPIO RAW Interrupt Status Register (GPIOn_RAW_INTSTATUS): BASE + 0x44
3 3222 2222222111111 1111000U0O0°F0 0 0
10 9 8 7 65 4 3 2 109 87 6 54 3 210 9 87 6 5 4 10
Reserved RAW_INTSTATUS [15:0]
g
:Z)_)0000000000000000000000000000 0|0
&
R
/| |RIR|IR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R| R
w

Indicates the status (before mask) of the interrupt from each bit of the port.

* In case of GPIOA, bits 00 to 12 are enabled.
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7.12.3.9 GPIO Debounce Enable Register (GPIOn_DEBOUNCE): BASE + 0x48
3 322222222221111111 11 1 0 00 00 O0O0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved DEBOUNCE [15:0]
=3
g.
< |0|0O|OjO|O|OjO|O|O|O|O|O|O|0O]|O ojojofo|jo|jO|O|O|lO|O|O]|O]|O|O]O
=
(0]
R
RIR|IRIR|IR|IR|IR|IR|R|R|IR|R|R|R|R
/ |RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|IR
WIW W W W W W W W W W W W W W W
W

Enables the debounce circuit of the port.

DEBOUNCEIn]:

1: The debounce circuit is enabled.

0: The debounce circuit is disabled. (bypassed)

* When the CPU returns by a level interrupt with the GP10O clock stopped like in DeepSleep mode, the debounce circuit should be disabled.

* |n case of GPIOA, bits 00 to 12 are enabled.

7.12.3.10 GPIO Interrupt Clear Register (GPIOn_PORTA_EOI): BASE + 0x4C
3 32 2 22 2222221111111 1110O0O0O0TO0TGO0CTUO0TUG0TGO0TU0O0
10 9 87 65 43 210987 65 4 3 2 109 8 7 6 5 4 3 2 10
Reserved EOI [15:0]
?,—
?0000000000000000000OOOOOOOOOOOOO
&
R
/| |RIRIRIRIR|RIR|RIR|R|R|R|R|IRIR|IRIW|W| W W W W W W W W W W W W W W
w

Clears the interrupt from the port.

EOI [n]:

0: The interrupt is not cleared.

1: The interrupt is cleared.

* In case of GPIOA, bits 00 to 12 are enabled.
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7.12.3.11 GPIO Port External Input Register (GPIOn_EXT_PORTA): BASE + 0x50

3 322222222 22111111111 1000WO0O0O0O0TUG0LTUO0OSGO0
10 9 8 7 6 5 4 3 2 109 87 654 3 210987 6543 210
Reserved EXT_PORTA [7:0]
g
g_,OOOOOOOOOO0000000000000000000000
c
@

Py

Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
py)
py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

w

Reads the state of the GPIO port.
EXT_PORT [n]: 0: Indicates that this is L level.
1: Indicates that this is H level.

* |n case of GPIOA, bits 00 to 12 are enabled.

7.12.3.12 GPIO Level-Sensitive Synchronization Enable Register (GPIOn_LS_SYNC): BASE + 0x60

3 3 2 2 2 2 2 2 2 2 221111111111 0O0UO0TUO0WO0O0OWO0ODTG0OTUO0OOGO0OTO0O0
1 0 9 8 7 6 5 4 3 2 1 0 98 7 65 4 3 2 10 98 7 6 5 4 3 2 10
S
Reserved
L
S.
o)
< |OjO|O|O|O|lO|O|O|O|O|O|O|jO|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O]| O
=
@D
R
R
/| |RIRIRIRIRIRIRIRIR|R|R|IRIR|RIRIR|RIR|IR|R|IRIR|R|IR|R|R|R|R|R|R|R
W
W

SL(Synchronization Level):  0: Outputs a level-sensitive interrupt without synchronizing it.

1: Outputs a level-sensitive interrupt by synchronizing it.

» To use the level interrupt from GPIO Portm at return from DEEPSLEEP, be sure to set this to 0.

» To use the level interrupt from GPIO Portm at return from SLEEP or during normal operation, set this to 1.
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7-13.Standard GPIO (Single-cycle 1/0)

7.13.1 General Description

General-purpose port function module connected to a single-cycle I/0 which can be accessed in one cycle.
* The interrupt function is same as that of APB-GPIO (refer to the chapter about APB-GPI0).

7.13.2 List of Registers

Table 7-13-1 List of STDGPIO Registers

Address Name Symbol R/W | Description
BASE + 0x000- Standard GPIOn data | STDGPIOm_DATA | R/W | When reading, the status of general-purpose
BASE + 0x3FF register ports is read. In output mode, the set values are
output to the general-purpose ports.
BASE + 0x400 Standard GPIOn | STDGPIOmM_DIR R/W | Controls the direction of input/output for each
input/output control general-purpose port.
register
(m=A)

m=A: BASE=0x5C000000
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7.13.3 Description of Registers

7.13.3.1 Standard GPIOm Data Register (STDGPIOmM_DATA)

3 3222222222%2111111111100W00H0O00®O00
10987 65432109876 543210

©
a1
I
[EEN

GPIOMDATA [31:0]

SN[eA Tenm]
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

=T =

* In ML7416, only the lower four bits are assigned as ports.
*  GPIOMDATA[N] is assigned to the external pin Pmn (m=A,B,.., n=0,1,...) of LSI as the quintic function.

7.13.3.1.1 Word/Half-Word Access

GPIOMDATAI[N]: When GPIOmDIR[n] is 0 (input), the value of the external pin Pmn is read.
When GPIOmMDIR[n] is 1 (output), the value set to GRIOMDATA[n] is output from the
external pin Pmn.
(m=A,B,C,..,nx=0..3)

7.13.3.1.2 Byte Write

Performs a bit set/bit clear operation for the byte lane selected in HADDR[1:0] by using HADDR[9:2]
as mask. Other byte lanes are not changed.

(Example) When writing the byte 0x02 to 0xX5C000009 (HADDR[9:2] = 0x02, HADDR[1:0] = 0x01,
HWDATA = 0x200, HSIZE = 0b000)

GPIOADATA[15:8] = HADDR[15:8] & ~(HADDR[9:2]) | HWDATA[15:8] & HADDR[9:2]
(GPIOADATA[9] bit is set)

(Example) When writing the byte 0x00 to 0x5C000009 (HADDR[9:2] = 0x02, HADDR[1:0] = 0x01,

HWDATA = 0x0, HSIZE = 0b000)
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GPIOADATA[15:8] = HADDR[15:8] & ~(HADDR[9:2]) | HWDATA[15:8] & HADDR[9:2]

(GPIOADATA[9] bit is cleared)

7.13.3.1.3 Byte Read
Performs a bit read operation for the byte lane selected in HADDR[1:0] by using HADDR[9:2] as mask.
For the other byte lanes and the masked bits, O is read.
(Example) When reading the byte from 0x5C000009 (HADDR[9:2] = 0x02, HADDRJ[1:0] = 0x01,
HSIZE = 0b000)
HRDATA[15:8] = GPIOADATA[15:8] & HADDR[9:2]
7.13.3.2 Standard GPIOm Input/Output Control Register (STDGPIOm_DIR: m = A)
3322222222221 1111111110 00
10987 65432109876 54321009 4 1
GPIOMDIR[31:0]
=)
%00000000000000000000000 o|jo0|0|0|O0
c
@
RRRRRRRRRRRRRRRRRRRRRRRR RIR|R|R|R
(NWWWWWWWWWWWWWWWWWWWWWWW W W W W| W

GPIOmMDIR[n]: 0: Set input mode.
1: Set output mode.
(m=A, n=0..3)

* In ML7416, only the lower four bits are assigned as ports.
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7-14. Timer

7.14.1 General Description

32-hit general-purpose timer. The features are shown below.

- If the CPU is stopped by the debugger, the counter operation of timer is stopped.

- Can be used as 64-bit timer by the cascade connection. The combination of TimerB and TimerC or TimerD and TimerE is

available.

7.14.2 List of Registers

Address [H] Name Symbol R/W | Initial value [H] Description

BASE+0x00 Timer 1 load count | TMRm_TIMER1LOADCOUNT R/W | 0x00000000 Sets the timer load
register value.

BASE+0x04 Timer 1 current TMRm_TIMER1CURRENTVALUE R Indicates the timer
value register OXFFFFFFFF count value.

BASE+0x08 Timer 1 control TMRm_TIMER1CONTROLREG R/W | 0x00000000 Controls the operation
register of timer.

BASE+0x0C Timer 1 interrupt TMRm_TIMER1EOI R 0x00000000 Clears the interrupt
clear register from the timer.

BASE+0x10 Timer 1 interrupt TMRmM_TIMER1INTSTATUS R 0x00000000 Indicates the interrupt
status register status of the timer (after

mask).

BASE+0xA8 Timer RAW TMRmM_TIMERSRAWINTSTATUS R 0x00000000 Indicates the interrupt
interrupt status status of the timer
register (before mask).

BASE+0XAC | Timer component TMRm_TIMERS_COMP_VERSION R 0x3230382A Timer component

version register

version

*m indicates a module number (m=A, B, C, D, E, F).

* Base address of TimerA (m = A) is 0x40001000.

* Base address of TimerB (m = B) is 0x40041000.

* Base address of TimerC (m = C) is 0x40041400.

209




FEDL7416N-060-05
ML7416N-060

* Base address of TimerD (m = D) is 0x40041800.

* Base address of TimerE (m = E) is 0x40041C00.

7.14.3 Description of Registers

7.14.3.1 Timer 1 Load Count Register: BASE + 0x00 (TMRm_TIMER1LOADCOUNT)

3 32 2 2 2222 2221111111111020 0 0 0 0 O
1 0 98 7 6 543 210 98 7 6 5 43 210 9 8 4 3 2 1 0
TIMER1LOADCOUNT

3
5
<|/0|O|jO|O|O|lO|lO|O|O|O|O|O|O|O|O0O|O|O|O|lO|O|JO|O|O]|O 0j0(0|O0|0O
s
o}
R

RIRIRIRIR|IRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
/

W W| W| W W W|WW W W W W W W W W W W W W W W W W W| Wi W| W| W
W

Set the value to be loaded to the timer 1. The countdown operation starts at the value set to this register.

7.14.3.2 Timer 1 Current Value Register: BASE + 0x04 (TMRm_TIMER1CURRENTVALUE)

3 322 2 2 2 2222 2111111111100 0 0 0 0 O
10 98 7 6 5 43 2109 87 6 5 4 3 2 10 9 8 4 3 2 1 0
TIMER1CURRENTVALUE

g
:Z)_)111111111111111111111111 111/1]1]1
&
R
/I |RIR|IRIRIR|RIR|IR|R|R|R|R|R|R|R|R|IR|R|R|R|R|R|R|R RIR|R|R|R
\W

The current value of Timer 1.
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7.14.3.3 Timer 1 Control Register: BASE + 0x08 (TMRm_TIMER1CONTROLREG)

3 322 2222222211111 11111000O0O0O0O0O0 O O
1 0987 65 43210987 6543210987 6543 2 1 O0
I T
I
T | M| M
_ | O|E
Reserved
M|D|R
A|E| _
S E
K N
3
5
<|0|jO0O|OfO|lO|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|jO|O] O |O]|O
=
(0]
R RIRIR|IRIRIR|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R
R|R|R
/I | R w
W W |Ww
w
INT_MASK | Masks the interrupt.
0: No mask
1: Mask
MODE Sets the operation mode of timer. When the timer value reaches 0, the following operations are performed according to the
value of this bit:
0: Free running mode
The countdown operation starts at the maximum value of Timer 1.
1: User-defined count mode
The countdown operation starts at the value set to the timer 1 load count register.
TIMER_EN | Enable the timer.
0: disable
1: enable

Writing 1 to bit3 is prohibited.
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7.14.3.4 Timer 1 Interrupt Clear Register: BASE + 0x0C (TMRm_TIMERZ1EOI)

3322 2222222211111 1111 0 0 0 0O
10 9 87 65 4 3 2109 87 6543 21 4 3 2 10
E
Reserved (0]
|
,::_’,-
?000000000000000000000 0|0|0|0]| O
&
R
/! |RIRIRIRIRIRIRIR|R|IR|RIR|R|R|R|R|R|R|R|R|R RIR|R|R| R
W

When this register is read, the interrupt from Timer 1 is cleared.

Always 0 is read when reading.

7.14.35 Timer 1 Interrupt Status Register: BASE + 0x10 (TMRm_TIMER1INTSTATUS)
3 32 2 2 2 2 2 22 2211111111110 40O0UO0O0UO0O0TGO0TO0TFGO0
10 9 87 6 5 4 3 210987 6 543 2109 8 7 6 54 3 2 10
S
T
A
Reserved
T
U
S
E’_,-
:Z)_)-OOOOOOOOOOOOOOOOOOOOO ojojo0fo0]|oO
&
R
/' |RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R| R
W

Displays the status of the interrupt from Timer 1 (after mask).
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7.14.3.6 Timer RAW Interrupt Status Register: BASE + 0xA8 (TMRm_TIMERSRAWINTSTATUS)

3 32222 2222221111111 111000O00

o
o
o
o
o

1 0 9 8 7 6 543 21098 7 6543 2109 87 6 5

N
w
N
[S
o

NUM_TIMERS-1:0

anjeA eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Py

Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
py)
py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

W

Bit Name Description
n TIMERn_RAWSTATUS | Indicates the status of the interrupt from Timer n (before mask).
(n=0, ..., NUM_TIMERS-1)

Displays the status (before mask) of the interrupt from a channel of the timer corresponding to each bit.

7.14.3.7 Timer Component Version Register: BASE + 0xAC (TMRm_TIMERS_COMP_VERSION)

3 3222 2 22222 211111111110 0000

o
o
o
o
o

1 0 98 7 65 4(3 2109 8 7 6 5 4 3 2 10 9 8 7 6 5

N
w
N
[S
o

TIMERS_COMPONET _VERSION

anfeA [eniu|
o
o
=
=
o
o
=
o
o
o
=
=
o
o
o
o
o
o
=
=
=
o
o
o
o
o
[
o
=
o
[
o

Py}

Py
Py
Py
Py
Py
Py
Py
Py
Py)
Py)
py)
Py
py)
Py)
Py)
Py
Py
Py
Py)
Py)
Py
Py
Py
Py)
Py)
Py
Py
py)
py)
py)
Py
Py

w

Component version ID.
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7.14.4 Description of Operation

The starting procedure is as follows:

(1) Set the appropriate timer interrupt of the interrupt controller (NVIC) to enabled.
(2) Set the desired value to the Timerl load count register.
(3) Setthe MODE bit of the Timerl control register to a desired value, the mask bit to 0, and the TIMER_EN bit to 1 to start the

countdown operation.

Example) When the following setting is used, a timer interrupt is generated 1 second after the timer start.

SUB_CLK_SEL=0(XTAL32kHz(32.768 kHz))
TIMERmM_CLK_SEL=1 (sub clock)
TMRm_DIV=0x0 (no division)
TMRmM_TIMER1CONTROLREG.MODE=1
TMRmM_TIMER1LOADCOUNT=0x7D00

The stopping procedure is as follows:
(1) Read the Timerl interrupt clear register.
(2) Set the appropriate timer interrupt of the interrupt controller (NVIC) to disabled.

(3) Set the appropriate timer bit of the peripheral reset register (SYSCON_PRST_CON) to 1 to perform initialization.

(4) Confirm that the appropriate timer bit of the peripheral reset register is set to 0.
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7-15.EXT_Timer

7.15.1 General Description

Six channels of 32-bit general-purpose timers are included. The interrupt number is IRQ[19], which is common to these six

channels.

7.15.2 List of Registers

Address [H] Name Symbol R/W | Initial value [H] Description
BASE+0x00 Timer n load count | EXTTMRmM_TIMERNLOADCOUNT R/W | 0x00000000 Sets the timer load
register value.
BASE+0x04 Timer n current EXTTMRm_TIMERNCURRENTVALUE R Indicates the timer
value register OXFFFFFFFF count value.
BASE+0x08 Timer n control EXTTMRm_TIMERNCONTROLREG R/W | 0x00000000 Controls the operation
register of timer.
BASE+0x0C Timer n interrupt EXTTMRm_TIMERNEOI R 0x00000000 Clears the interrupt
clear register from the timer.
BASE+0x10 Timer n interrupt EXTTMRmM_TIMERNINTSTATUS R 0x00000000 Indicates the interrupt
status register status of the timer
(after mask).
0x400420A0 EXT timer EXTTMRmM_TIMERSINTSTATUS R 0x00000000 Indicates the interrupt
interrupt status status of the EXT
register timer (after mask).
0x400420A4 EXT timer EXTTMRm_TIMERSEOI R 0x00000000 Clears the interrupt
interrupt clear from the EXT timer.
register
0x400420A8 EXT timer RAW EXTTMRmM_TIMERSRAWINTSTATUS R 0x00000000 Indicates the interrupt
interrupt status status of the EXT
register timer (before mask).
0x400420AC EXT timer EXTTMRm_TIMERS_COMP_VERSION R 0x3230382A EXT timer component

component version

register

version

*n indicates a channel number (n=1, 2, 3, 4, 5, 6).

* Base address of EXT_Timerl (n = 1) is 0x40042000.

* Base address of EXT_Timer2 (n = 2) is 0x40042014.
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* Base address of EXT_Timer3 (n = 3) is 0x40042028.

* Base address of EXT_Timer4 (n = 4) is 0x4004203C.

* Base address of EXT_Timer5 (n = 5) is 0x40042050.

* Base address of EXT_Timer6 (n = 6) is 0x40042064.

7.15.3 Description of Registers

7.15.3.1 Timer n Load Count Register: BASE + 0x00 (EXTTMRmM_TIMERNLOADCOUNT)

3 3222 2222222111111 1111000°0 0 0 0 0O
10 987 65 4 3 2109 87 6 5 432109 876 4 3 2 1 0
TIMERNLOADCOUNT

;,-
%0OOOOOOOOOOOOOOOOOOOOOOOOO o|jo0|0|0|O
5

R

RIRIRIRIRIR|IRIR|IR|R|R|R|R|{R|R|R|R|R|{R|R|R|R|R|R|R|R RIR|R|R|R
iNWWWWWWWWWWWWWWWWWWWWWWWWWW Wi W| W| W| W
Set the value to be loaded to the timer n. The countdown operation starts at the value set to this register.
7.15.3.2 Timer n Current Value Register: BASE + 0x04 (EXTTMRm_TIMERNCURRENTVALUE)

3 32 22 2 22 222 2111111111100 00 0O 0 0 0 O
10 9 8 7 65 4 3 2 10987 654 3 2 10 9 87 6 4 3 2 1 0
TIMERNCURRENTVALUE

?,—
:Z)_)-11111111111111111111111111 1(1|11]1(1
&
R
/! |RIR|R|R|R|R|R|IR|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
W

The current value of Timer n.
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7.15.3.3 Timer n Control Register: BASE + 0x08 (EXTTMRm_TIMERNCONTROLREG)

3 322222 22222111111111100000000 0 O
10987 6543210987 6 5432109876543 2 1 O0
| T

|

T M| M

| o |E

Reserved

M D|R

Al|E]| _

S E

K N

anfeA enu
o
o
o

Py)
py)
py)
Py)
Py)
py)
py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py

Py)

Py)

Py

Py

Py)

Py)

Py)
Py)
Py)

INT_MASK

Masks the interrupt.
0: No mask
1: Mask

MODE

Sets the operation mode of timer. When the timer value reaches 0, the following operations are performed according to the
value of this bit:
0: Free running mode
The countdown operation starts at the maximum value of Timer 1.
1: User-defined count mode

The countdown operation starts at the value set to the timer 1 load count register.

TIMER_EN

Enable the timer.
0: disable

1: enable

Writing 1 to bit3 is prohibited.
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7.15.3.4 Timer n Interrupt Clear Register: BASE + 0x0C (EXTTMRm_TIMERNEOQI)

3 3222 2222222111111 1111040°0O0O0O0O0O0TOQO0TO0O0
10 987 65 43210987 6543210987 6543210

E

Reserved (e}

|
S

%OOOO0OO0000000000000000000000000
L
c
D

Py}

s =
py)
Py)
py)
Py)
py)
py)
Py)
py)
Py)
py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

When this register is read, the interrupt from Timer n is cleared.

Always 0 is read when reading.

7.15.35 Timer n Interrupt Status Register: BASE + 0x10 (EXTTMRmM_TIMERNINTSTATUS)

3 32 2 2 2 2 2 22 2211111111110 40O0UO0O0UO0O0TGO0TO0TFGO0

10 9 87 6 5 4 3 210987 6 543 2109 8 7 6 54 3 2 10

S

T

A

Reserved

T

U

S
2

:Z)_)00000000000000000000000000000000
c
@

Py

py)
py)
py)
py)
Py
py)
py)
Py
Py
py)
py)
py)
py)
Py
py)
py)
py)
py)
py)
py)
py)
py)
py)
py)
py)
Py
py)
Py
py)
Py
py)
Py

W

Displays the status of the interrupt from Timer n (after mask).
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7.15.3.6 EXT Timer Interrupt Status Register: 0x400420A0 (EXTTMRm_TIMERINTSTATUS)
3 3222222 2222111111111 1¢00 0 000 0O OO
10 9 8 7 65 43 2109 87 6 543 210 9 8 6 5 4 3 2 1 0
Reserved TIMERN_STATUS
5
g_,-000000000000000000000000 o|ofjo|0|0|0]|O
s
R
/! |RIR|R|R|RIR|R|R|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R RI{R|IR|R|R|R|R
W
Displays the status of the interrupt from EXT Timer (after mask).
7.15.3.7 EXT Timer Interrupt Clear Register: 0x400420A4 (EXTTMRm_TIMEREOI)
3 3222 2222222111111 1111¢00 0 000 0O 0O
10 9 87 65 4 3 2 109 87 6 543 210 9 8 6 5 4 3 2 1 0
Reserved TIMERN_EOI
5
:%000000000000000000000000 o|ofo|0j0|0]|O
s
R
/I |RIR|R|R|R|IR|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|IR|R|R|R|R
w

When this register is read, the interrupt from EXT Timer n is cleared.

Always 0 is read when reading.
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7.15.3.8 EXT Timer RAW Interrupt Status Register: 0x400420A8 (EXTTMRm_TIMERSRAWINTSTATUS)

3 322222222 22111111111 1000WO0O0O0O0TUG0LTUO0OSGO0
10 9 8 7 6 5 4 3 2 109 87 654 3 210987 6543 210
NUM_TIMERS-1:0

2
g_,OOOOOOOOOO0000000000000000000000
s

R

/! |RIRIR|R|IRIR|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W

Bit Name Description
n TIMERNn_RAWSTATUS Indicates the status of the interrupt from EXT Timer n (before mask).

(n=0, ..., NUM_TIMERS-1)

Displays the status (before mask) of the interrupt from a channel of the timer corresponding to each bit.

7.15.3.9 EXT Timer Component Version Register: 0x400420AC (EXTTMRmM_TIMERS_COMP_VERSION)

3 32 2 2 2 22 222 2111111111100 0UO0O0UO0TO0TUO0TG0SFTO0
10 9 8 7 65 43 2 1098 7 654 3 2109 87 6 54 3 2 10
TIMERS_COMPONET _VERSION

g
;‘)00110010001100000011100000101010
s
R
/! |RIRIR|R|RIR|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
w

Component version ID.
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7.15.4 Description of Operation
The operation procedure is as follows:
(1) Clear the TIMER_EN bit of the EXT_Timer1 control register to 0.
(2) Set the MODE hit of the EXT_Timer1 control register to the desired value.

(3) Set the desired value to the EXT_Timerl load count register.

(4) Setthe TIMER_EN bit of the EXT_Timer1 control register to 1 and start the countdown operation.
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7-16.RTC

7.16.1 General Description

Real time clock with perpetual calendar which can be read/written from a second unit. The features are shown below.

7.16.2 List of Registers

It is possible to set, correct, and read the time.

Can be used as interrupt source.

Address [H] Name Symbol R/W | Initial value [H] | Description
0x40003000 S1 register RTC_S1 RW | OXXXXXXXXX | One-second digit register
0x40003004 S10 register RTC_S10 RW OXXXXXXXXX | 10-second digit register
0x40003008 MI1 register RTC_MI1 RW OXXXXXXXXX | One-minute digit register
0x4000300C MI10 register RTC_MI10 RW OXXXXXXXXX | 10-minute digit register
0x40003010 H1 register RTC_H1 RW OXXXXXXXXX | One-hour digit register
0x40003014 H10 register RTC_H10 RW OXXXXXXXXX | PM/AM

10-hour digit register
0x40003018 D1 register RTC_D1 RW OXXXXXXXXX | One-day digit register
0x4000301C D10 register RTC_D10 RW OXXXXXXXXX | 10-day digit register
0x40003020 MOL1 register RTC_MO1 RW OXXXXXXXXX | One-month digit register
0x40003024 MO0 register RTC_MO10 RW OXXXXXXXXX | 10-month digit register
0x40003028 Y1 register RTC_Y1 RW OXXXXXXXXX | One-year digit register
0x4000302C Y10 register RTC_Y10 RW OXXXXXXXXX | 10-year digit register
0x40003030 W register RTC_W RW OXXXXXXXXX | Week register
0x40003034 Control register D RTC_CD RW OXXXXXXXXX | RTC control
0x40003038 Control register E RTC_CE RW OXXXXXXXXX | RTC control
0x4000303C Control register F RTC_CF RW OXXXXXXXXX | RTC control
0x40003040 FT_S1 register RTC_FT_S1 RW | OXXXXXXXXX | One-second digit register for time-designated

interrupt
0x40003044 FT_S10 register RTC_FT_S10 RW | OXXXXXXXXX | Ten-second digit register for time-designated

interrupt
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0x40003048 FT_MI1 register RTC_FT_MI1 RW OXXXXXXXXX | One-minute digit register for time-designated
interrupt

0x4000304C FT_MI10 register RTC_FT_MI10 | RW OXXXXXXXXX | Ten-minute digit register for time-designated
interrupt

0x40003050 FT_H1 register RTC_FT_H1 RW OXXXXXXXXX | One-hour digit register for time-designated
interrupt

0x40003054 FT_H10 register RTC_FT_H10 RW OXXXXXXXXX | PM/AM 10-hour digit register
for time-designated interrupt

0x40003058 FT_D1 register RTC_FT_D1 RW OXXXXXXXXX | One-day digit register for time-designated
interrupt

0x4000305C FT_D10 register RTC_FT_D10 RW OXXXXXXXXX | Ten-day digit register for time-designated
interrupt

0x40003060 FT_MOL1 register RTC_FT_MO1 | RW OXXXXXXXXX | One-month digit register for time-designated
interrupt

0x40003064 FT_MO10 register | RTC_FT_MO10 | RW OXXXXXXXXX | 10-month digit register for time-designated
interrupt

0x40003068 FT_Y1 register RTC_FT_Y1 RW | OXXXXXXXXX | One-year digit register for time-designated
interrupt

0x4000306C FT_Y10 register RTC_FT_Y10 RW OXXXXXXXXX | Ten-year digit register for time-designated

interrupt
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7.16.3 Description of Registers

7.16.3.1 S1 register: 0x40003000
3 3 22 2 22 2 22 211 1 1 0O 0O 0 oO
1 0 9 8 7 6 5 4 3 2 0 9 8 7 6 3 2 1 O

Reserved Si1

=)

S‘.

< |0|O0|lO|O|O|O|O|O]|O]O 0|0|0|0]|O X | X | X | X

£

D

R/ R|IR|R|R
RIRIR|R|R|R|R|R|R|R RIR|R|R|R

" W I W|[|W|W

Indicates the first digit of second.

7.16.3.2 S10 register: 0x40003004
3 322 2 2 22 22 21 1 1 1 0 0 0 O
1 0 9 87 6 5 4 3 2 0 9 8 7 6 32 1 o0

Reserved S10

=

=

< |0|jO|jO|O|lO|O|0O|0O|O]|O oj0|j0|0]|O 0| X | X | X

=

@

R/ R|R|R
RIR|IR|R|R|R|R|R|R|R R|R|R|R|R R

w W | W|Ww

Indicates the second digit of second.

7.16.3.3 MI1 register: 0x40003008
3 322222222 2 1 1 11 0O 0 0 O
1 0 9 87 65 4 3 2 0 9 8 7 6 3 2 1 O

Reserved M1

=)

=

< |0j0OjO|O|O|O|O|O|O]|O ojojo0|0]|O X | X | X | X

=

¢}

R/ R|R|R|R
RIRIR|RIR|R|R|R|R|R RIR|R|R|R

w Wi W |[|WwW| W

Indicates the first digit of minute.
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7.16.3.4 MI10 register: 0x4000300C

3 3222 22 2222211111111 110H0W0WO0WO0WO0WO0O0 0 o

1 0 9 8 7 6 543 210987 6 5 43 21098765432 1 0
Reserved M10

S

5

< |0O|O|jO|O|O|O|O|O|lO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]| X | X |X

=

D

R/ R|R|R

WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRWWW

Indicates the second digit of minute.

7.16.3.5 H1 register: 0x40003010

3 3222 2222222111111 1111000O000O0O0 O0 0 O
1 098 7 65 4321098 76 5432109876543 2 1 O

Reserved H1

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
X
>
>

L
Py
Py
Py
Py

RIR|R|IR|R|R|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

=
3
=
3
3

Indicates the first digit of hour.

7.16.3.6 H10 register: 0x40003014

3 3 2222222222111 1111111000O0HO0O0O0O0TF0O0 0 O
1098 76543 210987 6543210987 6 543 2 1 0

AM
Reserved H10
PM

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
x
x
x

d
Pyl
Pyl
Pyl

RIR|RIR|{R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

<
<
3
3

H10: Indicates the second digit of hour.
AM/PM: This bit is ignored when 24-hour time is used.
Indicates AM or PM when 12-hour time is used. (0: AM, 1: PM)
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7.16.3.7 D1 register: 0x40003018

3 3 2222222222111 111111100W0WO0WO0O0O0 0 0 o
1 0 98 76 543210987 6543210987 6543 2 1 o0
Reserved D1

S

5

< |0O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O]|O|O|O|O|O|O|O|O|O|JO|O|O]|O| X | X |X]|X

=

D

R/ R R R R
RIR|RIRIR|RIR|R|R|IR|IRIRIR|R|R|R|RIR|IRIRIRIRIR|R|R|R|R|R

W W | W|W| W

Indicates the first digit of day.

7.16.3.8 D10 register: 0x4000301C

3 3 2 2 2 2 2 2 2 2 2 2

[EEY

11111111 100WO0O0O0O0O0O0OTUO0 O
1 0 9 87 65 43 2 10

[(e]

8 7 6 543 210 9 8 7 6 54321 O

Reserved D10

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
X

L
Py
Py

RIR|R|RIR|R|RIR|R|RIR|R|RIR|R|R|IR|R|R|R|R|RIR|R|R|R|R|R|R|R

<
=
3

Indicates the second digit of day.

7.16.3.9 M1 Register: 0x40003020

3 3 2 2 2 2 2 2 2 2 2

N

111111111100 O0O0O0O0O0 O O O
1 0 9 8 7 65 43 21

o

9 8 7 6 543210987 6543 2 1 O0

Reserved MO1

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
x
>
>

d
Pyl
Pyl
Pyl
Pyl

RIRIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

<
<
3
<
<

Indicates the first digit of month.
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7.16.3.10 M10 Register: 0x40003024

3 3222222222 %2111111111100U0UO0O0O0O0O0TG0CLCSO
10 98 7 65 43210987 6 543210987 6543210

M
(0]
Reserved
1
0
S
5
< |OlO|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|O|O|0O|O|O|O|O|O|O|O|OfO|O|O|O]| X
=
D
R/ R
W RIRIR|RIRIRIRIRIRIR|R|R|IRIR|RIR|IR|RIRIR|R|R|IR|R|RIR|IR|R|R|R|R
w

Indicates the second digit of month.

7.16.3.11 Y1 register: 0x40003028

3 322 2 22 2 2222111111111 100W0WO0WO0WO0TO0 0 0 0
1 0 98 76 543210987 6543210987 6543 2 1 0
Reserved Y1l

S

o

< |0|O|lO|O|O|O|O|O|O|O|O|O|O|O|O]|JO|O|O|O|O|O|O|O|O|JO|O|O]|O| X | X |X]|X

=

D

R/ R R R R
RIR|RIRIR|RIR|R|R|R|RIRIR|R|R|R|R|R|R|RIRIR|R|R|R|R|R|R

W W | W|W| W

Indicates the first digit of year.
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7.16.3.12 Y10 register: 0x4000302C

3 3222 222222211111 1111100O000O0O0O0 O0 0 O
1098 7 65 4321098 76 5432109876543 2 1 O

Reserved Y10

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
x
X
x
x

4
Pyl
Pyl
Pyl
Pyl

RIR|R|R|R|R|R|RIR|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R

=
=
=
=
=

Indicates the second digit of year.

7.16.3.13 W register: 0x40003030

3 3222 22 2222211111111 110H0W0WO0WO0WO0WO0O0 0 o
1 0 9 8 7 65 43 210987 6 5 43 2109 876 5 4 3 2 1 0
Reserved w

S

o

- |0|O|O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O| X | X | X

=

(0]

R/ R R R
RIR|R|R|R|R|R|RIR|R|IRIRIR|RIR|R|R|IR{R|R|R|R|R|R|R|R|R|R|IR

W W | W[ W

Displays the day of the week. The days of the week are assigned as shown in "Table Correspondence between W Register and Days of the

Week".

Table Correspondence between W Register and Days of the Week

w Day
000 Sunday
001 Monday

010 | Tuesday

011 | Wednesday

100 | Thursday

101 Friday

110 | Saturday
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7.16.3.14 Control Register D: 0x40003034

3 3222222222211 11111111000O0O0O0 0 0 0 o
1 0 987 65 43210987 6 5432109876 54 3 2 1 0
A
F
D
T B | H
J | |
_ uj|o
Reserved 3|R
| S| L
0]Q
R Y | D
S
=}
5
- |0j0O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O]|O|O]|O|O|O|O|O|O|O|O|O| X | X|X]|X]|X
=
(0]
R/ RIR|R|RI|R
RIRIRIRIRIR|IR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|RIR|RIR|R
W WIiIW|W|W|W

HOLD: This is used to inhibit a carry of the counter for digits larger than or equal to the one-second digit when reading or writing the
S1to W registers.

BUSY: Indicates whether the S1 to W registers can be rewritten or not. The register can be rewritten when the HOLD bit is 1 and the
BUSY bit is 0.
If the HOLD bit is used for reading, reading is possible when the BUSY bit is 0.

IRQ: Indicates presence or absence of interrupt request.
0: No interrupt exists
1: An interrupt exists

ADJ30S: When 1 is written to this bit, 30-second correction is performed. If the indicated second by S1 and S10 is in the range of 0 to 29,
the S1 and S10 registers are reset to 0; if it is in the range of 30 to 59, the S1 and S10 registers are reset to 0 and +1 is added to
the MI1 digit.

The S1 to W registers (addresses 0x40003000 to 0x40003030) cannot be read and write for a period of 190 us since "1" is written to this bit.

The value "1" is kept for a period of 190 ps since it is written to this bit and then automatically returns to "0".

FT_IRQ: Indicates whether a time-designated interrupt exists.
0: No interrupt exists

1: An interrupt exists
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7.16.3.15 Control Register E: 0x40003038

3 322222222 %2%2111111111100W0W0O00O0 0 0 o 0
10 987 65 432109 87 6 5432109876 54 3 2 1 0
|
T
R
P (M
Tl T T T A
Reserved M
110/ |S
A
S | K
S
T
K
N
D
=}
5
- |0j0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]jO|O|O|O| X | X|X]| X |X
=
(0]
R/ RIR|R|R]|R
RIRIRIR|RIRIRIR|R|R|R|RIRIRIRIR|R|RIR|RIRIR|R|R|R|IR|R
W WIiW|W|W|W

MASK: Masks an interrupt request. (1: Mask, 0: No mask)
ITRPT/STND: Sets the operation of interrupt signal.
1: Outputs the interrupt request.
The interrupt request is asserted when it is not masked by the interrupt timing.
It is deasserted by writing O to the IRQ FLAG bit, or setting 1 to the interrupt mask request.

The interrupt timing (cycle) is determined by the values of T1 and TO bits.

0: Outputs a fixed-cycle waveform.
The interrupt request is asserted when it is not masked by the interrupt timing.

It is deasserted by automatic return, writing O to the IRQ FLAG bit, or setting 1 to the interrupt mask

request.

The interrupt timing (cycle) and the time to the automatic return are determined by the values of T1 and

TO bits.
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T1, TO: Sets the interrupt cycle and the cycle of fixed-cycle waveform.

T1| TO Period L level DUTY when the ITRPT/STND bitis0

0 0 1/64 second | 1/2

0 1 1 second 1/128

1 0 1 minute 1/7680

1 1 1 hour 1/460800

FT_MASK: Masks a time-designated interrupt.
0: Mask
1: No mask

7.16.3.16 Control Register F: 0x4000303C

33222222 2222111111111 1000WO0O0O0O0O0OLO0 0 O
10 9 87 6543 210987 654321098 7 6543 2 1 0
2
T S| R
4
E T| E
Reserved /
S O| S
1
T P| T
2
.
o)
< |0jOjO|O|jO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|JO|O|O|O|jO|O|O|O| X | X | X|X
£
@D
R/ R|IR|R|R
RIRIRIRIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W | |W|W|W

REST: Resets the internal counter value less than a second. If 1 is written to this bit, the counter is reset and maintains that state until 0 is
written.

STOP: If 1 is written to this bit, all timings are stopped. If 0 is written, timings are resumed.

24/12:  Selects 24-hour time or 12-hour time.
1: 24-hour time
0: 12-hour time

TEST: Bit for testing. If this bit is set to 1, the carry of S1 register that is usually 1 Hz is changed to 4.096 kHz. The REST operation to

reset the value less than a second and the STOP operation are disabled.
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7.16.3.17 FT_S1 register: 0x40003040

3 3222 222222211111 1111100O000O0O0O0 O0 0 O
1098 7 65 4321098 76 5432109876543 2 1 O

Reserved FT_S1

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
x
X
x
x

Py
Py
Py
Py

RIR|R|IR|R|R|R|RIR|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R

=2
=
=
=
=

Indicates the first digit of second of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.18 FT_S10 register: 0x40003044

3 3222 222222211111 1111100U0UO0O0O0O0O0O0 O0 O
1 0 98 76 543210987 6 543210987 6 5432 1 0

Reserved FT_S10

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
X
X

Py
Py
Py

RIR|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

=2
=
3
3

Indicates the second digit of second of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.19 FT_MI1 register: 0x40003048

3 3222 22222%2%=2111111111100O0O0O0OO0O0O0 O O0O O
10 98 7 6 543210987 6543210987 6 5 43 2 1 0

Reserved FT_M1
=]
)
< |OlO|jO]jO|OjOjO|O|O|0O|0O|O|O|OjO|O|O|O|jO|O|O|jO|O|OjOjOJOJO| X | X |X|X
Q
c
¢}
R/ R|IR|R|R
RIRIRIRIRIR|RIRIR|RIRIR|R|RI|R|RIR|R|R|R|R|R|R|R|R|R|R|R
W W I W|[|W|W

Indicates the first digit of minute of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.
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7.16.3.20 FT_MI10 register: 0x4000304C

3 3222222222211 111111110000O00O0O0O0 0 O
109 8 7 65 43210987 654321098765 432 1 O0
Reserved FT_M10

=3

5

< |0|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O| X | X|X

3

D

R/ R|R|R
RIRIRIRIRIR|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|{R|R|R|R|R|R|R|R

W W | W|W

Indicates the second digit of minute of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.21 FT_H1 register: 0x40003050

3 322222 2222211111111 1100O0O0O0O0O0 0 O O
1098 76 543210987 65432 1009876543 2 1 0

Reserved FT_H1

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
X
>
>

Py
Py
Py
Py

RIR|R|R|R|R|R|RIR|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R

=2
3
=
3
3

Indicates the first digit of hour of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.22 FT_H10 register: 0x40003054

332222 222 222111111111 100WO0WO0TG0WO0O0O0 0 O
1 0 9 87 65 43 210987 654 3 2109 87 6 54 3 2 1 O
FT_A | FT_H1

Reserved
MPM 0

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
X
X

Py
py)
py)

R/
R R|RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W W | W

H10: Indicates the second digit of hour of time-designated interrupt.

AM/PM: This bit is ignored when 24-hour time is used.
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Disable the time-designated interrupt before setting the value of this register.

Indicates AM or PM when 12-hour time is used. (0: AM, 1: PM)

7.16.3.23 FT_D1 register: 0x40003058
3 3222 222222211111 0O 0 0 O
1 0 98 7 65 432109 8176 5 3 2 1 0

Reserved FT_D1

=3

S‘.

< |0|O0O|lO|O|O|O|O|O|O|O|O]|O]|O 0(0|0 X | X | X | X

=

]

R/ R|R|R|R
RIR|R|R|R|R|R|R|R|R|R|R|R R| R| R

W W i W|[|W|W

Indicates the first digit of day of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.24 FT_D10 register: 0x4000305C
3 32 2 2 22 2222211111 0O 00 O
1 0 9 8 7 6 5 4 3 2 10 9 87 6 5 3 21 O
FT D1
Reserved
0
S
=
< |0|jOlO|]O|O|O|jO|O|O|O|O|O]|O o0 0|0 X | X
=
D
R/ R | R
RIR|IRIR|RIR|RIR|R|IR|R|R|R R| R R| R
W W | W

Indicates the second digit of day of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.
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7.16.3.25 FT_M1 Register: 0x40003060

3 3222 222222211111
1 0 98 7 65432109 876 5

Reserved FT_MO1
=3
5
- |0|0O|lO|O|0O|O|O|O|O|O|O|O|O|O|O|O]|O ojofoj0j0|0O|0O|l0O|O|O]| X | X | X |X
Q
c
D
R/ R|R|R|R
RIRIR|RIR|R|R|R|{R|R|R|R|R|R|R|R|R R R|R|R|R|R|R|R|R|R
W W i W|[|W|W

Indicates the first digit of month of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.26 FT_M10 Register: 0x40003064

3 32 2 22222 22211111
1 0 9 8 7 65 43 210 9 87 6 5

1111 100O0O0OO0OO0OO0OO0O0TO
4 3 2109 8 7 6 543 210

Reserved

E
T

anfen [eniuj
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

X
<

w

Indicates the second digit of month of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

235



FEDL7416N-060-05
ML7416N-060

7.16.3.27 FT_Y1 register: 0x40003068

3 3222 222222211111 1111100O000O0O0O0 O0 0 O
1098 7 65 4321098 76 5432109876543 2 1 O

Reserved FT_Y1
=3
5
< |0|O|lOjO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O|O|OfO|O]|O|O|O|O| X | X |X]X
Q
c
D
R/ R|R|R|R
RIRIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
w W i W|[|W|W

Indicates the first digit of year of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.

7.16.3.28 FT_Y10 register: 0x4000306C

3 3222 222222211111 11111000O000O0O0O0 O0 0 O
1 098 7 65 4321098 76 5432109876543 2 1 O

Reserved FT_Y10

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
>
x
>
>

L
Py
Py
Py
Py

RIR|R|R|R|R|R|RIR|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R
\W W W|[|W| W

Indicates the second digit of year of time-designated interrupt.

Disable the time-designated interrupt before setting the value of this register.
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7.16.4 Description of Operation

7.16.4.1 Procedure of Initial Operation

Figure 7--16-1 Procedure of RTC Initial Operation shows the initial operation. As the register values are undefined at power-on, be sure to

follow the procedures described below to initialize the registers.

|: Start :|

Power on

At power-on, all registers and interrupt
——————————————— output are undefined.

TEST bit =— 0
REST bit »— 1
24/12-bit  —1
STOP bit  .e— 1

REST bit »— 0
24/12-bit  —332

Set current time

HOLD bit ~— 0
STOP bit —

Timings are started

Figure 7--16-1 Procedure of RTC Initial Operation
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7.16.4.2 Procedure of Reading/Writing S1 to W Registers

Figure 7--16-2 Procedure of Reading/Writing RTC S1 to W Registers shows the procedure of reading and writing the S1 to W registers
when using the HOLD bit. (* For the idling time in the figure, 62 usec or longer should be secured.)

Figure 7-16-3 Procedure of Reading S1 to W Registers (When Not Using HOLD Bit) shows the procedure of reading the S1 to W registers
when not using the HOLD bit.

Figure 7-16-4 Procedure of Reading S1 to W Registers (Through Reference to IRQ) shows the method of reading the S1 to W registers
through reference to the IRQ bit.

