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General precautions on the use of Toshiba MCUs

This Page explains general precautions on the use of Toshiba MCUs.

Note that if there is a difference between the general precautions and the description in the body of the docu-
ment, the description in the body of document has higher priority.

1. The MCUs’ operation at power-on

At power-on, internal state of the MCUs is unstable. Therefore, state of the pins is undefined until re-
set operation is completed.

When a reset is performed by an external reset pin, pins of the MCUs that use the reset pin are unde-
fined until reset operation by the external pin is completed.

Also, when a reset is performed by the internal power-on reset, pins of the MCUs that use the internal
power-on reset are undefined until power supply voltage reaches the voltage at which power-on reset is val-
id.

2. Unused pins
Unused input/output ports of the MCUs are prohibited to use. The pins are high-impedance.

Generally, if MCUs operate while the high-impedance pins left open, electrostatic damage or latch-up
may occur in the internal LSI due to induced voltage influenced from external noise.

Toshiba recommend that each unused pin should be connected to the power supply pins or GND pins
via resistors.

3. Clock oscillation stability

A reset state must be released after the clock oscillation becomes stable. If the clock is changed to anoth-
er clock while the program is in progress, wait until the clock is stable.
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Introduction: Notes on the description of SFR (Special Function Register) under this specification

An SFR (Special Function Register) is a control register for periperal circuits (IP).

The SFR addressses of IPs are described in the chapter on memory map, and the details of SFR are given in
the chapter of each IP.

Definition of SFR used in this specification is in accordance with the following rules.

a. SFR table of each IP as an example
+  SFR tables in each chapter of IP provides register names, addresses and brief descriptions.

+  All registers have a 32-bit unique address and the addresses of the registers are defined as follows,
with some exceptions: "Base address + (Unique) address"

Base Address = 0x0000_0000
Register name Address(Base+)

Control register SAMCR 0x0004

0x000C

Note: SAMCR register address is 32 bits wide from the address 0x0000_0004 (Base Address(0x00000000) +
unique address (0x0004)).

Note: The register shown above is an example for explanation purpose and not for demonstration purpose.
This register does not exist in this microcontroller.

b. SFR(register)
Each register basically consists of a 32-bit register (some exceptions).

The description of each register provides bits, bit symbols, types, initial values after reset and func-
tions.
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1.2.2 SAMCR(Control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - MODE
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol MODE TDATA
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-10 - R "0" can be read.
9-7 MODE[2:0] R/W Operation mode settings
000 : Sample mode 0
001 : Sample mode 1
010 : Sample mode 2
011 : Sample mode 3
The settings other than those above: Reserved
6-0 TDATA[6:0] w Transmitted data

Note: The Type is divided into three as shown below.

R/ W READ WRITE
R READ
w WRITE

c. Data descriptopn
Meanings of symbols used in the SFR description are as shown below.
x:channel numbers/ports
n,m:bit numbers
d. Register descriptoption

Registers are described as shown below.
+ Register name <Bit Symbol>

Exmaple: SAMCR<MODE>="000" or SAMCR<MODE[2:0]>="000"

<MODE][2:0]> indicates bit 2 to bit 0 in bit symbol mode (3bit width).
+  Register name [Bit]

Example: SAMCR[9:7]="000"
It indicates bit 9 to bit 7 of the register SAMCR (32 bit width).
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TOSHIBA TMPM46BF10FG

TMPM46BF10FG

The TMPM46BF10FG is a 32-bit RISC microprocessor with an ARM® Cortex®-M4F microprocessor core.

Features of the TMPM46BF10FG are shown as follows:

1.1 Features

1. ARM Cortex-M4F microprocessor core
a. Improved code efficiency has been realized through the use of Thumb®-2 instruction.

New 16-bit Thumb instructions for improved program flow
New 32-bit Thumb instructions for improved performance

New Thumb mixed 16-/32-bit instruction set can produce faster, more efficient code.
b. Both high performance and low power consumption have been achieved.

[High performance]

A 32-bit multiplication (32 x 32 = 32 bits) and multiply-accumulate operation (32 + 32 x 32 =
32 bits) can be executed with one clock.

SIMD (Single Instruction Multiple Data) operation can be executed with one clock.
A division takes within 2 to 12 cycles

[Low power consumption]

Optimized design using a low power consumption library

Standby function that stops the operation of the microcontroller core
c. High-speed interrupt response suitable for real-time control

An interruptible long instruction.

Stack push automatically handled by hardware.

2. Single-precision floating-point execution unit (FPU)
Conformity to IEEE754 standard

Addition/subtraction/multiplication can be executed with one clock. Multiply-accumulate operation
can be executed with 3 clocks.

Dedicated data register can perform parallel processing aside from CPU.

3. On-chip program and data memory
On-chip RAM : 514 K bytes
Back-up RAM 2 K bytes is included.
On-chip Flash ROM :

TMPM46BF10FG : 1024Kbyte

4. External bus interface (EBIF)
Expandable to 16MB (shared with program and data)
Supports multiplex bus : 8-bit/16-bit width
Chip select/wait controller: 4 channels
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1.1 Features

TMPM46BF10FG

10.

11.

12.

13.

14.

15.

SLC NAND Flash Controller (SNFC)
Memory size: 1 G bit to 4 G bit
Data bus: 8-bit width
ECC: Incorporates the error detection/correction circuit based on BCH encoding/decoding
Automatic load function: Achieves high-speed data transfer using the uDMA controller.

AES processor (AES)
Key lengths are described in FIPS-197. Supports 128-bit,192-bit, and 256-bit lengths
Supports ECB, CBC, and CTR algorithm.

Secure hash processor (SHA)
Conformity with FIPS PUB 180-3 Secure Hash standard Algorithm (SHA-224 and SHA256).
A message length is up to 260 bytes. Calculates in units of 512 bit.
Message automatic padding

Entropy seed generator (ESG)

Generates a 512 bit random seed using the ring oscillator. - 1 Channel

Multiple length arithmetic coprocessor (MLA)
Montgomery reduction, multiple length arithmetic (addition and subtraction) are implemented.

Supports multiple length arithmetic equivalent to the key length of 256 bits of elliptic curve cryptog-
raphy.

UDMA controller (WDMAC) : 32 channels / 3 units

Transfer mode : Built-in memory, peripheral function and external memory

Clock controller (CG)
External high-speed oscillation : 8 to 16MHz (Oscillator)
: 8 to 40MHz (Input clock)
Internal high-speed oscillation : 10MHz
Installed 1 unit of Built-in PLL. (2x, 3x, 4%, 5%, 6x, 8x, 10x, 12x)
Clock gear function: divides high-speed clock into 1/1, 1/2, 1/4, 1/8 or 1/16.

Low power consumption function
IDLE, STOP1, STOP2

External interrupt source

External interrupt pin 16 pins : The order of precedence can be set over 7 levels.

Input/ output ports (PORT) : 72 pins
Input/Output pin : 71 pins
Output pin : 1 pins

16-bit timer (TMRB) : 8 channels
16-bit interval timer mode
16-bit event counter mode

2015/11/12
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TOSHIBA TMPM46BF10FG

16-bit PPG output (4-channels can be started synchronously)
Input capture function

16. Real time clock (RTC): 1 channel
Clock (hour, minute and second)
Calendar (month, week, date and leap year)
Clock adjustment function

+/-30s adjustment function

1Hz clock output

17. Multi purpose timer (MPT) : 4channels
IGBT control
16-bit timer

18. Watchdog timer (WDT) : 1 channel

Reset or non-maskable interrupt (NMI) are occurred.

19. Serial channel (SIO/UART) : 4 channels
Selectable either UART or synchronous mode
Transmit FIFO: 4-stage 8-bit width, receive FIFO: 4-stage 8-bit width

20. Asynchronous serial communication interface (UART): 2 channels
Data length: 5, 6, 7, 8 bits
Transmit FIFO: 32-stage 8-bit width, transmit FIFO: 32-stage 12-bit width

21. 12C bus interface (I12C) : 3 channels
Communication rate 100kbps / 400kbps

22. Synchronous Serial interface (SSP) : 3 channels
Communication protocol that includes SPI: 3 types (SPI/SSI/Microwire)

Communication speed
Channel O :
Max. 20Mbps @ fsys=120MHz when master mode
Max. 6.6Mbps @ fsys=120MHz when slave mode
Channel 1/2 :
Max. 10Mbps @ fsys=120MHz when master mode
Max. 3.3Mbps @ fsys=120MHz when slave mode

23. 12-bit AD converter (ADC): 1 unit (8channels)
Fixed channel / Channel scan mode
Single / repeat mode
External trigger start and internal timer trigger start are possible.
Repeat conversion is capable.
AD monitoring
Minimum conversion time: 1 ps (ADC conversion clock 40MHz)

Page 3 2015/11/12



1.1 Features TMPM46BF10FG

24. LVD function : 1 unit

25. Maximum operating frequency : 120MHz

26. Endian
Little-endian

27. Debug interface
JTAG/SWD/SWV/DATA TRACE (4 bits) are supported.

28. Operating voltage range
2.7 to 3.6V

29. Temperature range
—40°C to 85°C

30. Package
LQFP100 (14mm x 14mm, 0.5mm pitch)
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1.2 Block Diagram

Cortex-M4F
NVIC '
— FLASH | Rram f| Backup E:?%Cli/lT LDMA
€bug 1.0MB 512K 2KB 4KB (unitA,B,C)
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Bridge Bridge
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MPT o k— LvD K—— ADC
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9 <

PORT —
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his

XL " ec UART
X2 m— (2ch)
XT1 #— ‘
xT2 -—o{ ELOSC — 1c
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NS
K AES
-— SHA
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Figure 1-1 Block Diagram
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1.3 Pin Layout (Top view)

TMPM46BF10FG

1.3 Pin Layout (Top view)

The bellowed figure shows the pin layout of TMPM46BF10FG.

75 11 PC2
PC3
1171 PC4
111 PC5

[ 111 DVSS
70 1 XT2

pC1 0
pCo 0
PK4 O
PK3 O
PK2 O
PK1 O
PKO O
PLO O
pPL1 0O
pL2 O
pL3 O
PB1 O
PBO O
DVDD3 M

DVSS 14
PA7 O

PA6 1
PAS5 I
PA4 I
PA3 1
PA2 015
PA1 0I5
PAO 1
AVDD3 TH
AVSS O &

®

o

REGOUT3

111 XT1
[ 111 DVDD3
111 RVSS

65 [T1T1 RVDD3
[ 111 REGOUT1
111 REGIN1

45

TMPM46BF10FG

40

35
Top View

30

PJO I
PJ1 OO
PJ2 OO
PJ3 O

PJ4 O] 5
PJ5 O
PJ6 1]
PJ7 OO
RVSS o1

RVDDS3 11— 10

REGOUT2 117

PEO O
PE1 O
PE2 01 15
PE3 O
PE4 01
PE5 01—
PE6 01

PE7 OO 20

DVSS O
DVDD3 o1

PFO 01
PF1 01—

PF2 o1 5

REGIN2 01

1 pH2
T PH3
1 pPB7
11 PB6
11 PB5
11 PB4
11 PB3
IO pB2
1 DVDD3
T DVSS
O TEST
1 DVSS
T pPG7
T PG6
1 PG5
IO PG4
IO PG3
1 PG2
T PG1
1 PGO
1 PF7
IO PF6
1 PF5
1 PF4
T PF3

Figure 1-2 Pin Layout (LQFP100 TOP VIEW)
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1.4 Pin names and Functions

1.4.1 Pin names and Functions for each peripheral function, control pin and
power supply pin

1.4.1.1  Peripheral functions

Table 1-1 The number of pins and Pin names

Input
Peripheral function Pin name or Function
Output
Clock / Mode control SCOUT Output System clock output
. External interrupt input pin x
External interrupt INTx Input . . . C ) )
External interrupt input pin x has a noise filter (Filter width 30ns typ.).
uDMA DMAREQx Input DMA request input pin
An Output Address bus output
ADn 110 Address and data bus input / output
RD Output Read strobe output pin
WR Output Write strobe output pin
External bus interface
ALE Output Address latch enable output pin
BELL Output Byte enable output pin
BELH Output Byte enable output pin
CSn Output Chip select output pin
SNFCCE output Chip enable output pin
SNFCCLE output Command latch enable output pin
SNFCALE output Address latch enable output pin
SLC NAND Flash controller SNFCRE output Read enable output pin
SNFCWE output Write enable output pin
SNFCDn 110 Data bus input / output
SNFCRB Input Ready/Busy input pin
TBxINO Input Input capture input pin 0
16 bit timer / even counter
TBxOUT Output output pin
MTxTBIN Input Timer mode input pin
MTxTBOUT Output Timer mode output pin
MTxIN Input IGBT mode input pin
16 bit multi purpose timer
GEMGx Input IGBT mode emergency stop input pin
MTxOUTO Output IGBT mode output pin 0
MTxOUT1 Output IGBT mode output pin 1
SCxTXD Output Data output pin
SCxRXD Input Data input pin
SIO/UART
SCxSCK 1/0 Clock input / output pin
SCxCTS Input Hand shake input pin
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1.4 Pin names and Functions TMPM46BF10FG

Table 1-1 The number of pins and Pin names

Input
Peripheral function Pin name or Function
Output

UTXTXD Output Data output pin

UTxIROUT Output IrDA 1.0 data output pin
UTxRXD Input Data input pin

UTxIRIN Input IrDA 1.0 data input pin
UTxDCD Input Modem status (DCD) input pin

UART
UTxDSR Input Modem status (DSR) input pin
UTxRIN Input Modem status (RIN) input pin
UTxCTS Input Possible transferring input pin
UTxDTR Output Modem control (DTR) output pin
UTxRTS Output Transfer request output pin
12CxSDA 110 Data input / output pin
12C
I12xCSCL 110 Clock input / output pin
SPxDO Output Data output pin
SPxDI Input Data input pin
SSP
SPxCLK 110 Clock input / output pin
SPxFSS 110 Frame / slave select input pin
AINX Input Analog input pin
Analog digital convertor
ADTRG Input External trigger input pin
Real time clock RTCOUT Output 1Hz clock output pin

1.4.1.2 Debug function

Table 1-2 Pin name and functions

Input
Pin name or Function
Output
T™S Input JTAG test mode select input pin
TCK Input JTAG serial data input pin
TDO Output JTAG serial data output pin
TDI Input JTAG test reset input pin
TRST Input Serial wire reset input pin
SWDIO 110 Serial wire data input / output pin
SWCLK Input Serial wire clock input pin
SWV Output Serial wire viewer output pin
TRACECLK Output Trace clock output pin
TRACEDATAO Output Trace data output pin 0
TRACEDATA1 Output Trace data output pin 1
TRACEDATA2 Output Trace data output pin 2
TRACEDATA3 Output Trace data output pin 3
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1.4.1.3

Control function

Table 1-3 Pin name and functions

Input
Pin name or Function
Output
X1 Input High frequency resonator connection pin
X2 Output High frequency resonator connection pin
XT1 Input Low frequency resonator connection pin
XT2 Output Low frequency resonator connection pin
MODE pin
MODE Input .
This pin must be fixed to Low level.
TEST pin
TEST Input -
This pin must be open.
RESET Input Reset signal input pin
BOOT mode control pin
BOOT mode control pin is sampled at the rising edge of reset signal input
pin.
BOOT Input TMPM46BF10FG changes Single Boot Mode when BOOT mode control

pin is "Low".

TMPM46BF10FG changes Single Chip Mode when BOOT mode control
pin is "High".

Refer to "Flash memory" section for a detail.

Page 9
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1.4 Pin names and Functions

TMPM46BF10FG

1.4.14

Power supply pins

Table 1-4 Pin name and functions

REGIN1

REGOUT2
REGIN2

|
REGOUT3ﬁ ‘l 1

RVSS

Povyer supply Function
pin name
REGIN1 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT1 Pin connected with the capacitor (1.0uF) for the regulator
REGIN2 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT2 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT3 Pin connected with the capacitor (1.0uF) for the regulator
RVDD3 Power supply pin for the regulator
RVSS GND pin for the regulator
Power supply pin for the digital circuit
DVDD3 DVDD3 supplies the following pins.
PA~PH, PK, PL, X1, X2, XT1, XT2, MODE, TEST, RESET, BOOT
DVSS GND pin for the digital circuit
Power supply pin for the analog circuit
AVDD3 AVDD3 supplies the following pins.
PJ
AVSS GND pin for ADC
REGOUT1

— Capacitor for regurator

Figure 1-3 Capacitor for a regulator connection circuit

T (Must be place on the shortest
distance from a pin)
GND

2015/11/12
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1.4.2 Pin names and Function of TMPM46BF10FG

1.4.2.1  The detail for pin names and function list

The mean of the symbol in the table is shown bellow.

1. Function A

The function which is specified without setting of function register is shown in this cell.

2. Function B

The function which is specified with setting of function register is shown in this cell. The num-
ber in this cell is corresponded with the number of function register.