&

HOLD bit +~1

Read BUSY bit

BUSY bit =07

bit —0
Write to or read dling ti
from register Ing time
Sl1toW
HOLD bit .«—g

Figure 7--16-2 Procedure of Reading/Writing RTC S1 to W Registers (When Using HOLD Bit)
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-~

Read register
SltoW

Data in
DATA1 —  register
SltoWw

Read register
SltoW

Data in

DATAZ2 — register
SltoW

DATA1=DATAZ

¥ES

End

First time

Second time

Figure 7-16-3 Procedure of Reading S1 to W Registers (When Not Using HOLD Bit)
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t1 — ™
o T +.Only for initial setting
+*1 and *2 depend on the minimum time unit
ITRPT/STND « 1 equired. " inimum fime uni
MASK — 0 For example,
When second unit is required  t1=0, t0=1
When minute unit is required t1=1, t0=0
‘ When hour unit is required  t1=1, t0=1
I
i
i
I
IRG FLAG+—0
... Redo because a carry occurs when reading
Note) Read time data
Note) This process should be done within
the following time according to the t1 and tO
settings.
t1=0, th=1 =esses Within one second
Read register CD t1=1, tO=0 eessss Within one minute
- ti=1, th=1 «ssvss Within one hour
IRQ FLAG=0
Normal reading

Figure 7-16-4 Procedure of Reading S1 to W Registers (Through Reference to IRQ)
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7.16.4.3 Procedure of Writing ADJ30S Register

Figure 7-16-5 Procedure of Writing ADJ30S shows the procedure of writing the ADJ30S bit (method 1 and method 2).

In the method 1, set 1 to the ADJ30S bit, and then poll the register value until the ADJ30S bit is cleared.

In the method 2, wait for 190 psec which guarantees that the ADJ30S bit is cleared, instead of polling the register value.

Method 1 Method 2

Start Start )

30-second ADJ bit -+—1

30-second ADJ bit—1

F

F

Read 30-second ADJ bit

190us elapsed?

30-second ADJ bit=07

Figure 7-16-5 Procedure of Writing ADJ30S
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7-17. Flexible Timer (FTM)

7.17.1 General Description

16-bit multifunction timer. The features are shown below.

- Auto-reload (ART)

- Compare out (CMO)

- Pulse width modulation (PWM)

- Capture (CAP)

7.17.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] Description
0x40002000 Timer control register 0 FTMm_FTMOCON R/W 0x00000000
0x40002004 Timer status register 0 FTMm_FTMOST R/W 0x00000000
0x40002008 Timer counter O FTMm_FTMOC RIW 0x00000000
0x4000200C Timer register 0 FTMm_FTMOR R/W 0x00000000
0x40002010 General-purpose timer register 0 FTMm_FTMOGR R/W 0x00000000
0x40002014 Timer input/output level register 0 FTMm_FTMOIOLV R/W 0x00000000
0x40002018 Timer output register 0 FTMm_FTMOOUT R/W 0x00000000
0x4000201C Timer interrupt enable register 0 FTMm_FTMOIER R/W 0x00000000
0x40002020 Timer clock control 0 FTMm_FTMOCKCON R/W 0x00000000
0x40002200 Timer enable register FTMm_FTMEN R/W 0x00000000
0x40002204 Timer disable register FTMm_FTMDIS w 0x00000000

*n indicates a module number (n = A).
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7.17.3 Description of Registers

7.17.3.1 Timer Control Register 0 (FTMm_FTMnCON: n = 04e-¥%)
Address: BASE + 0x0040*n
Access: RIW
Access size: 32 bits

Initial value: 0x00000000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name -* -* -+ - K * * _* _* o x o % * * *
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 |14 ]3] ]w]o]s |76 ][5 ]a]s]2]1]o0
symbolname | * | * | + | + | » | » | » | » | » | | | mop[o] | FTMCLK[2:0]
Access - - - [ rw ] rw [ rRw | rRw [ RW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]
FTMnCON is a read/write register that sets the operation mode and the counter clock of Timer n. The configuration of FTMnCON is

shown below. (n=0=%)

[Description of bits]
e FTMCLK]2:0] (bits O to 2)
Selects the counter clock.

« FTMNnCON (n=0-:2):

FTMCLK[2:0] Description
000 Operates with system clock.
001 Operates with 2 dividing of system clock.
010 Operates with 4 dividing of system clock.
011 Operates with 8 dividing of system clock.
100 Operates with 16 dividing of system clock.
101 Operates with 32 dividing of system clock.
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110 Rising edge of FTMCLK][n]

111 Falling edge of FTMCLK[n]

* The source clock of FTMCLKIn] is determined by the timer clock control register. For details, please refer to

"07.17.3.9 Timer Clock Control Register 0 (FTMm_FTMnCKCON: n=0 to 7)".

e MODI[L:0] (bits 3 to 4)

MODJ[1:0] Description
00 Auto-reload (ART) mode
01 Compare out (CMO) mode
10 Pulse width modulation (PWM) mode
11 Capture (CAP) mode

7.17.3.2 Timer Status Register 0 (FTMm_FTMnST: n = 0te=%)
Address: BASE + 0x040*n + 0x004
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name -* -* -* -* - -* - * * * _* o * * _* *
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CM_C
_* _* _* _* _* _* _* _* _* _* _* _* _* _* —
Symbol name OVF APEV
Access - - - - - - - - - - - - - - RIW | RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]
*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.
Since the OVF and CM/CAPEYV bits are not automatically reset once they are set, they must be reset by a program. Each bit is
reset when "1" is written, and the state of each bit does not change when "0" is written. If a flag setting by the interrupt request

conflicts with a flag reset by the write, the flag setting has priority.

[Description of Register]
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FTMnST is a read/write register that indicates the status for each channel. The configuration of FTMnST is shown below. (n=0-7)

[Description of bits]
e CM_CAPEV (bit 0)
* In CMO mode:
This bit is set when the value of the timer counter FTMnC coincides with the value of the general-purpose timer register

FTMnGR. At this time, an interrupt request is generated. This bit is cleared when "1" is written to it.

CM_CAPEV Description
0 The value of the timer counter FTMnC differs from the value of the general-purpose
timer register
1 The value of the timer counter FTMnC coincides with the value of the

general-purpose timer register

« In CAP mode:
This bit is set when input from the timer input (FTMINR) changes (capture trigger). At this time, an interrupt request is

generated. This bit is cleared when "1" is written to it.

CM_CAPEV Description
0 No capture trigger is generated on the timer input pin
1 A capture trigger is generated on the timer input pin

e In ART/PWM mode:

No value of this bit changes.

e OVF (bit1)
This bit is set when the timer counter overflows. At this time, an interrupt request is generated. This bit is cleared when "1" is

written to it.

OVF Description
0 No overflow generation
1 Overflow generation
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7.17.3.3 Timer Counter 0 (FTMm_FTMnNC: n = 04e-%)
Address: BASE + 0x040*n + 0x008
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 55 |1 ||| ulw|[o][s[7]6 5| a]s|2]1]o
Symbol name FTMnC [15:0]
Access | RW [ RwW | Rw | Rw [ R [ R | RW [ RW [ RW | RW [ RW | RW [ RW | RW | RW [ RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]

FTMnC is a 16-bit read/write counter that is counted up by the counter clock selected by the timer control register FTMnCON. The

configuration of FTMnC is shown below. (n=0-7)

[Description of bits]
e FTMnC[15:0] (bits O to 15)
FTMnC is started by writing "1" to the corresponding channel for the timer enable register FTMnEN and stopped by writing "1"
to the corresponding channel for the timer disable register FTMnDIS.
When overflowed, an interrupt request is generated and the value of the timer register FTMnR is loaded at the same time.
When writing a value to the timer counter (FTMm_FTMnC), the same value is written to the timer counter (FTMm_FTMnC) and

the timer register (FTMm_FTMnR).
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7.17.3.4 Timer Register 0 (FTMm_FTMnR: n = 04e-%)
Address: BASE + 0x040*n + 0x00C
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 55 |1 ||| ulw|[o][s[7]6 5| a]s|2]1]o
Symbol name FTMnR[15:0]
Access | RW [ RwW | Rw | Rw [ R [ R | RW [ RW [ RW | RW [ RW | RW [ RW | RW | RW [ RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]

FTMnR is a 16-bit read/write register that sets a reload value of the timer counter FTMnC. The configuration of FTMnR is shown

below. (n=0-7)

[Description of bits]
e FTMnR[15:0] (bits O to 15)
When writing a value to the timer counter (FTMm_FTMnC), the same value is written to the timer counter (FTMm_FTMnC) and
the timer register (FTMm_FTMnR).
When writing a value to the timer register (FTMm_FTMnR), the value is written to the timer register (FTMm_FTMnR) while not
written to the timer counter (FTMm_FTMnC).
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7.17.35 General-purpose Timer Register 0 (FTMm_FTMnGR: n =0 te%)
Address: BASE + 0x040*n + 0x010
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 55 |1 ||| ulw|[o][s[7]6 5| a]s|2]1]o
Symbol name FTMnGR[15:0]
Access | RW [ RwW | Rw | Rw [ R [ R | RW [ RW [ RW | RW [ RW | RW [ RW | RW | RW [ RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]

FTMnGR is a 16-bit read/write register that is used when a value is set in the CMO, PWM, or CAP mode. The configuration of
FTMnGR is shown below. (n=0=£)

[Description of bits]
e FTMnGR][15:0] (bits O to 15)
* In CMO/PWM mode:

Retains the value to compare with the timer counter FTMnC.

* In CAP mode:
Retains the value of the timer counter FTMnC when input from the timer input (FTMINR) changes.

However, if the timing when a value of the timer counter FTMnC is retained conflicts with the write to this register from CPU,

the write from CPU has priority.
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7.17.3.6 Timer Input/output Level Register 0 (FTMm_FTMnIOLV: n = 0te-¥)
Address: BASE + 0x040*n + 0x014
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 I 0
Symbol name * * -* -* -* -* -* -* -* -* -* -* * * IOLV[1:0]
Access - - - - - - - - - - - - - - R/W | RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]
*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]

FTMnIOLYV is a read/write register that specifies settings about the timer output TIMERn (FTMOUT[n]) in the CMO and PWM
modes, or settings about the timer input (FTMIN[n]) in the CAP mode. (n=0-#)

[Description of bits]
e |OLV[1:0] (bits O to 1)
* In CMO mode:
These bits make settings for TIMERn (FTMOUT[n]).

I0LV[1:0] Description

Outputs "0" when the timer counter FTMnC coincides with the general-purpose timer
register FTMnGR

Outputs "1" when the timer counter FTMnC coincides with the general-purpose timer

00

01 register FTMnGR

10 Output is reversegl when the timer counter FTMnC coincides with the
general-purpose timer register FTMnGR

11 Do not use

* In PWM mode:

These bits make settings for TIMERn (FTMOUT[n]).
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IOLV[1:0]

Description

00

Outputs "0" when the timer counter FTMnC = the general-purpose timer register FTMnGR
Outputs "1" when the timer counter FTMnC > the general-purpose timer register FTMnGR

01

Outputs "1" when the timer counter FTMnC = the general-purpose timer register FTMnGR
Outputs "0" when the timer counter FTMnC > the general-purpose timer register FTMnGR

1X

Do not use

« In CAP mode:

Sets a capture trigger of FTMIN[n].

7.17.3.7

I0LV[1:0] Description
00 Does not set a capture trigger.
01 Detects a rising edge of the timer input FTMIN[n] as capture trigger.
10 Detects a falling edge of the timer input FTMIN[n] as capture trigger.
11 Detects both edges of the timer input FTMIN[n] as capture trigger.

Timer Output Level Register 0 (FTMm_FTMnOUT: n = Ote=¥)

Address: BASE + 0x040*n + 0x018

Access: RIW

Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name -* -* -* -* - -* - * * * _* o * _* _* *
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FTMO
_* _* _* _* _* _* _* _* _* _* _* _* _* _* _*
Symbol name uT
Access - - - - - - - - - - - - - - - RIW
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

In the CMO or PWM mode, if the timing when a timer output value TIMERn (FTMOUT][n]) is determined by the coincidence of

the timer counter value (FTMm_FTMnC) and the general-purpose timer register value (FTMm_FTMnGR) conflicts with the

write to this register from CPU, the write to this register has priority.

[Description of Register]
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FTMnOUT is a read/write register that retains a value output from the timer output TIMERN (FTMOUT][n]). The configuration of
FTMnOUT is shown below. (n=0=%)

[Description of bits]
e FTMOUT (hit 0)
The bit to set TIMERNn (FTMOUT[n)).

FTMOUT Description
0 Sets FTMOUT[n] to "0".
1 Sets FTMOUT([n] to "1".

7.17.3.8 Timer Interrupt Enable Register 0 (FTMm_FTMnIER: n = 0te=£)
Address: BASE + 0x040*n + 0x01C
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name -* -* -* _* * * * * * * _* * * * * *
Access - - - - - - - - - - - - - - - -

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMOI
Symbol name -* _* _x _x _* _x _* _* _x * x x x * OVFI E CA
E |
PIE
Access - - - - - - - - - - - - - - RIW | RIW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.
[Description of Register]
FTMnIER is a read/write register that set an interrupt for each channel to enabled. The configuration of FTMnIER is shown below.

(n=0=%)

[Description of bits]
e CMOIE_CAPIE (bit 0)
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* In CMO mode:
Sets an interrupt when the value of the timer counter FTMnC coincides with the value of the general-purpose timer register

FTMnGR to enabled/disabled. An interrupt to CPU is not output at the time of disabled.

CMOIE/CAPIE Description
0 Sets the interrupt when the value of the timer counter FTMnC coincides with the value
of the general-purpose timer register to disabled
1 Sets the interrupt when the value of the timer counter FTMnC coincides with the value

of the general-purpose timer register to enabled

* In CAP mode:
Sets an interrupt when input from the timer input (FTMIN[n]) changes (capture trigger) to enabled/disabled. An interrupt to

CPU is not output at the time of disabled.

CMOIE/CAPIE Description
0 Sets the timer input capture interrupt to disabled
1 Sets the timer input capture interrupt to enabled
OVFIE (bit 1)

Sets an interrupt when the timer counter overflows to enabled/disabled.

An interrupt to CPU is not output at the time of disabled.

OVFIE Description
0 Sets the overflow interrupt to disabled
1 Sets the overflow interrupt to enabled
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7.17.3.9 Timer Clock Control Register 0 (FTMm_FTMnCKCON: n=04s-%)

Address: BASE + 0x040*n + 0x020

Access: RIW

Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name -* -* -* -* -* -* -* -* -* -* -* -* -* -* -* -*
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 |14 ]3] ]w]o]s |76 ][5 ]a]s]2]1]o0
Symbol name -* -* -* -* -* -* -* -* -* -* -* -* | CKCOIN[S:O]
Access - - - - - - - - - - - - - - RIW | RIW
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Note]
*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.
[Description of Register]
FTMnCKCON controls FTMCLK][n] supplied from the clock generation section for each channel®.
Table Relationship between CKCON[3:0] and FTMCLK[n]
CKCON[3:0] | Frequency of FTMCLK]n] Remarks
0000 64 dividing of system clock
0001 128 dividing of system clock
0010 256 dividing of system clock
0011 512 dividing of system clock
01xx Uses a 1 MHz clock that is independent from the system clock as the clock.
Ixxx Uses the ftmn_io input as the clock. (n is a corresponding channel number from 0 to 7)
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7.17.3.10 Timer Enable Register (FTMm_FTMEN)
Address: BASE + 0x200
Access: RIW
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 |14 ]3] ]w]o]s |76 ][5 ]a]s]2]1]o0
Symbol name -* -* -* -* -* -* -* -* FTMEN[7:0]
Access - - - - - -] - [rw]rw ] rRwW ] RW | RW | RW | RW | RW

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

[Description of Register]

FTMEN is a read/write register that permits each timer operation. The configuration of FTMEN is shown below.

[Description of bits]
e FTMEN][7:0] (bits O to 7)
When writing "1", these bits are set to "1", and the timer operation is started. Writing "0" does not change these bits.
FTMEN[n] : Controls the operation start of TimerN

* Writing to bits that correspond to the disabled channels is not allowed (Only bit 0 is enabled for this LSI).
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7.17.3.11 Timer Disable Register (FTMDIS)
Address: BASE + 0x204
Access: W
Access size: 32 bits

Initial value: 0x0000_0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Symbol name _x _x _x _* _x _x _* _x _x _x _* _x _x _x _x _x
Access - - - - - - - - - - - - - - - -
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 |14 ]3] ]w]o]s |76 ][5 ]a]s]2]1]o0
Symbol name -* -* -* -* -* -* -* -* FTMDIS[7:0]
Access - - wwwww ] w ] w | w

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[Note]

*: Reserved bit for future extension. Write "0" when writing.

[Description of Register]

FTMDIS is a write only register that disables each timer operation. The configuration of FTMDIS is shown below.

[Description of bits]
e FTMDIS[2:0] (bits 0 to 2)
When writing "1", the corresponding bit for the timer enable register FTMEN is reset to "0", and the timer operation is stopped.
Writing "0" does not change FTMEN.
FTMDIS[N] : Controls the operation stop of TimerN

* Writing to bits that correspond to the disabled channels is not allowed (Only bit 0 is enabled for this LSI).
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7.17.4 Operation Sequence (TimerN)

Each channel of the flexible timer has the following operation modes:

« Auto-reload timer mode (ART)

» Compare out mode (CMO)

* PWM mode
« Capture mode (CAP)

Each operation mode can be selected by the MOD bits of the timer control register (FTMm_FTMnCON) that correspond to each

channel.

Operation for each mode is described below.

7.174.1 Auto-reload Timer Mode (ART)

The timer can operate in the auto-reload timer mode by setting the MOD bits of the timer control register (FTMm_FTMnCON) that

corresponds to each channel to 00 (ART).

If the timer counter (FTMm_FTMnC) overflows, a value of the timer register (FTMm_FTMnR) is loaded into the timer counter. At

the same time, an interrupt request occurs.

For the auto-reload timer mode, the state of timer output pin TIMERn (FTMOUT[n]) does not change.

The operation in the auto-reload timer mode is shown in Figure 0-1 Operation in the Auto-reload Timer Mode.

FTMnC

FFFFH

Initial value
(FTMnR

value)

[
»

“FFFFH-FTMnR+1

0000H

Overflow
interrupt

i i

il

Figure 0-1 Operation in the Auto-reload Timer Mode
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7.17.4.2 Compare Out Mode (CMO)

The timer can operate in the compare out mode by setting the MOD bits of the timer control register (FTMm_FTMnCON) that

corresponds to each channel to 01 (CMO).

The value output from the timer input/output ftm_io[n] (FTMOUT][n]) by the coincidence of a value of the timer counter

(FTMm_FTMnC) and a value of the general-purpose timer register (FTMm_FTMnGR) is determined by the IOLV bit setting of the

timer input/output level register (FTMm_FTMnIOLV).

An interrupt request is generated when an overflow occurs and a value of the timer counter coincides with a value of the

general-purpose timer register.

The operation in the compare out mode is shown in Figure 0-2  Operation in the Compare Out Mode.

FTMnC value

FFFFH

FTMnGR value

Initial value

(FTMnR value)

0000H

Overflow

(EFEFH-ETMNR+1,

interrupt

Compare

r

matching
interrupt

ftm_io[n](FTMOUT[n])

(initial value "1")

ftm_io[n](FTMOUTI[n])
when I0LV[1:0]=01

ftm_io[n](FTMOUTI[n])

(initial value "0")

when IOLV[1:0]=00 ——

It i

(initial value "0"Y—

when IOLV[1:0]=10

Figure 0-2 Operation in the Compare Out Mode
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7.17.43 PWM Mode

The timer can operate in the PWM mode by setting the MOD bits of the timer control register (FTMm_FTMnCON) that corresponds
to each channel to 10 (PWM).

Sets the cycle in the timer register (FTMm_FTMnR) and sets the length of the first half of phase of PWM in the general-purpose
timer register (FTMm_FTMnGR). A value output from the timer input/output ftm_io[n] (FTMOUT][n]) is determined by the IOLV
field setting of the timer input/output level register (FTMm_FTMnIOLV).

An interrupt request occurs when the timer counter (FTMm_FTMnC) overflows.

FTMnC value

FFFFH

FTMnGR

Initial value
(FTMnR value)

0000H

Overflow
interrupt J U
FTMnGR-FTMnR+1 FFFFH-FTMGnR
ftm_io[n](FTMOUT[n])
when 10LV[1:0]=00 +—> —>

ftm_io[n](FTMOUT[n])
when I0LV[1:0]=01

Figure 0-3 Operation in PWM Mode
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7.17.4.4 Capture Mode (CAP)

The timer can operate in the capture mode by setting the MOD bits of the timer control register (FTMm_FTMnCON) that
corresponds to each channel to 11 (CAP).

When a capture trigger specified in the timer input/output level register (FTMm_FTMnIOLV) is input (generation of the capture
event) in the timer input/output ftm_io[n] (FTMIN[n]), a value of the timer counter (FTMm_FTMnC) is stored in the
general-purpose timer register (FTMm_FTMnGR).

An interrupt request is generated when an overflow occurs and the capture event occurs.

The operation in the CAP mode is shown in Figure 0-4 Operation in CAP Mode.

FTMnC value

FFFFH

Valuel

Value2

Initial value
(FTMnR value)

_FFFFH-FTMnR+1

0000H

ftm_io[n](FTMIN[N])
when IOLV[1:0]=01.

FTMnGR value Valuel Value2
Overflow
interrupt U U
Capture

interrupt U U

Figure 0-4 Operation in CAP Mode
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7.17.45 Timer Interrupt

Each channel has two types of interrupts, overflow and capture/compare matching. A signal reversed after executing a logical
addition (OR) between the logical product (AND) of the overflow status register (FTMm_FTMnST[1]) and the overflow interrupt
enable register (FTMm_FTMnIER[1]) and the logical product (AND) of the capture/compare matching status register
(FTMm_FTMnST[0]) and the capture/compare matching interrupt enable register (FTMm_FTMnIER][0]) is output to CPU for each
channel. (Total of three Low level outputs Figure 0-5 Interrupt Signal Output to CPU) An interrupt is cleared by writing "1" to the
status register (FTMm_FTMnST) from CPU.

However, if the interrupt generation conflicts with clearing the register from CPU, setting by the interrupt generation has priority.

OVF
FTMnST[1]
FTMnIER[1]
CMICAPEV Flexible timer n interrupt
(Per channel)
FTMNnST[O] —
FTMnIER([O]

Figure 0-5 Interrupt Signal Output to CPU

260



FEDL7416N-060-05
ML7416N-060

7.17.4.6 Switching Input/Output

Since pins of the timer input/output (FTMIN[n]/FTMOUT[n]) are shared in this LSI, input/output is switched by the operation mode.

Direction of input/output in each mode is shown below.

ART mode : Input (default)
CMO mode : Output

PWM mode : Output

CAP mode : Input

The direction of input/output for each pin can be set for each channel. (The operation mode can be set for each channel)

7.17.4.7 Sampling Timing of Input Signal and Timing of Output Signal

7.17.4.7.1.  Sampling of Timer Clock Input

External clock input from the timer clock input pin (FTMCLK[n], n = 0, 1) can be counted.

Figure 0-6 Sampling of External Clock and the Count Timing of Timer Counter (FTMm_FTMnC) shows the sampling of external
clock and the count timing of timer counter (FTMm_FTMnC).

FTMCLK][n] is sampled at the rising edge of the bus clock (SYSCLK). When a rising edge of the clock that is input by the timer
control register (FTMm_FTMnCON) is selected, if a signal transitions from the L level to the H level at the time of sampling,
FTMnC is counted up at the timing of a rising edge of the bus clock (SYSCLK) after 2 clocks.

When a falling edge is selected, if a signal transitions from the H level to the L level at the time of sampling, FTMnC is counted up at
the timing of a rising edge of the bus clock (SYSCLK) after 2 clocks.

The duration of H level and L level of the clock input to the FTMCLK[n] pin must be 2 or more cycles of the bus clock (SYSCLK).
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SYSCLK
Y\
)
FTMCLK][n] /
Timer clock
FTMnC Count value X Count value + 1
(a) When rising edge is selected
SYSCLK
FTMCLK]n] \ ~
.
—_—
Timer clock
FTMnC Count value X Count value + 1

(b) When falling edge is selected

Figure 0-6 Sampling of External Clock and the Count Timing of Timer Counter (FTMm_FTMnC)
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7.17.4.7.2. Sampling of Capture Trigger Input

When the flexible timer is set as the capture mode, the timer 1/O pin becomes input and is used as the input FTMIN[n] of the capture
trigger.

The sampling timing of capture trigger and the timing when the count value of the timer counter (FTMm_FTMnC) is
stored in the general-purpose timer register (FTMm_FTMnGR) are shown in Figure 0-7  Timing When Count Value of
Capture Trigger Is Stored in the General Purpose Timer Register.

FTMIN[n] is sampled at the rising edge of the bus clock (SYSCLK). When a rising edge is selected as the capture trigger by the
timer input/output level register (FTMm_FTMnIOLV), if a signal transitions from the L level to the H level at the time of sampling,
the count value of FTMnC is stored in FTMnGR at the timing of a rising edge of the bus clock (SYSCLK) after 2 clocks.

When a falling edge is selected, if a signal transitions from the H level to the L level at the time of sampling, the count value of
FTMnC is stored in FTMnGR at the timing of a rising edge of the bus clock (SYSCLK) after 2 clocks.

The duration of H level and L level of the clock input to FTMIN[n] must be 2 or more cycles of the bus clock (SYSCLK).

ST S I S N O A A I O O
FTMINn] / -

Load signal
to FTMnGR Y
Count value ( )
FTMnC ;
FTMnGR oOld data X Count value

(a) When rising edge is selected

SYSCLK L L LT
FTMIN[n] —\
o)

Load signal
to FTMnGR J
FTMnC Count value ( )
FTMnGR Old data X Count value

(b) When falling edge is selected

Figure 0-7 Timing When Count Value of Capture Trigger Is Stored in the General Purpose Timer Register
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7.17.4.8 Timing of Timer Output

When the flexible timer is set as the CMO mode or PWM mode, the timer input/output is used as the timer output pin TIMERN
(FTMOUTIn)).

The timing when the timer output transitions in the CMO mode is shown in Figure 0-8 Timing When the Timer Output
Transitions in the CMO Mode. When the flexible timer is set as the CMO mode, the state of timer output transitions at the timing of
the count clock after the count value of the timer counter (FTMm_FTMnC) coincides with the value stored in the general-purpose
timer register (FTMm_FTMnGR).

The timing when the timer output transitions in the PWM mode is shown in Figure 0-9  Timing When the Timer Output
Transitions in the PWM Mode. When the flexible timer is set as the PWM mode, the state of timer output transitions at the timing of

the count clock after the count value of FTMnC and the value stored in FTMnGR meet the specified conditions.

Counter clock

FTMnC FTMnGR-lX FTMnGR X FTMnGR+1 X FTMnGR+2

FTMOUT[n] X

Figure 0-8 Timing When the Timer Output Transitions in the CMO Mode

Counter clock

FTMnC FTMnGR-1 >< FTMnGR X FTMnGR+1 X FTMnGR+2

FTMOUTIn] X

Figure 0-9 Timing When the Timer Output Transitions in the PWM Mode
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7-18.12C

7.18.1 General Description
2-wire (SCL, SDA) serial interface. The features are shown below.
- Supports the standard mode (up to 100 kbps) and the fast mode (up to 400 kbps).
- Supports the 7- or 10-bit addressing.
- Supports the 7- or 10-bit composite format transfer.

- Supports the bulk transfer mode.

7.18.2 List of Registers
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Address [H] | Name Symbol R/W Initial value [H] | Description

0x40008000 | 12C control register 12Cn_CON R/W 0x0000007D

0x40008004 | 12C target address register 12Cn_TAR R/W 0x00000055

0x40008008 | 12C slave address register 12Cn_SAR R/W 0x00000055

0x40008010 | 12C Rx/Tx data buffer command 12Cn_DATA_CMD R/W 0x00000000
register

0x40008014 | Standard 12C clock SCL high 12Cn_SS_SCL_HCNT R/W 0x0000XXXX
count register

0x40008018 | Standard 12C clock SCL low 12Cn_SS_SCL_LCNT R/W 0x0000XXXX
count register

0x4000801C | Fast 12C clock SCL high count 12Cn_FS_SCL_HCNT R/W 0X0000X XXX
register

0x40008020 | Fast 12C clock SCL low count 12Cn_FS_SCL_LCNT RIW 0x0000XXXX
register

0x4000802C | 12C interrupt status register 12Cn_INTR_STAT R 0x00000000

0x40008030 | 12C interrupt mask register 12Cn_INTR_MASK R/IW 0x000008FF

0x40008034 | 12C RAW interrupt status register | 12Cn_RAW_INTR_STAT R 0x00000000

0x40008038 | 12C receive FIFO threshold 12Cn_RX_TL RIW 0x00000000
register

0x4000803C | 12C transmit FIFO threshold 12Cn_TX_TL R/W 0x00000000
register

0x40008040 | 12C interrupt clear register 12Cn_CLR_INTR R 0x00000000

0x40008044 | RX_UNDER interrupt clear 12Cn_CLR_RX_UNDER R 0x00000000
register

0x40008048 | RX_OVER interrupt clear register | 12Cn_CLR_RX_OVER R 0x00000000

0x4000804C | TX_OVER interrupt clear register | 12Cn_CLR_TX_OVER R 0x00000000

0x40008050 | RD_REQ interrupt clear register 12Cn_CLR_RD_REQ R 0x00000000

0x40008054 | TX_ABRT interrupt clear register | 12Cn_CLR_TX_ABRT R 0x00000000

0x40008058 | RX_DONE interrupt clear register | 12Cn_CLR_RX_DONE R 0x00000000

0x4000805C | ACTIVITY interrupt clear 12Cn_CLR_ACTIVITY R 0x00000000
register

0x40008060 | STOP_DET interrupt clear 12Cn_CLR_STOP_DET R 0x00000000
register

0x40008064 | START_DET interrupt clear 12Cn_CLR_START_DET R 0x00000000

register
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0x40008068 | GEN_CALL interrupt clear 12Cn_CLR_GEN_CALL R 0x00000000
register

0x4000806C | 12C enable register 12Cn_ENABLE R/W 0x00000000

0x40008070 | 12C status register 12Cn_STATUS R 0x00000060

0x40008074 | Transmit FIFO level register 12Cn_TXFLR R 0x00000000

0x40008078 | Receive FIFO level register 12Cn_RXFLR R 0x00000000

0x4000807C | SDA hold time register 12Cn_SDA_HOLD R/W 0x00000001

0x40008080 | 12C transmit abort status register 12Cn_TX_ABRT_SOURCE R 0x00000000

0x40008084 | 12C SLV_DATA_NACK 12Cn_SLV_DATA_NACK_ONLY R/W 0x00000000
generation register

0x40008094 | 12C SDA setup register 12Cn_SDA_SETUP RIW 0x00000064

0x40008098 | 12C ACK GENERAL CALL 12Cn_ACK_GENERAL_CALL R/IW 0x00000001
register

0x4000809C | 12C enable status register 12Cn_ENABLE_SATUS R 0x00000000

0x400080A0 | 12C spike inhibiting limit register | 12Cn_FS_SPKLEN R/IW 0x00000002

0x400080F4 | Configuration parameter register 12Cn_COMP_PARAM_1 R 0x000007AA
1 register

0x400080F8 | 12C component version register 12Cn_COMP_VERSION R 0x3132302A

0x400080FC | 12C component type register 12Cn_COMP_TYPE R 0x44570140

*n indicates a module number (n = 0).
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7.18.3 Description of Registers

7.18.3.1 12C Control Register: BASE + 0x00 (I2Cn_CON)
3322222 2222211111111 1100U0WO0O0O0TO0TG0TG0SFGO0
109 87 65 43 210 98 7 65 43 2109 87 65 43 210
Reserved IC_CONJ[6:0]
2
g_)OOOOOOOOOOO000000000000001111101
@
R
RIRIRIRIRIR|RIRRR|R|{|R|R|R|R|R|{R|R|R|R|IRIR|R|R|R|R|R|R|R|R|R
iNRRWWWWWWWV\WWWWWWWWWWWWWWWWWWWWWW
Bit Name R/W | Description Remarks
IC_CON[6] IC_SLAVE_DISABLE R/W | Disables the slave function.
0: Slave is enabled.
1: Slave is disabled.
IC_CONI[5] IC_RESTART_EN R/W | Determines whether or not the RESTART state is transmitted in the

master mode.
0: RESTART transmission is disabled.
1: RESTART transmission is enabled.

IC_CONI[4] IC_10BITADDR_MASTER | R/W | Sets the addressing in the master mode.
0: 7-bit addressing
1: 10-bit addressing

IC_CONI[3] IC_10BITADDR_SLAVE R/W | Sets the addressing in the slave mode.
0: 7-bit addressing
1: 10-bit addressing

IC_CON[2:1] | SPEED R/W | Sets the transfer speed.
1: Standard mode

2: Fast mode

IC_CONI0] MASTER_MODE R/W | Enables the master function.
0: Master function is disabled.

1: Master function is enabled.
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* Different values cannot be set in IC_CON[6] and IC_CON[0] simultaneously.
To operate as slave, set IC_CON[6] = 0 && IC_CONJ[0] = 0.
To operate as master, set IC_CON[6] =1 && IC_CON[0] = 1.

*  To switch between the master operation and slave operation, reset 12C module through the peripheral reset register.

7.18.3.2 I12C Target Address Register: BASE + 0x04 (12Cn_TAR)
33222222 2222111111111 1000000O0O0TO0TFO0
109 8 7 65 4 3 2 10 9 8 7 65 43210987 6 543 210
Reserved IC_TAR[12:0]
g
;)_)OOOOOOOOOOO000000000000001010101
c
(0]

=~ 3
Ry
Ry
Py)
py)
Py)
py)
Py)
py)
Py)
Py
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py

w
Bit Name R/W | Description Remarks
IC_TAR[11] | SPECIAL R/W | Sets the use of General Call or START BYTE.

0: Uses IC_TART[9:0], ignoring GC_OR_START of IC_STAR[10].
1: Uses the 12C command set in GC_OR_START.

IC_TAR[10] | GC_OR_START | R/W | Selects the General Call or START BYTE command when the SPECIAL bit of
IC_TAR[11] is set.
0: General call address

1: START byte

IC_TAR[9:0] | IC_TAR R/W | Sets the target address when the master operates. This field is ignored during the

transmission of General Call. To generate a START BYTE, a value must be written

to this field only once.
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7.18.3.3 I12C Slave Address Register: BASE + 0x08 (12Cn_SAR)
332222 2222221111111 111000WO0WO0O0DTUO0TG0TGO0SFO0
109 87 6 5 43 210 98 7 6543 2109 8 7 6 54 3 210
Reserved IC_SAR[9:0]
=
5
- |0/O/lO|O|O|lO|O|O|O|lOjO|O|O|O|O|O|O|O|O|O|O|O|O|O|Of2|O|1|O|2]|0|12
=
D
R
RIR|IRIRIRIR|R|R|IR|R
/| |RIRIR|R|R|R|R|R|R|RR|R|RIRIR{R|R|R|R|R|R|R
W| W| W| W[ W| W W Wl W W
W
Bit Name R/W | Description Remarks

IC_SAR[9:0] | IC_SAR | R/W | Sets the slave address when the slave operates.
Only IC_SAR[6:0] is used at the time of 7-bit addressing.
Write to this field is enabled when the 12C interface is disabled, which means only when

IC_ENABLE[0] is 0.

7.18.34 12C Rx/Tx Buffer Data Command: BASE + 0x10 (12Cn_DATA_CMD)

3 322222%222%=2»=2111111111100W0 0 0 O0 O0O O OO0
1098 76 543210987 6543210987 6 5 4 3 2 1 0

Reserved IC_DATA_CMD[10:0]

anfea [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

L
Py
Py
Py
Py
Py
Py
Py
Py

Bit Name | R/W | Description Remarks

IC_DATA_CMD[8] CMD | W Selects a read or write operation when the master operates.
0: Write
1: Read

IC_DATA_CMD[7:0] | DAT | R/W | Stores the transmit or received data.
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7.18.35 Standard 12C Clock SCL High Count Register: BASE + 0x14 (12Cn_SS_SCL_HCNT)
332222%22%2%22%21111111 11 1 0 00 O0O0OO0OO0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved IC_SS_SCL_HCNTI[15:0]
=3
g.
- |0|0O|j0OfO|0O|OjO|O|O|O|0O|O|O|O|0O|OjO|O|O|jO|O|O|]O|O|1|0O|2]|0O]JO]|O|O0O]O
=
@
R
RIRIR|IRIR|R|IR|IRIR|R|R|R|R|R|R|R
I |RIR|R|R|R|R|RIRIR|RIR|R| R R| RI R
WW W W W W W W W W W W W W W W
W
Sets the number of cycles in a H interval of the SCL clock in the standard mode.
This register should be set when the 12C interface is disabled (IC_ENABLE[0] is 0).
A value equal to or greater than 6 can be set. When writing a value less than 6, 6 is written.
7.18.3.6 Standard 12C Clock SCL Low Count Register: BASE + 0x18 (12Cn_SS_SCL_LCNT)
332222%22%2%22%21111111 11 1 0 00 O0OTUO0OO0OTUO0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved IC_SS_SCL_LCNT[15:0]
5
=
- |0|0O|0O|0O|O|0O|O|O|O|O|O|O|O|0O0|0O|O|O|O0O|O|O|O|O|O|O|2|0O]|1|1|2|2]0]O0
=
@
R
RIRIR|IRIR|R|IR|IRIR|R|{R|R|R|R|R|R
I |RIR|R|R|R| R RIR| R R R R| R R| R| R
WW W W W W W W W W W W W W W W
w

Sets the number of cycles in a L interval of the SCL clock in the standard mode.

This register should be set when the 12C interface is disabled (IC_ENABLEJ0] is 0).

A value equal to or greater than 8 can be set. When writing a value less than 8, 8 is written.
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7.18.3.7 Fast 12C Clock SCL High Count Register: BASE + 0x1C (I12Cn_FS_SCL_HCNT)

332222%22%2%22%21111111 11 1 0 00 O0O0OO0OO0OO0OO0TO0
1 0987654321098 765 4 3 2 1 0 9 8 7 6 5 4 3 2 10
Reserved IC_FS_SCL_HCNT[15:0]
=]
5
- |0|0O|j0OfO|0O|OjO|O|O|O|0O|O|O|O|0O|OjO|O|O|jO|O|O|]O|O|O|O|O|2]|2]|0|0]0O
=
@
R
RIRIR|IRIR|R|IR|IRIR|R|{R|R|R|R|R|R
/I |RIR|R|R|R|R|RIRIR|RI R R| R R| RI R
WW W W W W W W W W W W W W W W
W
Sets the number of cycles in a H interval of the SCL clock in the fast mode.
This register should be set when the 12C interface is disabled (IC_ENABLE[0] is 0).
A value equal to or greater than 6 can be set. When writing a value less than 6, 6 is written.
7.18.3.8 Fast I2C Clock SCL Low Count Register: BASE + 0x20 (12Cn_FS_SCL_LCNT)
332222%222%2221111111 11 1 0 00 O0OO0OO0OTUO0OO0OO0TO0
10987 654321098765 4 3 2 1 0 98 7 6 5 4 3 2 1 0
Reserved IC_FS_SCL_LCNT[15:0]
=]
)
- |0|0O0|0O|0O|O|0O|O|O|O|O|O|O|O|0|0O|O|O|0O|O|O|O|O|O|O|O|O]|1|1|0Of2]|O0]O
=
@
R
RIRIR|IRIR|R|IR|IRIR|R|{R|R|R|R|R|R
I |RIR|R|R|R| R RIR| R R R R| R R| R| R
WW W W W W W W W W W W W W W W
w

Sets the number of cycles in a L interval of the SCL clock in the fast mode.
This register should be set when the 12C interface is disabled (IC_ENABLE[0] is 0).

A value equal to or greater than 8 can be set. When writing a value less than 8, 8 is written.
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oPulse width

SCL H pulse width: SCL_H_time

SCL L pulse width: SCL_L_time

These can be represented by the following expressions.

* SCL_Fall_time and SCL_Rise_time depend on the system configuration.

Standard mode (100 kHz)

SCL_H_time = (I12C_SS_SCL_HCNT[15:0] + 12C_SS_SPKLEN[7:0] + 6) x 12C reference clock cycle + SCL_Fall_time

SCL_L_time = (12C_SS_SCL_LCNT[15:0] + 1) x 12C reference clock cycle + SCL_Rise_time

Fast mode (400 kHz)

SCL_H_time = (I2C_FS_SCL_HCNT[15:0] + 12C_FS_SPKLEN]J7:0] + 6) x 12C reference clock cycle + SCL_Fall_time

SCL_L_time = (I2C_FS_SCL_LCNT[15:0] + 1) x 12C reference clock cycle + SCL_Rise_time

When I12C clock is set, each pulse width should be adjusted to meet the following conditions by reference to the above expressions.

Standard mode (100 kHz): SCL_H_time + SCL_L_time = 10 ps
Fast mode (400 kHz): SCL_H_time + SCL_L_time = 2.5 ps
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7.18.3.9 12C Interrupt Status Register: BASE + 0x2C (12Cn_INTR_STAT)
3 322222 2222211111111 0 00O OO OTOTP O
10 9 8 7 65 43 2 109 87 6 5 4 3 2 8 7 6 5 4 3 2 1 0
Reserved IC_INTR_STAT
5
?OOOOOOOOOO o|ojo|jo|jo|0|O|0O|O o|ojo|jo|O0flO|0O|O|O
s
R
/| |RIR|R|R|R|R|R|R|R|R RIRIRIR|R|R|R|R|R RIRIR|IR|R|R|R|R|R
W
Bit Name R/W | Description Remarks
IC_INTR_STAT[11] | R_.GEN_CALL | R Indicates the interrupt status.
IC_INTR_STAT[10] | R_START_DET | R For details of each bit, refer to the interrupt RAW status register. The masked
IC_INTR_STAT[9] | R_STOP_DET R interrupt status is read from this register.
IC_INTR_STATI8] R_ACTIVITY R To clear the interrupt source, read the interrupt clear register corresponding to
IC_INTR_STAT[7] | R_RX_DONE R the appropriate interrupt source.
IC_INTR_STAT[6] | R_TX_ABRT R
IC_INTR_STAT[5] | R_RD_REQ R
IC_INTR_STAT[4] | R_TX_EMPTY |R
IC_INTR_STAT[3] | R_TX_OVER R
IC_INTR_STAT[2] | R_RX_FULL R
IC_INTR_STAT[1] | R_RX_OVER R
IC_INTR_STAT[0] | R_RX_UNDER | R
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7.18.3.10 12C Interrupt Mask Register: BASE + 0x30 (I2Cn_INTR_MASK)

3322222222 22111111111 1 0O 0 0 0O 0O OO0 0 O
10987 6543210987605 4321 0 8 7 6 5 4 3 2 1 o0
Reserved IC_INTR_MASK
5
?0000000000000000000010 Of1|1(1|1|1]|1|1]1
&
R
R | R RIRIR|IR|R|R|R|R|R
/I |RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W | W WIWIWIWIW W W[W[ W

w
Bit Name R/W | Description Remarks
IC_INTR_MASK][11] | M_GEN_CALL | R/W | Masks the corresponding interrupt source.
IC_INTR_MASK][10] | M_START _DET | R/W | 0: Mask
IC_INTR_MASK][9] M_STOP_DET R/W | 1: No mask
IC_INTR_MASKI[8] | M_ACTIVITY | RIW
IC_INTR_MASK[7] | M_RX_DONE | RIW
IC_INTR_MASK[6] | M_TX_ABRT RIW
IC_INTR_MASK[5] | M_RD_REQ RIW
IC_INTR_MASK[4] | M_TX_EMPTY | RIW
IC_INTR_MASK[3] | M_TX_OVER RIW
IC_INTR_MASK[2] | M_RX_FULL RIW
IC_INTR_MASK[1] | M_RX_OVER RIW
IC_INTR_MASK[0] | M_RX_UNDER | RIW
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7.18.3.11 12C Interrupt RAW Status Register: BASE + 0x34 (I2Cn_RAW_INTR_STAT)

o
o
o

3 3222222 2222111111111 1040°00O0WO0TO0TO0

N
[EEY
o

10 98 7 65 432160987 6 543 210987 6 5 4 3

Reserved IC_RAW_INTR_STAT

anfea fenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

R/
RIRIRIRIRIR|R|IR|R|IR|R|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W

Bit Name R/W | Description Remarks

IC_RAW_INTR_STAT[11] | GEN_CALL Set when receiving the General Call address or the response to it.

IC_RAW_INTR_STAT[10] | START_DET Set when the START or RESTART state occurs.

IC_RAW_INTR_STAT[9] | STOP_DET Set when the STOP state occurs.

|V |3V |3

IC_RAW_INTR_STAT[8] | ACTIVITY Set when this 12C circuit becomes active. There are following four
conditions to clear:

+Disable this 12C

*Read IC_CLR_ACTIVITY register

*Read IC_CLR_INTR register

*Reset

IC_RAW_INTR_STAT[7] | RX_DONE R When operating as a slave transmitter, this bit is set to 1 if there is no

response from the master.