3. Pin specification

The mean of the symbol in the table is shown bellow.
SMT/CMOS : Type of input gate

SMT : Schmitt input
CMOS : CMOS input

S5V_T : 5V tolerant support
Yes : supported
N/A : Not supported

OD : Programmable open drain output support
Yes : supported
N/A : Not supported

PU/PD : Programmable Pull-Up / Pull-Down
PU : Programmable Pull-Up supported
PD : Programmable Pull-Down supported
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1.4 Pin names and Functions TMPM46BF10FG

1.4.2.2 PORT / Debug pin

Table 1-5 Pin names and functions <Sorted by PORT>

Pin Function B Port Specification
No. PORT | Function A 1 2 3 4 5 6 PU/PD| OD 5V_T SMT/
- CMOS
PORTA
98 PAO TDO/SWV UT1DTR PU Yes N/A SMT
97 PA1 TMS/SWDIO UT1DSR PU Yes N/A SMT
96 PA2 TCK/ISWCLK UT1RIN PD Yes N/A SMT
95 PA3 INT3 TDI UT1DCD PU Yes N/A SMT
94 PA4 TRST UTIRTS PU Yes N/A SMT
93 PA5 TRACECLK UT1RXD UT1IRIN PU Yes N/A SMT
92 PA6 TRACEDATAO | UT1TXD UT1IROUT PU Yes N/A SMT
91 PA7 TRACEDATA1 | UT1CTS SC3SCK SC3CTS TB70UT PU Yes N/A SMT
Pin Function B Port Specification
No. PORT | Function A ] ) 3 4 5 6 F;LEJ)/ oD sV T CS'\,;A(-)”S
PORTB
88 PBO TRACEDATA2 SC3TXD PU Yes N/A SMT
87 PB1 TRACEDATA3 SC3RXD PU Yes N/A SMT
43 PB2 WR MT30UTO | MT3TBOUT | SNFCWE PU Yes N/A SMT
44 PB3 RD MT30UT1 MT3TBIN SNFCRE PU Yes N/A SMT
45 PB4 CSo GEMG3 SNFCCLE PU Yes N/A SMT
46 PB5 ALE MT3IN SNFCALE PU Yes N/A SMT
47 PB6 BOOT BELL SCOUT TB30OUT SNFCCE PU Yes N/A SMT
48 PB7 SNFCRB PU Yes N/A SMT
Pin Function B Port Specification
No. PORT | Function A ] ) 3 4 5 6 TD%/ oD sV T Csl\lx(-)r/s
PORTC
77 PCO INTE PU Yes N/A SMT
76 PC1 INTF PU Yes N/A SMT
75 PC2 TB3INO PU Yes N/A SMT
74 PC3 TB4INO PU Yes N/A SMT
73 PC4 INT1 TB6INO PU Yes N/A SMT
72 PC5 TB7INO RTCOUT PU Yes N/A SMT
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Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 lF;%/ oD sV T Cg[\,:g/s
PORTD
57 PDO SP2FSS PU Yes N/A SMT
56 PD1 SP2DI PU Yes N/A SMT
55 PD2 SP2DO PU Yes N/A SMT
54 PD3 SP2CLK PU Yes N/A SMT
53 PD4 INT7 TB5INO PU Yes N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 E%/ oD sV T CSMS/S
PORTE
13 PEO INT4 A16 TBOINO PU Yes N/A SMT
14 PE1 INT5 SCORXD A17 TB1INO PU Yes N/A SMT
15 PE2 SCOTXD A18 TB1OUT PU Yes N/A SMT
16 PE3 SCOSCK A19 SCOCTS TBOOUT PU Yes N/A SMT
17 PE4 SC1SCK A20 SC1CTS TB20OUT PU Yes N/A SMT
18 PE5 SC1TXD A21 PU Yes N/A SMT
19 PE6 SC1RXD A22 PU Yes N/A SMT
20 PE7 INT6 A23 TB2INO PU Yes N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 E%/ oD sV T CSMS/S
PORTF
23 PFO ADO UTOCTS PU Yes N/A SMT
24 PF1 AD1 UTOTXD UTOIROUT PU Yes N/A SMT
25 PF2 AD2 UTORXD UTOIRIN PU Yes N/A SMT
26 PF3 AD3 UTORTS SP1CLK PU Yes N/A SMT
27 PF4 INTO AD4 UTODCD SP1DO PU Yes N/A SMT
28 PF5 AD5 UTORIN SP1DI PU Yes N/A SMT
29 PF6 AD6 UTODSR 12C1SCL SP1FSS PU Yes N/A SMT
30 PF7 AD7 UTODTR 12C1SDA PU Yes N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 FF),LEJ)/ oD sV T CS'CIAS/S
PORTG
31 PGO AD8 MTOIN SNFCDO PU Yes N/A SMT
32 PG1 AD9 GEMGO SNFCD1 PU Yes N/A SMT
33 PG2 AD10 MTOOUT1 MTOTBIN SNFCD2 PU Yes N/A SMT
34 PG3 AD11 MTOOUTO | MTOTBOUT | SNFCD3 PU Yes N/A SMT
35 PG4 AD12 SNFCD4 PU Yes N/A SMT
36 PG5 AD13 SNFCD5 PU Yes N/A SMT
37 PG6 AD14 SNFCD6 PU Yes N/A SMT
38 PG7 AD15 SNFCD7 PU Yes N/A SMT
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Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 ll:,:%/ oD sV T Cg[\,:g/s
PORTH
52 PHO BELH TB50OUT MT2IN 12C2SDA PU N/A N/A SMT
51 PH1 cs1 TB4OUT GEMG2 12C2SCL PU N/A N/A SMT
50 PH2 Ccs2 MT20UT1 MT2TBIN PU N/A N/A SMT
49 PH3 CS3 MT20UTO | MT2TBOUT PU N/A N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 |;LEJ)/ oD sV T CS'\I>I/I(')I'/S
PORTJ
1 PJO | AINO PU N/A N/A SMT
2 PJ1 AIN1 PU N/A N/A SMT
3 PJ2 | AIN2 PU N/A N/A SMT
4 PJ3 AIN3 PU N/A N/A SMT
INT9
5 PJ4 AN PU N/A N/A SMT
INTA
6 PJ5 AINS PU N/A N/A SMT
INTB
7 PJ6 AING PU N/A N/A SMT
INTC
8 PJ7 | AIN7 DMAREQO | DMAREQ1 | DMAREQ2 PU N/A N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 'P:Lé/ oD 5V T CS[\I:]/I(;I’/S
PORTK
82 PKO INTD PU Yes N/A SMT
81 PK1 INT8 SPOFSS TB6OUT PU Yes N/A SMT
80 PK2 SPODI 12COSDA PU Yes N/A SMT
79 PK3 SPODO 12C0SCL PU Yes N/A SMT
78 PK4 SPOCLK PU Yes N/A SMT
Pin Function B Port Specification
No. PORT Function A ] ) 3 4 5 6 Fl;lé/ oD sV T CS'CIA(-)F/S
PORTL
83 PLO INT2 MT1IN ADTRG PU Yes N/A SMT
84 PL1 GEMGT SC2RXD PU Yes N/A SMT
85 PL2 MT10UT1 MT1TBIN SC2TXD PU Yes N/A SMT
86 PL3 MT10UTO | MT1TBOUT | SC2SCK SC2CTS PU Yes N/A SMT
2015/11/12 Page 14
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1.4.2.3 Control pin

Table 1-6 The number of pin and pin names

. Contorol function . Control function
Pin No. ) Pin No. )
Pin name Pin name
59 X1 62 MODE
61 X2 40 TEST
69 XT1 58 RESET
70 XT2 47 BOOT

1.4.2.4 Power Supply pin

Table 1-7 The number of pin and pin names

Pin No. F’°V.Ver supply
Pin name
63 REGIN1
64 REGOUT1
12 REGIN2
11 REGOUT2
67 REGOUT3
10, 65 RvVDD3
9, 66 RVSS
22, 42, 68, 89 DVDD3
21, 39, 41, 60, 71, 90 DVSS
99 AVDD3
100 AVSS
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2. Product Information

This chapter describes peripheral function-related channels or number of units, information of pins and product-
specific function information. Use this chapter in conjunction with Chapter Peripheral Function.

- "2.1.1 DMA Controller (DMAC)"

- "2.1.2 External Bus Interface (EBIF)"

- "2.1.3 SLC NAND Flash controller (SNFC)"
- "2.1.4 16-bit Timer/Event Counter (TMRB)"
- "2.1.5 16-bit Multi-Purpose Timer (MPT)"

- "2.1.6 Serial Channel (SIO/UART)"

- "2.1.7 Universal Asynchronous Serial Communication Circuit (UART)"
- "2.1.8 I2C Bus (120)"

- "2.1.9 Synchronous Serial Interface (SSP)"

- "2.1.10 Analog/Digital Converter (ADC)"

- "2.1.11 Flash Memory (FLASH)"

- "2.1.12 Debug Interface"

Page 17 2015/11/12



2. Product Information

2.1 Information of Each Peripheral Function

TMPM46BF10FG

2.1 Information of Each Peripheral Function

211

DMA Controller (DMAC)

TMPM46BF10FG incorporates 3 units of built-in DMA controller.