IC_RAW_INTR_STAT[6] | TX_ABRT R When operating as a transmitter, this bit is set to 1 if data transmission
within the transmit FIFO is not completed.

Detailed abort cause is stored in the 12C transmit abort status register.

IC_RAW_INTR_STAT[5] | RD_REQ R When operating as a slave, this bit is set to 1 if the data read occurs from
the master. The 12C bus continues the waiting state until an interrupt
processing is started. When this interrupt source is asserted, the host CPU

must write data to IC_DATA_CMD.

IC_RAW_INTR_STAT[4] | TX_EMPTY | R This bit is set to 1 when the transmit buffer is less than or equal to the
value set in the 12C transmit FIFO threshold register. When the transmit

buffer exceeds the setting value of the transmit FIFO threshold register, it

is automatically cleared.
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IC_RAW_INTR_STAT[3] | TX_OVER R This bit is set to 1 when writing data to IC_DATA_CMD while the

transmit buffer is full.

IC_RAW_INTR_STAT[2] | RX_FULL R This bit is set to 1 when the number of data within the receive buffer is
more than or equal to the value set in the 12C receive FIFO threshold
register. When it is less than the setting value of the receive FIFO

threshold register, it is automatically cleared.

IC_RAW_INTR_STAT[1] | RX_OVER R This bit is set to 1 when receiving data from outside while the receive
buffer is full. Responds to the transmitting side on the 12C bus though the

received data will be discarded.

IC_RAW_INTR_STAT[0] | RX_UNDER | R This bit is set to 1 when reading the IC_DATA_CMD register while the

receive buffer is empty.

7.18.3.12 I12C Receive FIFO Threshold Register: BASE + 0x38 (12Cn_RX_TL)

3 3222 2222222111111 1111

o
o
o
o
o
o
o
o
o
o

10987 654321098765 43210987 6 5 4 3 2 1 o0
Reserved RX_TL[7:0]

=]

)

- |0lO|lO|O|lO|lO|O|O|O|0O|O|0O|0|0O|0O|0O|O|O|O|O|O|O|O|lO|O|O|O|O|O]|O|O]O
=

@

R/ RIR|IR|R|R|R|R|R
RIRIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W WIWIW| W W W|W||W

Sets the threshold level of the receive FIFO.

7.18.3.13 I12C Transmit FIFO Threshold Register: BASE + 0x3C (12Cn_TX_TL)

3 32222222%2221111111111000 0 O0OO0OO0 0 0 O
10987 6 543210987 6543210987 6 5 4 3 2 1 O

Reserved TX_TL[7:0]

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

d
Pyl
Pyl
Pyl
Pyl
Pyl
Pyl
Pyl
Pyl

=
<
<
3
3
3
3
3
3

Sets the threshold level of the transmit FIFO.
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7.18.3.14 12C Interrupt Clear Register: BASE + 0x40 (I2Cn_CLR_INTR)

3 3222222 2222111111111 100U0O0O0O0O0O0TO0TO0
10 987 65 4321098 7 6 543210987 6543210

C
L

Reserved

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

= 2

When reading this register, the interrupt source and the transmit abort status register are cleared. The source to be cleared by hardware is not

cleared.
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7.18.3.15 RX_UNDER Interrupt Clear Register: BASE + 0x44 (12Cn_CLR_RX_UNDER)

3 322222 222%2%=2111111111100O0O0O0O0O0TO0TO0TO0
10 987 65 43210987 6 543210987 6543210

Reserved

C
L
R

x

O m O Z2 C

anfeA feniu|

X
<

w

RIRIRIR|IR|R|R|R|R|R|R|R|R|R|{R|R|R|R|R|R|R|R|R

When this register is read, the RX_UNDER interrupt is cleared.
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7.18.3.16 RX_OVER Interrupt Clear Register: BASE + 0x48 (12Cn_CLR_RX_OVER)

3 32 2 222 222221111111111
1 0 9 87 65 43 210987 6543210

0 0 0O00OO0OO0OOOOTD
9 8 7 6 54 3 2 10

Reserved

C
L
R

x

T m < O

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

X
<

RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

w

When this register is read, the RX_OVER interrupt is cleared.
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7.18.3.17 TX_OVER Interrupt Clear Register: BASE + 0x4C(I12Cn_CLR_TX_OVER)

3 322222 2222211111111 1100UO0°0°O0O0O0O0OQO0°0O0
10 987 65 4321098 7 6 543210987 6 543210

Reserved

C
L
R

x

o m < O

anfeA feniu|

X
<

w

RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

When this register is read, the TX_OVER interrupt is cleared.
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7.18.3.18

RD_REQ Interrupt Clear Register: BASE + 0x50(12Cn_CLR_RD_REQ)

3 322222 2222211111111 1100UO0°0°O0O0O0O0OQO0°0O0
10 987 65 4321098 7 6 543210987 6 543210

C
L
R

@)

QO m 3

anfeA feniu|

X
<

w

R

R

R

R

R

R

R

R

R

R

R

R

R

When this register is read, the RD_REQ interrupt is cleared.
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7.18.3.19

TX_ABRT Interrupt Clear Register: BASE + 0x54 (12Cn_CLR_TX_ABRT)

3 3222222 2222111111111 100U0O0O0O0O0O0TO0TO0
10 987 65 4321098 7 6 543210987 6543210

Reserved

C
L
R

x

- 0 W >

anfeA feniu|

X
<

w

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

When reading this register, the TX_ABRT interrupt and the transmit abort status register are cleared.
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7.18.3.20

RX_DONE Interrupt Clear Register: BASE + 0x58 (1I2Cn_CLR_RX_DONE)

3 3222222 2222111111111 100U0UO0O0O0O0O0TOQO0TO0
10 987 65 4321098 7 65 43210987 6543210

C
L
R
X
D
(0]
N
E

g

%OOOOOOOOOOOOO 0/0|0|0] O

®

R/

WRRRRRRRRRRRRR RIR|R|R| R

When this register is read, the RX_DONE interrupt is cleared.
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7.18.3.21 ACTIVITY Interrupt Clear Register: BASE + 0x5C (12Cn_CLR_ACTIVITY)

3 322222 2222211111111 1100W0WO0O0O0O0O0O0TUO0

1 0 9 87 65 43 2 10 987 6 54 3 2109 87 6543 210

C

L

R

A

C

Reserved

T

|

V

|

Y
5
5

< |0OlO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|lO|O|O|O|O|O|O|O|0O]|0O]|O
=
(0]
R/

RIRIR|IR|RIRIR|RIRIRIR|R|R|RIRIRIR|R|R|RIRI|R|R|RIRIRIR|R|R|R[R|R
W

When reading this register, the ACTIVITY interrupt is cleared if the 12C module is not active. Maintains the state where 1 is set if it is

Active.
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7.18.3.22 STOP_DET Interrupt Clear Register: BASE + 0x60 (I2Cn_CLR_STOP_DET)
3 3222222222211 11111111000O0O0O0O0O0O00O0
10 987 65 43 21098 7 6 543210987 6543210
C
L
R
S
T
Reserved
]
P
D
E
T
=
5‘.
- |0OlO|O|O|O|O|O|O|O|O|O|O|O|JO|O|O]O o|jofoj0|oO
=
()
R/
RIRIRIRIR|IR|R|R|R|R|R|R|R|R|R|R|R RIRIR|R|IR
W

When this register is read, the STOP_DET interrupt is cleared.
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7.18.3.23 START_DET Interrupt Clear Register: BASE + 0x64 (I2Cn_CLR_START_DET)

3 3222 222 2222111111111 1000O0O0O00O0O0O0O0

1 0 98 7 65 4 3 2109 8 7 65432109 87 6 54 3 210

C

L

R

S

T

Reserved A

R

T

D

E

T
=2

;E_)OOOOOOOOOOO000000000000000000000
5
R/

WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

When this register is read, the START_DET interrupt is cleared.
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7.18.3.24 GEN_CALL Interrupt Clear Register: BASE + 0x68 (I2Cn_CLR_GEN_CALL)

3 3222 2222222111111 111100U0WO0O0O0O0O0O0O0

1 0 9 8 7 6 5 4 3 2 109 8 7 6 5 4 3 2109 8 7 6543 210

C

L

R

G

E

Reserved

N

C

A

L

L
5
5

- |0OlO|O|O|O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]|O
=
(0]
R/

RIRIRIR|IR|R|R|R|RIRIRIR|R|R|RIRIR|R|R|RIRIR|IR|R|RIRIR|R|R|R|R|R
W

When this register is read, the GEN_CALL interrupt is cleared.
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7.18.3.25 IC_ENABLE Interrupt Clear Register: BASE + 0x6C (I2Cn_ENABLE)

3 3222222 22%221111111111100U0UO0UO0O0O0O0TO0O0
109 87 654 3 21098 7 65432109 876 54321 0
E
A
N
B
A
Reserved o
B
R
L
T
E
=3
S‘.
- |0OlO|jO|O|O|jO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]|O o|o0]|oO0 ojo|jO0|O
=
@
R/ R | R
RIR|R|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R|R
w W | W
Bit Name R/W | Description Remarks
IC_ENABLEJ1] | ABORT | R/W | This bitis set to 1 when starting ABORT.
0: Indicates that ABORT is not started or ABORT is completed.
1: Indicates that the ABORT operation is running.
IC_ENABLEJ0] | ENABLE | R/W | Enable the 12C module.

0: The 12C module is disabled.
1: The 12C module is enabled.

* ABORT can be used only when the transmit FIFO (12Cn_STATUS[2] = 1) is used and the Master state machine is Active (not IDLE,

12Cn_STATUS[5] = 1).
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7.18.3.26 I12C Status Register: BASE + 0x70 (I2Cn_STATUS)

3 3222222 222%2111111111100W00O0WO0O0O0O0TG0SFTO0
1 0 987 6543210987 6 543 2109 87 6 543 210
Reserved IC_STATUS

=3

5

- |0O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|jO|O|O|O|2|1]0O

3

D

R/
RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

w

Bit Name Description Remarks

IC_STATUS[6] | SLV_ACTIVITY | Indicates that the Slave state machine is Active (not IDLE).
0: IDLE
1: not IDLE

IC_STATUS[5] | MST_ACTIVITY | Indicates that the Master state machine is Active (not IDLE).
0: IDLE
1: not IDLE

IC_STATUS[4] | RFF 0: Indicates that the receive FIFO is not full.
1: Indicates that the receive FIFO is full.

IC_STATUS|3] | RFNE 0: Indicates that the receive FIFO is empty.

1: Indicates that the receive FIFO is not empty.

IC_STATUS|2] | TFE 0: Indicates that the transmit FIFO is not empty.

1: Indicates that the transmit FIFO is empty.

IC_STATUS[1] | TFNF 0: Indicates that the transmit FIFO is full.

1: Indicates that the transmit FIFO is not full.

IC_STATUS[0] | ACTIVITY Indicates the 12C Activity status.
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7.18.3.27 12C Transmit FIFO Level Register: BASE + 0x74 (12Cn_TXFLR)

3 322222222 2%2111111111100W0UO0UO0UO0UO0OTU0OG0OTO0
1 0 9 8 7 6 5 4 3 2 109 8 7 6 5 4 3 21098 7 6 54 3 210
Reserved TXFLR

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Y

RIR|R|R|R|RIR|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

=

Indicates the number of valid data included in the transmit FIFO.

7.18.3.28 I12C Receive FIFO Level Register: BASE + 0x78 (12Cn_RXFLR)

o

0 O

o

3 32222222 22%21111111111040°00O0°TO0

w

2 1

o

1 0 98 7 65 432160987 6 543 210987 6 5 4

Reserved RXFLR

anfen [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

X
<

RIR|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|IR|R|R|R|R|R|R|R|R

=

Indicates the number of valid data included in the receive FIFO.

7.18.3.29  12C SDA Hold Time Register: BASE + 0x7C (I2Cn_SDA_HOLD)

3 322 2222222211111 1111100000O0

H» O
w O
N O
= O
o O

10 987 65 43210987 65 4 3 2 10 9 8 7 6 5

Reserved IC_SDA_HOLD[15:0]

anfeA feniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
[SN

RIRIR|IR|{R|R|R|R|R|R|R|R|R|R|R|R

Y

RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R
W W W W W W W W W W W W W W W W

=

Sets the SDA hold time. A value from 1 to 4 can be set. (Cycle unit of the source clock supplied to the 12C module)
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7.18.3.30 12C Transmit Abort Status Register: BASE + 0x80 (12Cn_TX_ABRT_SOURCE)

3 3222222 2222111111111 10

o
o
o
o
o
o
o
o
o

1 0 987 65 43 210987 6 543 210987 6543 210
TX_ABRT_SOURCE
=3
5
< |0OjO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O|O|O|O|O|O]O
Q
c
]
R/
RIRIRIRIRIR|R|IR|R|IR|R|R|RIR|RIR|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R
w
Bit Name Description Remarks
TX_ABORT_SOURCE[31:24] | TX_FLUSH_CNT Holds the transmit FIFO level when TX_ABRT occurs. | Master

transmission

TX_ABORT_SOURCE[23:17] | Reserved

TX_ABORT_SOURCE[16] ABRT_USER_ABRT This bit is set to 1 when the master detects the transmit Master
abort. transmission
TX_ABORT_SOURCE[15] ABRT_SLVRD_INTX This bit is set to 1 when setting (Read setting) the CMD | Slave

bit of the IC_DATA_CMD register responding to the transmission

data request from the master during the slave mode.

TX_ABORT_SOURCE[14] ABRT_SLV_ARBLOST This bit is set to 1 when the slave loses the bus privilege | Slave

during the data transmission to master. transmission

TX_ABORT_SOURCE[13] ABRT_SLVFLUSH_TXFIFO | If any data remains in the transmit FIFO when receiving | Slave
the read command from the master in the slave mode, transmission
generate the TX_ABRT interrupt by setting this bit in

order to delete the old data in the transmit FIFO.

TX_ABORT_SOURCE[12] ARB_LOST This bit is set to 1 when the master loses the arbitration Master
or TX_ABORT_SOURCE[14] is set. transmission
Slave

transmission

TX_ABORT_SOURCE[11] ABRT_MSTER_DIS This bit is set to 1 when attempting to start the master Master
operation while the master mode is disabled. transmission
Master
reception
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TX_ABORT_SOURCE[10] ABRT_10B_RD_NORSTRT | This bit is set to 1 when the master issues a read Master
command by the 10-bit addressing with RESTART set reception
to disabled.

TX_ABORT_SOURCEJ9] ABRT_SBYTE_NORSTRT This bit is set to 1 when attempting to transmit the Master
START byte while RESTART is set to disabled.

TX_ABORT_SOURCE[8] Reserved HS Only

TX_ABORT_SOURCE[7] ABRT_SBYTE_ACKDET This bit is set to 1 when receiving Ack after transmitting | Master
the START byte.

TX_ABORT_SOURCE[6] Reserved HS Only

TX_ABORT_SOURCE[5] ABRT_GCALL_READ This bit is set to 1 when attempting to transmit a read Master

command following a General Call in the master mode.

transmission

TX_ABORT_SOURCE[4]

ABRT_GCALL_NOACK

This bit is set to 1 when there is no response from any
slave for the General Call transmission in the master

mode.

Master

transmission

TX_ABORT_SOURCE[3]

ABRT_TXDATA_NOACK

This bit is set to 1 when there is no response from any

slave for the data transmission in the master mode.

Master

transmission

TX_ABORT_SOURCE[?]

ABRT_10ADDR2_NOACK

This bit is set to 1 when there is no response from any

slave for the second address byte transmission based on

Master

transmission

the 10-bit addressing in the master mode. Master
reception
TX_ABORT_SOURCE([1] ABRT_10ADDR1_NOACK This bit is set to 1 when there is no response from any Master

slave for the first address byte transmission based on the

transmission

10-bit addressing in the master mode. Master
reception
TX_ABORT_SOURCE[0] ABRT_7B_ADDR_NOACK | This bit is set to 1 when there is no response from any Master

slave for the address transmission based on the 7-bit

addressing in the master mode.

transmission

Master

reception
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7.18.3.31 12C SLV_DATA_NACK Generation Register: BASE + 0x84 (I2Cn_SLV_DATA_NACK_ONLY)

3 3222222222 %2111111111100U0UO0O0O0O0O0TG0CLCSO
10 98 7 65 43210987 6 543210987 6543210

N
A
Reserved
C
K
S
5
< |OlO|jO|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|O|0O|0O|0O|O|O|O|O|O|O|O|O|O|O| O
=
D
R/ R
RIRIR|R|RIR|IR|RIRIR|R|R|IRIR|RIR|R|RIRIR|R|RIR|R|RIR|IR|R|R|R|R
W w

Generates NACK. Enabled only when operating as a slave receiver.
When setting this register to 1, NACK is generated after receiving the data byte. Data transfer is aborted and no received data is stored in the
receive buffer.

When this register is 0, NACK/ACK is generated according to the normal reference.

7.18.3.32 12C SDA Setup Time Register: BASE + 0x94 (I12Cn_SDA_SETUP)

332222222222 1111111111000 0 0 0 0 0 0 0

10987 6543210987625 432100987 6 5 4 3 2 1 0
Reserved SDA_SETUP[7:0]

=]

5

= |olo|lo|o|o|o|o|o|o|o|0|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|21|1]|0|O0]|1]|0]|0O

=

D

R/ R|R|R|R|R|R|R|R
R| R| R| R| R| R| R| R| R| R| R|R| R| R| R| R| R| R| R| R| R|R|R|R

w WIiw[(w|w|w|w|w|w

(SDA_SETUP[7:0]-1) * (ic_clk period) is used as setup time.

Minimum settable value is 2.
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7.18.3.33

I2C ACK GENERAL CALL Register: BASE + 0x98 (I2Cn_ACK_GENERAL_CALL)

3 3222222222 %2111111111100U0UO0O0O0O0O0TG0CLCSO
10 98 7 65 43210987 6 543210987 6543210

Reserved

A
C

I Z2 m ®

r - > 0O

anfeA feniu|

X
<

w

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

Sets the response (NACK or ACK) when receiving GENERAL CALL.

0: Response is not made and no General Call interrupt is generated when receiving GENERAL CALL.

1: Responds ACK when receiving GENERAL CALL.
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7.18.3.34 12C Enable Status Register: BASE + 0x9C (I2C_ENABLE_STATUS)

33222 2222%2%221111111111

o
o
o
o
o
o
o
o
o
o

10 987 65 43210987 6543210987654 32 1 o0
IC_ENABLE_S
Reserved
TATUS
=]
5
< |0j0O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O| O | O | O
Q
c
]
R/
RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R{RIRf R | R | R
W
Bit Name Description Remarks
IC_ENABLE_STATUS[2] | SLV_RX_DATA_LOST Indicates that at least 1 data byte receive has been aborted

because IC_ENABLE[0] switches from 1 to 0 while

operating as a slave receiver.

IC_ENABLE_STATUS[1] | SLV_DISABLED_WHILE_BUSY | Indicates that the slave operation has been aborted because
IC_ENABLE[0] switches from 1 to 0 while operating as a

slave transmitter or receiver.

IC_ENABLE_STATUS[O0] | IC_EN 1: This module is enabled.

0: This module is disabled.

7.18.3.35 12C Spike Inhibiting Limit Register: BASE + 0xAO0 (I2Cn_FS_SPKLEN)

3 3222222222211 1111111100O0 OO0 O0O O0O O 0 o
10987 654321098765 43210987 6 5 4 3 2 1 o0
Reserved IC_FS_SPKLEN

3,

5

< |0|0OjOlO|lO|jO|OjO|lO|O|]0O|0O|O|lO|O|O|0O|0OfO|0O|O|O|OlO|O|O|O|JOjO]|]O]|1]|0O

=

()

R/ RIR|IR|R|R|R|R|R
R RIR|R|R|R|R|RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W WIWIW| WIW W|W|W

Sets the maximum length of spike occurring in SCL and SDA. (unit: ic_clk)
The spike less than or equal to the value set in this register is removed by the spike inhibiting circuit.

Minimum settable value is 1.
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7.18.3.36 Component Register 1: BASE + 0xf4 (12Cn_COMP_PARAM_1)

o
o
o
o
o
o
o
o
o

3 3222222 2222111111111 10

1 09 87 65 4{3 2 1098 7 6 5 43210987 6543210
Reserved IC_CMP_PARAM_1

g
?00000000000001110000011110101010
&
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
Bit Name Description Remarks
IC_CMP_PARAM_1[23:16] | TX_BUFFER_DEPTH Associated with the transmit buffer and receive buffer sizes.
IC_CMP_PARAM 1[15:8] | RX_BUFFER_DEPTH 0x00=Reserved

0x01=2

0x02=3

OxFF=256
IC_CMP_PARAM_1[7] ADD_ENCODE_PARAMS | Indicates the same parameter value as the name.
IC_CMP_PARAM _1[6] HAS_DMA
IC_CMP_PARAM _1[5] INTR_IO
IC_CMP_PARAM_1[4] HC_COUNT_VALIES
IC_CMP_PARAM 1[3:2] | MAX_SPEED_MODE
IC_CMP_PARAM _1[1:0] | APB_DATA_WIDTH

7.18.3.37 12C Component Register Version Register: BASE + 0xf8 (12Cn_COMP_VERSION)

3 32222222222 1111111111¢00U0WO0O0O0O0O0O0TO0
1 0 9 87 65 43 2109 8 7 6543 210987 6543210

IC_CMP_VERSION

3

5

< |0OlOj2|2/0|0{0Of|2}0{0|2|2(0|/0|2}|0|O|0O|1|2|O0O|0O|O|O|O|O|2|0Of1]|]0O}|12]0

)

c

o

R/
RIRIR|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W

Component version ID.
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7.18.3.38

12C Component Type Register: BASE + Oxfc (12Cn_COMP_TYPE)

1 0 9 8 7 6 5 4

3 322 2 222 222211111111

3 210 9 8 7 6 5 4 3 2

IC_CMP_TYPE
=)
g.
= |ol1|0]|o0]0|1]0 o|1]/o|1|lo|l1|1]|1]|0|0]|0]0O o|lojo|o|oO
Q
c
D
R/
RIR|R|R|R|R|R R|R|R|R|R|R|R|R|R|R|R|R R|R|R|R|R
w

Hardware component type number.
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7-19. Flash ROM Controller

7.19.1 General Description

Memory controller that controls the internal Flash ROM.

It operates as AHB slave when reading the Flash ROM.

Erase/write/register access of the Flash ROM operates as an APB slave.

* In 1 bank mode, the register access of the controller on the SUB side is performed as follows:

*Writing is ignored.

«0 is read when reading.

7.19.2 List of Registers

Address [H] Name Symbol® R/W Initial value [H] Description
BASE+0x00 Flash-ROM status FLCnSTA R 0000_0000
BASE+0x04 Flash-ROM acceptor FLCnACP W 0000_0000
BASE+0x08 Flash-ROM address FLCnADR R/W 0000_0000
BASE+0x0C Flash-ROM write data FLCnWDA w 0000_0000
BASE+0x10 Flash-ROM erase FLCnERA R/W 0000_0000
BASE+0x14 Flash-ROM control FLCnCTR R/W 0000_0001
BASE+0x1C Flash-ROM protection status FLCn_PSTA R FFFF_FFFF
BASE+0x20 Flash-ROM size FLCnRSIZ R 0008_0000
BASE+0x24 Boot program address FLCnBADR R 0003_E800
BASE+0x28 Interrupt mask FLCNINTMSK R/W 0000_001F
BASE+0x2C Interrupt status FLCnINTSTA R/W 0000_0000
BASE+0x30 RAW interrupt status FLCNRINTSTA R/W 0000_0000
BASE+0xC4 Flash-ROM error status FLCn_ERRSTA R/W 0000_0000
BASE+0xD0 Protection lock key unlock FLCn_PROTUNLOCK W 0000_0000
BASE+0xD4 Protection lock key status FLCn_PROTLOCKSTA | RW 0000_0002
BASE+0xD8 Flash-ROM protection set write | FLCn_PROTWDA w 0000_0000
data
BASE+0xDC Flash-ROM protection set erase FLCn_PROTERA R/W 0000_0000

® n indicates the identification number when multiple Flash-ROM controllers are mounted. n starts at 0. When only one

Flash-ROM controller is mounted, n = 0.
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BASE+0x100 Flash-ROM configuration | FLCn_CONFIG 0000_0002
information
BASE+0x110 Flash-ROM code user application | FLCn_CUOADR 1000_0000
area #0 address
BASE+0x114 Flash-ROM code protection set area | FLCn_CPOADR 0000_0000
#0 address
BASE+0x118 Flash-ROM code boot program area | FLCn_CBOADR 1003_E800
#0 address
BASE+0x11C Flash-ROM code area #0 size FLCn_CO0SIZ 0004_0000
BASE+0x120 Flash-ROM data user application | FLCn_DUOADR 1800_0000
area #0 address
BASE+0x124 Flash-ROM data protection set area | FLCn_DPOADR 0000_0000
#0 address
BASE+0x128 Flash-ROM data boot program area | FLCn_DBOADR 1803_E800
#0 address
BASE+0x12C Flash-ROM data area #0 size FLCn_DO0SIZ 0004_0000
BASE+0x140 Flash-ROM code user application | FLCn_CU1ADR 1400_0000/1000_0000
area #1 address
BASE+0x144 Flash-ROM code protection set area | FLCn_CP1ADR 1403_E800/1003_E800
#1 address
BASE+0x148 Flash-ROM code boot program area | FLCn_CB1ADR 1403_EA00/1003_EA00
#1 address
BASE+0x14C Flash-ROM code area #1 size FLCn_C1SIZ 0004_0000
BASE+0x150 Flash-ROM data user application | FLCn_DU1ADR 1C00_0000
area #1 address
BASE+0x154 Flash-ROM data protection set area | FLCn_DP1ADR 1C03_E800
#1 address
BASE+0x158 Flash-ROM data boot program area | FLCn_DB1ADR 1C03_EAQ0
#1 address
BASE+0x15C Flash-ROM data area #1 size FLCn_D1SIZ 0004_0000

*n indicates a module number (n =0, 1).
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* Base address of FLCO (n = 0) is 0x40000400. The control target Flash ROM area is 0x1800_0000-0x1803_FFFF.
* Base address of FLC1 (n = 1) is 0x40000600. The control target Flash ROM area is 0x1C00_0000-0x1C03_FFFF.

7.19.3 Description of Registers

7.19.3.1 Flash-ROM Status Register: BASE + 0x00
3 322 222222221111 11111 100O0O0O0O0O0TUO0 O0 O
1 0 9 8 7 65 4 3 2109 87 6 54 3 2 10987 6543 2 1 0
B|B|B|B
uluju|U
Rese S|S|S|S
Reserved Reserved
rved Y|Y|Y|Y
111/0]0
11010
5
5
- |0lO|lO|O|O|O|O|O|O|O|O|O|O|O|O| O |O|O|lO|O|O|O|O|O|O|O|O|O|lO|O]|O|O
=
@D
R/
RIRIRIR|IRIR|R|R|R|R|R|RIRIR|IR| R |R|R|R|R|R|R|R|R|R|IR|RIRIR|R|R|R
w

BUSYxx | Reads the state of the Flash ROM.
This bit is "1" during chip erase/block erase/sector erase/1-word write of Flash xx. It automatically changes to 0" when
chip erase/block erase/sector erase/1-word write is completed.

This bit is also 1" while performing sector erase in the protection set area when the protection lock key is unlocked. (When

Flash xx has the protection set area)
In 2 bank mode, this bit is enabled only in the MAIN side controller.

1: Indicates that the state is during chip erase, block erase, sector erase, or 1-word program.

0: Indicates that the state is not during (has completed) chip erase, block erase, sector erase, or 1-word program.
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7.19.3.2 Flash-ROM Acceptor Register: BASE + 0x04
3 322222 222%2%21111111111000UO0O0O0TO0TU0TG0TGO0
109 87 65 43210987 6543210987 6 54 3 2 10

Reserved FAC[7:0]

=3

S‘.

< |0jO|O|O|O|O|lO|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|JO|O|O|O]|O

=

()

R/
RIRIRIRIR|RIRIR|R|R|R|R|R|R|R|R|R|R|R|IRIR|R|RIRIW|W|W| W W|W| W W

W

FACI7:0] | FACO7 to FACOO registers are used to restrict chip erase, sector erase, block erase, and 1-word write operations in order to

prevent an unintended operation.

When writing "0000_00FAH" and "0000_00F5H" to FLCn_ACP in this order, one of the erase operations or 1-word write
operation is enabled only once. To perform sector/block erases or 1-word writes continuously, you must write "0000_00FAH"
and "0000_OOF5H" to FLCn_ACP each time. Even if another instruction is inserted between "0000_OOFAH" and
"0000_00F5H" written to FLCn_ACP, the erase or 1-word write operation is enabled. However, if you write data other than
"0000_00F5H" in FLCn_ACP after writing "0000_00FAH", it is disabled. Therefore, you must write from "0000_00FAH"
again to enable it. In addition, if you write to FLCn_ACP without executing erase or 1-word write after writing

"0000_OOFAH" and "0000_O0OF5H", it is disabled regardless of the value. Therefore, you must write "0000_00FAH" and

"0000_O00F5H" in this order again to enable it.

state Description

Disabled Write/erase execution disabled

Request Write/erase execution disabled

Enabled Write/erase execution enabled

state Read value of this register | Transition conditions

*Write data other than FAH to FLCn_ACP in the prohibited state
*Write data other than F5H to FLCn_ACP in the request state
*Write any data to FLCn_ACP in the permitted state

Disabled OH
*Write/erase is completed in the permitted state
*Write to FLCn_PROTUNLOCK
*Protection lock key unlock operation (PROTUNLOCKWE = 1)
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When all the following three conditions are satisfied:

*Write/erase is not being executed (BUSY00 to BUSY11 = 0)

Request 1H *Protection lock key unlock is not being executed (PROTUNLOCKWE =
1)

*Write FAH to FLCn_ACP in the prohibited state

Enabled 2H Write F5H to FLCn_ACP in the request state

[Note]
If you write "00" in FLE field with the FLCn_ACP register enabled, it is still maintained as enabled.
During the protection lock key unlock operation, the write/erase operation for Flash-ROM is prohibited.
If all erase of the user application area is caused by the protection lock key unlock operation at the same time as a

normal write/erase operation for Flash-ROM, the former has a priority.

7.19.3.3 Flash-ROM Address Register: BASE + 0x08

3 32222 2 2 2222111111111 1000O0O0O0O0O0O00

[EEY
o

1 0 987 65 43 21098 7 6 543 2109 87 6 5 4 3 2

FA[31:2]

paAIasay

anfea [eniuj
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

4
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py
Py

FA[31:2] | The FA31 to FAO02 bits are used to set the address for partial erase or 1-word write. When writing a byte address of the flash
memory area to this register, the address of Flash-ROM is set.

An absolute address of Flash-ROM to be written should be written to this register.

The upper bits exceeding the address width of Flash-ROM are used to determine whether the specified area is an assigned

Flash-ROM area.

If it is not a Flash-ROM area, write/erase is ignored.
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7.19.34 Flash-ROM Write Data Register: BASE + 0x0C

3 32 2 2 2222222111111 0 00 0O0O OO

=
=
=
=
o
o
o

1 0 9 8 7 6 543 2109 87 6 5 4 6 5 4 3 2 1 0

w
N
=
o
©
(0]
~

FD[31:0]

anjeA eniu|
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o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Y

FD[31:0] The FD31 to FDOO bits are used to set the write data when performing the 1-word write to the user application area and the

boot program area.

Writing to the FD31 to FDOO bits starts the 1-word write.

[Note]
Clear the contents of the target addresses in advance. The content of an overwritten address is not guaranteed.

Write to the protection set area cannot be performed by using this register.

304



FEDL7416N-060-05
ML7416N-060

7.19.35 Flash-ROM Erase Register: BASE + 0x10
3 3222 2222222111111 111100000W0W0O0TU0 o0
10 9 87 65 4 32109876 5432109876 54321 0
FLE
Reserved
[1:0]
3.
? ojojo|o|lo|lo|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
&
R/ R|R
RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W | W
FLE[1:0] The FLE bit is used to specify the erase type and erase start for the user application area and the boot
program area.
Writing to FLE starts erase according to the data. It automatically changes to "00" when the erase is
completed. Writing "00" is prohibited. This bit remains as "00" when FLCn_ACP is not in the permitted
state except during erase/write operation, or when a write to this field is performed. It remains the same
as before write if a write to this field is performed during erase/write operation.
Write:
00: Disabled
01: Start chip erase
10: Start block erase
11: Start sector erase
Read:
00: Erase completed
01: During chip erase
10: During block erase
11: During sector erase
[Note]

Erase of the protection set area cannot be performed by using this register.
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7.19.3.6 Flash-ROM Control: BASE + 0x14

3 3222222222 %2111111111100U0UO0O0O0O0O0TG0CLCSO
10 98 7 65 43210987 6 543210987 6543210

F
L
Reserved

w

A
S
5

< |0OlO|jO|jO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|0O|0O|O]|O]O oj0l0|0] 1
=
D

R/ R

RIRIR|R|IRIR|R|RIRIRIRIRIR|R|RIR|R|RIR|R|R|R|R|R|R RIR|R|R
W w

Sets the maximum AHB latency (presence or absence of prefetch function) when reading a Flash ROM.

FLWA Description
0 0 wait/prefetch function disable

Maximum 1 wait/prefetch function

1
enable

* Use the initial value (FLWA = fixed to 1) for this product.
[Note] When writing to FLWA, the program should be started from other than the Flash ROM space”’ .

7 If the wait/prefetch setting switches during access to the Flash ROM, the operation cannot be guaranteed.
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7.19.3.7 Flash-ROM Protection Status: BASE + 0x1C
33 2222222222111 111111100WO0O0WO0O0O0O0 0 0
1 0 9876543210987 6 543210987 65432 1 0
D L
L D
E I D|O
(0] I
R S I1]C
C S
A E Reser | S | K
K Reserved R Reserved
A P ved |S|B
U I
L I W| O
S
L S D|O
R
P T
.
i_) i(1f(1(1f(1f{1f{1f2f{2(12f2f{2f2f2f2j2j{12j2{1j{1f{1f{1f{1f{1f1f1411f12 1 111
=
[¢]
R/
R|R|R{R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R R|R
w

FLCn_PSTA indicates the protection mode setting state that was read at the automatic load.

LOCKBOOT (hit 0)
Indicates whether or not to enable the write/erase operation for the boot program area.
0: Disable. 1: Enable.

e DISSWD (bit 1)
Indicates whether or not to enable the connection to SWD.
0: Disable. 1: Enable.

e DISRISP (bit 16)
Indicates whether or not to disable the FLASH read & verify command in ISP.
0: Disable. 1: Enable.

e DISEPISP (bit 17)

Indicates whether or not to disable the FLASH erase & rewrite command in ISP.

0: Disable. 1: Enable.
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e LOCKUSR (bit 30)
Indicates whether or not to enable the write/erase operation for the user program area.
0: Disable. 1: Enable.

e ERAALL (bit 31)
Indicates whether or not to execute the automatic erase of the whole user application FLASH area when the
protection lock key is unlocked.

0: Execute. 1: Do not execute.

7.19.3.8 Flash-ROM Size: BASE + 0x20

3322 2222222211111 1111100000O0W0°U0T0°00
1 09 8 7 6 5432 1098765432109 876543210
FSI[31:0]

=)
QD
&
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

Indicates the Flash ROM capacity (byte).
[Note]

In 1 bank mode, the initial value of this register is 0x00080000 in the MAIN controller.
In 2 bank mode, the initial value of this register is 0x00040000 in the MAIN/SUB controller.
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7.19.3.9 Boot Program Address: BASE + 0x24

3 3222 2222222111111 1111 00 0 0 0 0O
109 87 65432109 87 6543210 9 8 4 3 2 10

BPA[31:0]

=3

Q

&

R/

WRRRRRRRRRRRRRRRRRRRRRRRR R|{R|R|R|R

Indicates the offset address from the beginning of the Flash ROM to the beginning of the boot program area.

The initial value of this register is automatically calculated from the parameter indicating the Flash ROM capacity.

[Note]

This register always indicates the address (relative address) of the boot program area #1.
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7.19.3.10 Interrupt Mask Register: BASE + 0x28

3 3 22 2 22 2 2222111111111 100WO0O0O0O0O0O0ODTUWO0TU0O
1 0 9 87 65 4 3 210987 6 543210987 6 543 2 1 0
[ T I N |
|
MIM[M|M
M
E|E|E|P
Reserved E
R|IR|IR|R
R
AlA|A]|O
R
C({B|S|W
=
5
< o (ojo0o|j0lO|jO|O|lO|O|O|jO|O|0O|lO|O|O|O|O|O|O|O]|]O|O|O|O|O|O|2f2|2 )11
=
@D
R/ RIRIR|R|R
R RIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIR|R|R|IR
w W W W|W[|W

IMPROW | Word program complete interrupt mask.
1: Mask.

0: No mask.

IMERAS | Sector erase complete interrupt mask.
1: Mask.

0: No mask.

IMERAB | Block erase complete interrupt mask.
1: Mask.

0: No mask.

IMERAC | Chip erase complete interrupt mask.
1: Mask.

0: No mask.

IMERR Error interrupt mask.
1: Mask.

0: No mask.
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7.19.3.11 Interrupt Status Register: BASE + 0x2C

3 3 22 2 22 2 2222111111111 100WO0O0O0O0O0O0ODTUWO0TU0O
1 0 9 87 65 4 3 210987 6 543210987 6 543 2 1 0
I O I I
|
S|S|S|S
S
E|E|E|P
Reserved E
RIR|IR|R
R
A|lA|A|O
R
C({B|S|W
S
5
< o (ojo0o|j0lOjO|O|lO|O|O|jO|O|0O|lO|O|O|O|O|O|O|O]|]O|O|O|O|O|O|O|O|0O]|0O]O
=
@D
R/ RIR|IR|R|R
R RIRIR|RIRIR|R|R|RIRIRIR|R|R|RIR|R|RIRIRIR|R|R|R|R|R
W W WIW|W| W

ISPROW | Indicates the word program complete interrupt status.
1: Indicates that the word program interrupt occurs.

0: Indicates that the word program interrupt does not occur.

ISERAS | Indicates the sector erase complete interrupt status.
1: Indicates that the sector erase interrupt occurs.

0: Indicates that the sector erase interrupt does not occur.

ISERAB | Indicates the block erase complete interrupt status.
1: Indicates that the block erase interrupt occurs.

0: Indicates that the block erase interrupt does not occur.

ISERAC | Indicates the chip erase complete interrupt status.
1: Indicates that the chip erase interrupt occurs.

0: Indicates that the chip erase interrupt does not occur.

ISERR Indicates the error interrupt status.
1: Indicates that an error interrupt occurs.

0: Indicates that an error interrupt does not occur.

[Note]

Clearing the interrupt status register clears the RAW interrupt status register as well.
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7.19.3.12 RAW Interrupt Status Register: BASE + 0x30

3 3 22 2 22 2 2222111111111 100WO0O0O0O0O0O0ODTUWO0TU0O
1 0 9 87 65 4 3 210987 6 543210987 6 543 2 1 0
[ T I N |
|
R|IR|IR|R
R
E|E|E|P
Reserved E
R|IR|IR|R
R
AlA|A]|O
R
C({B|S|W
=
5
< o (ojo0o|j0lOjO|O|lO|O|O|jO|O|0O|lO|O|O|O|O|O|O|O]|]O|O|O|O|O|O|O|O|0O]|0O]O
=
@D
R/ RIRIR|R|R
R RIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIR|R|R|IR
w W W W|W[|W

IRPROW | Indicates the word program complete interrupt status (before mask).
1: Indicates that the word program interrupt (before mask) occurs.

0: Indicates that the word program interrupt (before mask) does not occur.

IRERAS | Indicates the sector erase complete interrupt status (before mask).
1: Indicates that the sector erase interrupt (before mask) occurs.

0: Indicates that the sector erase interrupt (before mask) does not occur.

IRERAB | Indicates the block erase complete interrupt status (before mask).
1: Indicates that the block erase interrupt (before mask) occurs.

0: Indicates that the block erase interrupt (before mask) does not occur.

IRERAC | Indicates the chip erase complete interrupt status (before mask).
1: Indicates that the chip erase interrupt (before mask) occurs.

0: Indicates that the chip erase interrupt (before mask) does not occur.

IRERR Indicates the error interrupt status (before mask).
1: Indicates that an error interrupt (before mask) occurs.

0: Indicates that an error interrupt (before mask) does not occur.

[Note]

Clearing the RAW interrupt status register clears the interrupt status register as well.
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7.19.3.13 Flash-ROM Error Status Register: BASE + 0xC4

3 3 2222222222111 111111100W0W0W0WO0WO0°WO0 00
1 0 9 87 65432109 876 5432109876543 2 1 0
R ElE C;D?NUBP
(%]
e RIR O%OSOR
@D
= Al A M| ¢ |[N|E|O|O
e| Reserve | V|V E I R|T|T
Reserved Reserved
r d ElE R M| N[ N| N
v RI R R P|OlO|O
e RIR E|E|E
d 3|2
=}
% O |o|joj0O|jO|lO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O
=
(0]
R/ R R|I R R RIR|R|R
R |RIRIR|RIRIR|R|RIR|R|R|R|R|IR R R| R R{RIR|W W| W,
W W W| W w W| Wl W W

This register indicates an error in a write/erase operation.
All bits of this register are enabled when the BUSY00 to BUSY11 bits of the Flash-ROM status register are set to OH

after a write/erase operation is performed.
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Description of bits
e PROTNOE (bit 0)
This bit is set when one of the write/partial erase operations described below is attempted in the protection set
area.

This bit is not cleared until it is cleared by software.

Set by any one of the following conditions:

A sector erase in the protection set area is performed when the protection lock key is set
Condition

A write to the protection set area is performed when the protection lock key is set
for setting
A sector erase in the protection set area is performed by using FLCn_ERA

A write to the protection set area is performed by using FLCn_WDA

Can be cleared by any one of the following conditions:
Condition + Write 1 to the PROTNOE bit

for clearing | -+ Write 1 to the ISERR bit of FLCn_INTSTA
Write 1 to the IRERR bit of FLCn_RINTSTA

e BOOTNOE (bit 1)
This bit is set when the area is protected by the protection function and a write/sector erase/block erase is
attempted on the boot program area.

This bit is not cleared until it is cleared by software.

Set by any one of the following conditions:

A write/sector erase is performed on the protected boot program area or an address in it
Condition

A block erase is attempted by specifying the boot program area
for setting

A sector erase is performed on the boot program area by using FLCn_PROTERA

A write is performed on the boot program area by using FLCn_PROTWDA

Can be cleared by any one of the following conditions:
Condition + Write 1 to the BOOTNOE bit

forclearing | - Write 1 to the ISERR bit of FLCn_INTSTA

Write 1 to the IRERR bit of FLCn_RINTSTA
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USERNOE (bit 2)

This bit is set when a write/erase (including chip erase) is attempted on the user application area protected by

the protection function.

This bit is not cleared until it is cleared by software.

Set by any one of the following conditions:

A write/erase is performed on the protected user application area or an address in it
Condition

A sector erase is performed on the user application area by using
FLCn_PROTERA

for setting

A write is performed on the user application area by using FLCn_PROTWDA

Can be cleared by any one of the following conditions:
Condition + Write 1 to the USERNOE bit
for clearing | -+ Write 1 to the ISERR bit of FLCn_INTSTA

Write 1 to the IRERR bit of FLCn_RINTSTA

NONIMP (bit 3)
This bit is set when a write/partial erase is attempted on an unimplemented area.

This bit is not cleared until it is cleared by software.

Condition

A write/partial erase is performed on an unimplemented area
for setting

Can be cleared by any one of the following conditions:
Condition + Write 1 to the NONIMP bit
forclearing | - Write 1 to the ISERR bit of FLCn_INTSTA

Write 1 to the IRERR bit of FLCn_RINTSTA

COMERR (bit 6)

This bit is set when FLCn_ACP is not in the permitted state and a write access is made to FLCh_WDA or
FLCn_WDA.

This bit is not cleared until it is cleared by software.

A write access is made to FLCn_WDA, FLCn_ERA, FLCn_PROTWDA, or FLCn_PROTERA
Condition | when FLCn_ACP is not in the permitted state
for setting | * Note that this bit is not set when T5—! SBIEMNEDIMNYERA. isin the permitted state

(during debugging).

Can be cleared by any one of the following conditions:
Condition
Write 1 to the COMERR bit
for clearing

Write 1 to the ISERR bit of FLCn_INTSTA
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Write 1 to the IRERR bit of FLCn_RINTSTA
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ERAVERR? (bit 11)

This bit is set when FLCn_ACP is in the permitted state and a write access of OH is made to the FLE field of
FLCn_ERA.

This bit is not cleared until it is cleared by software.