Table 2-1 Pin Specifications

Unit DMAREQx
DMAA
DMAB PJ7
DMAC

Table 2-2 DMA Request Table

Note:to use DMAC function, refer to "Bus Matrix " of "Memory Map" chapter and "DMA Controller(DMAC)"

chapter .

Unit A Unit B Unit C
Channel
Burst Single Burst Single Burst Single
0 SNFC_PRD11(Note1) - SNFC_GIE1(Note1) - SNFC_RD1(Note1) -
1 SNFC_PRD12(Note1) - SNFC_GIE2(Note1) - SNFC_RD2(Note1) -
2 SNFC_PRD21(Note1) - SNFC_GIE3(Note1) . SNFC_RD3(Note1) -
3 SNFC_PRD22(Note1) - SNFC_GIE4(Note1) - SNFC_RD4(Note1) -
4 ADC conversion com- - SNFC_GIE5(Note1) - SNFC_RD5(Note1) -
pletion
5 UARTO reception UARTO reception SNFC_GIE6(Note1) - SNFC_RD6(Note1) -
6 UARTO transmission UARTosi:‘:“S""'S' SNFC_GIE7(Note1) - SNFC_RD7(Note1) -
7 UART1 reception UART1 reception SNFC_GIE8(Note1) - SNFC_RD8(Note1) -
8 UART1 transmission UARTLigﬁ]‘”sm's' SNFC_GID11(Note1) - AES read -
9 SIO/UARTO reception - SNFC_GID12(Note1) . AES write -
10 SIOIUAR O transmis- - SNFC_GID13(Note1) - SHA write -
! _ _ DMA transfer completion _
11 SIO/UART1 reception SNFC_GID14(Note1) (cht0 of Unit &)
12 SIO/UARS'I;;ntransmls- - SNFC_GID15(Note1) - 12C0 transmission/reception -
13 SIO/UART2 reception - SNFC_GID16(Note1) - 12C1 transmission/reception -
14 SIO/UAR;gntransmls- - SNFC_GID17(Note1) - 12C2 transmission/reception -
15 SIO/UARTS3 reception - SNFC_GID18(Note1) - MPTO compare match 0 -
16 slo/ UARSTign”ansm'S' - SNFC_GID21(Note1) - MPTO compare match 1 -
17 | TMRBO compare match - SNFC_GID22(Note1) - MPT1 compare match 0 -
(Note2)
1g | TMRB1 compare match - SNFC_GID23(Note1) - MPT1 compare match 1 -
(Note2)
19 | TMRB2 compare match - SNFC_GID24(Note1) - MPT2 compare match 0 -
(Note2)
20 | TMRB3 compare match - SNFC_GID25(Note1) - MPT2 compare match 1 -
(Note2)
21 TMRB4 compare match - SNFC_GID26(Note1) - MPT3 compare match 0 -
(Note2)
22 | TMRBS fﬁg};’;’;e match - SNFC_GID27(Note1) - MPT3 compare match 1 -

2015/11/12
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Table 2-2 DMA Request Table

23 | TMRBE compare match SNFC_GID28(Note1) - TMRB3 input capture 0 -
(Note2)

24 TMRB7 compare match ADC conversion completion - TMRB3 input capture 1 -
(Note2)

25 TMRBO input capture 0 SSPO reception Scsez(t)ic::- TMRB4 input capture 0 -

26 TMRBO input capture 1 SSPO transmission SS;(;;?:S' TMRB4 input capture 1 -
. . SSP1 re- .

27 TMRB1 input capture 0 SSP1 reception ception TMRBS input capture 0 -

28 TMRB1 input capture 1 SSP1 transmission Ssr:ilstif:s- TMRBS input capture 1 -

29 TMRB2 input capture 0 SSP2 reception S;Zﬁgs' TMRBG input capture 0 -

30 TMRB2 input capture 1 SSP2 transmission SS;?;{::S' TMRBS6 input capture 1 -

31 DMAREQA DMAREQB - DMAREQC -

Note 1: See the chapter "SNFC" for details..

Note 2: A DMA transfer request of TMRB occurs under the same conditions as a TMRB interrupt. A TMRB interrupt occurs
when the up-counter matches timer register 0/1, or the up-counter overflows. Mask unnecessary factors with interrupt

mask register (TBxIM) if required.
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2.1 Information of Each Peripheral Function TMPM46BF10FG

2.1.2 External Bus Interface (EBIF)

TMPM46BF10FG incorporates the external interface function and the multiplex bus modes can be used.

Table 2-3 Pin specifications

Multiplex bus Port
A16 ~ A23 PEO ~ PE7
ADO ~ AD7 PFO ~ PF7
AD8 ~ AD15 PGO ~ PG7

ALE PB5
RD PB3
WR PB2
BELL PB6
BELH PHO
CSso PB4
cs1 PH1
Ccs2 PH2
CS3 PH3

2.1.3 SLC NAND Flash controller (SNFC)

TMPM46BF10FG incorporates 1 unit of SNFC.

Table 2-4 Pin specifications

Function Port
SNFCCE PB6
SNFCCLE PB4
SNFCALE PB5
SNFCRE PB3
SNFCWE PB2
SNFCDI[7 ~ 0] PG7 ~ PGO
SNFCRB PB7
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2.1.4 16-bit Timer/Event Counter (TMRB)

TMPM46BF10FG incorporates 8 channels of TMRB.

Table 2-5 Pin specifications

Channel TBxOUT TBxINO
TMRBO PE3 PEO
TMRB1 PE2 PE1
TMRB2 PE4 PE7
TMRB3 PB6 PC2
TMRB4 PH1 PC3
TMRB5 PHO PD4
TMRB6 PK1 PC4
TMRB7 PA7 PC5

Table 2-6 Synchronous start specifications

Master channel Slave channel
TMRBO TMRB1, TMRB2, TMRB3
TMRB4 TMRB5, TMRB6, TMRB7

Table 2-7 Capture trigger specifications

Trigger input channel Trigger output

TMRBO
TMRB1 TB7OUT
TMRB2

TMRB3
TMRB4 TB20OUT
TMRB5

TMRB6
TMRB7

TB50UT
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2.1 Information of Each Peripheral Function

TMPM46BF10FG

21.5

16-bit Multi-Purpose Timer (MPT)

TMPM46BF10FG contains 4 channels of MPT.

Table 2-8 Pin specifications

MTXxTBOUT MTXTBIN _
Channel GEMGx MTxIN
MTxOUTO MTxOUT1
MPTO PG3 PG2 PG1 PGO
MPT1 PL3 PL2 PL1 PLO
MPT2 PH3 PH2 PH1 PHO
MPT3 PB2 PB3 PB4 PB5

Table 2-9 Synchronous start/clear specifications

Master channel

Slave channel

MPTO

MPT1, MPT2, MPT3

2.1.6 Serial Channel (SIO/UART)

TMPM46BF10FG incorporates 4 channels of SIO.

Table 2-10 Pin specifications

SCxCTS
Channel SCxTXD SCxRXD
SCxSCK
SCO PE3 PE2 PE1
SC1 PE4 PE5 PE6
SC2 PL3 PL2 PL1
SC3 PA7 PBO PB1

Table 2-11 Transfer clock specifications

Clock input channel

Clock output

SCOo

TB4OUT
SC1
SC2

TB7OUT
SC3

2015/11/12
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2.1.7 Universal Asynchronous Serial Communication Circuit (UART)

TMPM46BF10FG incorporates 2 channels of UART.

Table 2-12 Pin specifications

- UTXRXD UTXTXD I

Channel UTXDTR UTXDSR UTXRIN UTXDCD UTXRTS UTxCTS
UTXIRIN UTXIROUT

UARTO PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO

UART1 PAO PA1 PA2 PA3 PA4 PAS5 PAG PA7

2.1.8 12C Bus (I2C)

TMPM46BF10FG incorporates 3 channels of 12C.

Table 2-13 Pin specifications

Channel 12CxSDA 12CxSCL
12C0 PK2 PK3
12C1 PF7 PF6
12C2 PHO PH1

2.1.9 Synchronous Serial Interface (SSP)

TMPM46BF10FG incorporates 3 channels of SSP.

Table 2-14 Pin specifications

Channel SPxCLK SPxDO SPxDI SPxFSS
SSPO PK4 PK3 PK2 PK1
SSP1 PF3 PF4 PF5 PF6
SSP2 PD3 PD2 PD1 PDO

Table 2-15 SPxCLK cycle

Channel Master (min.) Slave (min.)
SSPO 50ns 150ns
SSP1

100ns 300ns
SSP2
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Product Information

Information of Each Peripheral Function

TMPM46BF10FG

2.1.10 Analog/Digital Converter (ADC)

TMPM46BF10FG incorporates 1 unit of ADC.