Condition | A write access of OH is made to the FLE field of FLCn_ERA when FLCn_ACP is in the permitted

for setting | state

Can be cleared by any one of the following conditions:
Condition + Write 1 to the ERAVERR?2 bit

for clearing Write 1 to the ISERR bit of FLCn_INTSTA

Write 1 to the IRERR bit of FLCn_RINTSTA

ERAVERRS (bit 12)

This bit is set when FLCn_ACP is in the permitted state and a write access of OH, 1H or 2H is made to the
FLPE field of FLCn_PROTERA.

This bit is not cleared until it is cleared by software.

Condition | A write access of invalid values (OH, 1H, 2H) is made to the FLPE field of FLCn_PROTERA when

for setting | FLCn_ACP is in the permitted state

Can be cleared by any one of the following conditions:

Condition - Write 1 to the ERAVERRS3 bit

forclearing | - Write 1 to the ISERR bit of FLCn_INTSTA

Write 1 to the IRERR bit of FLCn_RINTSTA
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7.19.3.14 Protection Lock Key Unlock Register: BASE + 0xDO

3 3 22 222222221111 11111100WO0WO0O00O0O0TU0 0O
1 0 987 65 43210987 65432109 876543 2 10
PROTUNLOCK(31:0]

3
;_) o |0oj0f0|0j0j0O|0O|O|O|0O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|lO|O|O0O|O
o
R/ R RIRIR|RIRIR|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R[R|R|R|R|R|R|R|R|R|R
w w Wi W W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| W| Wl W WW W|W|W|W

This register is used to unlock the protection lock key that was set. When this register is written four times continuously,
the protection lock key is unlocked if the written 4-word data matched the protection lock key.

When the protection lock key is unlocked, all contents in the protection set area are erased.

This register can be used only after the protection lock key is set (after the key is set and then enabled by the power-on
reset).

The unlocking of the protection lock key is enabled by the power-on reset after the operation of this register.

Write to this register is enabled only for the MAIN side controller in 1 bank mode or for the SUB side controller in 2

bank mode.
Description of bits

e PROTUNLOCKO00-PROTUNLOCKS31

By being written four times continuously, the written 4-word data are compared with the protection lock key.
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7.19.3.15 Protection Lock Key Status Register: BASE + 0xD4

3 3 22 222 2222211111111 110W0WO0WO0O0O0O0TWO0OTG0TU0O0
1 0 9 87 65 43 21098 7 6543210987 6543 2 1 0
P
P
R P
R
O R
(@]
T O
T
L T
U
O U
N
C N
Reserved Reserved L
K L
(@]
K O
C
E C
K
Y K
S
S W,
T
T E
A
A
3
% o (0|j0|O|]OlO|JO|O|OjO|O|JO|O|O|O|O|O0O]O 0|0|O0|O 0j0|0]|1]0
R/ R
R RIRIR|R|RIRIR|R|RIRIR|R|R|R|RIR|R RIR|R| R RIR|R|R
W W

This register indicates the setting state of the protection lock key and whether the protection lock key is successfully

unlocked.

Description of bits
e PROTUNLOCKSTA

This bit indicates whether the protection lock key is successfully unlocked. It is set to 1 under the conditions

described below.

This bit is updated when PROTUNLOCKWE changes to 1.
This bit is cleared when 1 is written to it.

0: Successful. 1: Failed

[Conditions for 1]
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 Another register is written to before writing to FLCn_PROTUNLOCK four times continuously (unless the
controller is executing or attempting to execute the unlock operation of the protection lock key after the
protection lock key matches successfully.)

* The data written to FLCn_PROTUNLOCK does not match the protection lock key (unless the controller is
executing or attempting to execute the unlock operation of the protection lock key after the protection lock
key matches successfully.)

* FLCn_PROTUNLOCK is written to when the protection lock key is not set

* FLCn_PROTUNLOCK of a controller that does not control the protection set area is written to

* The lower 1 byte is not OH when verifying the protection lock setting information data

* FLCn_PROTUNLOCK is written to when PROTUNLOCKWE = 0 (unless the controller is executing or
attempting to execute the unlock operation of the protection lock key after the protection lock key matches

successfully.)

PROTUNLOCKWE
This bit indicates whether or not to enable write to FLCh_PROTUNLOCK.
Write to FLCn_PROTUNLOCK is enabled only when this bit is 1.
0: Write disabled. 1: Write enabled
This bit is set to 0 under the following conditions.
[Conditions for 0]
« During write/erase operation for Flash-ROM (any bit of BUSY00-BUSY11 is set to 1)
« During comparison of the protection lock key or erase operation related to the unlocking of the protection
lock key
* VOLTAGE bit=1

PROTLOCKKEYSTA

This bit indicates the setting state of the protection lock key.
0: Set. 1: Not set
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7.19.3.16 Flash-ROM Protection Set Write Data Register: BASE + 0xD8

3 3 2222222222111 11111110000000TU0 00
1 0987 6543210987605 43210928760543 2 10
FPD[31:0]

=)
5
= o |o|lo|lo|o|lo|lo|lo|lo|o|o|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]0O
=
D
R/
W ww w w| w| w| w W W W W] W W W W] W] w| W W W W W)W W W W W W W W W
W

The FLCn_PROTWDA register sets the Flash-ROM rewrite data.

e FPD31 to FPDOO (bits 31-0)
The FPD31 to FPDOO bits set data to be written when 1-word write to the protection set area is performed.

Writing to the FPD31 to FPDOO bits starts the 1-word write.
[Note]

Clear the contents of the target addresses in advance. The content of an overwritten address is not guaranteed.

Write to the user application area and the boot program area cannot be performed by using this register.
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7.19.3.17 Flash-ROM Protection Set Erase Register: BASE + 0xDC

3 3 222 2222222111111 111100W0W0WO0WO0O0O0OTUO0SFT0O0
1 0 987 65 43210987 65 432109876543 2 10
FLP
Reserved
E
S
5
< 0O |o|o0|0O|O|O|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]O
=
D
R/ R|R
R RIRIRIRIRIR|R|RIRIRIR|R|RIRIRIR|RIRIRIR{RI|RIRIRIR|R|RIR|R
W W| W

This register starts the sector erase of Flash-ROM.

e FLPE[1:0] (bits 1-0)
The FLPE bit specifies the sector erase start for the protection set area.
Writing to FLPE starts erase according to the data. It automatically changes to "00" when the erase is
completed. Writing "00" is prohibited. This bit remains as "00" when FLCn_ACP is not in the permitted state
except during erase/write operation, or when a write to this field is performed. It remains the same as before

write if a write to this field is performed during erase/write operation.

FLPE[1:0] | Description

00 Erase completed (initial value)
01 Undefined

10 Undefined

11 Start sector erase

[Note]

Erase of the user application area and the boot program area cannot be performed by using this register.

322



FEDL7416N-060-05
ML7416N-060

7.19.3.18 Flash-ROM Configuration Information Register: BASE + 0x100

3 3 2222222%222111111111100000O00O0W0 00
1 0 987 654321098765 43210987625432 10
B
B
A
A
N
N
K
K NC
Reserved _ Reserved Reserved
_ ON
M
S
O
E
D
L
E
=]
z_) o |o|jofl0OjO|O|O|OflO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O]|1]|0O
3
@
R/
R |RIR|RIR|RIR|R|RIR|R|RIR|R|R|R|R|R|R|R|R|R|R|R|R|RIRIR|R|R|R|R
w

This register indicates the controller configuration and mode.

Description of bits
e NCON (hits 1-0)

Indicates the maximum number of controllers in the configuration. This field is fixed to 2H.

e BANK_SEL (bit8)
Indicates the currently selected bank in 2 bank mode.
0: Bank 0 (code area 0), 1: Bank 1 (code area 1)

« BANK_MODE (bit 16)

Indicates the currently selected bank mode.
0: 1 bank mode, 1: 2 bank mode.
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7.19.3.19 Flash-ROM Code User Application Area #0 Address Register: BASE + 0x110

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FCUOADRI31:0]

3
g<_: o |o0|{0|2f0j0|0|0Of|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O|O|0O|O|O|O|jO]JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the user application area #0 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FCUOADR31 to FCUOADRAOQO (bits 31-0)
FCUOADR31 to FCUOADROO indicate the beginning address of the user application area #0 in the code area.
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7.19.3.20 Flash-ROM Code Protection Set Area #0 Address Register: BASE + 0x114
3 3 2222222222111 1111111 00 0 0O O
1 0 987 65432109876 543210 4 3 2 1 O
FCPOADR[31:0]

5
S‘.
< 0O |o|lo0|O|lO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O]|O ojofo|o]o
=
]
R/

R RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
W

This register indicates the beginning address (absolute address) of the protection set area #0 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.

Description of bits

FCPOADR3L1 to FCPOADROO (bits 31-0)

FCPOADR31 to FCPOADROO indicate the beginning address of the protection set area #0 in the code area.

The initial value is OH because the protection set area #0 does not exist.
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7.19.3.21 Flash-ROM Code Boot Program Area #0 Address Register: BASE + 0x118

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FCBOADRI[31:0]

=3
g<_) o |o|j0f12/040|j0|0|0|O|O|lO|O|JO|1|2|2|{2({2|0O|2|0|0O|O|O|jO|O|O|lO|0O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIRIR|RIRIR|RIR|R|RIRIR|RIRIRIR|R|R|R
W

This register indicates the beginning address (absolute address) of the boot program area #0 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FCBOADR31 to FCBOADROO (bits 31-0)
FCBOADR31 to FCBOADROO indicate the beginning address of the boot program area #0 in the code area.
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7.19.3.22 Flash-ROM Code Area #0 Size Register: BASE + 0x11C

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FCOSIZ[31:0]

=3
g<_) o |o0|j0jO0OlO|j0O|jO|O|O|O|O|lO|0O|]2|0|0O0|0O|0O|O|O|O|0O|O|O|O|jO|O|O|lO|0O]|0O|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIR|R|R|R|R|R|R|R|R|R{W W W WW|W|W|W
W

This register indicates the size of the code area #0.
Description of bits

e FCO0SIZ31 to FC0SIZ00 (bits 31-0)
FCO0SIZ31 to FC0SIZ00 indicate the size of the code area #O0.
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7.19.3.23 Flash-ROM Data User Application Area #0 Address Register: BASE + 0x120

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FDUOADRI31:0]

3
g<_: o |o|j0|2f2/0|0|0f0O|O|0O|0O|O|O|O|O|O|0O|O|O|0O|O|O|O|0O|O|O|O|O]JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the user application area #0 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FDUOADRS31 to FDUOADROO (bits 31-0)
FDUOADR3L1 to FDUOADROO indicate the beginning address of the user application area #0 in the data area.
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7.19.3.24 Flash-ROM Data Protection Set Area #0 Address Register: BASE + 0x124

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FDPOADR[31:0]

3
g<_) o |0oj0|j0f0Oj0O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O|0O|O|O|O|0O|O|O|O|O]JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the protection set area #0 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.

Description of bits
e FDPOADR31 to FDPOADROO (bits 31-0)
FDPOADR31 to FDPOADROO indicate the beginning address of the protection set area #0 in the data area.

The initial value is OH because the protection set area #0 does not exist.
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7.19.3.25 Flash-ROM Data Boot Program Area #0 Address Register: BASE + 0x128

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FDBOADRI[31:0]

=3
g<_) o |o|j0f1f2y0|j0|0|0|0O|OfO|O|0O|1|2|2|2({2|0|2|0|0O|O|O|jO|O|O|lO|0O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIRIR|RIRIR|RIR|R|RIRIR|RIRIRIR|R|R|R
W

This register indicates the beginning address (absolute address) of the boot program area #0 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FDBOADR31 to FDBOADROO (bits 31-0)
FDBOADR31 to FDBOADROO indicate the beginning address of the boot program area #0 in the data area.
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7.19.3.26 Flash-ROM Data Area #0 Size Register: BASE + 0x12C

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FDOSIZ[31:0]

=3
g<_) o |o0j0jO0OlO|jO|jO|O|O|O|O|lO|0O|O|O|O|O|O|O|O|O|0O|O|O|O|jO|O|OlO|O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIR|R|R|R|R|R|R|R|R|R{W W W WW|W|W|W
W

This register indicates the size of the code area #0.
Description of bits

e FDO0SIZ31 to FD0SIZ00 (bits 31-0)
FDO0SIZ31 to FDOSIZ00 indicate the size of the data area #0.
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7.19.3.27 Flash-ROM Code User Application Area #1 Address Register: BASE + 0x140

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FCU1ADRI31:0]

3
g<_) o |0oj0|j0f0Oj0O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O|0O|O|O|O|0O|O|O|O|O]JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the user application area #1 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FCUIADR31 to FCULADROO (bits 31-0)
FCU1ADR31 to FCULADROO indicate the beginning address of the user application area #1 in the code area.
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7.19.3.28 Flash-ROM Code Protection Set Area #1 Address Register: BASE + 0x144
3 3 2222222222111 1111111 00 0 0O O
1 0 987 65432109876 543210 4 3 2 1 O
FCP1ADR[31:0]

5
S‘.
< 0O |o|lo0|O|lO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O]|O ojofo|o]o
=
]
R/

R RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
W

This register indicates the beginning address (absolute address) of the protection set area #1 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.

Description of bits

FCP1ADR31 to FCP1ADROO (bits 31-0)

FCP1ADR31 to FCP1ADROO indicate the beginning address of the protection set area #1 in the code area.

The initial value is OH because the protection set area #0 does not exist.
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7.19.3.29 Flash-ROM Code Boot Program Area #1 Address Register: BASE + 0x148

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FCB1ADRI[31:0]

=3
g<_) o |o0j0jO0OlO|jO|jO|O|O|O|O|lO|0O|O|O|O|O|O|O|O|O|0O|O|O|O|jO|O|OlO|O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIRIR|RIRIR|RIR|R|RIRIR|RIRIRIR|R|R|R
W

This register indicates the beginning address (absolute address) of the boot program area #1 in the code area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FCB1ADR31 to FCB1ADROO (bits 31-0)
FCB1ADR31 to FCB1ADROO indicate the beginning address of the boot program area #0 in the code area.
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7.19.3.30 Flash-ROM Code Area #1 Size Register: BASE + 0x14C

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FC1SIZ[31:0]

=3
g<_) o |o0j0jO0OlO|jO|jO|O|O|O|O|lO|0O|O|O|O|O|O|O|O|O|0O|O|O|O|jO|O|OlO|O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIR|R|R|R|R|R|R|R|R|R{W W W WW|W|W|W
W

This register indicates the size of the code area #0.
Description of bits

e FC1SIZ31 to FC1S1Z00 (bits 31-0)
FC1S1Z31 to FC1SIZ00 indicate the size of the code area #0.

335



FEDL7416N-060-05
ML7416N-060

7.19.3.31 Flash-ROM Data User Application Area #1 Address Register: BASE + 0x150

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FDU1ADRI[31:0]

3
g<_: o |o|j0|2f2y1y0|0(0|0|0O0O|0O|O|O|O|O|O|0O|OfO|0O|O|O|O|O|O|O|O|O]JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the user application area #1 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FDU1ADR31 to FDU1ADROQO (bits 31-0)
FDU1ADR31 to FDU1ADROO indicate the beginning address of the user application area #1 in the data area.
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7.19.3.32 Flash-ROM Data Protection Set Area #1 Address Register: BASE + 0x154

3 3 222222%2%22%2111111111100W000O0O0O0O0TCO0TO0
1 0987 6543210987 6 5432109876543 2 10
FDP1ADR[31:0]

3
g<_) o |oj0|2fy2y1y0|040j0|0|0f|0O}j0O|2f2}j21|{1|2(0O}j1|0O|0O|O|0O|O|O|O|O]|JO]|O]O
3
o
R/

R RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R[R|R|R|R|R|R|R|R
w

This register indicates the beginning address (absolute address) of the protection set area #1 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.

Description of bits
e FDP1ADR31 to FDP1ADROO (bits 31-0)
FDP1ADR31 to FDP1ADROO indicate the beginning address of the protection set area #1 in the data area.

The initial value is OH because the protection set area #0 does not exist.
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7.19.3.33 Flash-ROM Data Boot Program Area #1 Address Register: BASE + 0x158

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FDB1ADRI[31:0]

=3
g<_) o |oj0f1f2y2|j0|0|0|0fjOfO|0O|0O|1|2|2|{2({2|0|2|0|1|0|0OfjO|O|O|lO|0O]|0O}|O
£
D
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIRIR|RIRIR|RIR|R|RIRIR|RIRIRIR|R|R|R
W

This register indicates the beginning address (absolute address) of the boot program area #1 in the data area.

If the read value of this register is OH, it means that the corresponding area does not exist.
Description of bits

e FDB1ADR31 to FDB1ADROO (bits 31-0)
FDB1ADR31 to FDB1ADROO indicate the beginning address of the boot program area #1 in the data area.

338



FEDL7416N-060-05
ML7416N-060

7.19.3.34 Flash-ROM Data Area #1 Size Register: BASE + 0x15C

3 3 22222 2222211111111 1100WO0O00O0O0WO0TO0TO0O0
1 0 987 6 5432109 87 6 543210987 6543 2 10
FD1SIZ[31:0]

=3
i_) o |o0|j0jO0OlO|j0O|jO|O|O|O|O|lO|0O|]2|0|0O0|0O|0O|O|O|O|0O|O|O|O|jO|O|O|lO|0O]|0O|O
=
(0]
R/

R RIRIRIRIRIRIR|R|RIR|R|RIRIR|R|R|R|R|R|R|R|R|R{W W W WW|W|W|W
W

This register indicates the size of the code area #1.
Description of bits

e FD1SIZ31 to FD1SI1Z00 (bits 31-0)
FD1SI1Z31 to FD1SI1Z00 indicate the size of the data area #1.

339



FEDL7416N-060-05
ML7416N-060

7.19.4 Functional Description

7.19.4.1 Wait/Prefetch Control

Presence or absence of the AHB bus maximum wait and prefetch function can be selected by the FLWA bit of the Flash-ROM

control. The maximum wait cycle and prefetch function cannot be controlled independently. The prefetch function is disabled

at the time of 0 wait setting and enabled at the time of 1 wait setting. When the prefetch function is enabled, CPU can be

operated at about 1/2 cycles of the memory access time.

The prefetch function is a function to pre-read the data stored at the address following the previously read one while no valid

access to the Flash ROM controller exists. It can improve the performance by reducing the system clock cycle as compared to

the program memory read latency.

7.19.4.2 Erase/Program Function

The erase and program is executed by starting the Flash ROM control register placed within the APB space. The following

shows the erase and program procedures.

Chip Erase

The following shows the chip erase procedure.

7.19.4.2.1.
)
@
©)
Q)

7.19.4.2.2.

Write 0x000000FA to FLCACP
Write 0x000000F5 to FLCACP
Write 0x00000001 to FLCERA
Wait for FLCSTA to be 0x00000000.

Block Erase

The following shows the block erase procedure.

)]
O]
®
4)
®)

Write 0x000000FA to FLCACP

Werite 0x000000F5 to FLCACP

Write the beginning address of the erase target block to FLCADR
Write 0x00000002 to FLCERA

Wait for FLCSTA to be 0x00000000.
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7.19.4.2.3.

7.19.4.24

Sector Erase

The following shows the sector erase procedure.

()
@
©)
4)
®)

Write 0x000000FA to FLCACP

Write 0x000000F5 to FLCACP

Write the beginning address of the erase target sector to FLCADR
Write 0x00000003 to FLCERA

Wait for FLCSTA to be 0x00000000.

Word Program

The following shows the 1-word program procedure.

@
@
®
*
®)

Write 0x000000FA to FLCACP

Write 0x000000F5 to FLCACP

Write the address of program target word to FLCADR
Write the data to be written to FLCWDA

Wait for FLCSTA to be 0x00000000.
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7-20.DIO

7.20.1 General Description

Data transmission/reception interface dedicated to the RF block (ML7396B) control.

[Notices]
When this DIO function is used, release the pull-down setting of DIO_CPU(LSI internal pin).
For release method, refer to ', 7.29.3.28 10 Setting Register 0-25".

7.20.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] Description
0x40043000 DIO enable DIO_EN R/W 0x00000000 Enables the DIO function.
0x40043004 DIO control DIO_CTRL R/W 0x00000008 Controls the DIO operation
mode.
0x40043008 Receive data matching pattern | DIO_MATCH_LEN R/W 0x00000000 Sets the receive data
length setting matching pattern length.
0x4004300C Receive data matching pattern | DIO_MATCH_PAT R/W 0x00000000 Sets the receive data
setting matching pattern.
0x40043010 FIFO-FULL threshold setting DIO_F FULL TRG RIW 0x0000000F Sets the threshold of
FIFO-FULL.
0x40043014 FIFO-EMPTY threshold DIO_F_EMPTY_TRG R/W 0x00000000 Sets the threshold of
setting FIFO-EMPTY.
0x40043018 FIFO valid number of data DIO_F_LEV R 0x00000000 Displays the number of
display valid data within the FIFO.
0x4004301C Interrupt mask DIO_IMSK RW 0x0000001F Masks the interrupt status.
0x40043020 Interrupt status DIO_IST R 0x00000000 Displays the interrupt
status (after mask).
0x40043024 Interrupt RAW status DIO_RIST R 0x00000008 Displays the interrupt
status (before mask).
0x40043028 FIFO overflow interrupt clear DIO_F_O_CLR R 0x00000000 Clears FIFO overflow
interrupt.
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0x4004302C FIFO underflow interrupt clear | DIO_F_U_CLR R 0x00000000 Clears FIFO underflow
interrupt.
0x40043030 Received data coincident DIO_MATCH_CLR R 0x00000000 Clears the received data
interrupt clear register coincident interrupt.
0x40043034 Interrupt clear DIO_ICLR R 0x00000000 Clears all interrupts within
the DIO function.
0x40043038 Transmit/receive data DIO_FIFO R/IW 0x00000000 Stores the transmit data

during the transmission.
Stores the receive data

during the reception.
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7.20.3 Description of Registers

7.20.3.1 DIO_EN Register: 0x40043000

3 322222»22222=2111111111100HO0O000W0 0 O
10987 6543210987 6543210987654 3 2 1
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DIO_TX ON | Enables the DIO transmit mode.
0: disable

1: enable

DIO_RX_EN | Enables the DIO receive mode.
0: disable

1: enable
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7.20.3.2 DIO_CTRL Register: 0x40043004

3322222 222%2%211111111110000000 0 00O
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- |0j0O|j0O|O|O|O|O|0O|0O|0O|0O|O|O|0O|0O|0O|O|0O|O|O|0O|O|O|O|O|O|O|O|2]|O0O0]|O0O]O
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R/ RIR|R|R|R|R

RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W WW|W|W|W W

DOUT_MOD TX DIO pin output mode setting

00: OD output mode (default)

01: CMOS output mode

10: OD/CMOS automatic switching mode
11: Reserved (OD output mode)

* It is recommended that 00 (default) setting is used.

PRST_EN 1st data preset setting
0: disable
1: enable

* It is recommended that O (default) setting is used.

MATCH_EN Received data matching function enable
0: disable

1: enable
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DIO_FAM FIFO access mode setting (1 byte/4 bytes)
0: Accesses to FIFO in 1 byte. (High-order 3 bytes of write and read data are disabled)
1: Accesses to FIFO in 4 byte.

DCLK_EDGE_SEL | DCLK polarity selection
0: pos edge
1: neg edge

7.20.3.3 DIO_MATCH_LEN Register: 0x40043008
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MATCH_LEN | Sets the receive data matching pattern length. A value from 0 to 32 can be set. 32 or more setting is assumed to be

32.

7.20.3.4 DIO_MATCH_PAT Register: 0x4004300C
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MATCH_PAT | Sets the receive data matching pattern. Bits less than the setting value of MATCH_LEN are enabled.
Example: When MATCH_LEN = 0x10, bits 0 to 15 of MATCH_PAT are enabled.
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7.20.35 DIO_F_FULL_TRG Register: 0x40043010

3 32222%2%2222=2111111111100O0O0HO00UO0 0 00O
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F_FULL_TRG | FIFO-FULL threshold setting

7.20.3.6 DIO_F_EMPTY_TRG Register: 0x40043014

3 32222%2%22222111111111100O0O0HO00WO0 0 00O
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RIRIR|RIRIRIRIR|R|RIR|RIRIR|RIRIR|R|RIR|RI|R|R|RI|RIR|RIR
W W W| W

F_EMPTY_TRG | FIFO-EMPTY threshold setting
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7.20.3.7 DIO_F_LEV Register: 0x40043018

33222222 2%2%221111111111000000O0 0 00O
10987 6 543210987 6543210987654 3 2 10
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=]

5

- |0lOjO|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|lO]jO]O]|O]O

=

@
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w W|lW|W|W W

F_LEV | FIFO valid number of data display
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7.20.3.8 DIO_IMSK Register: 0x4004301C
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IMSK[4] | Masks the MATCH interrupt.
1: Mask
0: No mask

IMSK]3] | Masks the EMPTY interrupt.
1: Mask
0: No mask

IMSK[2] | Masks the UNDER interrupt.
1: Mask
0: No mask

IMSK[1] | Masks the OVER interrupt.
1: Mask
0: No mask

IMSK[0] | Masks the FULL interrupt.
1: Mask
0: No mask
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7.20.3.9 DIO_IST Register: 0x40043020
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2
g_, ofojo|o0f0O|O|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]|O
s
R/
W RIRIR|R|R{RIR|R|R|R|R|R|R|R|R|RIR|R|RIR|RIR|R|R|RIRIRIR|R|R|R|R
IST[4] Indicates the interrupt status.
IST[3] For details of each bit, refer to the interrupt RAW status register. The masked interrupt status is read from this register.
IST[2] To clear the interrupt source, read the interrupt clear register corresponding to the appropriate interrupt source.
IST[1]
IST[0]
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7.20.3.10 DIO_RIST Register: 0x40043024
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RIST[4] Indicates the MATCH interrupt status.
This bit is set when the received data matches with MATCH_PAT.

RIST[3] Indicates the EMPTY interrupt status.
This bit is set when the valid data within FIFO is less than or equal to F_EMPTY_TRG. This bit is automatically cleared
when the valid data exceeds F EMPTY_TRG.

RIST[2] Indicates the UNDER interrupt status.
This bit is set when transmitting data while the valid data within FIFO is 0 or when reading data from HOST. In addition,
if the FIFO access unit is 4 bytes (DIO_FAM = 1), this bit is set when reading data from HOST while the valid data within
FIFO is 3 or less.

RIST[1] Indicates the OVER interrupt status.
This bit is set when receiving data while the valid data within FIFO is 16 or when setting data from HOST. In addition, if
the FIFO access unit is 4 bytes (DIO_FAM = 1), this bit is set when setting data from HOST while the valid data within
FIFO is 13 or more.

RIST[O] Indicates the FULL interrupt status.
This bit is set when the valid data within FIFO exceeds F_FULL_TRG. This bit is automatically cleared when the valid
data is less than or equal to F_FULL_TRG.
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7.20.311  DIO_F_O_CLR Register: 0x40043028

33222222222 21111111111000000W0 0 00O
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F_O_CLR | When this register is read, the FIFO overflow interrupt is cleared. Writing is ignored.
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7.20.3.12  DIO_F_U_CLR Register: 0x4004302C
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F_U_CLR | When this register is read, the FIFO underflow interrupt is cleared. Writing is ignored.
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7.20.313  DIO_MATCH_CLR Register: 0x40043030
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MATCH_CLR | When this register is read, the received data coincident interrupt is cleared. Writing is ignored.
[NOTICE] Before clearing the received data coincident interrupt, be sure to make the DIO receive mode disabled

(DIO_RX_EN =0).
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7.20.3.14 DIO_ICLR Register: 0x40043034
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ICLR | When this register is read, all active interrupts are cleared. Writing is ignored.

7.20.3.15 DIO_FIFO Register: 0x40043038
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FIFO | Transmit/receive data (common to transmit/receive)
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7.20.4 Functional Description
7.20.4.1 1st Data Transmit Timing Setting
1st data transmit timing can be switched by PRST_EN.

PRST_EN=1

DIO_TX_EN _|
DCLK

DIO X 1st X 2nd X 3rd X

At the timing when remaining amount of FIFO > 0 and

DIO_TX EN=1,

1st data is output.

PRST_EN=0

DIO_TX_EN
DCLK _| I—,

DIO X 1st X 2nd X

1st data is output at 1st DCLK.

7.20.4.2 Received Data Matching Function

Confirms that the received data matches with the maximum of 32-bit pattern set in the MATCH_PAT register.

ON/OFF of this function can be controlled by the MATCH_EN register.

The length of matching pattern can be set to the range of 0 to 32 bits by the MATCH_LEN register.

Example: When MATCH_LEN = 0x10, MATCH_PAT[15:0] is enabled and the MATCH_PAT[31:16] setting become Don’t Care.
When the received data matches with MATCH_PAT, the MATCH interrupt occurs.

If this function is set to ON, data before matching is not stored in the receive FIFO.
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7.20.5 Description of Operation

7.20.5.1 Transmit Operation

@
)
®)
(4)
)
(6)

Set PRST_EN, DIO_FAM, DCLK_EDGE_SEL, and F_EMPTY_TRG to any value.

Set the transmit data in FIFO.

Set DIO_TX_EN. DIO outputs the transmit data from MSB in synchronization with DCLK.
When the EMPTY interrupt occurs, then set the transmit data.

FIFO becomes empty and an UNDER interrupt occurs when the last data transmit is completed.

When the transmit is completed, set DIO_TX_EN to 0.

7.20.5.2 Receive Operation

@)
@

®)
(4)

Set MATCH_EN, DIO_FAM, DCLK_EDGE_SEL, MATCH_LEN, MATCH_PAT, and F_FULL_TRG to any value.

Set DIO_RX_EN. DIO receives the received data from MSB in synchronization with DCLK and stores the data by 1 byte in FIFO. If
MATCH_EN is set to 1, the received data is discarded without stored in FIFO until it matches with MATCH_PAT. When matched, a
MATCH interrupt is notified and storing data in FIFO is started. If MATCH_EN is set to O, all received data is stored in FIFO.

When the FULL interrupt occurs, data is read from FIFO.

When the reception of all data is completed, set DIO_RX_EN to 0.

The completion of received data is determined by the receive completion interrupt from RF-IC or by analyzing length from the received data.

Since only data after the length can be stored in FIFO by setting SyncWord to MATCH_PAT, the analysis of length is made easy.

357



FEDL7416N-060-05
ML7416N-060

7-21.RAND_GEN

7.21.1 General Description

Pseudo-random number generation circuit. The features are shown below.

- The RAND length can be selected from RAND9, RAND15, and RAND23.

- Random number generation result can be output with the logical complement of 2.

7.21.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] Description

0x40044000 RAND_GEN control register 0 RAND_CRO R/IW 0x00000000 Controls the operation mode

0x40044004 RAND_GEN control register 1 RAND_CR1 R/W 0x00000000 Controls the operation mode

0x40044008 RAND_GEN random value | RAND_VR R 0x00000000 Displays the generated random
register value
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7.21.3 Description of Registers

7.21.31 RAND_GEN Control Register 0: 0x40044000

3 3222222222211111111110000000 0 00O
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RAND_COMP_ON | Outputs the RAND generation result with the logical complement of 2.
0: disable

1: enable

RAND_LEN Sets the RAND length.
00: RAND9

01: RAND15

10: RAND23

11: Do not use

RAND_INIT Initializes the RAND generation circuit.
0: disable

1: enable
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RAND_EN Enables the RAND generation circuit.
0: disable

1: enable

7.21.3.2 RAND_GEN Control Register 1: 0x40044004
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RAND_POLY | Sets RAND POLY.

7.21.3.3 RAND_GEN Random Value Register: 0x40044008
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RAND_CALC_OUT | Stores the RAND generation result.
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7.22.CLK_Timer

7.22.1 General Description

This function uses the high-speed clock to count a certain time period of the low-speed clock and stores the count result in a
register. The frequency shift from the ideal clock can be determined from the count result (automatic correction of frequency is not
supported).

The low-speed clock can be selected from low-speed CR oscillation circuit output, XTAL32kHz oscillation circuit output, and
clock output from RF chip. The high-speed clock can be selected from high-speed CR oscillation circuit output, PLL output, and
RF clock.

7.22.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] | Description

0x40045000 CT control register CT_CR R/IW 0x00000000 Controls the operation mode

0x40045004 CT timer register 0 CT_TR RIW 0x00000000 Sets the timer value.

0x40045008 CT status register CT_SR R 0x00000000 Displays the count completion
notification

0x4004500C CT timer count value register CT_TCR |R 0x00000000 Displays the count value

0x40045010 CT interrupt clear register CT_TCL |R 0x00000000 Clears the interrupt.
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7.22.3 Description of Registers

7.22.3.1 CT Control Register: 0x40045000
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CLK_CAL_INT_MASK | Masks the CLK_TIMER interrupt.
0: disable

1: enable

CLK _CAL_START Enables CLK_TIMER.
0: disable

1: enable
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7.22.3.2 CT Timer Register 0

3322222222 221111111111000000O0 0 00O
10987 65432109876 5432109487654 3 2 10
Reserved CLK_CAL_TIME
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CLK_CAL_TIME

Sets the timer value equal to the number of cycles of the low-speed clock (such as XTAL32KHz).
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7.22.3.3 CT Status Register: 0x40045008
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CLK_CAL_END | Notifies the timer expiration.

7.22.34 CT Timer Count Value Register: 0x4004500C
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CLK_CAL | Storesthe CLK count value.
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7.22.35 CT Interrupt Clear Register: 0x40045010
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CLK_CAL_CLEAR | Clears the interrupt.
* When this register is read, the interrupt is cleared.
Always 0 is read when reading.
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7.23. ADC

7.23.1 General Description

This function controls the 10-hit successive approximation type A/D converter.

The features are shown below.

- Programmable scan of up to three channels (CHO to CH2) (The scan time and scan order can be set.)

* Two channels when using the temperature sensor (CH2).

- Scan result notification (The scan completion is notified by an interrupt.)

- Averaging of A/D conversion data (The average value of A/D conversion results is displayed.)

- Calculation of CHO to CH2 input voltage (It is assumed that the reference voltage output from the regulator at

CH3 is monitored.)
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AIN2 (@
@.
24
Thermgmeter |3
output

Selector

AIN3 X—

Regilator reference
voltage

ADRAQ

ADRA1

AID ADRA2
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circuit

CLK32K

1/8 CLK

1/16 CLK

10]199[9S

1/32CLK
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Interrupt request

f—’

A/D control circuit

ADCON

ADC x CLR
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ADINT

'

Internal bus (APB)
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7.23.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] Description
0x40070000 | A/D control register ADCON R/W | 0x0000_0000 Sets the operation mode.
0x40070004 | A/D interrupt control register | ADINT R/W | 0x0000_0000 Notifies the interrupt.
0x40070008 | A/D interrupt enable control | ADINTEN | R/W | 0x0000_0000 Sets the interrupt enable.
register
0x4007000C | A/D result register (AVE) | ADRSTO |R 0x0000_0000 Displays the A/D conversion result
CHO (average value) of CHO.
0x40070010 | A/D result register (AVE) | ADRST1 | R 0x0000_0000 Displays the A/D conversion result
CH1 (average value) of CH1.
0x40070014 | A/D result register (AVE) | ADRST2 | R 0x0000_0000 Displays the A/D conversion result
CH2 (average value) of CH2.
0x40070018 | A/D result register (AVE) | ADRST3 | R 0x0000_0000 Displays the A/D conversion result
CH3 (average value) of CH3.
0x4007001C | A/D data register 0 ADDTO R/W | OxFFFF_FD30 | Displays the A/D conversion result
under the conditions of low
temperature (-40 °C) and
VDDIO_CPU = 3.3V, which is
stored in Flash in advance.
0x40070020 | A/D data register 1 ADDT1 R/W | OxFFFF_FCEC | Displays the A/D conversion result
under the conditions of ordinary
temperature (25 °C) and
VDDIO_CPU =3.3V, which is
stored in Flash in advance.
0x40070024 | A/D data register 2 ADDT2 R/W | OxFFFF_FCAB | Displays the A/D conversion result
under the conditions of high
temperature (105 °C) and
VDDIO_CPU =3.3V, which is
stored in Flash in advance.
0x40070028 | A/D data register 3 ADDT3 R/W | OXFFFF_FD75 | Displays the A/D conversion result
of CH3 under the conditions of
VDDIO_CPU =3.3V, which is
stored in Flash in advance.
[Note]

When ADCON is written during A/D conversion (ADRUN=1), all results of A/D conversion from ADRSTO to ADRST3 are

not guaranteed.
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7.23.3 Description of Registers

A/D Control Register: 0x40070000

7.23.3.1
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ADSSM Specifies the scan channel(s) for selection or scan mode. When only one bit is set to "1", the register operates in selection
mode, and when multiple bits are set to "1", the register operates in scan mode. In scan mode, A/D conversion is executed in
ascending order of the channel number.

ADSSM Channel to use Order of channel selection/channel scan Mode

3 2 1 0
0 0 0 0 |- - -
0 0 0 1 |cho ch0 Selection
0 0 1 0 chl chl Selection
0 0 1 1 | chO,chl ch0—chl Scan
0 1 0 0 |ch2 ch2 Selection
0 1 0 1 | chO,ch2 ch0—ch2 Scan
0 1 1 0 chl,ch2 chl—ch2 Scan
0 1 1 1 | chO,chl,ch2 ch0—chl—ch2 Scan
1 0 0 0 |ch3 ch3 Selection
1 0 0 1 | chO,ch3 ch0—ch3 Scan
1 0 1 0 | chlch3 chl—ch3 Scan
1 0 1 1 ch0,ch1,ch3 ch0—chl—ch3 Scan
1 1 0 0 | ch2,ch3 ch2—ch3 Scan
1 1 0 1 ch0,ch2,ch3 ch0—ch2—ch3 Scan
1 1 1 0 | chl,ch2,ch3 chl—ch2—ch3 Scan
1 1 1 1 ch0,chl,ch2,ch3 ch0—chl—ch2—ch3 Scan

[Note]

The channel(s) to use should be changed when A/D conversion is stopped.

(The scan channel(s) cannot be changed unless ADRUN ="0")

ADRUN Specifies the start/stop of A/D conversion.
0: Stops  A/D conversion
1: Starts A/D conversion

How to stop A/D conversion differs depending on the setting value of ADAST described below.

When ADAST = 0: ADRUN is automatically cleared by hardware (0" write) after a set of A/D conversions.

When ADAST = 1: It is necessary to write "0" to ADRUN after a set of A/D conversions.

To start the next A/D conversion, it is necessary to write "1" to ADRUN.

The previous A/D conversion result is held until the next time ADRUN is set to "1".

However, if the interrupt is not cleared at the next time ADRUN is set to "1", this ADRUN setting is disabled.

[Note]

If no bit of ADSSM is set to "1", A/D conversion is not started regardless of the setting value of ADRUN.

If ADSSM=4'h0 is set during conversion, A/D conversion is not terminated (it is necessary to set ADRUN = 0 in order to

forcibly terminate the A/D conversion).

ADAST It is possible to specify whether or not to perform the A/D conversion again after one cycle of A/D conversions for the

specified channels. This is supported in both selection and scan modes.
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0: Stops the conversion operation after A/D conversion for the specified channels

1: Starts A/D conversion again after A/D conversion for the specified channels

ADCHG Specifies the number of conversion times of the A/D converter. One, four, eight, or sixteen times can be specified.
The average value of the specified number of conversions is output as the A/D conversion result.
00: One time
01: Four times
10: Eight times
11: Sixteen times
ADCYC Selects the frequency of the operation clock of A/D converter.
[Note]
Do not change the operation clock during A/D conversion (ADRUN = 1).
Use the operation clock of 2.5 MHz or 1.25 MHz.
The minimum and maximum frequencies of the operation clock are 400 ns (2.5 MHz) and 800 ns (1.25 MHz) respectively,
and 25 clocks are required for A/D conversion.
The A/D conversion time per channel is decided by the ADCYC setting value.
For example, when ADCYC[1:0] is set to "01", the conversion time is 800 ns x 25 = 20 ps.
Operation Clock and A/D Conversion Time Decided by ADCYC (Example)
CLK ADC operation clock A/D conversion time
(MHz) (min400ns / max800ns) (min10ps / max 20us)
ADCYC=00 ADCYC=01 | ADCYC=00 | ADCYC=01
(No division) (2 dividing) (No (2 dividing)
division)
25 400ns 800ns 10ps 20ps
When the clock cycle = 800 ns, the number of A/D conversion times = 16, and the selected channels = four channels, the
AJ/D conversion time will have the maximum value, which is 800 [ns] x 25 [cycle] x (16 + 2 [times]) x 4 [channels] = 1.44
[ms].
ADWAIT Specifies the interval time of detecting the A/D converter output value (wait time from the A/D conversion start).

8'h00=7.81 ms
8'h01=15.62 ms
8'h02=31.25 ms
8'h03=62.5 ms
8'h04=125 ms
8" h05=250 ms
8'h06=500 ms
8'h07=1000 ms
8'h08=2000 ms
8'h09=4000 ms
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8'h0a=8000 ms

8'h0b to 8" h0f=16000 ms
The wait period includes the A/D conversion time.
The interrupt process should be handled on the CPU side during the wait period.
The value of the A/D result register described below is held during the wait period.

Up to 16000 ms can be set for the wait time. Note that wait is not inserted between channels in the scan mode.

EXTEMP_SEL

Selects the CH2 input of ADC.
When EXTEMP_SEL = 0: Selects the input from thermometer
When EXTEMP_SEL = 1: Selects the input from external pin ADC2

ADCAL

Acquires the average of A/D converter output values when the corresponding bit is set to 1.

Each bit (bits 24-27) corresponds to each channel (CHO-CH3).

This register is only enabled when the number of A/D conversion times is set to four or more.
0: Stores the latest A/D conversion result

1: Stores the average value of A/D conversion results

ADCALR

Makes correction based on the A/D conversion result of CH3 when the corresponding bit is set to 1
(calculated up to the second decimal place and truncated at the third decimal place), and stores the calculation
result in the A/D result register (ADRSTO to 3).
Each bit (bits 28-31) corresponds to each channel (CHO-CH3).
0: Does not make correction.
1: Makes correction using the following formula.

Correction formula: (CH0/1/2 conversion result) / (CH3 A/D conversion result)
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7.23.3.2 A/D Interrupt Control Register: 0x40070004
3 322 2 2 2 2 2 2 2 21111111111 000 O0O0O0OO0ODO0ODO0DO
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 43210
Al Al Al A
D| D| D| D
[N
Reserved
N| N| N| N
T T T|T
312/1|0
3
g.
<|/0|lO}jOj]OjO|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|jO|O|O|O|O|O|0O]jO|O
=
()
R
Rl Rl R| R
/" RIRIR|R|R|R|R|R|R|R|R|IRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W wWw
w
ADINT Indicates the completion of A/D conversion for each channel.

ADINTO 0: A/D conversion of channel 0 is not completed
1: A/D conversion of channel 0 is completed
ADINT1 0: A/D conversion of channel 1 is not completed
1: A/D conversion of channel 1 is completed
ADINT2 0: A/D conversion of channel 2 is not completed
1: A/D conversion of channel 3 is completed
ADINT3 0: A/D conversion of channel 3 is not completed

1: A/D conversion of channel 3 is completed

This bit is cleared by writing "1" to it. Writing "0" is ignored.
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7.23.3.3 A/D Interrupt Enable Control Register: 0x40070008
3 322 2 2 2 2 2 2 2 21111111111 000 O0O0O0OO0ODO0ODO0DO
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 43210
Al Al Al A
D| D| D| D
[N
N| N| N| N
Reserved
T T T|T
E| E| E| E
N| N| N| N
312/1|0
3
g.
<|/0|lO|jOj]OjO|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|jO|O|O|O|O|O]|0O]jO|O
=
()
R
Rl Rl R| R
/" RIRIR|R|R|R|R|R|R|R|R|IRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W wWw
w
ADINTEN | Indicates whether the interrupt for each channel is enabled.

ADINTENO O: Interrupt for channel 0 disabled
1: Interrupt for channel O enabled
ADINTENL1 0: Interrupt for channel 1 disabled
1: Interrupt for channel 1 enabled
ADINTEN2 0: Interrupt for channel 2 disabled
1: Interrupt for channel 2 enabled
ADINTENS3 0: Interrupt for channel 3 disabled

1: Interrupt for channel 3 enabled

[Note]
After converting a channel that is set to the interrupt disabled state, if the channel is changed to the interrupt enabled state

without clearing the conversion status, an interrupt request is generated for the channel immediately after the change.
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7.23.3.4 A/D Result Register 0: 0x4007000C

3 3222 22 22 222111111111 1000 0O0OO0OTO0ODO0ODO0O0

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 654 3210

Reserved A|lA|A|A|A|A|A|A|A|A]| Reserved

D|D|D|D|D|D|D|D|D|D
RIRIR|R|R|R|R|R|R|R
S|S|S|S|S|S|S|S|S|S
T|(T|T|T|T|T|T|T|T|T
ojojojojo0fl0|j0O0|0O|O|O
9/8|7|6|5|4|3|2|1|0

;,-

%OOOOOOOOOOO000000000000000000000

5

R

/| " RIRIR|R|IRIR|IR|IR|R|R|IR|R|IR|R|R|R|{R|R|R|R|R|R|R|R|R|R|RIR|R R R|R

W

ADRSTO This register stores the A/D conversion result (average value) of channel 0.

If the number of conversion times of the A/D converter (one, four, eight, or sixteen times) is specified, the average value of the
specified number of conversions is stored. After a set of A/D conversions, even if interrupt request is not enabled until the next

AJD conversion is completed, the value of the next (latest) A/D conversion result is stored in this register (value is overwritten

and updated with the latest A/D conversion value).

[Note]

(3%1) Reserved bit for future extension. “0" is read when reading. Write “0" when writing.

If the A/D control register is written during A/D conversion (ADRUN = 1), no A/D conversion result for ADRSTO to ADRST3

is guaranteed.
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7.23.35 A/D Result Register 1: 0x40070010

3 3222 22 22 222111111111 1000 0O0OO0OTO0ODO0ODO0O0

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 654 3210

Reserved A|lA|A|A|A|A|A|A|A|A]| Reserved

D|D|D|D|D|D|D|D|D|D
RIRIR|R|R|R|R|R|R|R
S|S|S|S|S|S|S|S|S|S
T|(T|T|T|T|T|T|T|T|T
1(1(1(1(1|1j1|1(1|1
9/8|7|6|5]|4|3|2|1|0

;,-

%OOOOOOOOOOO000000000000000000000

5

R

/| " RIRIR|R|IRIR|IR|IR|R|R|IR|R|IR|R|R|R|{R|R|R|R|R|R|R|R|R|R|RIR|R R R|R

W

ADRST1 This register stores the A/D conversion result (average value) of channel 1.

If the number of conversion times of the A/D converter (one, four, eight, or sixteen times) is specified, the average value of the
specified number of conversions is stored. After a set of A/D conversions, even if interrupt request is not enabled until the next

AJD conversion is completed, the value of the next (latest) A/D conversion result is stored in this register (value is overwritten

and updated with the latest A/D conversion value).

[Note]

(3%1) Reserved bit for future extension. “0" is read when reading. Write “0" when writing.

If the A/D control register is written during A/D conversion (ADRUN = 1), no A/D conversion result for ADRSTO to ADRST3

is guaranteed.
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7.23.3.6 A/D Result Register 2: 0x40070014
3 3222 22 22 222111111111 1000 0O0OO0OTO0ODO0ODO0O0
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 654 3210
AlAIAJAA|AAJAIA|A
D|D|D|D|D|D|D|D|D|D
RIRIR|R|R|R|R|R|R|R
Reserved S|S|S|S|S|S|S|S|S|S| Reserved
T|(T|T|T|T|T|T|T|T|T
2122|122 |2|2|2|2]|2
9/8|7|6|5]|4|3|2|1|0
;,-
%OOOOOOO0000000000000000000000000
5
R
/| " RIRIR|R|IRIR|IR|IR|R|R|IR|R|IR|R|R|R|{R|R|R|R|R|R|R|R|R|R|RIR|R R R|R
W
ADRST2 This register stores the A/D conversion result (average value) of channel 2.

If the number of conversion times of the A/D converter (one, four, eight, or sixteen times) is specified, the average value of the
specified number of conversions is stored. After a set of A/D conversions, even if interrupt request is not enabled until the next

AJD conversion is completed, the value of the next (latest) A/D conversion result is stored in this register (value is overwritten

and updated with the latest A/D conversion value).

[Note]

(3%1) Reserved bit for future extension. “0" is read when reading. Write “0" when writing.

If the A/D control register is written during A/D conversion (ADRUN = 1), no A/D conversion result for ADRSTO to ADRST3

is guaranteed.
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7.23.3.7 A/D Result Register 3: 0x40070018

3 3222 22 22 222111111111 1000 0O0OO0OTO0ODO0ODO0O0

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 654 3210
AlAIAJAA|AAJAIA|A
D|D|D|D|D|D|D|D|D|D
RIRIR|R|R|R|R|R|R|R

Reserved S|S|S|S|S|S|S|S|S|S| Reserved

T|(T|T|T|T|T|T|T|T|T
3[/3{3|3(3|3|3|3[33
9/8|7|6|5]|4|3|2|1|0

;,-

%OOOOOOO0000000000000000000000000

5

R

/| " RIRIR|R|IRIR|IR|IR|R|R|IR|R|IR|R|R|R|{R|R|R|R|R|R|R|R|R|R|RIR|R R R|R

W

ADRST3 This register stores the A/D conversion result (average value) of channel 3.

If the number of conversion times of the A/D converter (one, four, eight, or sixteen times) is specified, the average value of the
specified number of conversions is stored. After a set of A/D conversions, even if interrupt request is not enabled until the next

AJD conversion is completed, the value of the next (latest) A/D conversion result is stored in this register (value is overwritten

and updated with the latest A/D conversion value).

[Note]

(3%1) Reserved bit for future extension. "0" is read when reading. Write "0" when writing.

If the A/D control register is written during A/D conversion (ADRUN = 1), no A/D conversion result for ADRSTO to ADRST3

is guaranteed.
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7.23.3.8 A/D Data Register 0: 0x4007001C
3 322 2 2 2 2 2 2 221111111111 000 0O0O0O0OO0DO0O0
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 21
A
D
D AlA|A|A|A|A|A AIAA
T D/ D/ D|D|D/D|D D|D|lD
_ D/ D/ D|D|D/D|D D|D|lD
Reserved
S T|T|T|T|T|T|T|T|T|T
T 0|0|O0O|O|O|O|0OlO|lO|O
A 9(8|7|6|5[4|3/2/1|0
T
0
5
g.
/1222222222122 f2f22|f2f2f2y12(2|2|12|0(2|0|0|2|1]|0|0|0|O
=
(0]
R
R|R|R|R|R|R|RIR RIR
/''RIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W W|W WW WWW W
w
ADDTO This register stores the A/D conversion result at low temperature (-40 °C), which is stored in Flash.
ADDT_STATO | This register indicates whether ADDTO was updated from Flash.

0: Updated
1: Not updated
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7.23.3.9 A/D Data Register 1: 0x40070020
3 322 2 2 2 2 2 2 221111111111 000 0O0O0O0OO0DO0O0
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 87 6 54 321
A
D
D AlA|A|A|A|A|A AIAA
T D/ D/ D|D|D/D|D D|D|lD
_ D/ D/ D|D|D/D|D D|D|lD
Reserved
S T|T|T|T|T|T|T|T|T|T
T 1(1|1(|1|2|1|1|12|1f1
A 9(8|7|6|5[4|3/2/1|0
T
1
5
g.
/1222242222222 f2f22|f2f2f2y1242|2|12|0(0}|2|2|2(0]|1|12|/0|0
=
(0]
R
R|R|R|R|R|R|RIR RIR
/''RIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W W|W WW WWW W
w
ADDT1 This register stores the A/D conversion result at ordinary temperature (25 °C), which is stored in Flash.
ADDT_STATL | This register indicates whether ADDT1 was updated from Flash.

0: Updated
1: Not updated
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7.23.3.10 A/D Data Register 2: 0x40070024
3 322 2 2 2 2 2 2 221111111111 000 0O0O0O0OO0DO0O0
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 21
A
D
D AlA|A|A|A|A|A AIAA
T D/ D/ D|D|D/D|D D|D|lD
_ D/ D/ D|D|D/D|D D|D|lD
Reserved
S T|T|T|T|T|T|T|T|T|T
T 2122|222 |2/2|2|2
A 9(8|7|6|5[4|3/2/1|0
T
0
3
g.
< /(2424212212422 |2|12f22|12|2y2|y2|12|12f412|12|1|j0(0j12|0f2j0|1|0/1|12
=
(0]
R
R|R|R|R|R|R|RIR RIR
/''RIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W W|W WW WWW W
w
ADDT2 This register stores the A/D conversion result at high temperature (105 °C), which is stored in Flash.
ADDT_STAT2 | This register indicates whether ADDT2 was updated from Flash.

0: Updated
1: Not updated
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7.23.3.11 A/D Data Register 3: 0x40070028
3 3 2 2 2 2 2 2 2 2 2 211111111 11 0 0O0O O0OO0OO0DMUO0ODO0ODO0OO
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 654 321
A
D
D AlA|A|A|A[A|A A AA
T D|/D|D|D|D|D|DH Dl D|D
_ D|/D|D|D|/ D|/D|DH Dl DD
Reserved
S T|T|T|T|T|T|TIT|IT|T
T 31313 (3|3[3]3/3|3|3
A 9 8|7 |6|5[4|3/2]1|0
T
3
5
g.
<|/212f242y12y2}j2|24}2|12f2}j1f2j2|j12f2|1f2|1|1|(1|12f2j0f1|y0|12j1|{1|0f1j0f12
=
@D
R
RIR|R|R|R|R|R R RIR
/' RIRIR|IR|IRIRIR|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R
WIW W| W W W WWW W
w
ADDT3 This register stores the A/D conversion result of CH3 when VDDIO_CPU = 3.3 V, which is stored in Flash.
ADDT_STAT3 | This register indicates whether ADDT3 was updated from Flash.

0: Updated
1: Not updated
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7.23.4 Functional Description

The A/D converter has two types of operation mode. The scan mode converts multiple selected channels sequentially,
and the selection mode converts one selected channel.

These modes cannot be used at the same time. The operation mode should be changed when the A/D conversion
operation is stopped.

If the operation mode is changed during A/D conversion (ADRUN = 1), no A/D conversion result is guaranteed.

7.23.4.1 Scan Mode (When Multiple Channels Are Selected)

In scan mode (when multiple channels are selected), A/D conversion is performed for the channels selected from CHO to
CH3 in ascending order, starting at the channel with the smallest channel number.

In scan mode, A/D conversion is stopped when the A/D conversion of the last channel is completed after one cycle of the
selected channels. It is also possible to automatically restart A/D conversion from the beginning channel and select the

number of automatic restarts.

Operation examples of scan mode are shown below.

Start Stop

| chOI chl Ich2 |

Interrupt request occurrence

Operation example of scan mode (Scan channel: CHO to CH3.)

Interrupt request occurrence

Operation example of scan mode (Scan channel: CH1 to CH3. Number of A/D conversion times = 4)
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7.23.4.2 Selection Mode (When Only One Channel Is Selected)

In selection mode (when only one channel is selected), A/D conversion is performed for one channel selected from CHO
to CH3. Like scan mode, it is possible to automatically restart A/D conversion for the selected channel and select the
number of automatic restarts.

Operation examples of selection mode are shown below.

Start Stop
ch2

N
f

Interrupt request occurrence

Operation example of selection mode (Selected channel: CH2)

Start Stop
| ch3 | ch3I ch3 | ch3I ch3I ch3I ch3 | ch3

IIIIIIII'|

Interrupt request occurrence

Operation example of selection mode (Selected channel: CH3. Number of A/D conversion times = 8)
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7.23.4.3 A/D Conversion Time

The processing time taken for A/D conversion (ADC_time) is as follows:
ADC_time = (1/(2.5[MHz]/(2*ADCYCJ1:0])) x 25[cycle] x ADSSM[3:0]) x ADCHGJ1:0]

[ Example]

ADCYC[1:0]=0x2 (Operation clock: 4 dividing)

ADSSM[3:0]=0x5 (CH used: CHO, CH2)

ADCHG[1:0]=0x2 (Conversions: 8 times)

ADWAIT[3:0]=0x0 (WAIT time from conversion start to output detection: 7.81 [ms])
Operation at ADAST=1 setting (when A/D conversion stops at second interrupt processing)

ADC_time = (1/2.5 MHz/4) x 25 x 2 x 8 = 640[us]

W ADRUN-=1 (A/D conversion started) 'V ADRUN=0 (A/D conversion stopped)
. . ining WAIT time i 1l
ADWAIT time = 7.81[ms] _ ADWAIT time = 7.81[ms] Remaining time is cancelled
< e CLLETETE --->
IA/D Conversion Time| ‘Conversion result processablg_ AJD Conversion Time| Conversion result pfocessapl
~ Z SN ~ 7
(ADC_time) ‘ (ADC._time) ‘
A ADC interrupt request

A ADC interrupt request

7.23.4.4 A/D Conversion Procedure

The follow procedure is used for calculating the input voltage.

(1) The current power supply voltage (Vddx) is calculated from the CH3 reference voltage A/D conversion result
at power supply 3.3 V (ADDT3) and the current reference voltage A/D conversion result (ADRST?3).
Vddx=3.3 x (ADDT3/ADRST?3)

(2) The absolute value of the input voltage is calculated based on the CHO to CH2 input voltage A/D conversion
result (ADRST*) and the power supply voltage (Vddx) calculated in (1).
Vx=Vddx x (ADRST*/1023)
* Using a full scale code 1023 including quantization error for code calculation.
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7.24. Thermometer (TEMP)

7.24.1 General Description
1-channel temperature sensor to measure the temperature in the chip (function to obtain the temperature
information).

The features are shown below.

- Accuracy: £5°C
- Converts the temperature to voltage and digitizes the converted voltage by using the 10-bit A/D converter.

* A/D conversion of thermometer conforms to the functions of ADC. A/D conversion of thermometer functions by
selecting and operating channel 2 of ADC. For details, refer to the chapter about ADC.

7.24.2 List of Registers
Refer to the chapter about ADC.

7.24.3 Description of Registers
Refer to the chapter about ADC.
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7.24.4 Functional Description

The ADC conversion codes at ordinary temperature (25 °C/VDDIO = 3.3 V), high temperature (105 °C/VDDIO = 3.3 V),
and VBG (25 °C/VDDIO = 3.3 V) (named as a, b, and c, respectively) are written in the internal Flash in advance at
shipment of LSI. These values stored in Flash are reflected to the A/D data register 1, A/D data register 2, and A/D data
register 3 by the automatic load function at power-on.

Suppose we name the ADC conversion codes of arbitrary input (CH2) and VBG (CH3) at VDDIO = arbitrary voltage as
tand d, respectively.

The temperature (T) at arbitrary VDDIO voltage can be calculated from these values a to d and t by using the calculation
formula described below.

The calculation should be processed by customer software.

m Temperature and ADC Conversion Code (Register Value)

ADC conversion code

A — Arhitrar [T T T T mmmm oo oo
d VBG at VDDIO = arbitrarily | Known Values
1
| a= A/D data register 1 (Adr: 0x40070020)
1
| b= A/D data register 2 (Adr: 0x40070024)
1
t | ¢ = A/D data register 3 (Adr: 0x40070028)
c VBG@VDDIO=3.3 V |
. Temperature sensor at VDDIO = | = Acquired Data
- 1
a , arbitrary ! d = A/D result register 3 (Adr: 0x40070018)
! |
b + Temperature sensor at ' t=A/D result register 2 (Adr: 0x40070014)
i : ! VDDIO=33V !
| .
25 T 105 Temperature [°C]

m Temperature Calculation Formula

b - a
al =
105- 25

*t -bl

Temperature T =
al
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7.25. Low Voltage Detection (LVD)

7.25.1 General Description

Low voltage detection function.

The features are shown below.

- The voltage detection level can be set.
- After detection, interrupt notification or reset can be selected.
- Starts the reference voltage (VBG) periodically by using the dedicated low speed timer to compare and determine the voltage

detection level.

LLD LVD_CNT
LVDO_CNT

LVDO initial reset

Ilbias I_IVref I— 40
vdO_out

’_D LVDO reset
/J; lld_en Control circuit

(counter,
register)

N

LvD LVD1_CNT

:D LVD1 reset

l_\l LVD interrupt

BGR

Iﬂ\ Ilvd1_out

1010919

~
UN2JID UONI8IS [9Ad] 9Bk oA

lvd_en Control circuit
(counter,

Ivd_stup register)

lvdcon_hy VDLV
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7.25.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] | Description
0x40090000 . R 0x0000 0000 | Notify whether or not to detect LLD
LVDO control register LVDOCON -
(LVDO).
0x40090004 | LVDO analog output R/W | 0x8000_0004 | Setsthe LLD (LVDO) stabilization
stabilization wait time LVDOW wait time.
setting register
0x40090008 . R/W | 0x0000_0001 | Sets whether to enable/disable the
LVDO enable register ENLVDO -
operation of LLD (LVDO).
0x4009000C ) R/W | 0x0000_0001 | Notify whether or not to detect LVD
LVDL1 control register LVD1CON -
(LVDY).
0x40090010 | LVD1 operation cycle LVDLP R/W | 0x0000_0000 | Sets the operation mode of LVD
setting register (LVD1).
0x40090014 | LVD1 analog output R/W | 0x0000 0002 | Sets the LVD (LVD1) stabilization
stabilization wait time LVD1W wait time.
setting register
0x40090018 | LVDL1 startup signal rise/fall R/W | 0x0000 0100 | Adjusts the timing of LVD (LVD1).
] ] LVDI1STUP -
setting register
0x4009001C | LVDL1 interrupt mask R/W | 0x0000 0000 | Sets the interrupt mask of LVD
) LVD1IMSK -
register (LVD1).
0x40090020 LVDL1 interrupt status LVDLIST R 0x0000_0000 | Indicates the interrupt status (after
register masking) of LVD (LVD1).
0x40090024 LVDL1 interrupt RAW status R 0x0000 0000 | Indicates the interrupt status (before
) LVDIRIST -
register masking) of LVD (LVD1).
0x40090028 | LVDL1 interrupt clear R 0x0000_0000 | Clears the interrupt from LVD
) LVDIICLR -
register (LVD1).
0x4009002C ) R/W | 0x0000 0000 | Sets whether to enable/disable the
LVD1 enable register ENLVD1 -

operation of LVD (LVD1).
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7.25.3 Description of Registers

7.25.3.1 LVDO Control Register: 0x40090000
3 3222222 222%2111111111100W00O0WO0O0O0O0TG0SFTO0
1 0 987 6543210987 6 543 2109 876 543 210
L
\Y
D
Reserved Reserved
0
R
F
3
g.
- |0j0|O|O|O|lO|O|O|O|O|O]|O ojo0j0|o0 ojofojoj|o
=
()
R/
RIRIRIRIR|R|R|R|R|R|R|R RIR|R|R RIR|R|R|R
w
LVDORF LVDO voltage level detection enable flag.

1: Enabled
0: Disabled (waiting stabilization or OFF)

This bit changes to "1" when the wait time set in LVDOW has been elapsed after setting ENLVDO to "1".

Be sure to check that this bit is "1" before stopping the clock supply to this block during LVDO operation.
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7.25.3.2 LVDO analog output stabilization wait time setting register: 0x40090004

3 3222 2222222111111 1111

o
o
o
o
o
o
o
o
o
o

1 0 98 76 543210987 6543210987 6543 2 1 o0
Reserved LVDOW

S

5

< |1|0|l0O|O|O|lO|O|jO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|1]|0O0]O0O]O

=

D

R/ R|R|R|R
RIR|RIRIR|RIR|R|R|R|RIRIR|R|R|R|R|R|R|IRIRIRIR|R|R|R|R|R

W W W | W | W

LVDOW Sets the LVDO analog output stabilization wait time. (default 52us)
Wait time = Setting value x APB clock cycle x 256 sec

A value of up to about 100 ps can be set.

Setting "0" is prohibited.

* Writing to this register address is only enabled when ENLVDO = "0". It is ignored when ENLVDOQ = "1".
* This register is reset only by the power-on reset.
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7.25.3.3 LVDO enable register: 0x40090008

3 3222 222222211111 1111100%0W0WO0WO0O0O0O0°FO0
109 87 65 4 3 210987 6543210987 6543210
E
N
L
Reserved \Y,
D
0
E
;_)1000OOO0000000000000000000000001
&
R/ R
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRW

ENLVDO | Enables the voltage detection O function.

1: Operate

0: Stop

* This register is reset only by the power-on reset.
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7.25.3.4 LVD1 control register: 0x4009000C
3 322222%2%222%2111 1 111 1 110 0 0O0OO0OO0OCO0ODTO0O OO
10987 6543210987 6 543 2 109 8 762543 2 1 0
L|L L
LIL L L
L V|V \Y,
V|V \Y \Y,
Y D|ID| Pyl D
D|D # D # D
Reserved D Reserved 111 @ @ 1 Reserved
1)1 s 1 3 1
1 S|S| < = S
R| B M L
F M| L E
F|F D \Y,
P|P L
3
g.
< |00 ojof0f0|0|0O|0O|OfO|O|O|O|O|OjO|lO|O]|O|O|O|O|O|lO|O|O|O]|O}|O]|1
=
(0]
R/ R | R R |R R |R R|IR|R|R
R| R R|R|R|R|R| R|R|R|R|R|R R| R R|I R RIR|R| R
w W | W W | W W | W W|W|W|W
LVDI1RF voltage level detection enable flag.
1: Enabled
0: Disabled (waiting stabilization or OFF)
Voltage level detection BUSY flag.
LVD1BF 1: Operating
0: Stopped (waiting operation cycle or OFF)
Voltage level detection flag
LVD1F 1: Detected
0: Not detected
Sets whether or not to sample the analog output.
1: Samples it with LVD clock.
LVD1SMP It is judged as detected that low voltage is detected continuously in two cycles.
0: Does not sample it.
In intermittent operation mode, it is sampled regardless of the setting of this bit.
Sets the operation during sleep.
LVDI1SLP 1: Continues the operation during sleep.
0: Automatically stops the operation at sleep and automatically restarts it after return from sleep.
Sets the operation mode.
LVD1MD

00: Continuous operation (default)
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01: Intermittent operation
10: Single operation

11: Continuous operation (setting prohibited)

Sets whether to enable or disable interrupt/reset when it is detected that VDD is lower than the threshold voltage.
00: Reset disabled, interrupt disabled (default)

LVDISEL 01: Reset enabled, interrupt disabled

10: Reset disabled, interrupt enabled

11: Reset enabled, interrupt disabled (setting prohibited)

Sets the threshold voltage of LVD1. Set only the values listed below.
LVD1 threshold
voltage [V]

bit3 | bit2 | bitl | bit0

1.80 Initial value
1.95
2.10
2.25
2.40
2.55
2.70
2.85
3.00

LVDI1LV

R r|lOoOjlo|lo|lo|lo|o|o
o|lo|lr|rRr|lrRr|Lr|lo|lOo|O
o|lo|lr|r|lo|lOo|r | |O
Rl o|lr|O|lRr|O|lRr|O|K

* Writing to this register address is only enabled when ENLVD1 = "0". It is ignored when ENLVD1 ="1".
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7.25.35 LVD1 operation cycle setting register: 0x40090010
3 3222222222211 111 1 0 0 0 0 O
1098765432109 8 7 6 5 0 9 3 2 1 0
Reserved LVD1P
5
5
- |0l0Ol0O|0O|O|O|O|O|O|O|O|O|O|O|O]|O]O 0|0 o|jo0|0]|O
=
(0]
R
R|IR|R|R|R R|R R|IR|R|R
/| |RIRIR|RIR|R|R[R|R|R|R|IR
Wi W|IW|W|W W| W W| W W| W
W
LVD1P Sets the operation cycle of LVD1.

Setting "0" is prohibited.

This register is only enabled in intermittent operation mode.

Cycle = Setting value * Clock cycle. Up to 32 seconds at 32 kHz can be set. (512 seconds at 2 kHz)

* Writing to this register address is only enabled when ENLVD1 = "0". It is ignored when ENLVD1 ="1".
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7.25.3.6 LVD1 analog output stabilization wait time setting register: 0x40090014

3 322 2222222211111 11111

o
o
o
o
o
o
o
o
o
o

1098 7 65 43210987 6543210

©
(o]
~
»
&
N
w
N
[EEY
o

Reserved LVD1W

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
[S
o

=
=
=
=
=
=
=

LVD1IW Sets the LVD1 analog output stabilization wait time.
Wait time = Setting value * Cycle. 1.92 ms at frequency = 32 kHz.
Setting "0" is prohibited.

* Writing to this register address is only enabled when ENLVD1 = "0". It is ignored when ENLVD1 ="1".
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7.25.3.7 LVD1 startup signal rise/fall setting register: 0x40090018
3 3222222%222%211111121 12 1 1 0 0 00O0OO0OTO0OTO0O0O0
10987 65 432109876543 2 1 0 98 765 4 3 2 1 0
py)
?
Reserved LVD1STUPF g LVD1STUPR
g
5
5
- |0j0OlO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|1|0O|lO|jO|O]|O]|O|O]|O
=
(0]
R
RIR|IR|R|R|R RIR|IR|R|R|R
/! |RIRIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|IR R| R
w w w W W W
W

LVDI1STUPF | Sets the fall timing of LVVD1 startup signal.

When LVD1 startup signal width = LVD1STUPW,

Setting value = LVD1STUPR + LVD1STUPW. 1.92 ms at frequency = 32 kHz.
Setting "0" or LVD1STUPF > LVD1W is prohibited.

LVDISTUPR | Sets the delay time from start to startup of the LVD1 comparator.

Delay time = Setting value * Cycle. 1.92 ms at frequency = 32 kHz.

Set a value in the range of LVD1STUPR < LVD1W and LVD1STUPR < LVD1STUPF.
When setting 0", the LVD1 comparator starts at the same time as enabled.

The LVD1 startup signal is fixed to L when LVD1STUPR > LVD1W.

It is also fixed to L when LVD1STUPR > LVD1STUPF.

* Writing to this register address is only enabled when ENLVD1 = "0". It is ignored when ENLVD1 = "1".
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7.25.3.8

LVD1 interrupt mask register: 0x4009001C

3 322 2222222211111 1111100°O0O0O0O0O0O0OQO0STO0
1 0 98 7 6 5 4321098 7 6543210987 6543 210

L
\Y,
D
1
Reserved

I
M
S
K

=

=

< |O0O|jO|O|lO|lO|O|fO|O|O|O|O|O|O|O|O|O]|O ojo|jo|jo0| O

Q

c

@

R/ R
RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R
w w

LVD1IMSK LVD1 interrupt mask

1: Mask
0: No mask
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7.25.3.9 LVD1 interrupt status register: 0x40090020
3 322 2222222211111 1111100W0WO0OU0O0TUG0TUG0TGO0O0
109 87 65 4321098 7 6543210987 6543210
L
\%
D
Reserved 1
I
S
T
El
:Z)_)OOOOOOOO000000000000000000000000
&
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
LVD1IST LVDL1 interrupt status (after masking)

1: Interrupt

0: No interrupt
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7.25.3.10 LVD1 interrupt RAW status register: 0x40090024
3 322222 2222211111111 1100W00WO0O0O0OUO0TU0SF0O0
10 9 87 65 43 210 98 7 6 543210987 6 543 210
L
\%
D
1
Reserved
R
I
S
T
5
=
< |0|l0O|JOjO|O|O|O|O|O|O|O]|O]|O 0|0|0 o|(ojojo|o0
=
@
R/
RIR|IR|IR|R|R|R|R|RI[R|R|R|R R|R|R RIR|RIR|R
w
LVDIRIST LVD1 interrupt status (before masking)

1: Interrupt

0: No interrupt

399



FEDL7416N-060-05
ML7416N-060

7.25.3.11 LVD1 interrupt clear register: 0x40090028
3 322222 2222211111111 11¢00U0O0O0O0O0TO0TO0SFO0
10 987 65 43210987 6 543210987 6543210
L
\Y
D
1
Reserved
I
C
L
R
=
=
< |O0OlO|O|O|O|O|O|O|O|O|O|O|O|O]|O|O]|O 0|jo0of0j0]|O
=
@
R/
RIRIR|IRIR|IRIR|R|R|R|R|R|R|R|R|R|R RIR|R|R|R
w
LVDIICLR When this register is read, the LVD1 interrupt is cleared.
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7.25.3.12 LVD1 enable register: 0x4009002C

3 322222 2222211111111 1100W0WO0WO0O0DO0OO0OQO0TO0
1 0 9 8 7 6 5 4 3 21 0 9 87 6 5 4 3 2 1098 7 6 543 210
E
N
L
Reserved
\Y
D
1
.
>
< oloj0|0|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]JO]| O
=
(0]
R/ R
RIRIR|R|IR|R|RIR|R|RIRIR|IRIRIRIRIRIR|R|IRIR|RIRIR|R|RIRIR|R|R|R
W w

ENLVD1 Enables the voltage detection function.

1: Operate

0: Stop
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7.25.4 Functional Description
This function can be used to determine whether the power supply voltage is lower than the specified threshold voltage.
The functions are shown below.

LVDO(LLD) LVD1(LVD)
At low voltage Reset Reset or interrupt can be selected.
detection
Threshold voltage Fixed value Can be selected from 16 values
Operation Mode Continuous operation Can be selected from continuous operation
mode, intermittent operation mode, and single
operation mode.
Reset range at low All functions are reset except CPU_ST (same as when an interrupt is detected by WDT).
voltage detection The RF chip is also reset. However, this function (LVD) block itself is excluded from the
reset.
Operation during sleep | Can operate without clock Continuous operation mode: Can operate
without clock
Intermittent operation mode: Can operate with
only low-speed clock
Single operation mode: Cannot operate
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7.25.4.1 Continuous Operation Mode
In the continuous operation mode, the judgments is continuously made. A decrease of VDD can be detected fastest.

1) @ O (4) Q)

ENLVD1

Ready flag
.LVD1RF

VDD

Threshold voltage
:LVD1LV Vss

LVD1 analogoutput

] Stabilization time
Detection flag:LVD1F LVD1W

LVD1 Reset

LVD1 interrupt

(1) ENLVD1 is set to "1" from the CPU.

(2) "1"isdisplayed on LVD1RF after the LVD1 analog output is stabilized (The time is set in LVD1W).

(3) When VDD becomes lower than the threshold voltage, 1" is displayed on the detection flag (VLSF).
When the reset is enabled, a LVD1 reset is generated.
When the interrupt is enabled, a LVD1 interrupt is generated. The interrupt is cleared by the CPU.

(4) When VDD becomes higher than the threshold voltage (LVD1LV), "0" is displayed on the detection flag (LVD1F).
The reset is released.

(5) ENLVDL1 is set to "0" from the CPU to finish the detection.
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7.25.4.2 Intermittent Operation Mode

In the intermittent operation mode, the LVD1 judgment is periodically made by the hardware.

The hardware automatically performs start, judgment, and stop even when the CPU is in the sleep state, reducing the

average current.

It automatically switches to the continuous sampling operation mode when it detects a low voltage.

When VDD exceeds the threshold voltage in the continuous sampling operation mode, it returns to the intermittent

operation mode.

Ready flag :LVD1RF

@ @ 6 @ (®) ) 7 ® ©)

ENLVD1

RUNFIlag :LVD1BF

Interval timer

€ontinuoussarhpling

Dbwn count operation mgde
:LVD1P
VDD
Threshold voltage ~ S
:LVD1LV to to
Vss
LVD1 analog Output 1
) Stabilization time
Detection flag :LVD1F ‘VLSW |
LVD1 Reset |

M)
)
@)

4)
©)
(6)

LVD1 Interrupt

ENLVD1 is set to "1" from the CPU. "1" is displayed on the LVD1BF flag.

"1" is displayed on LVD1RF after the LVD1 analog output is stabilized (The time is set in LVD1W).
After 32 kHz 211 period, LVD1 is disabled, and LVD1BF and LVD1RF are cleared.

The operation cycle timer is set to LVD1P, and the down count starts.

When the operation cycle timer becomes "0", LVD1 is enabled, and "1" is displayed on LVD1BF.
"1" is displayed on LVD1RF after the LVD1 analog output is stabilized (The time is set in LVD1W).
"1" is displayed on LVD1RF after the LVD1 analog output is stabilized (The time is set in LVD1W).
When VDD is lower than the threshold voltage, "1" is displayed on LVD1F.

When the reset is enabled, a LVD1 reset is generated.

When the interrupt is enabled, a LVDL1 interrupt is generated. The interrupt is cleared by the CPU.

The continuous sampling operation mode is automatically turned on.
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(7) “1”is displayed on LVD1RF after the LVD1 analog output is stabilized (The time is set in LVD1W).
When VDD becomes higher than the threshold voltage, “0” is displayed on the detection flag (LVD1F).
The reset is released.

(8) Same as (2)

(9) ENLVDL1 is set to "0" from the CPU to finish the detection.
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7.25.4.3 Single Operation Mode
In the single operation mode, an LVD1 interrupt is notified when the comparison of voltage is completed (Note 1), and

the hardware automatically disables the low voltage detection operation.

It is suitable for a case when the timing of the low voltage detection is controlled by software.

ENLVD1

RUNFlag :LVD1BF
Ready flag :LVD1RF

VDD

Threshold voltage:
LVD1LV

LVD1 analog Output

Detection flag :LVD1F

LVD1 Interrupt

(1) ENLVDL1 issetto "1" from the CPU. "1" is displayed on the VLSBF flag.

(2) "1"isdisplayed on LVD1RF after the LD analog output is stabilized.
An LVD1 interrupt is notified (implying completion of judgment).
When VDD is less than the threshold voltage (LVD1LV), "1" is displayed on LVD1F.
* When the reset is enabled by LVD1SEL, a reset is generated.

) 23

\V/ss

Stabilization time:LVD1W

(3) After 32 kHz 171, ENLVD1 is automatically cleared.
Note 1) In the other modes (continuous and intermittent operation modes), the interrupt is notified when a low voltage is

detected (VDD < threshold voltage).
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7.26.DMAC

7.26.1 General Description

Direct memory access controller. Among peripherals, SPI and AES support DMA transfer.

The features are shown below.

- Four-channel (channel 0 to 3) DMA controller.

- Each channel includes a 16-stage FIFO (8-stage for channels 0 and 1) for source transfer and destination transfer.
- Supports the peripheral-to-memory transfer.

- Includes the hardware interface to handshake with SPI and AES.

- Supports up to 2048-byte block transfer.

- Supports the channel priority setting.

- Has one AHB master port.

- Supports increment/decrement of the transfer address and transfer to a single address.

- Supports multiple block transfer using a linked list.
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7.26.2 List of Registers

Address (£ Name Symbol 32-bit symbol® R/W Description
@
BASE+0x000 64 | Channel 0 source DMACmM_SARO | H:- R/IW Sets the address of the
address register L:DMACm_SARO transfer source of channel
0.
BASE+0x008 64 | Channel O destination | DMACm_DARO | H:- R/IW Sets the address of the
address register L:DMACm_DARO transfer destination of
channel 0.
BASE+0x010 64 | Channel O linked list DMACmM_LLPO | H:- R/W Sets the pointer to the
pointer register L:DMACmM_LLPO linked list of channel 0.
BASE+0x018 64 | Channel O control DMACm_CTLO | H:DMACm_CTLO_H R/W Controls channel 0.
register L:-DMACm_CTLO_L
BASE+0x058 64 | Channel 1 source DMACmM_SAR1 | H:- R/W Sets the address of the
address register L:DMACmM_SAR1 transfer source of channel
0.
BASE+0x060 64 | Channel 1 destination | DMACm_DARL1 | H:- R/W Sets the address of the
address register L:-DMACm_DAR1 transfer destination of
channel 1.
BASE+0x068 64 | Channel 1 linked list DMACm_LLP1 | H:- R/IW Sets the pointer to the
pointer register L:DMACm_LLP1 linked list of channel 1.
BASE+0x070 64 | Channel 1 control DMACm_CTL1 | H:DMACm_CTL1 H R/W Controls channel 1.
register L:DMACm_CTL1 L
BASE+0x098 64 | Channel 1 DMACm_CFG1 | H:DMACm_CFG1 H R/W Sets channel 1.
configuration register L:DMACm_CFG1_L
BASE+0x0B0 64 | Channel 2 source DMACm_SAR2 | H:- R/W Sets the address of the
address register L:DMACm_SAR2 transfer source of channel
2.
BASE+0x0B8 64 | Channel 2 destination | DMACm_DAR2 | H:- R/W Sets the address of the
address register L:DMACm_DAR2 transfer destination of
channel 2.
BASE+0x0CO | 64 | Channel 2 linked list DMACmM_LLP2 | H:- R/W Sets the pointer to the

pointer register

L:DMACmM_LLP2

linked list of channel 2.

8 Use the 32-bit symbols shown in this column to access the registers from software. "H:" indicates the higher 32 bits,
and "L:" the lower 32 bits. When all the higher 32 bits are reserved fields and not used, use a 64-bit symbol to access the

lower 32 bits.
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BASE+0x0C8 64 | Channel 2 control DMACm_CTL2 | H:DMACm_CTL2_H R/W Controls channel 2.
register L:DMACm_CTL2_L
BASE+0x0F0 64 | Channel 2 DMACm_CFG2 | H:DMACm_CFG2_H R/W Sets channel 2.
configuration register L:DMACm_CFG2_L
BASE+0x108 64 | Channel 3 source DMACmM_SAR3 | H:- R/IW Sets the address of the
address register L:DMACm_SAR3 transfer source of channel
3.
BASE+0x110 64 | Channel 3 destination | DMACm_DAR3 | H:- R/IW Sets the address of the
address register L:DMACm_DAR3 transfer destination of
channel 3.
BASE+0x118 64 | Channel 3 linked list DMACmM_LLP3 | H:- R/W Sets the pointer to the
pointer register L:DMACm_LLP3 linked list of channel 3.
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BASE+0x120 64 | Channel 3 control DMACm_CTL3 | H:DMACm_CTL3_H R/W Controls channel 3.
register L:DMACm_CTL3 L

BASE+0x148 64 | Channel 3 DMACm_CFG3 | H:DMACm_CFG3_H R/W Sets channel 3.
configuration register L:DMACm_CFG3 L

BASE+0x2C0 32 | Tfrinterrupt RAW DMACmM_RAW | Same as the left R Indicates the RAW status
status register _TFR of Tfr interrupt.

BASE+0x2C8 32 | Block interrupt RAW | DMACm_RAW | Same as the left R Indicates the RAW status
status register _BLOCK of Block interrupt.

BASE+0x2D0 | 32 | SrcTran interrupt DMACmM_RAW | Same as the left R Indicates the RAW status
RAW status register _SRC_TRAN of SrcTran interrupt.

BASE+0x2D8 | 32 | DstTran interrupt DMACmM_RAW | Same as the left R Indicates the RAW status
RAW status register _DST_TRAN of DstTran interrupt.

BASE+0x2EQ0 | 32 | ERR interrupt status DMACmM_RAW | Same as the left R Indicates the RAW status
register _ERR of Err interrupt.

BASE+0x2E8 32 | Tfrinterrupt status DMACM_STAT | Same as the left R Indicates the status of Tfr
register _TFR interrupt.

BASE+0x2F0 32 | Block interrupt status | DMACm_STAT | Same as the left R Indicates the status of
register _BLOCK Block interrupt.

BASE+0x2F8 32 | SrcTran interrupt DMACM_STAT | Same as the left R Indicates the status of
status register _SRC_TRAN SrcTran interrupt.

BASE+0x300 32 | DstTran interrupt DMACM_STAT | Same as the left R Indicates the status of
status register _DST_TRAN DstTran interrupt.
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BASE+0x308 32 | ERR interrupt status DMACM_STAT | Same as the left R Indicates the status of Err
register _ERR interrupt.

BASE+0x310 32 | Tfrinterrupt mask DMACmM_MAS | Same as the left R/W Masks the Tfr interrupt.
register K_TFR

BASE+0x318 32 | Block interrupt mask | DMACmM_MAS | Same as the left R/IW Masks the Block interrupt.
register K_BLOCK

BASE+0x320 32 | SrcTran interrupt DMACmM_MAS | Same as the left R/IW Masks the SrcTran
mask register K_SRC_TRAN interrupt.

BASE+0x328 32 | DstTran interrupt DMACmM_MAS | Same as the left R/IW Masks the DstTran
mask register K_DST_TRAN interrupt.

BASE+0x330 32 | ERR interrupt mask DMACmM_MAS | Same as the left R/W Masks the Err interrupt.
register K_ERR

BASE+0x338 32 | Tfrinterrupt clear DMACmM_CLEA | Same as the left w Clears the Tfr interrupt.
register R_TFR

BASE+0x340 32 | Block interrupt clear DMACM_CLEA | Same as the left W Clears the Block interrupt.
register R_BLOCK

BASE+0x348 32 | SrcTran interrupt DMACmM_CLEA | Same as the left w Clears the SrcTran
clear register R_SRC_TRAN interrupt.

BASE+0x350 32 | DstTran interrupt DMACM_CLEA | Same as the left W Clears the DstTran
clear register R_DST_TRAN interrupt.

BASE+0x358 32 | ERR interrupt clear DMACM_CLEA | Same as the left W Clears the Err interrupt.
register R_ERR

BASE+0x360 32 | Interrupt status DMACM_STAT | Same as the left R Indicates the status for each
register _INT interrupt type.

BASE+0x368 32 | Source software DMACmM_REQ_ | Same as the left RIW Generates a transfer request
transfer request SRC of transfer source by

register

software.
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BASE+0x370 32 | Destination software DMACmM_REQ_ | Same as the left R/W Generates a transfer request
transfer request DST of transfer destination by
register software.

BASE+0x378 32 | Source software DMACmM_SGL_ | Same as the left R/W Generates a single transfer
single transfer request | REQ_SRC request of transfer source
register by software.

BASE+0x380 32 | Destination software DMACM_SGL_ | Same as the left R/IW Generates a single transfer
single transfer request | REQ_DST request of transfer
register destination by software.

BASE+0x388 32 | Source software last DMACM_LST_ | Same as the left R/W Generates the last transfer
transfer register SRC request of transfer source

by software.

BASE+0x390 32 | Destination software DMACM_LST_ | Same as the left R/W Generates the last transfer
last transfer register DST request of transfer

destination by software.

BASE+0x398 32 | DMA configuration DMACm_CFG Same as the left R/W Makes the settings for
register DMA.

BASE+0x3A0 | 32 | DMA channel enable | DMACm_CH_E | Same as the left R/W Enables the DMA channel.
register N

BASE+0x3A8 | 32 | DMAID register DMACm_ID Same as the left R Indicates the DMA ID.

* The BASE address is 0x40150000.
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7.26.3 Description of Registers

7.26.3.1. Channel n Source Address Register (DMACm_SARN): (n = 0: BASE + 0x000, n = 1: BASE + 0x058, n = 2: BASE +
0x0BO, n = 3: BASE + 0x108)
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=T =

Indicates the transfer source address during DMA transfer. The value is updated each time after transfer from the

transfer source.
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7.26.3.2. Channel n Destination Address Register (DMACm_DARN): (n = 0: BASE + 0x008, n = 1: BASE + 0x060, n = 2: BASE
+ 0x0B8, n = 3: BASE + 0x110)
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=T =

Indicates the transfer destination address during DMA transfer. The value is updated each time after transfer to the

transfer destination.
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7.26.3.3. Channel n Linked List Pointer Register (DMACm_LLPn): (n = 0: BASE + 0x010, n = 1: BASE + 0x068, n = 2: BASE +

0x0CO, n = 3: BASE + 0x118)

3 3222222222211111111
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LOC: Indicates the start address on the memory when the next linked list item is valid. The start addresses are

always aligned to 32-bit boundaries, and their lower 2 bits are always 0. This field indicates bits 31-2 of the

start address.
LMS: Indicates the AHB master port.
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7.26.3.4. Channel n Control Register (DMACm_CTLn): (n = 0: BASE + 0x018, n = 1: BASE + 0x070, n = 2: BASE + 0x0C8, n =

3: BASE + 0x120)

6 6 6 6555555055055 444444 4 4 4
32109876543210987¢6254 3 4
D
O
Reservedn N BLOCK_ TS
E
3
%OOOOOOOOOOOO o|jojo|lo|0o|O|O|jO|lO|O|O|1]|O
R
RIRIRIRIRIRIRIRIRIRIRIRI|IR
/| |RIRIRIRIR RIR RIRIR R R
W WIWWWWWWW W W W W W
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W W WWWwWWwWWwWWwWww | W | w WW |[WWWWWWWWWW W W W

DONE Indicates that a block transfer is completed.

BLOCK_TS Sets the size of block transfer. When using DMAC as the flow controller, this field should be

set before enabling the channel. It is represented as the number of single transfers.

LLP_SRC_EN When this field is set to 1 and the LOC field of DMACmM_LLPx is set to a value other than 0,

the block chaining for transfer from the source is enabled.

LLP_DST_EN When this field is set to 1 and the LOC field of DMACmM_LLPx is set to a value other than 0,

the block chaining for transfer to the destination is enabled.

SMS Sets the source master interface.

DMS Sets the destination master interface.

TT_FC Sets the transfer type and flow controller. For details, please refer to "3.20.7.26.4.1Flow
Controller".
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SRC_MSIZE Sets the burst length of burst transfer from the source.
000: 1
001: 4
010: 8
011: 16
1xx: Unavailable.
DEST_MSIZE Sets the burst length of burst transfer to the destination.
000: 1
001: 4
010: 8
011: 16
1xx: Unavailable.
SINC Sets the shift of the source address.
00: The address is incremented each time transfer is completed.
01: The address is decremented each time transfer is completed.
1x: The address does not shift.
DINC Sets the shift of the destination address.