Table 2-16 Pin specifications

Unit AINO~7

ADTRG

ADC PJO~7

PLO

Table 2-17 Internal startup trigger selection (ADILVTRGSEL)

Type

Bit Symbol

Internal trigger

Highest priority AD conver-
sion startup trigger

HPTRGSEL([3:0]

0000 : TRGO (A match with TB2RG1 of TMRB2)
0001 : TRGT (A match with TB3RG1 of TMRB3)
0010 : TRG2 (A match with TB4RG1 of TMRB4)
00 11: TRG3 (A match with TB5RG1 of TMRB5)
0100 : TRG4 (A match with TBBRG1 of TMRB6)
0101 : TRG5 (A match with TB7RG1 of TMRB7)

0110 : TRG6 (A match with MTOIGTRG of MPTO (IGBT))
0111 : TRG7 (A match with MT1IGTRG of MPT1 (IGBT
1000 : TRG8 (A match with MT2IGTRG of MPT2 (IGBT))
1001 : TRGS (A match with MT3IGTRG of MPT3 (IGBT))

1010 to 1111: Reserved

Normal AD conversion start-
up trigger

TRGSEL[3:0]

0000 : TRGO (A match with TB2RG1 of TMRB2)
0001 : TRGT (A match with TB3RG1 of TMRB3)
0010 : TRG2 (A match with TB4RG1 of TMRB4)
00 11: TRG3 (A match with TB5RG1 of TMRB5)
0100 : TRG4 (A match with TB6RG1 of TMRB6)
0101 : TRG5 (A match with TB7RG1 of TMRB7)

0110 : TRG6 (A match with MTOIGTRG of MPTO (IGBT))
0111 : TRG7 (A match with MT1IGTRG of MPT1 (IGBT))
1000 : TRG8 (A match with MT2IGTRG of MPT2 (IGBT))
1001 : TRGS (A match with MT3IGTRG of MPT3 (IGBT))

1010 to 1111: Reserved

2015/11/12
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2.1.11 Flash Memory (FLASH)
TMPM46BF10FG incorporates 1 unit of FLASH.

Table 2-18 Pin connection

Pin Port
Mode setting pin BOOT PB6
Reset pin RESET
TXDO PE2
Communicationpin
RXDO PE1

2.1.12 Debug Interface
TMPM46BF10FG supports serial wire debug ports, JTAG debug ports and trace outputs.

Table 2-19 Pin specifications

TMS TCK TDO TDI TRST
SWDIO SWCLK SWV
JTAG
. . PA1 PA2 PAO PA3 PA4
Serial wire
TRACECLK TRACEDATAO | TRACEDATA1 | TRACEDATA2 | TRACEDATA3
Trace output PA5 PA6 PA7 PBO PB1

Page 25 2015/11/12



2. Product Information
2.2 Usage Note for TMPM46BF10FG TMPM46BF10FG

2.2 Usage Note for TMPM46BF10FG
1.Cautions in case DMAC function is unused in TMPM46BF10FG
It should be set the all DMAC units as DMAxCfg =0x00000001,
DMAxChnlReqMaskSet =0xFFFFFFFF, DMAxChnlEnableSet =0xFFFFFFFF.

(x=A,B,C)
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3. Processor Core

The TXO04 series has a high-performance 32-bit processor core (the ARM Cortex-M4F processor core). For infor-
mation on the operations of this processor core, please refer to the documentation set issued by ARM Limi-
ted.This chapter describes the functions unique to the TX04 series that are not explained in that document.

3.1 Information on the processor core
The following table shows the revision of the processor core in the TMPM46BF10FG.

Refer to the detailed information about the CPU core and architecture, refer to the ARM documentation set for
"the Cortex-M4 series processors" in the following URL:

http://infocenter.arm.com/help/index.jsp

Product Name Core Revision

TMPM46BF10FG rOp1

3.2 Configurable Options
The Cortex-M4F core has optional blocks.

The following tables shows the configurable options in the TMPM46BF10FG.

Configurable options Implementation
MPU (Memory Protection Unit) Absent
FPB (Flash Patch and Breakpoint) .TVYO Iitere?l comparators
Six instruction comparators
DWT (Data Watchpoint and Trace) Four comparators
ITM (Instrumentation Trace Macrocell) Present
ETM (Embedded Trace Macrocell) Present
AHB-AP (AHB Access Port) Present
HTM Interface (AHB Trace Macrocell Interface) Absent
TPIU (Trace Port Interface Unit) Present
WIC (Wake-up Interrupt Controller) Absent
Debug Port (Serial-Wire or JTAG Debug Port) Present
FPU (Floating Point Unit) Present
Bit banding Present
Constant AHB control Disable
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3.3 Exceptions/ Interruptions TMPM46BF10FG

3.3 Exceptions/ Interruptions

Exceptions and interruptions are described in the following section.

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

Number of Interrupt Inputs
The number of interrupt inputs can optionally be defined from 1 to 240 in the Cortex-M4F core.

TMPM46BF10FG has 103 interrupt inputs. The number of interrupt inputs is reflected in <INTLINESNUM
[3:0]> bit of NVIC register. In this product, if read <INTLINESNUM]J3:0]> bit, "0x03" is read out.

Number of Priority Level Interrupt Bits

The Cortex-M4F core can optionally configure the number of priority level interrupt bits from 3 bits to 8
bits.

TMPM46BF10FG has 3 priority level interrupt bits. The number of priority level interrupt bits is used for as-
signing a priority level in the interrupt priority registers and system handler priority registers.

SysTick
The Cortex-M4F core has a SysTick timer which can generate SysTick exception.

For the detail of SysTick exception, refer to the section of "SysTick" in the exception and the register of Sy-
sTick in the NVIC register.

SYSRESETREQ

The Cortex-M4F core outputs SYSRESETREQ signal when <SYSRESETREQ> bit of Application Inter-
rupt and Reset Control Register are set.

TMPM46BF10FG provides as same as warm reset operation when SYSRESETREQ signal are output.

LOCKUP

When irreparable exception generates, the Cortex-M4F core outputs LOCKUP signal to show a serious er-
ror included in software.

TMPM46BF10FG does not use this signal. To return from LOCKUP status, it is necessary to use non-mask-
able interrupt (NMI) or reset.

Auxiliary Fault Status register

The Cortex-M4F core provides auxiliary fault status registers to supply additional system fault information
to software.

However, TMPM46BF10FG is not defined this function. If auxiliary fault status register is read, always
"0x0000_0000" is read out.

2015/11/12

Page 28



TOSHIBA TMPM46BF10FG

3.4

3.5

3.6

3.7

Events

The Cortex-M4F core has event output signals and event input signals. An event output signal is output by
SEV instruction execution. If an event is input, the core returns from low-power consumption mode caused by
WFE instruction.

TMPM46BF10FG does not use event output signals and event input signals. Please do not use SEV instruction
and WFE instruction.

Power Management

The Cortex-M4F core provides power management system which uses SLEEPING signal and SLEEPDEEP sig-
nal. SLEEPDEEP signals are output when <SLEEPDEEP> bit of System Control Register is set.

These signals are output in the following circumstances:
-Wait-For-Interrupt (WFI) instruction execution

-Wait-For-Event (WFE) instruction execution

-the timing when interrupt-service-routine (ISR) exit in case that <SLEEPONEXIT> bit of System Control Reg-
ister is set.

TMPM46BF10FG does not use SLEEPDEEP signal so that <SLEEPDEEP> bit must not be set. And also
event signal is not used so that please do not use WFE instruction.

For detail of power management, refer to the Chapter "Clock/Mode control."

Exclusive access

In Cortex-M4F core, the DCode bus system supports exclusive access. However TMPM46BF10FG does not
use this function.

Floating Point Unit (FPU)

This product implements the Cortex-M4F FPU that is the single precision variant of the ARMv7-M Floating-
Point Extension (FPv4-SP). It provides floating-point computation functionality that is compliant with the ANSI/
IEEE Std 754-2008, IEEE Standard for Binary Floating-Point Arithmetic, referred to as the IEEE 754 standard.

The FPU shares address bus and data bus with Cortex-M4F core, and operates in cooperation. It performs add, sub-
tract, and multiply in 1 clock, and multiply and accumulate in 3 clocks. The parallel processing that is different
from CPU is possible with using the exclusive data register.

The FPU supports all single-precision data-processing instructions and data types described in the ARM Architec-
ture Reference Manual.
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3.7 Floating Point Unit (FPU) TMPM46BF10FG
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4. Memory Map

4.1 Memory Map

The memory maps for TMPM46BF10FG are based on the ARM Cortex-M4F processor core memory map.
The internal ROM, internal RAM and special function registers (SFR) of TMPM46BF10FG are mapped to the
Code, SRAM and peripheral regions of the Cortex-M4F respectively. The special function register (SFR) means
the control registers of all input/output ports and peripheral functions.

The CPU register area is the processor core’s internal register region.
For more information on each region, see the "ARM documentation set for the ARM Cortex-M4".

Note that access to regions indicated as "Fault" causes a memory fault if memory faults are enabled, or causes
a hard fault if memory faults are disabled. Also, do not access the vendor-specific region.

A memory map of TMPM46BF10FG is shown bellows.

OXFFFF_FFFF

Vendor-Specific
0xE010_0000

CPU Register Area
0xE000_0000

Fault

0x6000_0000

Peripheral Area

0x4000_0000

SRAM Area

0x2000_0000

Code Area

0x0000_0000

Figure 4-1 MemoryMap
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4.2 Bus Matrix TMPM46BF10FG

4.2 Bus Matrix

This MCU contains two bus masters such as a CPU core and uDMA controllers .

Bus masters connect to slave ports (SO to S5) of Bus Matrix. In the bus matrix, master ports (MO to M15) con-
nect to peripheral functions via connections described as (0) or ( * ) in the following figure. ( * ) shows a connec-
tion to a mirror area.

While multiple slaves are connected on the same bus master line in the Bus Matrix, if multiple slave accesses
are generated at the same time, a priority is given to access from a master with the smallest slave number.
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421 Structure

4.21.1 Single chip mode

UDMAC | uDMAC | u(DMAC Cortex M4F
unitA unitB unitC
F N J N
System I
Data
Instruction
\ 4 \ 4 \ 4 \ 4
|so|51|52|53|s4|s5|
<« MO &4 Mo
Flash ROM «—>| M1 D M1
«—> 2 G % fe
Main RAMO(256KB) |¢—| M3 —P—P—H—P—O—O— ™3
Main RAM1(16KB) |&— M4 —P—P—P—P M4
Main RAM2(16KB) |¢—p| M5 ——D———D M5
Main RAM3(16KB) |¢=—p| M6 —P—P—P—D M6
Main RAM4(208KB) |e—p| M7 HP—P—P—D M7
Backup RAM(2KB) |€—| M8 P—P—P—D SNFC(IF)
BOOT ROM(4KB) »| M9 EBIF(SFR)
EBIF <+«—»| M10 P D—D—AD
To—O——= SNFC(ECC)
M11 N N N N
WV A\ N\ N
SNFC(GO
ADC > M12 D D (G0)
12C(ch0,1,2)
SSP(ch0,1,2) —f | 3 D S =
UART(ch0,1) —f | V14 O—D SHA
UDMAC unitA,B,C(SFR)| «=>ll | M15 —D—P—P—P ESG
|so|51|sz|53|54|35| MLA
PORT
TMRB(ch0-7)
MPT(ch0-3)
RTC
SIO/UART(ch0-3)
WDT
CG
LVD

Figure 4-2 Bus Matrix of TMPM46BF10FG
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4.2 Bus Matrix TMPM46BF10FG

4.21.2 Single boot mode

UDMAC | uDMAC | u(DMAC Cortex M4F
unitA unitB unitC
A F N
System
Data
Instruction
\ 4 \ 4 \ 4 \ 4
|so|31|sz|53|s4|ss|
MO MO
M1 M1
Flash ROM «—> M2 |-B S, M2
Main RAMO(256KB) |4=——p| M3 —(—P—DP—P—O O— w3
Main RAM1(16KB) |¢—| M4 —P—P—P—P M4
Main RAM2(16KB) |g¢—p| M5 ——p—P— M5
Main RAM3(16KB) |&—| M6 (—P—DH—PH—P M6
Main RAM4(208KB) |¢=——p| M7 —P—P—P—P M7
Backup RAM(2KB) || M8 —P—D—D— SNFC(IF)
BOOT ROM(4KB) »| Mo O—P EBIF(SFR)
EBIF <+«—»| M10 D D—aD T
\> A A V% SNFC(ECC)
M11 D Fan) N D
A\ N\ A\ G
SNFC(GO
ADC - | M2 & D (GO)
12C(ch0,1,2)
N D -
SSP(ch0,1,2) — M13 \ \u% AES
UART(ch0,1) —f | v14 $o—P SHA
UDMAC unitA,B,C(SFR)| «=>J | M15 —-D—P—D—D ESG
|SO|Sl|SZ|S3|S4|SS| MLA
PORT
TMRB(ch0-7)
MPT(ch0-3)
RTC
SIO/UART(chO-3)
WDT
CG
LVD

Figure 4-3 Bus Matrix of TMPM46BF10FG
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4.2.2 Connection table

4221 Code area/ SRAM area

(1)  Single chip mode

Master uDMAC uDMAC uDMAC Core Core Core
Start Address unit A unit B unit C S-Bus D-Bus |1-Bus

Slave SO S1 S2 S3 S4 S5

0x0000_0000 Flash ROM m? Fault Fault Fault Fault M1 MO
0x0010_0000 Fault - Fault Fault Fault Fault Fault Fault

0x1000_0000 RAMO (mirror) M3 Fault Fault Fault Fault o o
0x1004_0000 Fault - Fault Fault Fault Fault Fault Fault
0x2000_0000 Main RAMO M3 o o o o Fault Fault
0x2004_0000 Main RAM1 M4 o o o o Fault Fault
0x2004_4000 Main RAM2 M5 o o o [o) Fault Fault
0x2004_8000 Main RAM3 M6 o o o o) Fault Fault
0x2004_C000 Main RAM4 M7 o o o o Fault Fault
0x2008_0000 Backup RAM M8 o o o o Fault Fault
0x2008_0800 Fault - Fault Fault Fault Fault Fault Fault
0x2200_0000 Bit band alias - Fault Fault Fault o Fault Fault
0x2301_0000 Fault - Fault Fault Fault Fault Fault Fault
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4.2 Bus Matrix

TMPM46BF10FG
(2) Single boot mode

Master uDMAC uDMAC uDMAC Core Core Core
Start Address unit A unit B unit C S-Bus D-Bus |-Bus

Slave SO S1 S2 S3 S4 S5

0x0000_0000 Boot ROM M9 Fault Fault Fault Fault o o
0x0000_1000 Fault - Fault Fault Fault Fault Fault Fault

0x1000_0000 Main RAMO (mirror) M3 Fault Fault Fault Fault o o
0x1004_0000 Fault - Fault Fault Fault Fault Fault Fault
0x2000_0000 Main RAMO M3 o o o o) Fault Fault
0x2004_0000 Main RAM1 M4 o o o o Fault Fault
0x2004_4000 Main RAM2 M5 o o o o Fault Fault
0x2004_8000 Main RAM3 M6 o o [o) o Fault Fault
0x2004_C000 Main RAM4 M7 o o o o Fault Fault
0x2008_0000 Backup RAM M8 o o o o Fault Fault
0x2008_0800 Fault - Fault Fault Fault Fault Fault Fault
0x2200_0000 Bit band alias - Fault Fault Fault o Fault Fault
0x2301_0000 Fault - Fault Fault Fault Fault Fault Fault
0x3F7F_F000 Reserved - Fault Fault Fault Reserved Fault Fault
0x3F80_0000 Fault - Fault Fault Fault Fault Fault Fault

Note:Please do not access the address range given in Reserved.
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4.2.2.2 Peripheral area / External bus area

Master uDMAC uDMAC uDMAC Core Core Core

Start Address unit A unit B unit C S-Bus D-Bus I-Bus
Slave SO S1 S2 S3 S4 S5

0x4000_0000 Fault - Fault Fault Fault Fault Fault Fault
0x4004_0000 SSP(ch0-2) o o o o Fault Fault
0x4004_8000 UART(ch0-1) o o o o Fault Fault
0x4004_C000 UDMAC unitA(SFR) o o o o Fault Fault
0x4004_D000 UDMAC unitB(SFR) M1 o o o o Fault Fault
0x4004_E000 UDMAC unitC(SFR) o o o o Fault Fault
0x4005_0000 ADC [¢) o o o Fault Fault
0x4005_C000 EBIF(SFR) o - - o Fault Fault
0x4005_C400 SNFC(IF) M1z o - - o Fault Fault
0x4005_C800 SNFC(ECC) M13 - o - o Fault Fault
0x4005_CCO00 SNFC(GO) - - o o Fault Fault
0x4005_F000 DMACR - - o o Fault Fault
0x4006_6000 ADILV - - o o Fault Fault
0x400A_0000 12C(ch0-2) - - o o Fault Fault
0x400B_8200 AES M14 - - o o Fault Fault
0x400B_8300 SHA - - o o Fault Fault
0x400B_8400 ESG - - o o Fault Fault
0x400B_8500 SRST - - o o Fault Fault
0x400B_9000 MLA - - o o) Fault Fault
0x400C_0000 PORT [¢) o o o Fault Fault
0x400C_4000 TMRB [o) o o o Fault Fault
0x400C_7000 MPT o o o o Fault Fault
0x400C_C000 RTC o o o o Fault Fault
0x400E_1000 SIO/UART M5 o) [¢) o o Fault Fault
0x400F_2000 WDT [¢) o o o Fault Fault
0x400F_3000 CG [¢) o o o Fault Fault
0x400F_4000 LVD [o) o o o Fault Fault
0x4010_0000 Fault - Fault Fault Fault Fault Fault Fault
0x4280_0000 Bit band alias - Fault Fault Fault o Fault Fault
0x4400_0000 Fault - Fault Fault Fault Fault Fault Fault
0x5DFF_0000 Flash(SFR) M15 o o o o Fault Fault
0x5E00_0000 Flash(Mirror) M2 o Fault Fault o Fault Fault
0x5E10_0000 Fault - Fault Fault Fault Fault Fault Fault
0x6000_0000 EBIF M10 o o o o Fault Fault
0x6400_0000 Fault - Fault Fault Fault Fault Fault Fault
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4.2.3 Address lists of peripheral functions

Do not access to addresses in the peripheral area except control registers. For details of control registers, re-
fer to Chapter of each peripheral functions.