00: The address is incremented each time transfer is completed.
01: The address is decremented each time transfer is completed.

1x: The address does not shift.

SRC_TR_WIDTH

Sets the source transfer width.
000: 8bit

001: 16bit

010: 32bit

Other setting: Unavailable.

DST_TR_WIDTH

Sets the destination transfer width.
000: 8bit

001: 16bit

010: 32bit

Other setting: Unavailable.

INT_EN

Enables interrupt. All interrupt sources of the corresponding channels are enabled.
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7.26.3.5. Channel n Source Status Address Register (DMACm_SSTATARnN): (n = 0: BASE + 0x030, n = 1: BASE + 0x088, n =
2: BASE + Ox0EOQ, n = 3: BASE + 0x138)
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Sets the address of the status register of the transfer source peripheral.
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7.26.3.6. Channel n Destination Status Address Register (DMACm_DSTATARN): (n = 0: BASE + 0x038, n = 1: BASE + 0x090,
n = 2: BASE + Ox0E8, n = 3: BASE + 0x140)

o

3 3222222222%2111111111100W00H0O0@0O0
10987 65432109876 5432109876543

[EEN

DSTATAR

anjeA eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

=T =

Sets the address of the status register of the transfer destination peripheral.
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7.26.3.7.Channel n Destination Status Address Register (DMACm_DSTATARnN): (n = 0: BASE+0x038, n=1: BASE+0x090,
n=2: BASE+0x0E8; n=3: BASE+0x140)
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Sets the address of the status register of the transfer destination peripheral.
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7.26.3.8. Channel n Configuration Register (DMACm_CFGn): (n = 0: BASE + 0x040, n = 1: BASE + 0x098, n = 2: BASE +
0x0FO0, n = 3: BASE + 0x148)

6 6 6 6 55555555055 444444 4 444 3 3 3 3 3 3 3 3
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L D
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* The read value of a reserved field is undefined. Do not expect that a fixed value is read when designing software.

DEST_PER Sets the hardware handshake I/F of the destination. For interface numbers, refer to Table 7-26-2
Correspondence between DMA Transfer Request Sources and Interface Numbers.
SRC_PER Sets the hardware handshake I/F of the source. For interface numbers, refer to Table 7-26-2
Correspondence between DMA Transfer Request Sources and Interface Numbers.
PROTCTL Sets HPROT[3:1] at AHB master transfer. Normally the initial value should be used® .
FIFO_MODE | Sets the condition of FIFO for starting burst transfer.
0: Starts the burst transfer when there is free space/data for one AHB transfer.
1: Starts the burst transfer when there is free space/data for one half or more of the FIFO stages.
FCMODE Sets the condition for starting source transfer when the destination peripheral is set as the flow

controller.
0: Starts the source transfer without waiting for a transfer request from the destination.

1: Suspends the source transfer until a transfer request from the destination occurs.

® HPROT[3], HPROT[2], and HPROT[1] indicate cacheable, bufferable, and privilege access respectively.
UxPlatform has no slave device whose operation is changed by HPROT[3:2]. HPROT[1] from DMAC is fixed to H for
the privilege access to be always used regardless of the PROTCTL[1] value.
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RELOAD_DST | Automatically reloads the value of the destination address register with the value that was set
when multiple block transfer is started, each time a block transfer is completed, in multiple block

transfer.

RELOAD_SRC | Automatically reloads the value of the source address register with the value that was set when
multiple block transfer is started, each time a block transfer is completed, in multiple block

transfer.

SRC_HS_POL | Sets the polarity of hardware handshake I/F of the source.

DST_HS _POL | Sets the polarity of hardware handshake I/F of the destination.

HS_SEL_SRC | Sets the transfer request source of source.
0: A request from the hardware handshake I/F is accepted. A request from software is ignored.

1: A request from software is accepted. A request from the hardware handshake I/F is ignored.

HS_SEL_DST | Sets the transfer request source of destination.
0: A request from the hardware handshake I/F is accepted. A request from software is ignored.

1: A request from software is accepted. A request from the hardware handshake I/F is ignored.

FIFO_EMPTY | Indicates that the FIFO of the corresponding channel is empty.

CH_SUSP While this bit is set, transfer from all sources of the corresponding channel is inhibited.

CH_PRIOR Sets the priority of the corresponding channel. The highest is 7, and the lowest is 0.
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7.26.3.9. Interrupt RAW Status Register (DMACm_RAW_TFR: BASE + 0x2C0, DMACm_RAW_BLOCK: BASE + 0x2C8,
DMACmM_RAW_SRC_TRAN: 0x2D0, DMACm_RAW_DST_TRAN: 0x2D8, DMAC_RAW_ERR: BASE + 0x2EOQ)

3 322222%22%22211111111110 0O0O0O0O0O0

00
1 0987654321098 7465432109 87605143210
c|Cc|C|C
Reserved Hi{H HlH
3/2(1|0
=
?00000000000000000000000000000000
&

=T =

Indicates the interrupt status before masking of each channel.

Each channel corresponds to the following interrupt source.

CH | Interrupt source

Data transfer from RAM to SP12 completed

Data transfer from SPI12 to RAM completed

Data transfer from RAM to AES completed

W[ (N || O

Data transfer from AES to RAM completed
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7.26.3.10. Interrupt  Status Register (DMACm_STAT_TFR: BASE + O0x2E8, DMACm_STAT_BLOCK: BASE + O0x2FO0,
DMACmM_STAT_SRC_TRAN: 0x2F8, DMACm_STAT_DST_TRAN: 0x300, DMAC_STAT_ERR: BASE + 0x308)

3 83222222222211111111110 0O0O0O0O06O0

00
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c|c|c|C
Reserved H H HlH
3/2/1]0
=
?00000000000000000000000000000000
&

=T =

Indicates the interrupt status after masking of each channel.
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7.26.3.11. Interrupt Mask Register (DMACm_MASK_TFR: BASE + 0x310, DMACm_MASK_ BLOCK: BASE + 0x318,

DMACm_MASK_SRC_TRAN: 0x320, DMACm_MASK_DST_TRAN: 0x328, DMAC_MASK_ERR: BASE + 0x330)

33222222222 211111111110 00O0OO0OO0DDO0 0 0
1 098 7 6 543210987 65432109 8765143210
c|C|C|C
INT MAS
Reserved - Reserved | H|H|H|H
K WE
- 3/2(1|0
=]
%000000000000 o|0|0O0O|l0O|0O|O|O|O|O|O|O]|O
R
RIR|R| R
/| |RIRIRIRIRIR|R|R|R|R|R|R WWWWR|R|R|R
W Wl W W W

Masks an interrupt of each channel.
This bit is masked when 0 is written to it.

To update the CHn bit, write 1 to the INT_MASK_WE[n] bit at the same time.
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7.26.3.12. Interrupt Clear Register (DMACm_CLEAR_TFR: BASE + 0x338, DMACm_CLEAR_BLOCK: BASE + 0x340,
DMACm_CLEAR_SRC_TRAN: 0x348, DMACm_CLEAR_DST_TRAN: 0x350, DMAC_CLEAR_ERR: BASE + 0x358)

3 3222222222211111111110 0000O0O0ODO0O00O0
1 0987654321098 765432109 87605143210
c|Cc|C|C
Reserved HH HH
3|/2(1]0
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&

=T =

Clears an interrupt source by writing 1 to this register.
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7.26.3.13. Interrupt Source Status Register (DMACm_STAT_INT: BASE + 0x360)

3 3222222222211 111111110 00O0ODO0ODO0ODO0ODO0ODO
1 0987 6 543210987 65432109 876054321
B
DS
E L
SR
Reserved R O|F
T|C
R C
T|IT
K
=]
%00000000000000000000000000000000
R
/| |RIR|IRIRIRIR|IRIRIRIR|R|RIRIR|R|RIRIR|R|IRIRIR|R|RIR|IR|RIR|R|R|R|R
W

Clears an interrupt source by writing 1 to this register.

Each bit corresponds to the following interrupt source:

Bit Name Interrupt source

00 TFR Transfer completion interrupt

01 BLOCK Block transfer completion interrupt

02 SRCT Source transfer completion interrupt
03 DSTT Destination transfer completion interrupt
04 ERR Error interrupt
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7.26.3.14. Source Software Transfer Request Register (DMACm_REQ_SRC: BASE + 0x368)

3 3222222222211111111110 0O0O0O0O0O0O0O00DO0
10987 654321098765 432109 876543210

SRC _REQ SRC _REQ
Reserved Reserved
_WEJ3:0] [3:0]

anfea jenu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

=T =

Generates a source transfer request by software.
To generate a transfer request of channel N, set and write 1 to SRC_REQ[N] and SRC_REQ_WE]N].
If SRC_REQ_WE[N] is 0, no transfer request is generated even when SRC_REQ[N] is 1.
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7.26.3.15. Destination Software Transfer Request Register (DMACm_REQ_DST: BASE + 0x370)

3 3222222222211 111111110 00O0OO0DO0ODO0ODO0LBCO0OTUO
1 0987 654321098765 432109 876543210
DST_REQ DST_REQ
Reserved Reserved
_WEJ3:0] [3:0]
5
%00000000000000 o|0o|0|O|O|O|O|0O|O|0O|O]|O
R
RIRR|R
/| |RIRIRIRIRIR|R|R|R|RIR|R|R|R WWWWR|R|RIR
W W W W| W

Generates a destination transfer request by software.

To generate a transfer request of channel N, set and write 1 to DST_REQ[N] and DST_REQ_WE]N].

If DST_REQ_WE]N] is 0, no transfer request is generated even when DST_REQ[N] is 1.
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7.26.3.16. Source Software Single Transfer Request Register (DMACm_SGL_REQ_SRC: BASE + 0x378)

332222222222
10987 6543210

111111
9 8 7 6 5 4

11110 0O0O0O0O0O0OO0ODO0TO
32109 87 6543210

Reserved

SRC_SGL
REQ_WE]
3:0]

Reserved

SRC_SGL
REQ[3:0]

anfeA femu

=T =

Generates a source single transfer request by software.
To generate a transfer request of channel N, set and write 1 to SRC_SGLREQ[N] and SRC_SGLREQ_WE[N].
If SRC_SGLREQ_WE[N] is 0, no transfer request is generated even when SRC_SGLREQ[N] is 1.
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7.26.3.17. Destination Software Single Transfer Request Register (DMACm_SGL_REQ_DST: BASE + 0x380)

3 3222222222211111111110 000O0O0O00O0LDO0O
10987 6543210987 65432109 87625143210
DST_SGL
DST_SGL
Reserved REQ_WEJ[ | Reserved
REQI[3:0]
3:0]
=)
gZ’OOOOOOOOOOOOOOOO 0/0|0|0|O|0O|O|O|O|0O|O]|O
R
RIRIR|R
/| |RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R WWwWWWR|RIR|R
W W W W| W

Generates a destination single transfer request by software.

To generate a transfer request of channel N, set and write 1 to DST_SGLREQ[N] and DST_SGLREQ_WE[N].
If DST_SGLREQ_WE[N] is 0, no transfer request is generated even when DST_SGLREQ[N] is 1.
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7.26.3.18. Source Software Last Transfer Register (DMACm_LST_SRC: BASE + 0x388)

3 3222222222211111111110 0O0O0O0O0O0O0O00DO0
10987 654321098765 432109 876543210

LSTSRC _ LSTSRC
Reserved Reserved
WEJ3:0] [3:0]

anfea jenu|
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o
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o
o
o
o
o
o
o
o
o

=T =

Indicates that the transfer request by software is the last transfer.

To set the last transfer for channel N, set and write 1 to LSTSRC[N] and LSTSRC_WE[N].

If LSTSRC_WE[N] is 0, the last transfer is not set even when LSTSRC[N] is 1.

After setting the last transfer by this register, a transfer request becomes the last one when it is generated by the

source software transfer request register.
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7.26.3.19. Destination Software Last Transfer Register (DMACm_LST_DST: BASE + 0x390)

3 3222222222211111111110 0O0O0O0O0O0O0O00DO0
10987 654321098765 432109 876543210

LSTDST _ LSTDST
Reserved Reserved
WEJ3:0] [3:0]

anfeA femu

=T =

Indicates that the transfer request by software is the last transfer.

To set the last transfer for channel N, set and write 1 to LSTDST[N] and LSTDST_WE[N].

If LSTDST_WE[N] is 0, the last transfer is not set even when LSTDST[N] is 1.

After setting the last transfer by this register, a transfer request becomes the last one when it is generated by the

destination software transfer request register.
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7.26.3.20. DMA Configuration Register (DMACm_CFG: BASE + 0x398)

3 3222222222211111111110 00O0O0O0O0O00O0
10987 65432109876 5432109 876514321

> £ UO|lo o

Reserved

m

anfeA [eniu|
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o
o
o
o

=T =

Enables the DMA controllers. 0: Disabled, 1: Enabled
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7.26.3.21. DMA Channel Enable Register (DMACm_CH_EN: BASE + 0x3A0)

3 3222222222211111111110 0O0O0O0O0O0O0O00DO0
10987 654321098765 432109 876543210

Reserved CH _EN_W | Reserved

CH_EN
E

anfea jenu|
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o
o
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o
o
o
o
o
o
o
o
o
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Enables the DMA channel.

To enable channel N, set and write 1 to CH_EN[N] and CH_EN_WE[N].

To disable channel N, set and write 0 to CH_EN[N] and 1 to CH_EN_WE[N].

If CH_EN_WE[N] is 0, the enable/disable of channel N does not change, regardless of CH_EN [N].
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7.26.3.22. DMAID Register (DMACm_ID: BASE + 0x3A8)

3 3222222222211 11111 10 O 0 0O
109876543210098767543 09 8 4
DMA_ID
5
?ooooooooooooooooooo 0[0]o0 o[o|ojo|o
2
5
R
/ |RIRIRIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R RIR|R RIR|RIR|R
W

Indicates the ID value of this peripheral.
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7.26.4 Description of Operation

7.26.4.1. Flow Controller

The device that controls the transfer block length is called "flow controller”. At DMA transfer, the DMA controller
or a source/destination peripheral can be specified as the flow controller.

Normally, when the transfer block length is already known, the DMA controller can work as the flow controller. In
this case, write the block size to the BLOCK_TS field of the DMACmM_CTLn register. On the other hand, when the
transfer block size is not known before starting transfer, specify a source or destination peripheral as the flow
controller.

Table 7-26-1 Relationship among Transfer Type, Flow Controller, and TT_FC shows the possible combinations
of transfer type and flow controller, and TT/FC setting value for each combination.

This LSI supports only the transfer types from the memory (RAM) to the peripheral (AES or SPI2) and from the
peripheral (AES or SPI2) to the memory (RAM).

Table 7-26-1 Relationship among Transfer Type, Flow Controller,and TT_FC

Transfer type Flow Controller DMACmM_CTLn.TT_FC
Memory —Peripheral DMAC 001
Peripheral — Memory DMAC 010
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7.26.4.2. Handshake Interface

Handshake interface is used to control the flow at transaction level. The operation of handshake interface varies
depending on the flow controller.

Peripherals use handshake interface to notify DMAC that transfer is ready.

Peripherals other than memory device can request a DMA transfer via hardware or software handshake interface.
Software can select hardware or software handshake interface for each channel. Software handshake interface is realized

by the control register.
Table 7-26-2 Correspondence between DMA Transfer Request Sources and Interface Numbers shows the assignment

of hardware handshake interface in this LSI.

Table 7-26-2 Correspondence between DMA Transfer Request Sources and Interface Numbers

Interface number | Request source Description Remarks
0 SPI2 transmit DMA | Data transfer from RAM to SPI12
1 SPI2 receive DMA | Data transfer from SP12 to RAM
2 AES transmit DMA | Data transfer from RAM to AES Set to ch2. *
3 AES receive DMA | Data transfer from AES to RAM Setto ch3. *
4-15 Reserved

* Use DEST_PER and SRC_PER of the channel n configuration register to set the interface number.
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7.26.4.3. Transfer Data Size

The following table shows the relationship between the transfer data size and control register value.

Data size for source single transfer (Byte) DMACmM_CTLn.SRC_TR_WIDTH/8

Data size for source burst transfer (Byte) DMACm_CTLn.SRC_MSIZE*(DMAC_CTLn.SRC_TR_WIDTH/8)

Data size for destination single transfer(Byte) | DMACm_CTLn.DST_TR_WIDTH/8

Data size for destination burst transfer(Byte) | DMACm_CTLn.DST_MSIZE*(DMAC_CTLn.DST_TR_WIDTH/8)

Block size (Byte) (DMAC flow controller) DMACmM_CTLn.BLOCK_TS*( DMAC_CTLn.SRC_TR_WIDTH/8)

Block size (Byte) (source peripheral) Number of burst transfers * Data size for source burst transfer

+ Number of single transfers * Data size for source single transfer

Block size (Byte) (destination peripheral) Number of burst transfers * Data size for destination burst transfer

+ Number of single transfers * Data size for destination single transfer
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7.26.4.4. Peripheral Burst Transfer Request

To prevent FIFO overflow/underflow in a peripheral, it is necessary to set appropriate values for the FIFO size of the
peripheral, the FIFO level at which the peripheral makes a DMA transfer request, and the burst transfer size of the DMA
controller. This section describes an example of transmit FIFO and receive FIFO by a peripheral which communicates

with outside (transmit/receive ).

For transmit FIFO of the peripheral, a transmit FIFO overflow may occur when the empty size of transmit FIFO of the
peripheral is less than the burst transfer size that is transferred by the DMA controller at one burst transfer request.
Normally, the burst size (DMACm_CTRLN.DEST_MSIZE) of the DMA controller should be equal to or less than the
empty size of transmit FIFO.

If a large empty size (small threshold value) is set to the transmit FIFO that makes a DMA transfer request in the
peripheral, it is more likely that a transmit FIFO underflow occurs.’® On the other hand, if a small empty size (large
threshold value) is set to the transmit FIFO, the number of burst transfers for block transfer increases, and the bus
efficiency is reduced. The underflow of transmit FIFO depends on the bandwidth guaranteed by DMA transfer. Please

take into account another arbitration method in the bus master or DMA controller or the bus matrix arbitration method.

Transmit FIFO

4
Empty Size !
.

Burst Sizei EMPTY
Watermark Level v v

FULL

Burst Size <= Empty Size(=FIFO Depth — Watermark Level)

Figure 7-10 Relationship between Empty Size Transmit FIFO and Burst Size

10" For example, an underflow may occur in SPI operating in slave mode.
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For receive FIFO of the peripheral, a receive FIFO underflow may occur when the data size of receive FIFO of the

peripheral is less than the burst transfer size that is transferred by the DMA controller at one burst transfer request.
Normally, the burst size (DMACm_CTRLn.SRC_MSIZE) of the DMA controller should be equal to or less than the data

size of receive FIFO.

If a large data size is set to the receive FIFO that makes a DMA transfer request in the peripheral, it is more likely that a

receive FIFO overflow occurs. On the other hand, if a small data size is set to the receive FIFO, the number of burst

transfers for block transfer increases, and the bus efficiency is reduced. The overflow of receive FIFO depends on the

bandwidth guaranteed by DMA transfer. Please take into account another arbitration method in the bus master or DMA

controller or the bus matrix arbitration method.

Watermark Level

Receive FIFO
EMPTY
Data Size
A
| | BurstSize
FULL P
=¢

Burst Size <= Data Size(=Watermark Level)

Figure 7-11 Relationship between Data Size Receive FIFO and Burst Size
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7.26.4.5. Multiple Block Transfer

This DMA controller supports block chaining (linked list), auto-reload of channel register, and multiple block transfer

with successive blocks.

7.26.4.5.1. Block Chaining (Linked List)

A linked list pointer (LLP) points the next linked list item (LLI) placed on the system memory. An LLI is a register set

(block descriptor) that describes the next block. If block chaining is enabled, the DMA controller fetches an LLI each

time when a block transfer is started.

An LLI consists of the following:

1.

2
3
4.
5
6

SARn
DARN
LLPn
CTLn
SSTATn
DSTATnN

To enable block chaining, the linked list should be placed in the upper part of the memory.
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LLPx(0)

LLI(0)

Write-back for DSTATx

LLPx(1)

LLI(1)

Write-back for DSTATx

System
emory

LLPx(2)

Figure 7-12 Linked List Schematic Diagram
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7.26.4.5.2. Auto-reload of Channel Register

When a block transfer is completed, the register value at the first enabled channel is automatically reloaded.

7.26.4.6. Arbitration of AHB Master Interface

Each DMA channel has two request signals, source transfer request and destination transfer request.

Source transfer and destination transfer are arbitrated separately in the bus. Once the source or destination acquires the

bus privilege, AHB transfer is started.

The arbitration circuit determines which transfer request (number of channels x 2) to grant the bus privilege. Each
channel has a programmable priority. A transfer request can be generated at arbitrary timing, but the bus privilege is
granted after AHB transfer is completed. If a transfer request with a higher priority is generated while executing a
transfer with a lower priority, AHB transfer may be completed to switch from the transfer with a lower priority to the
one with a higher priority.

To prevent a certain channel from occupying the bus, the maximum burst length can be set in the MAX_ABRST field of
the DMACmM_CFGn register.

If there is only one transfer request with the highest priority, the bus privilege of AHB is granted to it. If there are

multiple transfer requests with the highest priority, the transfer request with the lowest channel number takes precedence.
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7.27.Flash DMA

7.27.1 General Description

Flash DMA controls data write/verify of the Flash area in behalf of CPU to improve the throughput.
For example, while CPU is executing a program in Bank 0, Flash DMA writes an update program to Bank 1 and verifies
it. The CPU performance during write operation is maintained by the multilayer AHB.

[Notices]

FlashDMA can be used only in 2 bank mode.

FlashDMA can control only Bank where the CPU does not execute any program. Therefore, FlashDMA can control
Bank 1 while the CPU executes a program in Bank 0, and Bank 0 while the CPU executes a program in Bank 1.

When the Flash area is rewritten by FlashDMA, the FlashDMA register should be set so that the following address areas
are not contained.

If these areas are specified as rewritable areas, the processing is terminated with an error (notifying the Flash ROM address

exceeding transfer size specification error).

m Non-rewritable Area
0x1C03_E7FC to 0x1C03_E7FF
0x1C03_FFFC to 0x1C03_FFFF
0x1803_FFFC to 0x1803_FFFF
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7.27.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] | Description

0x40160000 | FlashDMA setting register 0 FDMAO | R/W | 0x0000 0004 | Sets the operation mode.

0x40160004 | FlashDMA setting register 1 FDMAl | R 0x0000_0000 | Notifies the interrupt.

0x40160008 | FlashDMA setting register 2 FDMA2 | R 0x0000_0000 | Clears the interrupt.

0x4016000C | FlashDMA setting register 3 FDMA3 | R 0x0000_0000 | Notifies an error interrupt.

0x40160010 | FlashDMA setting register 4 FDMA4 | R 0x0000_0000 | Clears an error interrupt.

0x40160014 | FlashDMA setting register 5 FDMAS5 | R/W | 0x0000_0000 | Sets the start address of SRAM.

0x40160018 | FlashDMA setting register 6 FDMAG6 | R/W | 0x0000_0000 | Sets the start address of FLASH.

0x4016001C | FlashDMA setting register 7 FDMA7 | R/W | 0x0000_0000 | Sets the address size to be written to
FLASH.
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7.27.3 Description of Registers
7.27.3.1 FlashDMA setting register 0: 0x40160000

3 3 22 2 2 2 2 2 2 2 21111111111 000 O0O0O0O0CO0O0
10 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 4321

F
D
M F
Al D
™
I A
Reserved -
T M
_| O
M D
Al E
S
K
g
;E_)OOOOOOOOO0000000000000000000010
&
R
Rl Rl R
/| RIRIR|IR|IR|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|[R|R|R|R|IR|R
W W W W

FDMA_INT_MASK | Masks the interrupt.
0: No mask
1: Mask

FDMA_MODE Sets the operation mode.
2' b00: Write only

2' b01: Verify only
2'b10: ALL

2'b11: Do not use

FDMA_EN Starts FlashDMA. This is automatically cleared when the processing is stopped or completed.
1' b0: Standby (processing completed) * Setting it to 0 during start-up forcibly terminates FlashDMA operation.

1' b1: Start activation (during start)
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7.27.3.2 FlashDMA setting register 1: 0x40160004

3 32 2 2 2 2 2 2 2 2 2 111 11 0 0 0O 00O OOOOTO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 9 8 7 65 4 3210
F
D
M
A

Reserved _

S
T
A
T

?,-

?00000000000000000 0O|0|O0O|0O|0O|0O|O|0OjO|O

&

R

/| RIRIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|IR|R|R R R|IR

w

FDMA_STAT | Indicates the interrupt status.

1: Indicates that an interrupt has been generated.

0: Indicates that no interrupt has been generated.
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7.27.3.3 FlashDMA setting register 2: 0x40160008

3 32 2 2 2 2 2 2 2 2 2 111 11 0 0 0O 00O OOOOTO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 9 8 7 65 4 3210
F
D
M
A

Reserved

E
o]
I

§,-

?00000000000000000 0O|0|O0O|0O|0O|0O|O|0OjO|O

&

R

/| RIRIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R RIR|R|R|IR|R|R R R|IR

w

FDMA_EOI When this register is read, the interrupt is cleared
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7.27.3.4 FlashDMA setting register 3: 0x4016000C

3 32 2 2 22 22 2221111111111 0 00 O0O0O0DO0ODO0DO00O0
1 0 9 8 7 6 54 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 43210
Reserved FDMA_ERR_STAT

aNn|eA [eniu|
o
o
o
o

-~ X
py)
Py)
py)
Py)

FDMA_ERR_STAT

Indicates the error status.
[0]: Transfer size O specification error

(Start-up request is made with a size 0 specified by the size address)

* 0x4016001C SIZE_ADDR[15:2] should be set to other than 0.
[1]: SRAM start address specification error

(Start-up request is made after a value outside the SRAM address range was written to the SRAM address register)

* 0x40160014 SRAM_ADDR[31:2] should be set to an address in the SRAM area.
[2]: SRAM address exceeding transfer size specification error

(Start-up request is made when the size address was written where the end address determined by it exceeds the end
address of SRAM)

* The sum of 0x40160014 SRAM_ADDR[31:2] and 0x4016001C SIZE_ADDR[15:2] should not exceed the SRAM

area addresses.
[3]: Flash ROM start address specification error

(Start-up request is made after a value outside the Flash-ROM address range was written to the Flash-ROM address
register)

*0x40160018 FLASH_ADDR[31:2] should be set to an address in the FLASH ROM area excluding the security area.
[4]: Flash ROM address exceeding transfer size specification error

(Start-up request is made when the size address was written where the end address determined by it exceeds the end
address of Flash)

* The sum of 0x40160018 FLASH_ADDR[31:2] and 0x4016001C SIZE_ADDR[15:2] should not exceed the

FLASH ROM area addresses excluding the security area.
[5]: Error of Flash ROM running at transfer

(flc_fewidle_o is L in the F_JDG1 state)
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* Possible causes include malfunction due to noise and IC hardware. If there is still trouble, contact us.
[6]: Error of Flash ROM not started at transfer

(flc_fewidle_o does not change to L from H in the F_JDG2 state)
* Possible causes include malfunction due to noise and I1C hardware. If there is still trouble, contact us.
[7]: Flash Cont. error detected

(an error signal (flc_fewerr_o) is detected from FlashCnt)

* Possible causes include malfunction due to noise and 1C hardware. If there is still trouble, contact us.

[8]: Verify error

(Verify results in mismatch)

* For Verify only (FDMA_MODE=2' b01), check the address setting, etc. for an error.

For ALL (FDMA_MODE=2"b10), possible causes include malfunction due to noise and chip hardware.

If there is still trouble, contact us.
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7.27.35 FlashDMA setting register 4: 0x40160010
3 3 22 2 2 2 2 22 2211111111110 00 0O0O0MO0DO0O0
1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 87 605 4321
Reserved FDMA_ERR_EOI
2
g_,OOOOOOOOOO000000000000000000000
c
@

Py

s =
py)
Py)
Py)
py)
py)
py)
py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)
Ry
By
Py

FDMA_ERR_EOI | When this register is read, the error status is cleared.
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7.27.3.6 FlashDMA setting register 5: 0x40160014

3 322 2 2 2 2 2 2 2 2 111 11 0 0 0OOOO0OO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 6 5 4 3210
m (1
X X
o |D

SRAM_ADDR e 2

S |3
I (]

=3

S‘.

<|/0|O0Oj]OjO|O|O|O]|]O|O|O|OjO|O]|O|O]|O]O 0o|0|0|0O|l0O|l0O|O

=

]

R

RIRIRIR|IRIRIR|{R|IR|R|R|IR|R|R|R|R|R R{R|R|RR

/ Rl R

W (ARARY WIW W W WW W|W| W W| W| W

w

SRAM_ADDR | Specifies the start address of SRAM.
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7.27.3.7 FlashDMA setting register 6: 0x40160018

3 32 2 2 2 2 2 2 2 2 2 11 1 11 0 0 00OOODO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 6 5 4 3210
m (I
XX
m (D

FLASH_ADDR B =

B |3
(I (]

=3

g.

-|/0|lO|lO|lO|O|O|O|O|O|lO|lO|O|O|O|O]|O]O 0o|0|0|0|0Ol0O|O

=

(0]

R

RIRIR|IRIRIR|RIR|R|R|R|R|R|R|R|R|R RIR|R| R R

/ R| R

WIW W W WIW W W W|IW|W|W W|W| W W| W| Wl W W

w

FLASH_ADDR | Specifies the start address of FLASH ROM.
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7.27.3.8 FlashDMA setting register 7: 0x4016001C
3 32 2 2 2 2 2 2 2 2 21 1 0 O 0 0O0OOOO0OO
1 0 9 8 7 6 5 4 3 2 1 0 9 0 9 8 6 5 4 3210
LU
x x
9] (0]
Reserved SIZE_ADDR Q o
3 |3
o |O
=3
g.
= /0|0 ofofoflofo|jOjO|O|0O]O 0|0]|O0 0o|0|0|0|0|]0O|O
=
(0]
R
RIR|R R R|{R| R/ R
/ |R|R RIRIR|IR|R|R|R|R|R|R Rl R
W| W[ W W| W
w
SIZE_ADDR | Specifies the address size to be written to FLASH ROM from SRAM.
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7.27.4 Functional Description

Example of Flash write control by Flash DMA (solid line: data signal, broken line: control signal)

(1) CPU starts Flash DMA

(2) Flash DMA controls the read of RAM

(3) Data transfer from RAM to Flash (write)

* Steps (2) to (3) are repeated

(4) Flash DMA controls the read of data from Flash and RAM

(5) Flash DMA compares (verify) data from Flash and RAM

(6) Flash DMA writes to CPU and notifies a Verify completion interrupt

__————————___-
—

—
—

— -
-

o
—

Flash Flash
ankO0) (Bank1),
t 3
—FCNTO FCNT1
@)

RAM

11

AHB
multilayer

~Q

~ ~

~ N
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7.28.AES

7.28.1 General Description
The AES (Advanced Encrypt Standard) encryption method prescribed by NIST (US National Institute of Standards and Technology) is
provided.

The features are shown below.

- Conforms to FIPS PUB197 prescribed by NIST (US National Institute of Standards and Technology)
- Supports the encryption key size of 128/192/256 bits

- Supports the following encryption use modes:

Electronic Code Book (ECB)

Cipher Block Chaining (CBC)

Cipher Feedback (CFB)

Output Feedback(OFB)

Counter (CTR)

Counter with CBC-MAC (CCM)

vV V V VY V VYV V

Galois/Counter Mode (GCM)

- Encrypts/decrypts in 12/14/16 clock cycles (encryption key size of 128/192/256 bits)
- Simultaneous authentication TAG generation and encryption/decryption (CCM/GCM)
- Reduces execution time with two-stage input buffer

- Supports DMAC
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7.28.2 List of Registers

Address [H] Name Symbol R/W Initial value [H] | Description

0x40170000 | AES control register AES_CTL R/W | 0x0000_0000 | Enables the AES block.

0x40170004 | AES mode setting AES MOD R/W | 0x0000_0000 | Sets the operation mode.
register

0x40170008 | GCM-CCM control AES_GCCM_CTL R/W | 0x0000_0000 | Controls the CCM/GCM
register mode.

0x4017000C | AES status register AES_ST R/W | 0x0000_0000 | Displays the AES status.

0x40170010 | Interrupt RAW status AES_RIST R 0x0000_0000 | Displays the interrupt status
register (before mask).

0x40170014 | Interrupt status register | AES_IST R 0x0000_0000 | Displays the interrupt status

(after mask).

0x40170018 | Interrupt mask register AES_IMSK R/W | 0x0000_0000 | Masks the interrupt.

0x4017001C | Interrupt clear register AES_ICLR R 0x0000_0000 | Clears an interrupt.

0x40170020 | AES_BLKDONE AES CLR_BLKDONE | R 0x0000_0000 | Clears an AES_BLKDONE
interrupt clear register interrupt.

0x40170024 | AES_DONE interrupt AES _CLR_DONE R 0x0000_0000 | Clears an AES_DONE
clear register interrupt.

0x40170028 | Encryption key setting AES_KEYO0 W 0x0000_0000 | Sets the encryption key [31:0].
register 0

0x4017002C | Encryption key setting AES _KEY1 w 0x0000_0000 | Sets the encryption key
register 1 [63:32].

0x40170030 | Encryption key setting AES _KEY2 w 0x0000_0000 | Sets the encryption key
register 2 [95:64].

0x40170034 | Encryption key setting AES _KEY3 w 0x0000_0000 | Sets the encryption key
register 3 [127:96].

0x40170038 | Encryption key setting AES_KEY4 w 0x0000_0000 | Sets the encryption key
register 4 [159:128].

0x4017003C | Encryption key setting AES_KEY5 w 0x0000_0000 | Sets the encryption key
register 5 [191:160].

0x40170040 | Encryption key setting AES_KEY6 w 0x0000_0000 | Sets the encryption key
register 6 [223:192].
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0x40170044 | Encryption key setting AES_KEY7 w 0x0000_0000 | Sets the encryption key
register 7 [255:224].
0x40170048 | HASH sub key setting AES_HKEYO0 R/W | 0x0000_0000 | Setsthe HASH sub key
register 0 [31:0].
0x4017004C | HASH sub key setting AES_HKEY1 R/W | 0x0000 0000 | Setsthe HASH sub key
register 1 [63:32].
0x40170050 | HASH sub key setting AES_HKEY2 R/W | 0x0000 0000 | Setsthe HASH sub key
register 2 [95:64].
0x40170054 | HASH sub key setting AES_HKEY3 R/W | 0x0000 0000 | Setsthe HASH sub key
register 3 [127:96].
0x40170058 | IV setting register O AES_IV0 R/W | 0x0000_0000 | Sets the Initialization Vector
[31:0].
0x4017005C | IV setting register 1 AES_IV1 R/W | 0x0000_0000 | Sets the Initialization Vector
[63:32].
0x40170060 | IV setting register 2 AES_IV2 R/W | 0x0000_0000 | Sets the Initialization Vector
[95:64].
0x40170064 | IV setting register 3 AES_IV3 R/W | 0x0000_0000 | Sets the Initialization Vector
[127:96].
0x40170068 | CTRIV setting register 0 | AES_CTRIVO R/W | 0x0000_0000 | Sets the counter initial value
[31:0].
0x4017006C | CTRIV setting register 1 | AES_CTRIV1 R/W | 0x0000_0000 | Sets the counter initial value
[63:32].
0x40170070 | CTRIV setting register 2 | AES_CTRIV2 R/W | 0x0000_0000 | Sets the counter initial value
[95:64].
0x40170074 | CTRIV setting register 3 | AES_CTRIV3 R/W | 0x0000_0000 | Sets the counter initial value
[127:96].
0x40170078 | Input data register AES_IDATA R/W | 0x0000_0000 | Sets the input data [31:0].
0x4017007C | Output data register AES_ODATA R 0x0000_0000 | Displays the AES conversion
result [31:0].
0x40170080 | Output data 2 register 0 | AES_ODATA20 R 0x0000_0000 | Displays the AES conversion

result [31:0].
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0x40170084

Output data 2 register 1

AES_ODATAZ21

0x0000_0000

Displays the AES conversion

result [63:32].

0x40170088

Output data 2 register 2

AES_ODATA22

0x0000_0000

Displays the AES conversion

result [95:64].

0x4017008C

Output data 2 register 3

AES_ODATAZ23

0x0000_0000

Displays the AES conversion

result [127:96].

462



FEDL7416N-060-05
ML7416N-060

7.28.3 Description of Registers

7.28.3.1 AES control register: 0x40170000
3 32 2 2 2 2 2 2 2 2 2 1 1 1 1 0 0 0 00 0OOO
1 0 9 8 7 6 5 4 3 2 1 0 8 7 6 0 9 8 7 65 4321
D| D
M M
Al A
Reserved T
E|l E
N| N
;,-
%OOOOOOOOOOOO 0|00 o|j0|O0O|0O|0O|O|0O|0O|O|O
5
R
R| R
/|  RIRIR|IR|R|R|R|R|R|R|R|R RIR|R RIR|R|R|R|R|R|IR
W W
w
DMA_RX_EN | Enables DMA transfer of input data.
0: Disabled
1: Enabled
DMA_TX EN Enables DMA transfer of output data.
0: Disabled
1: Enabled
AES EN Enables AES conversion.

0: Disabled
1: Enabled

Cleared by completion of CCM or GCM mode (AES_DONE)
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7.28.3.2 AES mode setting register: 0x40170004
3 32 2 2 2 2 2 2 2 2 2111 11 11 0O 0 0O OO 0O0OOTDO
1 0 9 87 6 5 4 3 2 1 0 9 8 7 6 5 4 3 9 8 7 65 4 3210
K [|A|C
S
E |U| I
T
Reserved Y | TIP
A
OPMOD S |H|H
S
| M| M
|
Z | OlO
N
E |[D|/ D
3,
g.
=100 o|o|jo|jo0o|jO0O|O|O|O|O|OfO|lO|jO|O|O]O ojo0ofjo0|0f0 0|0|/0|O
=
[¢]
R
R|R|R|R|R R| R| R| R
/ |R|R RIRIRIR|IR|R|R|R|R|R|R|R|R|R|R|R
W | W|W|[|W W W wWw w
w
STASIN Switches the STATE allocation
For description of the function, refer to 7.28.4.1 "STATE Configuration™.
OPMOD Selects the encryption use mode.
0x0 : ECB
0x1:CBC
0x2 : CFB
0x3: OFB
0x4: CTR
0x5: CCM
0x6 : GCM
0x7 : GHASH
0x11-0x15 : Reserved
KEYSIZE Sets the encryption key length.

00 : 128bit
01 : 192bit
10 : 256bit

11: Setting prohibited (128 bit)
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AUTHMOD Authentication TAG generation mode
For description of the function, refer to 7.28.4.5.
CIPHMOD Selects encryption/decryption
0 : Encryption
1 : Decryption
7.28.3.3 GCM-CCM control register: 0x40170008
3 322 2 2 2 2 2 2 2 2 11111 11 1 1 1 0 OO OO0OTUO0ODO0ODO0OO
10 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 4321
PLEN ALEN
;,-
f%ooooooooooooooooooooooooooooooo
5
R
RIRIRIRIR|{R|IR|IR|IRIR|IR|RIR|RIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|IRIRR
:NWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
PLEN Sets the number of bytes of data encrypted/decrypted in GCM/CCM mode.
ALEN Sets the number of bytes of data that is authenticated (not encrypted/decrypted) in GCM/CCM mode only.
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7.28.3.5

AES status register: 0x4017000C

3 3
1 0

2 2 2 2 2 2 2 2 2 2 1 1
9 8 7 6 5 4 3 2 1 0 9 8

0 0 0 00 OO

9

8

7

6 5 4 3

[EEY

Reserved STMON

PaAlIaSaY

T T W O

T =S W

T XU W

< O C W™ »nw m >»| M O
r M @ O »wW m >

nw m »| o o

r T @

anfeA enu
o
o

Py}

STMON

Displays the internal state of AES block.

OBRP

Read pointer monitor of ODATA
00 : ODATAO
01: ODATAl
10 : ODATA2
11 : ODATA3

IBWP

Write pointer monitor of IDATA
00 : IDATAO
01:IDATA1
10 : IDATA2
11: IDATA3

IBRP

Read pointer monitor of IDATA
00 : IDATAO
01:IDATA1
10: IDATA2
11: IDATA3

AESBUSY

Displays the AES conversion state

0: Conversion completed or being stopped
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1: Converting

AESOBFL

Indicates that ODATA has unread conversion results. It is cleared by 4-word read.
0: No data

1: Unread conversion results

Writing "1" to this bit clears the following register.

*OBRP (read pointer of ODATA)

AESIBFL

Disables IDATA input
0: Input to IDATA enabled.
1: Input to IDATA disabled. This indicates that the input buffer is filled with unprocessed AES data.
Writing "1" to this bit clears the following registers.
*IBWP (write pointer of IDATA)
*IBRP (read pointer of IDATA)
*AESIBFL (FULL status of write buffer)
*AESOBFL (FULL status of read buffer)
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7.28.3.6 Interrupt RAW status register: 0x40170010

3 32 2 2 2 2 2 2 2 2 2 1 11 1 1 1 1 1 1 0 0 0 00 0O0O0OOTPO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 0 9 8 7 65 43210
A
E
A
S
s| -
B

Reserved L

D
K
O
D
N
O
E
N
E

5

g’.

<|/0lO|O|O|O|]O|O|O|]O|O|O|O|O|O|O|O|O|O|O]|O ojo0ojofjoj0|0O|0Ofl0O|0Oj0O]|O

=

[¢]

R

/' " RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R R|R|R|R|R|R|R|R|R/R|IR

w

AES_DONE This bit is set when encryption/decryption of CCM or GCM is completed.

0: Not completed or stopped

1: Completed

AES_BLKDONE

This bit is set when encryption/decryption by block (128 bits) is completed.
0: Not completed or stopped

1: Completed
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7.28.3.7 Interrupt status register: 0x40170014
3 32 2 2 2 2 2 2 2 2 21111111111 000 O0O0O0O0ODO0ODO0ODO0DO
1 0 9 8 7 6 5 4 3 2 1 0 98 7 6 5 4 3 2 1 0 9 8 7 65 43210
R
Rl ~
A
| E
A
S
E
B
S
Reserved L
K
D
ol -
D
N
(0]
E
N
E
3,
g.
<|/0|lO0O|jOlO|O|O|O|lO|O|lO|O|O|O|O|O|O|O|]O|O|O|O|O|O|O|O|O|lO|0O|O|O0O]|O]|O
=
[¢]
R
/! RIRIR|IR|R|IR|R|R|R|IR|IR|R|IR|IR|IR|IR|R|R|R|R|R|R|R|R|R|R|R|R|RIRR|IR
w
R_AES DONE Indicates the interrupt status.

R_AES_BLKDONE

For details of each bit, refer to the interrupt RAW status register. The masked interrupt status is read from this register.

To clear the interrupt source, read the interrupt clear register corresponding to the appropriate interrupt source.
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7.28.3.8 interrupt mask register: 0x40170018

3 32 2 2 2 2 2 2 2 2 2 1 1 11 1 0 0 0 00 00O0OOCDO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 0 9 8 7 65 4321
M
Ml ~
A
| E
A
S
E
B
S

Reserved L

K
D
ol -
D
N
(0]
E
N
E

3,

g.

<|/0|lO|jOfO|O|O|O|O|O|O|O|O|O|O|O]|O oj0|l0O|0|O|0O|0O|0O|0O|O|O

=

[¢]

R
R| R

/! RIRIR|R|R|IR|R|R|R|R|R|R|R|R|R|R RIR|R|R|R|R|RIR|R
w W

w

M_AES DONE Masks the AES_DONE interrupt.

0: No mask
1: Mask

M_AES_BLKDONE

Masks the AES_BLKDONE interrupt.
0: No mask

1: Mask
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7.28.3.9 Interrupt clear register: 0x4017001C
3 322 22 2 22 2221111111111 0 00 0O0OO0OO0ODO0ODO0DO
1 09 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 43210
C
L
R
A
Reserved E
S
I
N
T
R
;,-
goooooooooooooooooooooooooooooooo
5
R
/| ' RIRIR|R|R|R|IR|R|R|R|RIR|IR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|RIRR|IR
w
CLR_AESINTR | When this register is read, the AES interrupt (AES_BLKDONE, AES_CONE) is cleared.
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7.28.3.10 AESBLK_DONE interrupt clear register: 0x40170020

3 32 2 2 2 2 2 2 22 211111111 1 0 0 0 OO 00O0OO0ODO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 0 9 8 7 65 43210

C

L

R

A

Reserved

E

S

B

L

K
g

200000000000000000000 o|o0o|O0O|O|0O|O|0O|O|0O|O|O
5
R

/| " RIRIR|IR|IR|{R|R|R|R|R|{R|RIR|R|R|R|R|R|R|R R{R|R|R|R|R|R|RIR RIR
w

CLR_AESBLK_DONE

When this register is read, the AES_BLKDONE interrupt is cleared.
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7.28.3.11 AES_DONE interrupt clear register: 0x40170024

3 3 2 2 2 2 2 2 2 2 2 2111 1 11 1 0 0 0 OO 00O0OO0ODO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 0 9 8 7 65 43210

C

L

R

A

E

Reserved

S

D

O

N

E
g

%OOOOOOOOOOOOOOOOOO o|o0o|O0O|O|0O|O|0O|O|0O|O|O
5
R

/| RIRIR|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R R{R|R|R|R|R|R|RIR RIR
w

CLR_AES_DONE

When this register is read, the AES_DONE interrupt is cleared.
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7.28.3.12 Encryption Key Setting Register x: 0x40170028 - 0x40170044

3 32 2 2 2 2 2 2 2 2 2 11 1 1 11 0 0 00 OO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 6 5 4 3 21
KEY

5

?000000000000000000 0|0|0|0|0|O

s

RIWW W W W WW W WW W W W W W W W W W W W W W W

/

w

KEY Sets the encryption key.

7.28.3.13 HASH Sub Key Setting Register x: 0x40170048 - 0x40170054

3 32 2 2 2 2 2 2 2 2 2 11 1 1 11 0 0 00O0O

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 6 5 4 3 21
HKEY

;,-

%OOOOOOOOOOOOOOOOOO 0[{0|0|0|0O|O

5

RIRIRIR|IRIR|IR|IR|IR|RIR|R|R|R|R|R|R|R|R RIR|R|R|R|R

[ | W WIW W W W W WW W|IWI W|W w W W W W W W

w

HKEY Sets the HASH sub key.
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7.28.3.14 IV Setting Register x: 0x40170058 - 0x40170064

3 322 2 2 2 2 2 22 211111111 11 00 0 0 00 OO

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 6 5 4 3 21
\Y

5

:Z)_)-OOOOOOOOOO00000000000000 0|0|0|0|0|O

5

RIR|IRIR|IRIR|IRIRIR|RIR|IR|IR|R|R|R|R|R|R|R|R|R|R|R|R R R| R R|R|R

[ | WW W W W WWWWWWWWWWWW W W W W W W W W W W W W W

w

v Sets the Initialization Vector.

7.28.3.15 CTRIV Setting Register x: 0x40170068 - 0x40170074

3 322 22 2 22 22 211111111 11 00 0 0 00O0O

1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 6 5 4 3 21
CTRIV

;,-

%OOOOOOOOOOOOOO0000000000 0[{0|0|0|0O|O

5

RIR|IRIR|IRIR|IRIRIR|RIR|IR|IR|R|R|R|R|IR|R|R|R|R|R|R|R RIR|R|R|R|R

[ | W WIW W W W W WW W|IWI W|W WIW|W|W W|w W W W W W W

w

CTRIV Sets the counter initial value of CTR/CCM/GCM mode.

The lower 16 bits are automatically incremented each time AES conversion of block is completed.
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7.28.3.16

Input Data Register x: 0x40170078

3 3
1 0

2
6

2
5

2
4

N
(o]

anfeA fenu
o
o

Py
Py
py)

IDATA

Sets the input data.

7.28.3.17

Output Data Register x: 0x4017007C

3 3
1 0

2 2 2

6 5 4

anfeA fenu|
o
o

s - =
Py
py

ODATA

Displays the AES conversion result.

476




FEDL7416N-060-05
ML7416N-060

7.28.3.18 Output Data 2 Register x: 0x40170080 - 0x4017008C

3 3 2 2 2 2 2 2 2 2 211111111110 00 O0O0DO0DO0ODO0O0

1 0 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 65 4321
ODATA2

5

?00 ojo|jo0|0f0jO|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|lO|O|O

s

RIR|R RIRIRIR|R|IR|IR|R|R|IR|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|RIR|RIR

/

w

ODATA2 Displays the AES conversion result.

It displays the decryption result of authentication TAG when decryption is performed in CCM/GCM mode.
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7.28.4 Functional Description

7.28.4.1 About Encryption Key Length

The encryption key length can be set in the AES_MOD.KEYSIZE register. The following table shows the encryption

key setting registers used to set the encryption key length.

Encryption key length

AES_KEYO0to 3

AES_KEY41t05

AES_KEY61t07

128 bits

Need to be set

192 bits

Need to be set

Need to be set

256 bits

Need to be set

Need to be set

Need to be set

7.28.4.2 Conversion Cycle

The following table shows the number of conversion cycles in each encryption use mode.

Encryption use mode Conversion cycle (cycle/block)
AES-128 AES-192 AES-256

ECB/CBC/CFB/OFB/CTR/GCM/GHASH/MULT/CTR+GHASH 12 14 16

CCM/CTR+CBC 24 28 32

7.28.4.3 IDATA/ODATA Access

IDATA/ODATA is the beginning address of a 4-word (128-bit) barrel shifter.

The schematic diagram is shown below.

P TTTTTT ' Write Read !

i IDATA +»| DATA3 > IDATA2 % IDATA1 [—»  IDATAO T—u IDATA !

Read 7777 7T7TTT7T !

ODATA3 [—» ODATA2 |—»| ODATA1 |—»  ODATAO T—h ODATA !

When 4-word data is written to IDATA, the first written word is written to IDATADO, and the last one is written to
IDATAS. At reading, the first read data indicates IDATADO, and the last one indicates IDATA3. Same for when reading

ODATA.
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7.28.4.4 STATE Configuration

The following figures show the correspondence between STATE defined in FIPS PUB197 and IDATAX register.
The correspondence between STATE and IDATAX can be switched by STASIN.
The same allocation is applied to ODATA.

Example: STASIN=000 (default)

[31:24] Soo So.i So. Sos
[23:16] Sio St Sz Sia
[15:8] S20 Sa1 Sa2 Sas
[7:0] Sao S Sa2 Sas

IDATAO IDATA1 IDATA2 IDATA3

STASINJ0] changes the BYTE assignment.
Example: STASIN=001

[7:0] Soo So.i So. Sos
[15:8] Sio St Si2 Sia
[23:16] S20 Sa1 Sa2 Sas
[31:24] Sao S Sa2 Sas

IDATAO IDATA1 IDATA2 IDATA3

STASIN[1] changes the block assignment of IDATAO to IDATA3.
Example: STASIN=010

[31:24] Soo So.i So. Sos
[23:16] Sio St Sz Sia
[15:8] S20 Sa1 Sa2 Sas
[7:0] Sa0 S Sa2 Sas

IDATA3 IDATA2 IDATA1 IDATAO

STASIN[2] changes the order of bits.
Example: STASIN=100

[24:31] Soo So.1 So. Sos
[16:23] Sio St Si2 Sia
[8:15] S20 Sa1 Sa2 Sas
[0:7] Sao S Sa2 Sas

IDATAO IDATA1 IDATA2 IDATA3

STASINJ[0], STASIN[1], and STASIN[2] can be used in combinations.
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7.28.4.5 Authentication TAG Generation Mode

The authentication TAG generation mode (AUTHMOD = 1) is optimum when only the final result of multiple block

encryption is required, such as when generating an authentication TAG.

If AUTHMOD = 0, the next block cannot be set until the conversion result of the previous block is read. On the other

hand, if AUTHMOD = 1, the next block can be set when the conversion of the previous block is completed. When using
DMAC, if AUTHMOD = 0, a transfer request of ODATA is generated each time a block conversion is completed. On
the other hand, if AUTHMOD = 1, a transfer request of ODATA is only generated after the last data (the last data of
transfer to IDATA by DMAC) is converted.

*Timing of IDATA setting (when AUTHMOD = 0)

(1) 2) 3) (4 () 6) 7)
AESBF
1st i)lock 2nd i)lock 3rd blfck 4th block
( (
IDATA XX XX XXX X X
AES conversion (1st block) AES conversion (2nd block) AES conversion (3rd block)
AESBUSY
ODATAO0-3 After conversipn (1st block) After conversion (2nd block)
1st block
ODATA X

M)

)

@)

(4)

(®)
(6)

)

When 4-word data is written from IDATA, AES conversion is started.

When 4-word data is written again, the input buffer becomes full, and AESBF changes to "1".

When the conversion of the 1%t block is completed, AESBUSY changes to "1", and the converted data is stored in
the internal ODATAO-3.

As the data of the 2" block is already set, AESBUSY changes to "0" in one cycle, and the conversion of the 2
block is started. When the conversion of the 2" block is started, AESBF changes to "0", which allows the next block
to be set.

When the 3" block is written, the input buffer becomes full, and AESBF changes to "1".

The conversion of the 2" block is completed, and AESBUSY changes to "1"._ However, the conversion result of the

2" block is not stored in ODATAO0-3 until the conversion result of the 15 block is read, and the conversion of the 3™

block is not started.
When the converted data of the 1%t block has been read from ODATA, the converted data of the 2" block is stored
in ODATAO-3, and the conversion of the 3" block is started. In addition, AESBF changes to "0", which allows the

next block set to be set.
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*Timing of IDATA setting (when AUTHMOD = 1)

0 @

©

@

AESBF '
1st bli)ck E 2nd bltzck : | 3rd block . 4th block
( Y A I—A—\ {
oata XXX XX XXX XXX X XXX
: AESEconversion (1st block) : AES conversion (2nd block) ‘:
AESBUSY ! |‘ 2R
ODATAO-3 ;>< After conversion (1st block) i>< After conversion (2nd block)
ODATA

(1) When 4-word data is written from IDATA, AES conversion is started.
(2) When 4-word data is written again, the input buffer becomes full, and AESBF changes to "1".

(3) When the conversion of the 1% block is completed, AESBUSY changes to "1", and the converted data is stored in

the internal ODATAO-3. In addition, at the conversion completion of the 1%t block, AESBF changes "0", which

allows the input of the next block, without needing to read the converted data from ODATA.

(4) When the conversion of the 2™ clock is completed, ODATAO-3 is overwritten with the converted data of the 2"

block, whether or not the 15t block is read.

*Timing of transfer request to DMAC (AUTHMOD = 0)

AES conversion (1 block)
<« »

AESBF |

| Last data conversion completed
]

ODATA |

DMA transfer request
(Internal signal)
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*Timing of transfer request to DMAC (AUTHMOD = 1)

| Last data conversion completed

AES conversion (1 block)
-« »

AESBF |

ODATA
DMA transfer request

(Internal signal)

L
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7.28.4.6 Input/Output Block Size

The following table shows the input data block size and output data block size for each encryption use mode.

Encryption use mode | Encryption/decryption | Input (IDATA) Output (ODATA)

CCM Encryption Authentication data size (ALEN) Encrypted text/plain text size
+ Plain text/encrypted text size (PLEN)+ 1 (authentication TAG)
(PLEN)

Decryption Authentication data size (ALEN) Encrypted text/plain text size

+ Plain text/encrypted text size (PLEN)+ 1 (authentication TAG)
(PLEN)
+ 1 (authentication TAG before
decryption)

GCM Encryption Authentication data size (ALEN) Encrypted text/plain text size
+ Plain text/encrypted text size (PLEN)+ 1 (authentication TAG)
(PLEN)

+ 1 (bit width of authentication data
and plain text)

Decryption Authentication data size (ALEN) Encrypted text/plain text size
+ Plain text/encrypted text size (PLEN)+ 1 (authentication TAG)
(PLEN)
+ 1 (authentication TAG before
decryption)

+ 1 (bit width of authentication data
and plain text)

Other Encryption/decryption | Plain text/encrypted text size Same for input

7.28.4.7 ECB

Executes the Electronic Code Book (ECB) described in NIST Special Publication 800-38A.

*Input

IDATA : Plain text or encrypted text
KEY : Encryption key

*Output

ODATA : Encrypted text or plain text
7.28.4.8 CBC

Executes the Cipher Block Chaining (CBC) described in NIST Special Publication 800-38A.
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*Input

v - Initial vector

IDATA : Plain text or encrypted text
KEY : Encryption key

*Output

ODATA : Encrypted text or plain text

While AES_EN = 1 is maintained, the output result of the previous block encryption is used for the initial vector of the
second and subsequent block encryptions.

7.28.4.9 CFB

Executes the Cipher Feedback (CFB) described in NIST Special Publication 800-38A.

eInput

v - Initial vector

IDATA : Plain text or encrypted text
KEY : Encryption key

*Output

ODATA : Encrypted text or plain text

While AES_EN = 1 is maintained, the output result of the previous block encryption is used for the initial vector of the

second and subsequent block encryptions.

Note) The bit width to feedback is fixed to 128 bits. In other than 128 bits, IV should be reset each time a block

encryption is completed.

7.28.4.10 OFB

Executes the Output Feedback (OFB) described in NIST Special Publication 800-38A.

Input

v - Initial vector
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IDATA : Plain text or encrypted text
KEY : Encryption key

*Output

ODATA : Encrypted text or plain text

While AES_EN = 1 is maintained, the output result of the previous block encryption (result before XOR with plain text)
is used for the initial vector of the second and subsequent block encryptions.

7.28.4.11 CTR

Executes the Counter (CTR) described in NIST Special Publication 800-38A.

eInput

CTRIV : Counter initial value
IDATA : Plain text or encrypted text
KEY : Encryption key

*Output

ODATA : Encrypted text or plain text

While AES_EN =1 is maintained, the counter value is incremented each time a block encryption is completed.
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7.28.4.12 CCM

In CCM mode described in NIST Special Publication 800-38C, encryption, decryption and authentication TAG
generation in CCM are simultaneously executed.

[Encryption]

*Input

v - Initial vector of CBC

CTRIV : Counter initial value of CTR

IDATA : Authentication data, plain text

KEY : Encryption key

ALEN : Number of bytes of authentication data

PLEN : Number of bytes of plain text

*Output

ODATA : Encrypted text, authentication TAG (final data)

The schematic diagram of CCM mode (encryption) is shown below.

. ALEN . PLEN
X add auth data ! plaintext |
i ' 128bit/block !
i i ] |
IDATA
v CBC translation i
CTRIV CTR translation
ODATA 'TAG
T
128bit/block

486



FEDL7416N-060-05
ML7416N-060

IDATA has the data for authentication TAG generation (data to execute only CBC) and the data to be encrypted (data to
execute CBC and CTR), in this order.

ALEN has the number of bytes of the data for TEG generation.

PLEN has the data to be encrypted.

The hardware changes the internal operation depending on the values set to ALEN and PLEN.

IV has the initial vector of CBC.

IV2 has the counter initial value of CTR. The counter value is automatically incremented when the conversion of block
is completed.

ODATA has the output encrypted data and TAG. The final output data indicates TAG.

The initial vector of CBC and the counter value of CTR are automatically changed by the hardware until the conversions
of the number of bytes set by ALEN and PLEN are completed.

Reading of the last plaintext data triggers the encryption of authentication TAG.

[Decryption]

eInput

v - Initial vector of CBC

CTRIV : Counter initial value of CTR

IDATA : Authentication data, encrypted text, and authentication TAG
KEY : Encryption key

ALEN : Number of bytes of authentication data

PLEN : Number of bytes of encrypted text

*Output

ODATA : Decrypted text, decrypted data of the encrypted authentication TAG (last data)
ODATA2 : Authentication TAG generated from the decrypted text

The schematic diagram of CCM mode (decryption) is shown below.
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IDATA |

CBC translation

| ALEN | PLEN .
E\ add auth data E plaintext :
E E 128bit/block E
1 1 1 1
| T T [ T w]
ODATA2
E TAG
CTR translation | |
ODATA | | | | | | TAG |
——
128bit/block

The last ODATA data indicates the data decrypted from the encrypted authentication TAG. The last ODATAZ2 data

indicates the authentication TAG generated from the decrypted message.
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7.28.4.13 GCM

Simultaneously executes encryption, decryption and authentication TAG generation in Galois/Counter Mode (GCM)
described in NIST Special Publication 800-38D.

[Encryption]

*Input

v - Initial vector of GHASH

CTRIV : Counter initial value of CTR

IDATA : Authentication data, plain text, and their bit widths
KEY : Encryption key

HKEY : HASH sub key of GHASH

ALEN : Number of bytes of authentication data

PLEN : Number of bytes of plain text

*Output

ODATA : Encrypted text, authentication TAG (final data)

The schematic diagram of GCM mode (encryption) is shown below.

. ALEN . PLEN . .
E add auth data E 1286it/block plaintext i Ien(A)l; [len(C)
' ' L ' '
IDATA | | | | | | |
| \% H GHASH translation i i |
CTR translation | |
oosea [~ 1] T T T T

T
128bit/block
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IDATA has the data for authentication TAG generation (data to execute only GHASH), data to be encrypted (data to
execute GHASH and CTR), and bit width information of data for authentication TAG generation and data to be
encrypted, in this order.

ALEN has the number of blocks of the data for TEG generation.

PLEN has the number of blocks of the data to be encrypted.

The hardware changes the internal operation depending on the values set to ALEN and PLEN.

IV has the initial vector of GHASH. For details of the initial vector, refer to the section about GHASH.

CTRIV has the counter initial value of CTR. The counter value is automatically incremented when the conversion of
block is completed.

ODATA has the output encrypted data and TAG. The final output data indicates TAG.

The initial vector of GHASH and the counter value of CTR are automatically changed by the hardware until the
conversions of the number of bytes set by ALEN and PLEN are completed.

[Decryption]

eInput

v - Initial vector of GHASH

CTRIV : Counter initial value of CTR

IDATA . Authentication data, encrypted text, authentication TAG, and bit widths of authentication data and
encrypted text

KEY : Encryption key

HKEY : HASH sub key of GHASH

ALEN : Number of bytes of authentication data

PLEN : Number of bytes of encrypted text

*Output

ODATA : Decrypted text, authentication TAG generated from the decrypted text (last data)

The schematic diagram of GCM mode (decryption) is shown below.
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ALEN PLEN len(A) ] |len(C)

add auth data ciphertext

128bit/block
A

IDATA | | | | | | |

L |

m GHASH translation

CTRIV CTR translation |

ODATA | | | | | | | ‘TAG |
T
128bit/block

The last ODATA data indicates the authentication TAG generated from the decrypted message.
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7.28.4.14 GHASH

Performs the GHASH conversion described in NIST Special Publication 800-38D.

*Input
HKEY
v
IDATA

*Output

: HASH sub key

- Initial vector

: Input data

ODATA : GHASH(HKEY, IV, IDATA)

The schematic diagram of GHASH mode is shown below.

IDATA

) 4
A
\JV

»
|

y

[ mult HKEY ]

ODATA

IDATA

b

— €

D

y

[ mult

HKEY ]

*1

ODATA

D
[ mult HKEY ]

IDATA

ODATA

*1: While AES_EN = 1 is maintained, the value of ODATA is used for the initial vector of the second and subsequent

blocks.
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7.28.5 Description of Operation

7.28.5.1 Control Example (without DMAC)

A control example when not using DMAC is shown below.

(1) Setthe AES_MOD register.
(2) Set the input information required for the encryption use mode to execute.
(IV, CTRIV, KEY, HKEY, ALEN, PLEN)
(3) Set AES_CTL.DMA_TX_EN=DMA_RX_EN=0, AES_EN=1.
(4) Check that AES_BLKDONE is "0".
(5) Set the input data to IDATA. When 4-word write is completed, AES conversion is started.
(6) After checking that AES_ BLKDONE is "1", read ODATA.
(7) Clear AES_BLKDONE.
(8) Repeat steps (5) to (7) for the number of bytes of input data.
When all conversions are completed, negate AES_EN.

Caution)
« In CCM mode, after the encryption of the last plaintext data is completed, reading ODATA triggers the encryption of
authentication TAG.

e InCCM or GCM mode, AES_EN is automatically negated when the conversion is completed.

7.28.5.2 Control Example (DMAC)

A control example when using DMAC is shown below.

(1) Setthe AES _MOD register.

(2) Set the input information required for the encryption use mode to execute.
(IV, CTRIV, KEY, HKEY, ALEN, PLEN)

(3) Set AES_CTL.DMA_TX_EN=DMA_RX_EN=1, AES_EN=1.

(4) Checkthat AES_ BLKDONE is "0".

(5) Set the input data to RAM.

(6) Set the register of DMAC. The following settings are recommended:
- Set IDATA to the destination address of CH2.
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- Set ODATA to the source address of CH3.
- The data transfer width should be a word (32 bit).
- The burst length of the burst transfer should be 4 words.
(7) Start DMAC transfer.
(8) After DMAC transfer is completed, read AES BLKDONE or AES DONE to confirm that AES conversion is
completed, and negate AES_EN.
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7.29.MODE_CNT

7.29.1 General Description

7.29.2 List of Registers

Mode control: Function used to control the operation mode (Flash bank configuration, PLL/clock dividing, etc.).

Address [H] Name Symbol | RIW Initial value [H] Description
0x40050000 WDT setting register RW 0x00000001 WDT setting
0x40050004 TIMER setting register RW 0x00000000 Timer setting
0x4005000C PLL setting register O RW 0x00081359 PLL setting O
0x40050010 PLL setting register 1 RW 0x00000000 PLL setting 1
0x40050018 CLKGEN setting register 0 RW 0x00000000 PLL setting O
0x4005001C CLKGEN setting register 1 RW 0x00000000 PLL setting 1
0x40050020 CLKGEN setting register 2 RW 0x00000000 PLL setting 2
0x40050024 CLKGEN setting register 3 RW 0x00000000 PLL setting 3
0x40050028 CLKGEN setting register 4 RW 0x00000000 PLL setting 4
0x4005002C CLKGEN setting register 5 RW 0x00000000 PLL setting 5
0x40050030 CLKGEN setting register 6 RW 0x00000000 PLL setting 6
0x40050034 CLKGEN setting register 7 RW 0x00000000 PLL setting 7
0x40050038 CLKGEN setting register 8 RW 0x00000007 PLL setting 8
0x4005003C CLKGEN setting register 9 RW 0x00000056 PLL setting 9
0x40050040 Deep sleep control register RW 0x00000000 Deep sleep setting
0x40050044 FLASH-ROM deep standby control register RW 0x00000000 FLASH-ROM deep
standby control
0x40050048 FLASH WakeUp time setting register RW 0x0000000E FLASH WakeUp time
setting
0x4005004C Power-off release interval setting register RW 0x00004B00 Power-off release
interval setting
0x40050050 MODE_CNT interrupt mask register RW 0x00000000 MODE_CNT interrupt
mask
0x40050054 MODE_CNT interrupt status register RW 0x00000000 MODE_CNT interrupt
status
0x40050058 MODE_CNT RAW interrupt status register RW 0x00000000 MODE_CNT RAW
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interrupt status

0x4005005C High-speed CR stabilization completion interrupt RW 0x00000000 High-speed CR
clear register stabilization completion
interrupt clear
0x40050060 Low-speed CR stabilization completion interrupt RW 0x00000000 Low-speed CR
clear register stabilization completion
interrupt clear
0x40050064 XTAL32kHz stabilization completion interrupt RW 0x00000000 XTAL32kHz
clear register stabilization completion
interrupt clear
0x40050068 PLL start completion interrupt clear register RW 0x00000000 PLL start completion
interrupt clear
0x4005006C MODE_CNT interrupt clear register RW 0x00000000 MODE_CNT interrupt
clear
0x40050070 Clock status register RW 0x00000007 Clock status
0x40050074 DMON monitor register RW 0x00000000 DMON monitor control
0x40050094 TEST setting register 2 RW 0x00000000 For clock output
0x40050130 10 setting register 0 RW 0x00000101 10 attribute forced
setting
0x40050134 10 setting register 1 RW 0x00000181 10 attribute forced
setting
0x40050138 10 setting register 2 RW 0x00000081 10 attribute forced
setting
0x4005013C 10 setting register 3 RW 0x00000081 10 attribute forced
setting
0x40050140 10 setting register 4 RW 0x00000081 10 attribute forced
setting
0x40050144 10 setting register 5 RW 0x00000181 10 attribute forced
setting
0x40050148 10 setting register 6 RW 0x00000181 10 attribute forced
setting
0x4005014C 10 setting register 7 RW 0x00000181 10 attribute forced
setting
0x40050150 10 setting register 8 RW 0x00000181 10 attribute forced

setting
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0x40050154 10 setting register 9 RW 0x000000C0 10 attribute forced
setting
0x40050158 10 setting register 10 RW 0x00000181 10 attribute forced
setting
0x4005015C 10 setting register 11 RW 0x000000C0 10 attribute forced
setting
0x40050160 10 setting register 12 RW 0x000000C0 10 attribute forced
setting
0x40050164 10 setting register 13 RW 0x00000281 10 attribute forced
setting
0x40050168 10 setting register 14 RW 0x00000281 10 attribute forced
setting
0x4005016C 10 setting register 15 RW 0x00000281 10 attribute forced
setting
0x40050170 10 setting register 16 RW 0x00000281 10 attribute forced
setting
0x40050174 10 setting register 17 RW 0x00000281 10 attribute forced
setting
0x40050178 10 setting register 18 RW 0x00000281 10 attribute forced
setting
0x4005017C 10 setting register 19 RW 0x00000281 10 attribute forced
setting
0x40050180 10 setting register 20 RW 0x00000281 10 attribute forced
setting
0x40050184 10 setting register 21 RW 0x00000281 10 attribute forced
setting
0x40050188 10 setting register 22 RW 0x00000281 10 attribute forced
setting
0x4005018C 10 setting register 23 RW 0x00000281 10 attribute forced
setting
0x40050190 10 setting register 24 RW 0x00000281 10 attribute forced
setting
0x40050194 10 setting register 25 RW 0x00000281 10 attribute forced

setting
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7.29.3 Description of Registers

7.29.3.1 WDT setting register: 0x40050000

3 3222222222211 1111111100WO0O00O0WO0 0 00O
10987 65 43210987 6543210987654 3 2 10
W
D
T
R
Reserved
S
T
E
N
5
5
- |0lO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O|O]|O]1
&
@D
R/ R
RIRIR|IRIRIRIRIR|R|RIRIRIRIRIRIRIR|RIRIRIR|RIRIRIRIRIRIR|R| R |R
W W

WDT_RST_EN | Enables the reset request from WDT.
0: disable

1: enable
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7.29.3.2 Timer setting register: 0x40050004

3322222222 %2%21111111111000O0000 0 00O
10987 6543210948765 432109487654 3 2 10
c|C
Al A
S| S
c|C
Al A
Reserved D| D
E|E
E|E
N[ N
1(0
g
g)_)OOOO0000000000000000000000000000
5
R/ R|R
RIRIRIR|RIRIRIRI[R|R|R|R|RIR|R|R|R|R|R|R|R|R|R|RIR|RIR|R| R |[R
w W| W

CASCADE_EN1 | Sets TIMERD and TIMERE to the cascade mode.
0: disable

1: enable

CASCADE_ENO | Sets TIMERB and TIMERC to the cascade mode.
0: disable

1: enable
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7.29.3.3 Reserved register: 0x40050008

3322222 222%2%?2111111111100W00O0O0TUO0 0 0o

1 0 987 65 43210987 6543210987 654 3 2 10

E

L

A

R

S

e

H

s

e

Reserved B

r

A

v

N

e

K

d

E

N
=]
5

< |0|j0OlOjO|OlO|O|0O|OjO|O|O|O|O|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O]|O0O]|O
=
@D

R/ R

RIRIRIR|R|R|RIRIRIRIR|RIRIRIRIR|RIRIRIRIRIRIRIRIRIRIRIR|R|R|R

w w

Reserved | Reserved
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7.29.3.4 PLL setting register 0: 0x4005000C

3 3222222222211 11111111000O0O0O0O0 0 00o0
10 987 6543210987 6543210987654 3 2 10
P
L
T|P
L
L
GIL|
B PLL
Reserved Uy PLL_DVCOO DR
M| P
P EFO
O| D
A
DI N
S
E|O
S
0
=]
5
< |0|0Oj0OlO|Oj0OfO|O|0O|0O|0O|0O|2|0|0O|0O|0O|O|0O|2|0O|0O|2|1f0O|2|0Of2|1]|0]|0]12
=
[¢]
R/ R|RIR|R|R|RIR|R|R|RIR|R|RIRIRIR|R |R |R|R
RIRIRIR|RIR|R|R|R|R|R|IR
W W W W W W W W W W W W W W WWWH W |W|W W

TEG_MODE TEG setting
0: Commercial mode
1: TEG mode

* Normally use the initial value (0).

PLL_PDNO PLLO power down setting
0: Power-down operation

1: Operation mode

PLL_BYPASSO | PLLO bypass setting
0: Operation mode (non-bypass)
1: IREF/PLLOUT bypass

* Normally use the initial value (0).
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PLL_DVCOO

PLLO counter output multiplying setting
00000000001: 1 multiplying
00000000010: 2 multiplying
00000000011: 3 multiplying
00000000100: 4 multiplying
11111111110; 2046 multiplying
11111111111; 2047 multiplying
00000000000: 2048 multiplying

PLL_DREFO

PLLO counter input dividing setting
01: 1 dividing
10: 2 dividing
11: 3 dividing
00: 4 dividing

The PLL output
0x400500C8).

frequency is obtained from the formula below using PLL_DVCOO, PLL_DREFO, and PLL_DIV (7.29.3.45

fout = (fin x PLL_DVCOO + PLL_DREFO0) + PLL_DIV

For an input of XTAL32KHz, PLL_DREFO0 = 0x01 (1 dividing) is recommended. If 0x01 is not set, jitter may increase.

Below is an example of setting the PLL output frequency.

[Register initial value]

PLL_DVCOO = 1238 multiplying

, PLL_DREFO = 1 dividing, PLL_DIV = 1 dividing

PLL_IREF_SEL =
PLL output = (32.768 KHz x 1238 multiplying + 1 dividing) + 1 dividing = 40.567 MHz

[40 MHz output]

PLL_DVCOO = 1221 multiplying, PLL_DREFO = 1 dividing, PLL_DIV = 1 dividing
PLL_IREF_SEL =
PLL output = (32.768 KHz x 1221 multiplying + 1 dividing) + 1 dividing = 40.009 MHz

[5 MHz output]

PLL_DVCOO = 1221 multiplying, PLL_DREFO = 1 dividing, PLL_DIV = 8 dividing
PLL_IREF_SEL =

XTAL32kHz

XTAL32KHz

XTAL32KHz
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PLL output = (32.768 KHz x 1221 multiplying + 1 dividing) + 8 dividing = 5.001 MHz
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7.29.35 PLL setting register 1: 0x40050010

3 32222%2%22222111111111100O0O00O0O0O0O0 00O
10987 6543210987 6543210987654 3 2 10

P
L
L
|
R
Reserved

E
F
S
E
L

5

5

- |0lO|lO|O|O|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OlO|O|O]|O]O

&

@D

R/ R|IR

RIRIRIRIRIRIRIR|RIRIRIRIR|RIRIR|RIR|R|RIR|R|RIR|RIR|RIR|R | R
W W| W

PLL_IREF_SEL | PLL reference clock selection
00: XTAL32kHz

01: Low-speed CR
10:RF(ML7396B)

11: High-speed CR
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7.29.3.6 CLKGEN setting register 0: 0x40050018

3 3222222222211 1111111100WO0WO0O0O0W0 0 00O
1 0987 65 43210987 6543210987 6 54 3 2 10
S
U
B
S|z
A MAIN_S
Reserved R|®
& RC_SEL
C o
S
E
L
5
g.
- |0lOjO|lO|O|O|O|O|O|O|O]|O|O|O]|O 0|0|0]|O0O]|O
=
[¢]
R/ R R|R|R
RIRIRIR|R|R|R|R|R|R|R|R|R|R|R R
w w W | W| W
MAIN_SRC_SEL | Main clock source selection
000: High-speed CR
001: PLL
010: RF(ML7396B)
011: XTAL32kHz
100: Low-speed CR
Other: Setting prohibited
SUB_SRC_SEL Sub clock source selection

0: XTAL32kHz
1: Low-speed CR
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7.29.3.7 CLKGEN setting register 1: 0x4005001C

33222 2222222111111 1111000WO0O0O0O0OO0 00O
10 9 87 65 4 3 210987 6 5432109876543 2 10
E
X|T| T|T|T|T
T ]
TIMM|I M| M| M
D
I|E|E|E| E |E
MRIR|R|R|R
E|IE[D|C|B|A]|"
C
R |- |22
Reserved L
_|cjcjc|c|c
K
cfL{L|{L|L]|L
LI|KIK|K|K/|K]|™
S
G [ R R A
E
_|S|S|Ss|S|S
L
S|E|E|E| E |E
EfL/L|LI|L/|L
L
=]
5
< |0|0Oj0O|jOlO|jO|O|lO|O|OjO|O|0O|O|O|O|O|0O|O|]O|O|JO|0O|O|O|O|O|O|O|0O0]|O0O|O
s
@D
R/ RIRIR|IR|IR |R|R
RIR|RIRIRIR|R|IRIRIRIR|IR|R|R|R|RIR|RIRIRIR|RIR|R|R
W WWW|W|W|W|W

WDT_CLK_SEL WDT clock source selection
0: Main clock
1: Sub clock

TIMERA_CLK_SEL TIMERA clock source selection
0: Main clock
1: Sub clock

TIMERB_CLK_SEL TIMERB clock source selection
0: Main clock
1: Sub clock
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TIMERC_CLK_SEL

TIMERC clock source selection
0: Main clock
1: Sub clock

TIMERD_CLK_SEL

TIMERD clock source selection
0: Main clock
1: Sub clock

TIMERE_CLK_SEL

TIMERE clock source selection
0: Main clock
1: Sub clock

EXT_TIMER_CLK_SEL

EXT_TIMER clock source selection
0: Main clock
1: Sub clock
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7.29.3.8 CLKGEN setting register 2: 0x40050020

3 322222%2%22%2%2111111111100O0O0O0O00O0 CO0 00
10987 6543210987 6543210987654 3 2 10

- X r 0O
== X - 0O

Reserved

l—
I

rm w
- m omw

anjeA reniu
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

= 2
s =
s =
s =
s =

CLKT_H_SEL | High-speed clock for CLK_TIMER selection
00: PLL

01: RF

10: High-speed CR

Other: Setting prohibited

CLKT_L_SEL | Low-speed clock for CLK_TIMER selection
00: Low-speed CR

01: XTAL32kHz

10: RF

Other: Setting prohibited
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7.29.3.9 CLKGEN setting register 3: 0x40050024
33222222222 21111111111000000U0 0 00O
10987 65432109876 543210987654 3 2 10
Reserved RAND_DIV | WDT_DIV GPIO_DIV SSIS_DIV UART_DIV 12C_DIV FCLK_DIV

5

?OO 0({0|0]|0 ojojo|o|jo0fjO|0O|0O|0O|O|O|O|O|O|O]|O 00 0[0]|0

&

R/ | R| R R| R| R| R RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R R| R R|R|R

W | W W W W W W| W W W W W W W W| W| W| W| W| W| W| W| W| W W| W W | W| W

RAND_DIV

Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

WDT_DIV

Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

* When the WDT clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing can

be set. When the WDT clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.
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GPIO_DIV | Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

SSIS_DIV Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

UART_DIV | Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

12C_DIV Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing
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FCLK_DIV

Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing
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7.29.3.10 CLKGEN setting register 4: 0x40050028
3 3222222222211 11111111000000O0 0 00O
10987 65432109876 543210987654 3 2 10
SUB_CLK_ EXTTMR_
Reserved TMRE_DIV | TMRD_DIV | TMRC_DIV | TMRB_DIV TMRA_DIV
DIV DIV
=)
g.
- |0j0OjO|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|0O|0O|0O]|0O|O]|O 0(0]|O0
=
(0]
R/ | R|R| R| R RIRIRIR|R|RIRIR|RIR|RIR|R|R|R|R|R|R|R|IR R |[R|R
R R|R|IR
W | W W| W| W W W| W| W| W| W| W| W| W| W| W W| W| W W| W| W| W| W W W | W W

SUB_CLK_DIV

Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing

EXTTMR_DIV

Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing
0101: 32 dividing
0110: 64 dividing

* When the EXT_TIMER clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16
dividing can be set. When the EXT_TIMER clock source is set to sub clock with 0101 or 0110, the clock operates

at 1 dividing.
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TMRE_DIV Dividing setting

0000: 1 dividing

0001: 2 dividing

0010: 4 dividing

0011: 8 dividing

0100: 16 dividing

0101: 32 dividing

0110: 64 dividing

* When the TIMERE clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing

can be set. When the TIMERE clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.

TMRD_DIV Dividing setting

0000: 1 dividing

0001: 2 dividing

0010: 4 dividing

0011: 8 dividing

0100: 16 dividing

0101: 32 dividing

0110: 64 dividing

* When the TIMERD clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing

can be set. When the TIMERD clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.

TMRC_DIV Dividing setting

0000: 1 dividing

0001: 2 dividing

0010: 4 dividing

0011: 8 dividing

0100: 16 dividing

* When the TIMERC clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing

can be set. When the TIMERC clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.
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TMRB_DIV Dividing setting

0000: 1 dividing

0001: 2 dividing

0010: 4 dividing

0011: 8 dividing

0100: 16 dividing

0101: 32 dividing

0110: 64 dividing

* When the TIMERB clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing

can be set. When the TIMERB clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.

TMRA_DIV Dividing setting

0000: 1 dividing

0001: 2 dividing

0010: 4 dividing

0011: 8 dividing

0100: 16 dividing

0101: 32 dividing

0110: 64 dividing

* When the TIMERA clock source is set to sub clock (CLKGEN setting register 1: 0x4005001C), up to 16 dividing

can be set. When the TIMERA clock source is set to sub clock with 0101 or 0110, the clock operates at 1 dividing.
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7.29.3.11 CLKGEN setting register 5: 0x4005002C

332222 222%2%2%21111111111000000UO0 0 00O
10987 6 543210987 6543210987654 3 2 10
A
D
Py C
2
Reserved LVD_DIV €_<'2 _ Reserved
[9°]
= D
I
\%

anjeA reniu
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

4
P
P
P
P
o

3
=
3
3
3
3

LVD_DIV | Dividing setting
0000: 1 dividing
0001: 2 dividing
0010: 4 dividing
0011: 8 dividing
0100: 16 dividing

ADC_DIV | Dividing setting
0: 16 dividing (default)
1: 1 dividing
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7.29.3.12 CLKGEN setting register 6: 0x40050030

3322 22222222111

=
=
=
=
=
=
=
o
o
o
o
o

0 0 0 0 O

10987 6 543210987 6543210987654 3 2 10
Reserved FCNTCLK_DIV

=]

5

- |0|OjO|lO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OjOj2]|O|1|O0]O

=

@

R/ RIR|R|R|R

RIRIRIRIR|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W WIW|W|W W

FCNTCLK_DIV | Flash control timing generation clock (FCNTCLK) dividing setting
FCNTCLK = Main clock/FCNTCLK_DIV

When set to 0, 1 dividing (no dividing) is set.

Adjust this register to set FCNTCLK to 2 MHz.

FCNTCLK DIV Dividing value (DEC)
00000 1
00001 1
00010 2
00011 3
00100 4
00101 )
00110 6
00111 7
01000 8
01001 9
01010 10
01011 11
01100 12
01101 13
01110 14
01111 15
10000 16
10001 17
10010 18
10011 19
10100 20
10101 21
10110 22
10111 23
11000 24
11001 25
11010 26
11011 27
11100 28
11101 29
11110 30
11111 31
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7.29.3.13 CLKGEN setting register 7: 0x40050034

3322 22222222111

=
=
=
=
=
=
=
o
o
o
o
o

0 0 0 0 O

10987 6 543210987 6543210987654 3 2 10
Reserved STCLK_DIV

=]

5

- |0|OjO|lO|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OjOj2]|O|1|O0]O

=

@

R/ RIR|R|R|R

RIRIRIRIR|R|RIR|RIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

W WIW|W|W W

STCLK_DIV | SysTick timer clock dividing setting

SysTick timer clock = Main clock/STCLK_DIV/2

When set to 0, 2 dividing is set.

Adjust this register to set the SysTick timer clock to 1 MHz.

STCLK DIV Dividing value (DEC)
00000 2
00001 2
00010 4
00011 6
00100 8
00101 10
00110 12
00111 14
01000 16
01001 18
01010 20
01011 22
01100 24
01101 26
01110 28
01111 30
10000 32
10001 34
10010 36
10011 38
10100 40
10101 42
10110 44
10111 46
11000 48
11001 50
11010 52
11011 54
11100 56
11101 58
11110 60
11111 62
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7.29.3.14 CLKGEN setting register 8: 0x40050038

3 3222222%2%2%22111111111100O00O0O0O0°O0 0 O
10987 6 543210987 65 4321009876543 2 1

Reserved

= o »~ T O
X N w T O
X N W r » 4 X|© o

o
o

anfeA [eniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
=
[S
=

= 2
= X
s =
= X

CR40M_ON High-speed CR operation enable
0: Disabled
1: Enabled

CR32K_ON Low-speed CR operation enable
0: Disabled
1: Enabled

XTAL32K_ON | XTAL32kHz operation enable
0: Disabled

1: Enabled
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7.29.3.15 CLKGEN setting register 9: 0x4005003C

332222222 2%2%2111111111100H0WO0O00WO0 0000
10987 65 43210987 6543210987654 3 2 10
XTA CR4
CR32
PLL_W | L32K OM_
Reserved K_W
TCR _WT WTC
TCR
CR R
5
5
- |0O|0O|O|lO|O|O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|12|0Ofl2|0O|1|1]0O
=
[¢]
R/ RIRIRIRIR|R|R|R|R
RIRIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W WWWWW W | W WIW

PLL_WTCR PLL stabilization wait time adjustment

111: 18000 pll reference clock cycles

110: 9000 plI reference clock cycles

101: 4500 plI reference clock cycles

100: 2250 pll reference clock cycles

011: 100 pll reference clock cycles

010: 50 pll reference clock cycles

001: 25 pll reference clock cycles (default)
000: 20 pll reference clock cycles

PLL stabilization wait time = PLL reference clock cycle x PLL_WTCR setting cycle count

XTAL32K_WTCR | XTAL32kHz clock stabilization wait time adjustment
11:100 ms

10:31.25 ms

01:3.125 ms(default)

00:312.5 us

CR32K_WTCR Low-speed CR clock stabilization wait time adjustment
11: 30 low-speed CR clock cycles

10: 20 low-speed CR clock cycles

01: 10 low-speed CR clock cycles (default)

00: 5 low-speed CR clock cycles

Low-speed CR clock stabilization wait time = Low-speed CR clock cycle x CR32K_WTCR setting cycle count
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CR40M_WTCR

High-speed CR clock stabilization wait time adjustment
11: 4000 high-speed CR clock cycles
10: 1200 high-speed CR clock cycles (default)
01: 50 high-speed CR clock cycles

00: 5 high-speed CR clock cycles
High-speed CR clock stabilization wait time = High-speed CR clock cycle x CR40M_WTCR setting cycle count

* The stabilization wait time does not include the time before the oscillation circuit starts the clock output.
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7.29.3.16 Deep sleep control register: 0x40050040

3322222 2222%211111111110000O0O0O0O0 00O
10987 65 43210987 6543210987654 3 2 10
S
LIF|S|S
U
O|L|RIR
R B
G|A|AlA
F C
I |S| M M
_ L
Reserved ClH|2|1 Reserved
P K
S| | | | _
PIP|P|P
(0] S
S|S|S|S
T
0| 0| 0| O
P
3.
5
- |0lO|lO|lO|O|O|O|O|O|O|O|0O|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O]|O0O]O
&
@D
R/ RIR|R|IR| R R
RIRIR|RIRIRIRIR|R|RIR|RIR|R|RIR[R|RIR RIRIRIR|R|R|R
W W| W| W| W| W w

SUBCLK_STP | 32 kHz oscillation circuit stop (SLEEP) enable (XTAL32kHz is set to OFF during DEEPSLEEP state)
0: Disabled (= 32 kHz oscillation circuit ON)
1: Enabled (= 32 kHz oscillation circuit OFF)

SRAM1_PSO SRAM1 power OFF (SLEEP) enable (SRAML is powered OFF during DEEPSLEEP state)
0: Disabled (= SRAML1 is powered ON)
1: Enabled (= SRAML1 is powered OFF)

SRAM2_PS0 SRAM2 power OFF (SLEEP) enable (SRAM2 is powered OFF during DEEPSLEEP state)
0: Disabled (= SRAM?2 is powered ON)
1: Enabled (= SRAM2 is powered OFF)

FLASH_PSO FLASH power OFF (SLEEP) enable (FLASH is powered OFF during DEEPSLEEP state)
0: Disabled (= FLASH is powered ON)
1: Enabled (= FLASH is powered OFF)

* When this bit is set to 1, ensure that LOGIC_PS0 bit is set to 1 at the same time.
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LOGIC_PSO LOGIC power OFF (SLEEP) enable (Some LOGIC is powered OFF during DEEPSLEEP state)
0: Disabled (= Some LOGIC is powered ON)
1: Enabled (= Some LOGIC is powered OFF)
*When FLASH_PSO0 bit is set to 1, ensure that this bit is set to 1 at the same time.