Peripheral Function Base Address
ch0 0x4004_0000
Synchronous Serial Port (SSP) ch1 0x4004_1000
ch2 0x4004_2000
ch0 0x4004_8000
Asynchronous Serial Channel (UART)
ch1 0x4004_9000
unitA 0x4004_C000
unitB 0x4004_D000
MDMA Controller (WDMAC)
unitC 0x4004_E000
DMAIF 0x4005_F000
AD 0x4005_0000
Analog / Digital Converter (ADC)
ADILV 0x4006_6000
External bus interface (EBIF) 0x4005_C000
SNFC_IF 0x4005_C400
SLC NAND Flash controller (SNFC) SNFC_ECC 0x4005_C800
SNFC_GO 0x4005_CC00
ch0 0x400A_0000
12C Bus interface (12C) ch1 0x400A_1000
ch2 0x400A_2000
Advanced Encryption standard (AES) 0x400B_8200
Secure Hash Algorithm (SHA) 0x400B_8300
Entropy Source Generator (ESG) 0x400B_8400
IP Soft Reset (SRST) 0x400B_8500
Multiple Length Arithmetic (MLA) 0x400B_9000
Port A 0x400C_0000
Port B 0x400C_0100
Port C 0x400C_0200
Port D 0x400C_0300
Port E 0x400C_0400
Input / Output port Port F 0x400C_0500
Port G 0x400C_0600
Port H 0x400C_0700
Port J 0x400C_0800
Port K 0x400C_0900
Port L 0x400C_0A00
ch0 0x400C_4000
ch1 0x400C_4100
ch2 0x400C_4200
ch3 0x400C_4300
16-bit Timer / Event Counters (TMRB)
ch4 0x400C_4400
ch5 0x400C_4500
ché 0x400C_4600
ch7 0x400C_4700
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Peripheral Function

Base Address

ch0 0x400C_7000

ch1 0x400C_7100
16-bit Multi-Purpose Timer (MPT)

ch2 0x400C_7200

ch3 0x400C_7300
Real Time Clock (RTC) 0x400C_C000

ch0 0x400E_1000

ch1 0x400E_1100
Serial Channel (SIO/UART)

ch2 0x400E_1200

ch3 0x400E_1300

Watchdog Timer(WDT)

0x400F_2000

Clock/Mode control(CG)

0x400F_3000

Low Voltage Detection Circuit (LVD)

0x400F_4000

Flash Control(Flash SFR)

0x5DFF_0000

Page 39

2015/11/12




4. Memory Map
4.2 Bus Matrix TMPM46BF10FG

2015/11/12 Page 40



TOSHIBA TMPM46BF10FG

5. Reset Operation

The following are sources of reset operation.

RESET pin (RESET)

Releasing the STOP2 mode

Low voltage detection circuit (LVD)

Watch-dog timer (WDT)

Application interrupt by CPU and a signal from the reset register bit <SYSRESETREQ>

To recognize a source of reset, check CGRSTFG in the clock generator register described in chapter of "Excep-
tion".

A reset by releasing the STOP2 mode is refer to the "Clock/Mode control".
A reset by low voltage detection circuit is refer to the "Low voltage detection circuit".
A reset by WDT is refer to the chapter on the "Watch-dog timer".

A reset by <SYSRESETREQ> is referred to "Cortex-M4 Technical Reference Manual".

Note:Once reset operation is done, internal RAM data is not assured.

5.1 Cold Reset

When turning-on power, RESET pin must be kept "Low".

When turning-on power, it is necessary to take a stable time of built-in regulator into consideration. In the
TMPM46BF10FG, the internal regulator requires at least approximately 2ms to be stable. At cold reset, RESET
pin must be kept "Low" for a duration of time sufficiently long enough for the internal regulator to be stable. Approx-
imately 0.251ms after RESET pin becomes "High", internal reset will be released.

Power voltage 1
recommendation range

;
1
approximately 2ms p
i
1
1
1
1
1
1
1
/ i
1
1
t
| CPU fetch starts
’—>

>
approximately 0.251ms

1

/i

' i

Internal reset signal !
1

ov

RESET

Internal high-speed
oscillator

Figure 5-1 Cold Reset Operation Sequence
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5.2 Warm Reset TMPM46BF10FG

5.2 Warm Reset

To do reset TMPM46BF10FG, the following conditions are required; power supply voltage is in the operation-
al range ; RESET pin is kept "Low" at least for 2ms. Approximately 0.251ms after RESET pin becomes "High", in-
ternal reset will be released.

In case of WDT reset or <SYSRESETREQ> reset, internal reset will be released approximately 30 internal high-
speed clocks after reset.

5.3 After reset

All of the control register of the internal core and the peripheral function control register (SFR) are initialized
by reset.

When reset is released, TMPM46BF10FG starts operation by a clock of internal high-speed oscillator. External
clock and PLL multiple circuit should be set if necessary.
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6. Clock/Mode control

6.1 Outline

The clock/mode control block enables to select clock gear, prescaler clock and warm-up of the PLL clock multi-
plication circuit and oscillator.

There is also the low power consumption mode which can reduce power consumption by mode transitions.

This chapter describes how to control clock operating modes and mode transitions.
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6. Clock/Mode control
6.2 Registers

TMPM46BF10FG

6.2 Registers

6.2.1 Register List
The following table shows the Clock/Mode control related registers and addresses.
For the Base Address, refer to the "Peripheral Base address list "of Chapter "Memory Map".
Register name Address (Base+)
System control register CGSYSCR 0x0000
Oscillation control register CGOSCCR 0x0004
Standby control register CGSTBYCR 0x0008
PLL selection register CGPLLSEL 0x000C
Clock stop register A for peripheral CGFSYSMSKA 0x0020
Clock stop register B for peripheral CGFSYSMSKB 0x0024
Protect register CGPROTECT 0x003C
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6.2.2 CGSYSCR (System control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - FCSTOP - - SCOSEL
After reset 0 0 0 0 0 0 0 1

15 14 13 12 11 10 9 8
bit symbol - - - FPSEL - PRCK
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - GEAR
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-21 - R Read as "0".
20 FCSTOP R/W ADC clock
0: Active
1: Stop
Enables to stop providing ADC clock.
ADC clock is provided after reset.
Confirming that ADC is stopped or finished in advance is required when setting "1"(stop).
Enables to confirm that ADC is stopped or finished.
19-18 - R Read as "0".
17-16 SCOSEL R/IW SCOUT out
00: fs
01: fsys/8
10: fsys/4
11: fosc
Enables to output the specified clock from SCOUT pin.
15-13 - R Read as "0".
12 FPSEL - fperiph source clock
0: fgear
1: fc
Specifies the source clock to fperiph.
Selecting fc fixes fperiph regardless of the clock gear mode.
11 - R Read as "0".
10-8 PRCK[2:0] R/W Prescaler clock
000: fperiph 100: fperiph/16
001: fperiph/2 101: fperiph/32
010: fperiph/4 110: Reserved
011: fperiph/8 111: Reserved
Specifies the prescaler clock to peripheral circuit.
7-3 - R Read as "0".
2-0 GEAR[2:0] R/W High-speed clock (fc) gear
000: fc 100: fc/2
001: Reserved  101: fc/4
010: Reserved  110: fc/8
011: Reserved  111: fc/16
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6.2.3 CGOSCCR (Oscillation control register)

31 | s | 2 | 28 | 27 26 25 24
bit symbol WUPT
After reset 1 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol WUPT WUPTL WUPSEL2 WUPSEL1
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol WUEF WUEON - - - HOSCON OSCF OSCSEL
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 2 1 0
bit symbol DRVOSCL - - - XTEN - XEN2 XEN1
After reset 0 0 0 0 1 0 1 0
Bit Bit Symbol Type Function

31-20 WUPT[11:0] R/W Warm-up counter setup value.
Setup the 16-bit timer for warm-up timer of upper 12-bits counter value.