RF_PS0O RF power OFF (SLEEP) enable (RF is powered OFF during DEEPSLEEP state)

0: Disabled (= RF is powered ON)
1: Enabled (= RF is powered OFF)
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7.29.3.17 FLASH-ROM deep standby control register: 0x40050044

33222222222 21111111111000000O0 0 00O
10987 65432109876 543210987654 3 2 10
F|F|FI|F
L|L|L|L
A|lA|JAA
S|S|S|S
H|{H|H|H
1(1]0]0
Reserved 1|10(1]0
D|D|D|D
P|P|P|P
S|S|S|S
T|T|T|T
B|B|B|B
3
;)_)000000000000000000000000000O0000
5
R/ R|IR |R|R
RIRIRIR|R|R|R{R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|R|R|R| R
w W |W|W W

FLASH00_DPSTB FLASHO0O0 deep standby setting
1: Deep standby
0: Operable

FLASHO01_DPSTB FLASHO1 deep standby setting
1: Deep standby
0: Operable

FLASH10_DPSTB FLASH10 deep standby setting
1: Deep standby
0: Operable

FLASH11_DPSTB FLASH11 deep standby setting
1: Deep standby
0: Operable

When returning from deep standby, the read value of the corresponding bit changes to "0" when the return time (10 ps) of FLASH has
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elapsed after FLASHn_DPSTB was set to "0" from "1". Confirm that the read value of the target bit has changed to "0" before accessing

FLASH that was switched to deep standby mode by this register.

This register controls the FLASH-ROM operation modes independent of the LS| operation modes (Active/SLEEP/DEEPSLEEP).
When only some FLASH-ROM areas are used, the register can reduce consumption current by putting unused areas into the deep standby

state. The table below lists the operation modes and the FLASHn operation modes appropriate for register settings.

Active FLASHn_DPSTB=0 Code execution area: Active 1.5 mA@40 MHz
(0x40050044) Other areas: Standby 200 uA
FLASHn_DPSTB=1 Deep standby 3UuA
(0x40050044)

Sleep FLASHn_DPSTB=0 Standby 200 UA
(0x40050044)
FLASHn_DPSTB=1 Deep standby 3UuA
(0x40050044)

DeepSleep FLASH_PSO=0 Deep standby 3UuA
(0x40050040)
FLASH_PSO=1 Shutdown 0 uA
(0x40050040)

*n=00, 01,10, 11
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7.29.3.18 FLASH WakeUp time setting register: 0x40050048

383222222 22221111111111000O0O00WO0 0 00O
10987 6543210987 6543210987654 3 2 10
Reserved FLC_STARTW

=]

5

- |0|OlO|O|O|OjO|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]| 2|1 |1]|O0

=

@

R/ RIR|R|R|R
RIR|RIRIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R| R| R| R

w Wi W |W|W W

FLC_STARTW FLASH WakeUp time setting

Wakeup time = Setting value x 800 ns (default 11.2 ps)
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7.29.3.20 MODE_CNT interrupt mask register: 0x40050050

33222 22222221111 111111000WO000UO0 000

10987 6543210987 6543210987654 3 2 10
X
T|C|C
PIA|R|R
L|L|[3]|4
L|{3|2]|0
|2 |K|M
D|K|_|_
o|_|D|D

Reserved

N|D|O|O
E|O|N|N
_IN|E|E
M|E|_|_
S| _|M|M
KI{M|S|S
S| K|K
K

3

;‘)OOOOOO0000000000000000000OOOOOOO

5

R/ R|IR|R|R

RIRIRIR|RIR|R|R|R|R|IR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R

w W i W|W| W

PLL_DONE_MSK Masks the PLL stabilization completion interrupt.
1: Mask
0: No mask

XTAL32K_DONE_MSK | Masks the XTAL32kHz clock stabilization completion interrupt.
1: Mask
0: No mask

CR32K_DONE_MSK Masks the low-speed CR clock stabilization completion interrupt.
1: Mask
0: No mask
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CR40M_DONE_MSK

Masks the high-speed CR clock stabilization completion interrupt.
1: Mask
0: No mask
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7.29.3.21 MODE_CNT interrupt status register: 0x40050054

3322222222 22111111111100W00W0O0O0 0 00

10987 6543210987 6543210987654 3 2 10
X
T|C|C
PIA|R|R
L|L|[3]|4
L|{3|2]|0
|2 |K|M

Reserved

D|K|_|_
o| _|D|D
N|D|O|O
E|O|N|N
N|E|E
E

3

;‘)OOOOOO0000000000000000000OOOOOOO

5

R/

WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

PLL _DONE PLL stabilization completion flag after masking

0: During start or stop

1: Stabilized operation

XTAL32K _DONE | XTAL32kHz stabilization completion flag after masking
0: During start or stop

1: Stabilized operation

CR32K _DONE Low-speed CR stabilization completion flag after masking
0: During start or stop

1: Stabilized operation

CR40M _DONE High-speed CR stabilization completion flag after masking
0: During start or stop

1: Stabilized operation
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7.29.3.22 MODE_CNT RAW interrupt status register: 0x40050058

3322222222 22111111111100W00W0O0O0 0 00
10987 6543210987 6543210987654 3 2 10
X
T|C|C
PI{A|R|R
L|L|[3]|4
L|{3|2]|0
|2 |K|M
D|K|_|_
o| _|D|D
Reserved
N|D|O|O
E|O|N|N
_IN|E|E
RIE|_|_
Al _|RIR
W|R|A|A
AWl W
W
3
;‘)OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
5
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
PLL DONE_RAW PLL stabilization completion flag before masking
0: During start or stop
1: Stabilized operation
XTAL32K _DONE_RAW XTAL32kHz stabilization completion flag before masking
0: During start or stop
1: Stabilized operation
CR32K _DONE_RAW Low-speed CR stabilization completion flag before masking
0: During start or stop
1: Stabilized operation
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CR40M _DONE_RAW

High-speed CR stabilization completion flag before masking
0: During start or stop

1: Stabilized operation
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7.29.3.23 High-speed CR stabilization completion interrupt clear register: 0x4005005C

3322222222 22111111111100W00W0O0O0 0 00
10987 6543210987 6543210987654 3 2 10
C
R
4
0
M
D
Reserved
O
N
E
C
L
R
3
;)_)OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
5
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
CR40M_DONE_CLR Clears the high-speed CR stabilization completion interrupt.

* When this register is read, the interrupt is cleared.

Always 0 is read when reading.
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7.29.3.24 Low-speed CR stabilization completion interrupt clear register: 0x40050060

3322222222 22111111111100W00W0O0O0 0 00
10987 6543210987 6543210987654 3 2 10
C
R
3
2
K
D
Reserved
O
N
E
C
L
R
g
;)_)OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
5
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
CR32K_DONE_CLR Clears the low-speed CR stabilization completion interrupt.

* When this register is read, the interrupt is cleared.

Always 0 is read when reading.

532



FEDL7416N-060-05
ML7416N-060

7.29.3.25 XTAL32K stabilization completion interrupt clear register: 0x40050064

3322222222 22111111111100W00W0O0O0 0 00

10987 6543210987 6543210987654 3 2 10

X

T

A

L

3

2

K

Reserved B

D

O

N

E

C

L

R
g

;‘)OOOOOO0000000000000000000OOOOOOO
5
R/

WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

XTAL32K_DONE_CLR Clears the XTAL32K stabilization completion interrupt.

* When this register is read, the interrupt is cleared.

Always 0 is read when reading.
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7.29.3.26 PLL start completion interrupt clear register: 0x40050068

332222222 2%2%21111111111000O0O0O0O0 O 00
10987 6543210987 6543210987654 3 2 10
P
L
L
D
0]
Reserved
N
E
Cc
L
R
3
5
- |0j0|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O
=
(0]
R/
RIRIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|RIR|R|R|R|R|R|R|RIR|R|R|R|R
w
PLL_DONE_CLR Clears the PLL stabilization completion interrupt.

* When this register is read, the interrupt is cleared.

Always 0 is read when reading.
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7.29.3.27 MODE_CNT interrupt clear register: 0x4005006C

3322222222 2211111111 11000O000O0 0 0o

10987 65432 10987 6543210987 654 3 2 10

M

(0]

D

E

C

Reserved

N

T

C

L

R
5
5

- |0lO|lO|O|O|lO|O|O|OjO|O|O|O|O|O|O|lO|O|O|O|O|O|O|0O|O|O|O|O|O]|]O]|O]O
&
@D
R/

RIRIRIRIR|RIRIRIRR|R|RIRIRIRIR|{RIR|R|RIR|R|RIRIRIRIRIR| R|R|R|R
W

MODE_CNT_CLR | Clears all interrupts of MODE_CNT.

* When this register is read, the interrupt is cleared.

Always 0 is read when reading.
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7.29.3.28 Clock status register: 0x40050070

332222222 %2%2%211111111110000O0O0TO0 O0OTO0TU0O0
10987 65 4321098765432 109876254 3 2 10
X
T|C|C
Pl A|R|R
L|L|3]|4
31210
|2 ]K|M
D|K|_|_
o| _|D|D
Reserved
N|D|O|O
E|O|N|N
_INJ|E|E
FIE| _|_
L|_|F|F
G|F|L|L
L|G|G
G
5
5 1)1
E_)OOOOOOOOOOOOOOOOOOOOOOOOOOOO01***
5
R/
WRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
(*) The initial value of hardware is 0.
PLL stabilization completion flag
PLL_DONE_FLG 0: During start or stop
1: Stabilized operation
XTAL32kHz stabilization completion flag
XTAL32K_DONE_FLG 0: During start or stop
1: Stabilized operation
Low-speed CR stabilization completion flag
CR32K_DONE_FLG 0: During start or stop
1: Stabilized operation

536



FEDL7416N-060-05
ML7416N-060

CR40M_DONE_FLG

High-speed CR stabilization completion flag
0: During start or stop

1: Stabilized operation
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7.29.3.29 DMON Monitor Register: 0x40050074

3322 2222222211111 11111000O0WO0O0O0O0O0TO0
1098 76543210987 6543 2109876543210

Z O X O

Reserved

cC v 0O

anfeA feniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

= Z
pel
el
pel
pel
pel
pel
pel
pel
el
el
el
p.el
el
el
el
el
el
el
p.e)
el
el
p.e)
el
p.e)
el
p.e)
el
p.e)
el
p.e)
el
p.e)

DMON_CPU | DMON_CPU pin monitor
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7.29.3.34 TMP Setting Register 0: 0x40050088

3322 2222222211111 1111100O0O0O0O0O0TGO0O0
1098 76 54321098 7635432109876 54321

o O

v =z m 4

o =2 m -

Reserved Reserved E Reserved

=2

o < O

anfeA feniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

= Z
o)
o)
o)
o)
o)
o)
o)
o)
o)
X
o)
o)
X
o)
o)
o)
o)
o)
o)
X
o)
o)
o)
o)
o)
o)

Enables (overwrites) TEMP_EN.
TEMP_EN_OVR | 0: disable

1: enable

Thermometer enable
TEMP_EN 0: disable

1: enable
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7.29.3.37 TEST Setting Register 2: 0x40050094

3322 22 2222221111111 111000O0UO0O0O0O00O0
1098 76 543210987 6543 2109876543210

o

M
(0]
N
MO | MO | _
NC|INC|C
Reserved
LK_ | LK_ | L
SEL | DIV | K
E
N

anfeA feniu|
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

= Z
ps)
ps)
P,
P,
P,
P,
P,
P,
P,
pe)
s,
s,
s,
pe)
pe)
pe)
s,
pe)
s,
pe)
s,
pe)
s,
s,
pe)
P,
pe)

Selects the clock for the monitor output from GPIOAL.
00: XTAL32K

MON_CLK_SEL | 01: OSC32K

10: OSC40M

11: PLL

Divides the clock for the monitor output from GPIOA1L.
00: 8 dividing
MON_CLK_DIV | 01: 4 dividing
10: 2 dividing

11: no division (through)
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MON_CLK_EN

Enables the clock for the monitor output from GPIOAL.
0: Disabled
1: Enabled
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7.29.3.45 PLL Setting Register 2: 0x400500C8

3322 22 2222221111111 11100O0WO0O0O0WO0O0O0TO0
1098 76 54321098 7635432109876 54 3210

PLL | Res
Reserved DI | erv
\ ed

anfeA jeniu|
[
[
-
[
-
-
[
[
-
=
=
-
=
-
-
-
=
-
=
-
=
-
-
=
-
-
(@]
(@]
o
o
o
o

= Z
ps)
ps)
P,
P,
P,
P,
P,
P,
P,
pe)
pe)
s,
pe)
s,
s,
s,
pe)
s,
pe)
s,
pe)
s,
s,
pe)
s,
pe)

PLL output dividing setting
00: 1 dividing

PLL_DIV 01: 2 dividing

10: 4 dividing

11: 8 dividing
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7.29.3.52 10 setting register 0 to 25: 0x40050130 to 0x40050194

3322 2222222 2111111111 100W0W0WO00WO0O000O0
1098 76 54321 09 8 7 6 543 210987 6 54 3210
s s s|s
e e ele
S|t t t|t
R
e_ — _— -
e
t]i i i
s
_ 10 O| o O|O0| =
e 2 2
R i () D
eserved |[r[2 [[2
[9°) [9°)
o|38 6| &« |3|2| =
Y
_l1 ] 11
e
el ( ( (1«
d
nil (0] P|P
E E ulD
) ) ) |)
=]
o
< |0]|0|]0|0O|O|0|0|0O|0|0O|O|O|O|O|O|O0O|O0O|O0O|O0O|O0|O|Q|*|*[*|*|*|*|*]|*]|*]|*
%’
(0]
R/ RIR|RIR|R|R|R|R|R|R
RIRIR|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
W W[ W| W| W| W| W| W| W| W

set_io[8] and set_io[6] enable (* This function is disabled for 10 setting register 2 [TEST_CPU pin])
set_io_en
For details, see the generation logic of each pin control signal.

Input buffer enable
set_io[8](IE) | O: disable

1: enable

Output buffer enable
set_io[6](OE) | O: disable

1: enable

Weak pull-up resistor enable

set_io[3](PU) | O: disable

1: enable
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set_io[2](PD)

Weak pull-down resistor enable
0: disable

1: enable

* The reserved bits of this register should be used with the initial values.

This register controls the following 10 pins with their initial values.

Register name Target pin Address Initial value
10 setting register O SWCK 0x40050130 0x00000101
10 setting register 1 SWD 0x40050134 0x00000181
10 setting register 2 TEST_CPU 0x40050138 0x00000081
10 setting register 3 MODEO 0x4005013C 0x00000081
10 setting register 4 MODE1 0x40050140 0x00000081
10 setting register 5 SINTN_CPU (LSl internal pin) 0x40050144 0x00000181
10 setting register 6 DMON_CPU (LSl internal pin) 0x40050148 0x00000181
10 setting register 7 DCLK_CPU (LSl internal pin) 0x4005014C 0x00000181
10 setting register 8 DIO_CPU (LSl internal pin) 0x40050150 0x00000181
10 setting register 9 SDI_CPU (LSl internal pin) 0x40050154 0x000000C0
10 setting register 10 SDO_CPU (LSl internal pin) 0x40050158 0x00000181
10 setting register 11 SCEN_CPU (LSl internal pin) 0x4005015C 0x000000CO
10 setting register 12 SCLK_CPU (LSl internal pin) 0x40050160 0x000000CO
10 setting register 13 GPIOAO 0x40050164 0x00000281
10 setting register 14 GPIOA1 0x40050168 0x00000281
10 setting register 15 GPIOA2 0x4005016C 0x00000281
10 setting register 16 GPIOA3 0x40050170 0x00000281
10 setting register 17 GPIOA4 0x40050174 0x00000281
10 setting register 18 GPIOA5 0x40050178 0x00000281
10 setting register 19 GPIOAG 0x4005017C 0x00000281
10 setting register 20 GPIOA7 0x40050180 0x00000281
10 setting register 21 GPIOAS8 0x40050184 0x00000281
10 setting register 22 GPIOA9 0x40050188 0x00000281
10 setting register 23 GPIOA10 0x4005018C 0x00000281
10 setting register 24 GPIOAl11l 0x40050190 0x00000281
10 setting register 25 GPIOA12 0x40050194 0x00000281
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This register controls the following 10 pins with their control signal generation logics.

Pin name: GPIOAN (n=0-12)

set io_en=1 Other
IE set_in[d] onform to 7.11.5 General-purpose Port Seting
0 set in[f] onform to 7.11.5 General-purpose Port Setting
PU sat in[3] set in(3]
PO set io[2] set io[2]
Pin name: SWCK/SWD/TEST _CPU/MODEO/MODE1
set io en=1 Other
IE set_io[3] Conform to 7.11.5 General-purpose Port Settig
OF ot jn[6] Conform to 7.11.5 General-purpose Port Settiffg
PL set in[3] set io[3]
PD set_in[2] set_ia[?]
Pin name: SINTN_CPU
set_in_en=1 set_in_en=0
During DeepSleep and All conditions
RF_PS0O=1 except the left
IE set_ia[8] set_io[B] set_in[&]
OE set_in[6] set_in[G] set_in[6]
PU set_ia[3] 1 set ia[3]
PD satio[2] Q setin[2]
Pin name: DMON_CPU
set_io_en=1 setio en=0
During DeepSleep and | All conditions
RF PEO=1 except the left
IE set_ia[8] set inlG] set_inlG]
OE set in[6] set io[A] set ia[A]
PL set_in[3] 0 set_in[3]
PD set_in[2] 1 set_in[2]
Pin name: DIO_CPU
set_io_en=1 set_io_en=0
During DeepSleep and All conditions except the left
RF_PS0=1 PU request from| All conditions
DIO block except the left |
IE set_ia[B] set io[B] 1/0(010} 1/0(010)
QE sat io[6] set inl6] 1/0(010) 1/0(010)
P set in[3] ] 1 set in[3]
PD set io[2] 1 0 set io[2]
Pin name: DCLK_CPU
set_io_en=1 setio en=0
During DeepSleep and | All conditions
RF P50O=1 except the left
IE set_ia[8] set io[B] set ia[B]
QE sat io[6] set inl6] set_in[6]
P set in[3] Q set in[3]
] set in[f] 1 set in[2]
set_in_en=1 set_io_en=0
Pin-name: ‘LE‘U Py set_in[8] 1/0(SPI2 SCK)
oE - set o8] 1/0(SPI2_SCK)
PU set_in[3] set_ia[3]
PD set_in[2] set in[?]
Pin name: SCEN_CPU
set_io_en=1 set_io_en=0
IE set_in[8] 1/0(SPI2 SSN)
OE set_in[6] 1/0(SPI2_SSM)
PU set_in[3] set_in[3]
PD set ia[2] set io[2]
Pin name: SDI_CPU
set_in en=1 set io_en=0
IE set_in[A] 1/0(SPI2_MOST)
OE =et_in[6] 1/0(SPIZ_MOSI)
PU set_ia[3] set io[3]
PD satio[2] setin(2]
Pin name: SDO_CPU
set_io_en=1 setio en=0
During DeepSleep and | All conditions
50=1 except the left
IE set_ia[8] set inlG] 1/0(SPI2 MISO)
OE set in[6] set io[A] 1/0(SPI2 MISC)
PL set_in[3] 0 set_in[3]
PD set_in[2] 1 set_in[2]
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7.29.4 Clock Control

7.294.1

Here is the clock system diagram. Register names are indicated in "[1" in the diagram.

[Note] 1 to 2048 dividing and 1 to 512 dividing can be set for SP1 and FTM respectively.

RC OSC40M
PLL(*2)
XTALOSC32K
RC0SC32€
RF.clkout

MAIN_SRC_SEL

Clock System Diagram

Main clock

DIVIDER
1/1
1/2

FCLK_DIV

10109]95

.

14
8
1/16
1/32
1/64

10108j8S

FCLK
SCLK
HCLK.

DIO clock
Flash ROM controller clock
AES clock

DMAC clock

FLASH-DMA clock

UART_DIV

ol

UART reference clock %
To UARTO/1/2

SPI_DIV

SPI reference clock
To SPI0/1/2

SSIS_DIV

Ssis sampling clock
ToSSIS

12¢_DIV

12C reference clock
To 12C0/1

AND_DIV

RAND_GEN clock

Flexible timer clock

WDT_CLK_SEL

= ol 2
10109}8S H 1010085 H 10108185 JIURETE 10109}9S, 10109[9S 1008[8S
2 2

WDT clock
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SUB_SRC_SEL

XTALOSC32K
RCOSC32K

@
-3
8
s

Sub clock

WDT_DIV

DIVIDER,
11
1/2

1/4
s
116

10108)25

TIMERA_DIV TIMERA_CLK_SEL

N

To timer clock TimerA

TIMERB_CLK_SEL

IMERB_DIV

To timer clock TimerB

IMERB_DIV

TIMERC_CLK_SEL

IMERC_DIV

To timer clock TimerC

IMERC_DIV

TIMERD_CLK_SEL

IMERD_DIV

To timer clock TimerD

IMERD_DIV

TIMERE_CLK_SEL

IMERE_DIV.

To timer clock TimerE

o |

i

IMERE_DIV

EXTTIMER_DIV

L p—

EXTTIMER_CLK_SEL

To timer clock

EXT_Timer

EXTTIMER_DIV

~L

SUB_CLK_DIV

RTC clock
GPIO debounce clock

ADC conversion wait clock

LD_DIV

LVD clock

GPIO_DIV

GPIO clock
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FCNTCLK_DIV

DIVIDER

*1 —] 12to
1/31

Flash control timing generation clock

STCLK_DIV

DIVIDER

*1 — l{z/lstzo SysTick timer clock

DIVIDER

1/16 ADC clock

CLKT_H_SEL

PLL(*2) . .
RF.clkout CLK_Timer High-speed clock
ROOSC40M
CLKT_L_SEL
RC OSC32K —

CLK_Timer Low-speed clock

X'tal 0SC32K =] Selector
RF.clkout = )

PLL_IREF_SEL
PLL_PDNO
XTAL OSC32K —

RC OSC 32K —

Selector PLL "
RF.clkout — PLL clock (*2)
RC OSC40M —
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7.29.4.2 PLL Control
Here is the control flow of PLL.

PLL Start Flow

START

PLL dividing/multiplying setting

PLL_DIV

PLL_IREF_SEL

PLL_DVCOO
/ PLL_DREFQ

PLL reference clock setting

Any of the followings:
XTAL32K_ON
CR32K_ON
CR40M_ON

PLL reference clock start

[
»

NO PLL reference clock Any of the followings:
ilized?
stabilized? CR40M_DONE
CR32K_DONE

YES
XTAL32K_DONE

PLL start \
PLL_PDNO

PLL_DONE

A 4

PLL stabilized?

The dividing/multiplying value or reference clock frequency of PLL should be changed after PLL is stopped.
Here is the flow for changing the multiplying/dividing value of PLL.
PLL Setting Change Flow

STAR

PLL ston

PLL_PDNO

Same as the PLL start
flow
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7.29.4.3 DeepSleep/Sleep Control

m Procedure for Changing to DEEPSLEEP Mode

Yes

10 setting 5 (0x4005
10 setting 9 (0x4005

0144 = 0x00000285)
0154 = 0x00000284)

10 setting 11 (0x4005015C = 0x00000284)
10 setting 12 (0x40050160 = 0x00000284)

<&
<«

Deep sleep control s

Peripheral clock setting (0x40000048)

etting (0x40050040)

Regulator setting 0 (0x40050078 = 0x00002020)

Interrupt (Wakeup source) setting

DEEPSLEEP setting
(SCR.SLEEPDEEP=1)

WFIl o

r WFE

end

m Procedure for Returning from DEEPSLEEP Mode

Changing to DEEPSLEEP
(Active mode)

(DEEPSLEEP mode)

Changing to the DEEPSLEEP resets the following registers for clock control, and it starts in the high-speed CR

after returning.
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MAIN_SRC_SEL (0x40050018), CR40M_ON(0x40050038), PLL_PDNO(0x4005000C)

Set the clock again after returning.
O ;

(DEEPSLEEP mode)

Wakeup
Interrupt handling x
@er OFF? No
Yes

10 setting 5 (0x40050144 = 0x00000181)
10 setting 9 (0x40050154 = 0x000000C0)
10 setting 11 (0x4005015C = 0x000000C0)
10 setting 12 (0x40050160 = 0x000000C0)

<
«

32 kHz oscillation No
circuit OFF?

Yes

oscillation circuit stabilized? Returning from DEEPSLEEP

MODE_CNT interrupt status

(Active mode)

After the mode returns to
DeepSleep, confirm that the 32
kHz oscillation circuit is restarted

PLL start

(stabilized). Main clock switching }V_
Y
After the mode returns to
DeepSleep, confirm that Peripheral clock
each peripheral resumes. Enable register
=1?
During changing to DeepSleep, if the Normal operation

SRAM power supply or LOGIC power
(Active mode)

supply is turned off, set the SRAM and
LOGIC registers as necessary again
after the mode returns to DeepSleep.
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m Procedure for Changing to SLEEP Mode

Peripheral clock setting (0x4000004C)

Interrupt (Wakeup source) setting

- Changing to SLEEP
SLEEP setting )
(SCR.SLEEPDEEP=0) (Active mode)

WFI or WFE

(SLEEP mode)

m Procedure for Returning from SLEEP Mode

»
»

(SLEEP mode)

Wakeup
A 4

A ]
Interrupt processing Returning from SLEEP

il (Active mode)
A

Normal operation

0 (Active mode)
v
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7.30.Micro Trace Buffer(MTB)

7.30.1 General Description

The features of Micro Trace Buffer(MTB) are shown below.

Provides the program execution trace function of Cortex®-MO0+ processor.

Shares SRAM space as the trace information storage buffer.

The trace buffer capacity to be used by MTB can be changed by software.

For details of MTB, refer to the following document provided by ARM®:

CoreSight MTB-MO+ Technical Reference Manual

In this product, the SFR area of MTB is assigned to the 4 KB area starting at the following address:

0xF0002000

The entire area of SRAM space starting at address 0x20000000 is used as RAM area of MTB* .
By default, the area is 16 KB (AWIDTH = 14).

1 When the trace function of MTB is enabled, the RAM access from CPU may be held if trace information to be stored

to RAM conflicts with RAM access from CPU, degrading CPU performance.
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7.31.System ROM Table

7.31.1 General Description

The system ROM table indicates debug components (watch point, break point, trace buffer, etc.) implemented in

MCU connected to the debugger.

Normally, the debugger recognizes the addresses stored in the system ROM table by using the Debug Base Address

register *that exists at the given address within DAP (Debug Access Port). The system ROM table includes the

entry that indicates the storage address of Cortex®-M0+ ROM Table and the one that indicates the storage address of

Micro Trace Buffer (MTB) ROM Table, to be used to recognize Cortex®-MO0+ (and the debug components of

Cortex®-M0+) and MTB.

*  When MTB is not implemented, the system ROM table is not implemented.

The Debug Base Address register of DAP points the ROM Table of Cortex®-M0+.

Debugger

Debug Access Port
Base Pointer

System ROM Table

Entrylﬁ

A h
Cortex-MO+ MTB-MO+
ROM Table ROM Table

Figure 7-30 Relationship between System ROM Table and Peripheral Functions

2. MEM-AP: Debug Base Address (BASE) register implemented at address 0xF8
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7.31.2 Address Map

This product implements a 32-bit format system ROM table. The system ROM table is placed in 0xF0000000 and

higher on the system address map. The details of the system ROM table implemented by this product are shown

below.
Offset address | Name Value Remarks
0x000 Table Entry0 | OXFOOFF003 | [31:12]: = Offset from the system ROM table to Cortex®-M0+
(OXEOOFF000)
[11:2]:=Reserved
[1]:= Format. Fixed to 1 (32-bit format).
[0]:=Entry Present. Fixed to 1
0x004 Table Entryl | 0x00002003 | [31:12]: = Offset from the system ROM table to MTB-MO+
(0xF0002000)
[11:2]:=Reserved
[1]:=Format. Fixed to 1 (32-bit format).
[0]:= Entry Present. Fixed to 1 (MTB-MO0+ implemented).
0x008 - 0x00000000 | Bit 0 (Entry Present) is 0, indicating that no more entry exists'® .
OxFCC MEMTYPE 0x00000001 | [31:1]:=Reserved
[0]:=System memory present. Indicates that the system memory
exists on the bus to which the ROM table is connected.
OxFDO Peripheral 0x0000000X | [31:8]:=Reserved
ID4 [7:4]:= Number of bytes. 0x0 fixed (1 byte).
[3:0]:=JEP 106 Continuation Code
OxFD4 Peripheral 0x00000000 | [31:0]:=Reserved
ID5
OxFD8 Peripheral 0x00000000 | [31:0]:=Reserved
ID6
OxFDC Peripheral 0x00000000 | [31:0]:=Reserved
ID7
OxFEO Peripheral 0x000000XX | [31:8]:=Reserved
IDO [7:0]:=Part Number[7:0]

13 Bit 0 becomes 0 which indicates that no valid entry exists. Other bits are undefined (implementation-dependent).
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OxFE4 Peripheral 0x000000XX | [31:8]:=Reserved
ID1 [7:4]:=JEP106 Identity Code[3:0]
[3:0]:=Part Number[11:8]
OxFES8 Peripheral 0x000000XX | [31:8]:=Reserved
ID2 [7:4]:= Revision[3:0]. Indicates the revision of this system ROM
table. Fixed to 0x0.
[3]:= Indicates that JEP 106 Identity Code is used. Fixed to 1.
[2:0]:= JEP 106 Identity Code[6:4]
OXFEC Peripheral 0x000000X0 | [31:8]:=Reserved
ID3 [7:4]:=RevAnd. Normally, this indicates the revision number by
ECO.
[3:0]:=Customer Modified. Fixed to 0x0.
OxFFO Component 0x0000000D | [31:8]:=Reserved
IDO [7:0] :=Preamble byte0. Fixed to 0x0D.
OxFF4 Component 0x00000010 | [31:8]:=Reserved
ID1 [7:4] :=Component Class. Fixed to 0x1 (ROM Table).
[3:0] := Preamble. Fixed to 0xO.
OxFF8 Component 0x00000005 | [31:8]:=Reserved
ID2 [7:0] := Preamble byte 2. Fixed to 0x05.
OXFFC Component 0x000000B1 | [31:8]:=Reserved
ID3 [7:0] := Preamble byte 3. Fixed to OxBL1.
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7.31.3 JEDEC JEP-106

JEDEC JEP-106 Identity Code and Continuation Code are required in the system ROM table. JEP-106 codes in

UxPlatform are as follows:

Field Value | Remarks
JEP-106 ldentity 0x2F | Manufacturer’s Identification Code of the Rohm group registered in JEDEC JEP106. It is
Code[6:0] usually Ox2F.
It may be necessary to change this value when deploying a product under another
company's brand, such as OEM products. It should comply with the brand policy of LSI.
Continuation 0x1 Continuation Code of the Rohm group registered in JEDEC JEP106. It is usually 0x1.

Code[3:0]

It may be necessary to change this value when deploying a product under another

company's brand, such as OEM products. It should comply with the brand policy of LSI.

7.31.4 Part Number

Part Number is a unique identification number assigned to each debug component. The number must be unique in the

Rohm group. Be sure to use the value given from the platform development department.

This system ROM table has the following Part Number:

Part Number[11:0] Corresponding component Remarks
0x000 UxPlatform Cortex®-MO0+ System When you want to change the
ROM Table UxPlatform configuration, contact the
platform development department.
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m 8. Examples of Application Circuit
Please refer to design guide (FEXL7416N-060DG).
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m 9. Package External Dimensions/Footprint Pattern
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2 H— I EyFiER— LR BOUETHRET S, LAPIS Semiconductor Co. Ltd
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PACKAGE CODE P-LBGA81-1010-1. 00-1-MC
NOTES: PACKAGE MATERTAL EPOXY RESIN uNIT mn
1 THE DIVENSIONS ON PACKAGE OUTLINE INGLUDES THE ATTACHED BALLS, BALL MATERIAL Sn/hg/Cu DHG No. 0SL-69083
2. THE BALL PICH MEANS THE DISTANCES BETWEEN THE BALL CENTERS. PAGKAGE NASS (g) 0. 207TYP. REVISION 3
Tst ISSUE | May/28/2014
REVISED Jun/19/2015

Remarks for surface mount type package
The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage. Therefore,

before you perform reflow mounting, contact ROHM sales office for the product name, package name, pin number, package

code and desired mounting conditions (reflow method, temperature and times).
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When laying out PC beoards, it is important to design the [ool patlern so as Lo give
consideration Lo ease ol mounting, bonding, positioning ol parts,reliability, wiring, and
elimination ol solder bridges.

The optimum des

1 [or the ool pattern varies with the materials ol the substrate, the sort
and thickness ol used soldering paste, and the way ol soldering. Therelore when laving out
the [ool pattern on the PC boards, reler to this [igure which mean the mounting area that the

package leads are allowable for soldering to PC boards.

LAPIS Semiconductor Co., Ltd.
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m 10. Revision History

Version Revision description Before change After change Date Remarks
1.0 Ver. 1 - - September 7, 2015
2.0 The 1/0 of the SPI data input/output pin 1 8, 10 8, 10 October 14, 2015

(MISO) has been corrected.

The pin handling of ADCO0-3, SWCK, and 12 12
SWD has been added.
The typical value of the RC clock 1 is has 14 14

been corrected.
The maximum and minimum values of the

RC clock frequency have been added.

The unit has been corrected. 22 22

The maximum value of SCK-SSN lag time 23 23
(tLAG) has been corrected.

The caution has been added. 27 28
The maximum conversion time has been 28 29
added.

The condition for accuracy, maximum and 29 30

minimum values of temperature gradient, and

maximum conversion time have been added.

The low voltage detection characteristic has - 31
been added.

The description of Source Clock has been 36 37
corrected.

The description of the clock selection has 38 39

been corrected.

The description of the setting register has 44 45

been corrected.

The description of the RF interrupt source has 59 60
been added.

The list of system control registers has been 66 67
corrected.

The initial value of the peripheral clock and 76 77

enable register has been corrected.

562



FEDL7416N-060-05
ML7416N-060

The caution in DEEPSLEEP mode has been 78 79
added.

The description has been corrected. 81 82
The initial value of Component Parameter 86 87
Register has been corrected.

The description of the SIRE bit has been 98 99
added.

The initial value of the Component Parameter 119 120
register has been corrected.

The initial value of the UART Component 121 122
Version register has been corrected.

The description of the initial value of the SPI 125 126
control register has been added.

The information has been added that the 129 130
initial value of the MSTR bit is Master for

only SPI2.

The initial value of the SPIn_BRR register 130 131
has been corrected.

The description has been added that these 135-136 136-137
registers are enabled for only SPI2.

The mistakes in the examples of the initial 151 152
setting flow diagram and register initial

setting have been corrected.

The initial value of the interrupt mask register 154 155
has been corrected.

The description of the receive FIFO threshold 162 163
level register bit has been corrected.

The initial value of the interrupt mask register 165 166
has been corrected.

The initial value of the WDT current counter 175 176
value register has been corrected.

The description of the INTRPORT_SEL 182 183
register has been added.

The description of BER_MODE has been 185 186
added.

The list of registers has been corrected. 195 196
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The initial value of the timer 1 current value 208 206
register has been corrected.

The initial value of the timer 1 current value 209 207
register has been corrected.

The initial value of the timer n current value 214 212
register has been corrected.

The initial value of the timer n current value 215 213
register has been corrected.

The register name has been corrected (n -> 0). 241- 239-
The description of the FTMEN bit has been 253 251
added.

The description of the FTMDIS bit has been 254 252
added.

The initial value has been corrected. 265-266 263-264
The description of the operation in 1 bank 298 296
mode has been added.

The flash ROM area controlled by the flash 299 297
ROM controller has been added.

The R/W attribute of PROTUNLOCKWE has 317 315
been corrected.

The description of PROTLOCKKEYSTA has 318 316
been corrected.

The description of using DIO has been added. 340 338
The R/W attribute of DIO_IMSK has been 340 338
corrected.

The R/W attribute of F_O_CLR has been 350 348
corrected.

The R/W attribute of F_U_CLR has been 351 349
corrected.

The R/W attribute of MATCH_CLR has been 352 350
corrected.

The R/W attribute of ICLR has been 353 351

corrected.
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Version Revision description Before change After change Date Remarks
2.0 The summary has been corrected. 359 357 October 14, 2015
The CT timer register has been added 359 357

to the list of registers.

The CT timer register has been - 359
added.

The description of ADRUN has been 366 365
corrected.

The caution about clock switching 367 366

processing during AD conversion has

been added.

The description about how to use - 380
ADC has been added.

The initial values in the list of LVD 385 384

registers have been corrected.

The initial value of the LVDO enable 388 387

register has been corrected.

The initial value of the LVD1 control 389-390 388-389
register has been corrected.
The threshold voltage for each

setting value has been added.

The description of the low voltage - 399-402

detection (LVD) operation has been

added.

The list of DMAC registers has been 401-405 404-407
corrected.

The initial value of the channel n 409 411

control register has been corrected.

The description of the interrupt 416 418

RAW status register has been added.

The description of the interrupt 420 422

source status register has been added.

The R/W attribute of the DMA 428 430
channel enable register has been

corrected.
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The description of the flow controller 430 432
has been corrected.

The description of assignment of the 431 433
handshake interface has been added.

The description of the FDMA_EN 440 442
bit has been added.

The description of the FlashDMA 443 445-446
setting register 3 has been added.

The bit width of FDMA_ERR_EOI 444 447
in the register list has been corrected

from [3:0] to [8:0].

The register cleared by AESOBFL 457 460
and AESIBFL has been corrected.

The functional description of the 476, 479
AES has been added. 479-480 482-483
In the list of registers, the initial 485-486 488-490
values have been corrected, and the

registers added (clock status, DMON

monitor, PLL setting 2).

The initial value of the PLL setting 490 494
register O has been corrected.

The adc_div bit has been added to 501 505
the CLKGEN setting register 5.

The descriptions of the FLASH_PSO 507-508 511-512
bit and LOGIC_PS0O bit have been

corrected.

The description of the FLASH-ROM 510 514
deep standby control register has

been corrected.

The clock status register has been - 526-527
added.

The register for monitoring the - 528
DMON_CPU pin has been added.

The PLL setting register 2 has been - 529

added.
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The initial value of the 10 setting
register has been corrected, and its

description has been added.

522

530-532

In the clock system diagram, the
dividing values have been corrected,

and the caution has been added.

523

533

The PLL_DIV setting has been

added to the PLL control procedure.

526

536

The description of RF clock control

has been added.

539

The external dimension has been
updated (tolerance information has

been added).

535

546

The footprint pattern has been

renamed.

536

547

CR40M and CR32K have been
renamed to high-speed CR and
low-speed CR.

Entire document

Entire document
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Version

Revision description

Before change

After change

Date

Remarks

3.0

The minimum and maximum values
of the SLow clock 32.768 kHz crystal

oscillator frequency have been added.

14

14

The definitions of high-level input
voltage/low-level input voltage of the

CXIN pin have been deleted.

16

16

The maximum value of consumption

current has been added.

16

32

The maximum values of input leakage
current and Tri-state output leakage

current have been changed.

16

16

The description of (*5) has been

corrected.

16

16

The maximum value of low-level

output voltage has been corrected.

16

16

The RF characteristics of 915 MHz
band and 868 MHz band have been
deleted.

19-21

19-21

The typical value of the minimum
receiver  sensitivity has  been

corrected.

21

21

Temperature gradient in Temperature
Sensor Characteristics has been

deleted.

30

30

The minimum and maximum values
of the LVD detection error have been

corrected.

31

31

The R/W attribute has been corrected

(R -> RIW).

80

80

The initial value has been corrected

(0x00 -> 0x60).

87,101

87,101

2016/3/30
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The initial value has been corrected 88,111 88,111
(0x00 -> 0x60).

The register name has been corrected 93 93
(UARTN_IER -> UARTN_IIR).

The description of the register has 121 121
been corrected.

The wrong R/W attribute of the 127 127
SPIn_ID register has been corrected

(R/W -> R). The description of the

register has been corrected.

The initial value has been corrected. 131 131
The R/W attribute has been corrected 133 133
(R ->R/W).

The summary of WDT has been 176 176
corrected.

The description of the timer control 211 211
procedure has been corrected.

The description of the ADJ30S bit has 226 226
been added.,

The RESTART function has been 265,273 265,273
removed. 289-290 289-290
The description of the bit 16 has been 319 320
corrected (BANK_SEL ->

BANK_MODE).

The description of the bit of the CT 359 360
timer register has been corrected.

The temperature condition has been 363,382 364,383
corrected (from 85 °C to 105 °C).

The R/W attribute of LVDOW has 386 387
been corrected (R -> R/W).

The description of the LVD1LV bits 389 391
of the LVD1 control register has been

corrected.

The bit 18 and bit 17 have been 412 414

corrected to Reserved.
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The description of the bit has been 422 424
corrected.

The description of [Note] has been 440 443
added.

The bit width of the error status clear 447 450
has been corrected from [7:0] to [8:0].

The TEST setting register 2 has been - 535
added.

The description of the PLL setting 495 498
register O has been added.

The R/W attribute of the Reserved bit 501 504
has been corrected (R/W -> R).

The dividing values of the CLKGEN 501-505 504-510
setting register have been corrected.

The R/W  attribute  of  the 503 507
SUB_CLK_DIV  bit has been

corrected (R -> R/W).

The starting and stopping procedures 537 543-544
in DeepSleep mode have been

corrected.

The resolution has been reviewed to 546 552
read values easier.

4.0 Add Product Name,application 1 1 2023/11/1
The description of [Note] has been 572 572
updated.

5.0 The description of [Note] has been 572 572 2024/1/10

updated.
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Notes

1)

2)

3)

4)

5)

6)

When using LAPIS Technology Products, refer to the latest product information and ensure that usage conditions (absolute maximum
ratings™, recommended operating conditions, etc.) are within the ranges specified. LAPIS Technology disclaims any and all liability for
any malfunctions, failure or accident arising out of or in connection with the use of LAPIS Technology Products outside of such usage
conditions specified ranges, or without observing precautions. Even if it is used within such usage conditions specified ranges,
semiconductors can break down and malfunction due to various factors. Therefore, in order to prevent personal injury, fire or the other
damage from break down or malfunction of LAPIS Technology Products, please take safety at your own risk measures such as
complying with the derating characteristics, implementing redundant and fire prevention designs, and utilizing backups and fail-safe
procedures.

*1: Absolute maximum ratings: a limit value that must not be exceeded even momentarily.

The Products specified in this document are not designed to be radiation tolerant.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the standard operation of
semiconductor products and application examples. You are fully responsible for the incorporation or any other use of the circuits,
software, and information in the design of your product or system. And the peripheral conditions must be taken into account when
designing circuits for mass production. LAPIS Technology disclaims any and all liability for any losses and damages incurred by you or

third parties arising from the use of these circuits, software, and other related information.

No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of LAPIS Technology or any
third party with respect to LAPIS Technology Products or the information contained in this document (including but not limited to, the
Product data, drawings, charts, programs, algorithms, and application examples, etc.). Therefore, LAPIS Technology shall have no
responsibility whatsoever for any dispute, concerning such rights owned by third parties, arising out of the use of such technical

information.

LAPIS Technology intends our Products to be used in a way indicated in this document. Please be sure to contact a
ROHM sales office if you consider the use of our Products in different way from original use indicated in
this document. For use of our Products in medical systems, please be sure to contact a LAPIS Technology
representative and must obtain written agreement. Do not use our Products in applications which may directly
cause injuries to human life, and which require extremely high reliability, such as aerospace equipment, nuclear power
control systems, and submarine repeaters, etc. LAPIS Technology disclaims any and all liability for any losses and
damages incurred by you or third parties arising by using the Product for purposes not intended by us without our prior

written consent.

All information contained in this document is subject to change for the purpose of improvement, etc. without any prior notice. Before
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purchasing or using LAPIS Technology Products, please confirm the latest information with a ROHM sales office. LAPIS Technology
has used reasonable care to ensure the accuracy of the information contained in this document, however, LAPIS Technology shall have

no responsibility for any damages, expenses or losses arising from inaccuracy or errors of such information.

7) Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive. LAPIS

Technology shall have no responsibility for any damages or losses resulting non-compliance with any applicable laws or regulations.
8) When providing our Products and technologies contained in this document to other countries, you must abide by the procedures and
provisions stipulated in all applicable export laws and regulations, including without limitation the US Export Administration

Regulations and the Foreign Exchange and Foreign Trade Act.

9) Please contact a ROHM sales office if you have any questions regarding the information contained in this document or LAPIS

Technology's Products.

10) This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS Technology.

(Note) “LAPIS Technology” as used in this document means LAPIS Technology Co., Ltd.

Copyright 2015-2024 LAPIS Technology Co., Ltd.

LAPIS Technology Co.Ltd.

2-4-8 Shinyokohama, Kouhoku-ku, Yokohama 222-8575, Japan

https://www.lapis-tech.com/en/

LTSZ08023+01+002
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