19-18 WUPTL[1:0] R/W Warm-up counter setup value.
Setup the 16-bit timer for warm-up timer of lower 2-bits counter value, This is used for low-speed clock.

17 WUPSEL2 R/W Select High-Speed warm-up counter clock

0: Internal OSC

1: External OSC

Select the OSC clock for warm-up timer. A warm-up timer is counting by the selected clock.

16 WUPSELA1 R/W Select warm-up counter
0: High-speed
1: Low-speed

15 WUEF R Status of warm-up timer (WUP)

0: WUP finish

1: WUP active

Can be monitored the status of the warm-up timer.

14 WUEON W Operation of warm-up timer (WUP)
0: don’t care

1: warm-up timer start

Enables to start the warm-up timer.

Read as "0".
13-11 - R Read as "0".
10 HOSCON R/W Select external OSC source

0: external clock input
1: external oscillator

9 OSCF R Status of Selected High-speed oscillator
0: internal high-speed oscillator
1: external high-speed oscillator

8 OSCSEL R/W High-speed oscillator (Note6)
0: internal high-speed oscillator
1: external high-speed oscillator

7 DRVOSCL R/W Drive current control for low-speed oscillator (Note7)(Note8)
0: High
1: Normal
6-4 - R Read as "0".
3 XTEN R/W External low-speed oscillator operation
0: Stop
1: Oscillation
2 - R Read as "0".
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Bit Bit Symbol Type Function
1 XEN2 R/W Internal high-speed oscillator operation (for SYS) (Note9)
0: Stop
1: Oscillation
0 XEN1 R/W External OSC (Note10)
0: Not used
1: Used

Note 1: Refer to 6.6.8.1 about the Warm-up setup.

Note 2: When selecting external oscillator (input external clock), select <OSCSEL> after setting <HOSCON>. (Do not select si-
multaneously)

Note 3: Refer to "6.3.5 Clock Multiplication Circuit (PLL)" about setting PLL.

Note 4: Returning from the STOP1/STOP2 mode, related bits CGOSCCR<WUPSEL2>,<WUPSEL1>, <OSCSEL>, <XEN3>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of internal
high-speed oscillator starts up.

Note 5: When using internal high-speed oscillator (IHOSC), do not use it as system clock which high accuracy assurance is re-
quired.

Note 6: When changed the <OSCSEL>, next operation will be done after confirming the <OSCF> which is changed correctly.

Note 7: This bit is initialized to "0" by Reset, So Set to "1" only after confirming stable oscillation

Note 8: If the MCU did not enter the STOP1/2 mode, CGOSCCR<DRVOSCL> may be initialized.

Note 9: When disable the Internal OSC after changed from STOP2 to Normal mode, confirm the CGRTSFLG<OSCFLG>
which is "1".

Note 10:Set to "1" only when using External High-speed clock (oscillator /clock input)
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6.2 Registers TMPM46BF10FG

6.2.4 CGSTBYCR (Standby control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - PTKEEP -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - STBY
After reset 0 0 0 0 0 0 1 1

Bit Bit Symbol Type Function
31-18 - R Read as "0".
17 PTKEEP R/W Keeps 1/0O control signal in STOP2 mode
0: Control by port
1: Keep status when setting 0->1 (This register must be set before entering STOP2 mode)
16-3 - R Read as "0".
2-0 STBY[2:0] R/W Low power consumption mode
000: Reserved
001: STOP1
010: Reserved
011: IDLE
100: Reserved
101: STOP2
110: Reserved
111: Reserved

Note:Access to the Reserved is prohibited.
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6.2.5 CGPLLSEL (PLL Selection Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - PLLST PLLSEL PLLON
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PLLSET
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PLLSET -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-19 - R Read as "0".

18 PLLST R Status of selected clock in PLL
0: fosc
10 fpLL

17 PLLSEL R/W Use of PLL
0: fosc UsE
1: fpLL use

16 PLLON R/W PLL (multiplying circuit) operation
0: Stop
1: Oscillation

15-1 PLLSET[14:0] R/W PLL multiplying value (Do not use except below)
0x692E: Input clock 8MHz to 10MHz, output clock 96MHz to 120MHz (12 multiplying)
0x6A26: Input clock 8MHz to 12MHz, output clock 80MHz to 120MHz (10 multiplying)
0x6A1E: Input clock 10MHz to 12MHz, output clock 80MHz to 96MHz (8 multiplying)
0x6917: Input clock 8MHz to 10MHz, output clock 48MHz to 60MHz (6 multiplying)
0x6A13: Input clock 8MHz to 12MHz, output clock 40MHz to 60MHz (5 multiplying)
0xB6AO0F: Input clock 8MHz to 16MHz, output clock 32MHz to 64MHz (4 multiplying)
0x6A0A: Input clock 30MHz to 40MHz, output clock 90MHz to 120MHz (3 multiplying)
0x6A06: Input clock 30MHz to 40MHz, output clock 60MHz to 80MHz (2 muiltiplying)

0 - R Read as "0".

Note 1: Select PLL multiplying value which is shown in Table 6-2.
Note 2: Refer to "6.3.5 Clock Multiplication Circuit (PLL)" about setting PLL.

Note 3: Returning from the STOP1/STOP2 mode, related bits CGOSCCR<WUPSEL2>,<WUPSEL1>, <OSCSEL>, <XEN2>,
<XEN1>, and CGPLLSEL<PLLON><PLLSEL> are initialized because of internal high-speed oscillator starts up.

Note 4: When changed the <PLLSEL>, Next operation will be done after confirming the <PLLSEL> which is changed correctly
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6.2.6 CGFSYSMSKA (Clock stop register A for peripheral)

31 30 29 28 27 26 25 24
bit symbol TRACECLK MPT3 MPT2 MPT1 MPTO - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - TMRB7 TMRB6 TMRB5 TMRB4 TMRB3
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TMRB2 TMRB1 TMRBO - - PORTL PORK PORTJ
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PORTH PORTG PORTF PORTE PORTD PORTC PORTB PORTA
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31 TARCECLK R/W Clock control for TRACE
0: operation
1: clock stop

30 MPT3 R/W Clock control for MPT3
0: operation
1: clock stop

29 MPT2 R/W Clock control for MPT2
0: operation
1: clock stop

28 MPT1 R/W Clock control for MPT1
0: operation
1: clock stop

27 MPTO R/W Clock control for MPTO
0: operation
1: clock stop

26-21 - R Read as "0".

20 TMRB7 RIW Clock control for TMRB7
0: operation
1: clock stop

19 TMRB6 R/W Clock control for TMRB6
0: operation
1: clock stop

18 TMRB5 RIW Clock control for TMRB5
0: operation
1: clock stop

17 TMRB4 R/W Clock control for TMRB4
0: operation
1: clock stop

16 TMRB3 R/W Clock control for TMRB3
0: operation
1: clock stop

15 TMRB2 R/W Clock control for TMRB2
0: operation
1: clock stop

14 TMRB1 R/W Clock control for TMRB1
0: operation
1: clock stop
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Bit Bit Symbol Type Function

13 TMRBO R/W Clock control for TMRBO
0: operation
1: clock stop

12-11 - R Read as "0".

10 PORTL R/W Clock control for PORT L
0: operation
1: clock stop
9 PORTK R/W Clock control for PORT K
0: operation

1: clock stop

8 PORTJ R/W Clock control for PORT J
0: operation

1: clock stop

7 PORTH R/W Clock control for PORT H
0: operation

1: clock stop

6 PORTG R/W Clock control for PORT G
0: operation

1: clock stop

5 PORTF R/W Clock control for PORT F
0: operation

1: clock stop

4 PORTE R/W Clock control for PORT E
0: operation

1: clock stop

3 PORTD R/W Clock control for PORT D
0: operation

1: clock stop

2 PORTC R/W Clock control for PORT C
0: operation

1: clock stop

1 PORTB R/W Clock control for PORT B
0: operation

1: clock stop

0 PORTA R/W Clock control for PORT A
0: operation

1: clock stop

Note:Set register to "1" after confirming stop of a Peripheral circuit operation. after setting to "1",do not set to "0".
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6.2.7 CGFSYSMSKB (Clock stop register B for peripheral)

31 30 29 28 27 26 25 24
bit symbol MLA ESG SHA AES - WDT ADC DMAIF
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol DMAC DMAB DMAA EBIF SSP2 SSP1 SSPO -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - 12C2 12C1 12C0 UART1 UARTO - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - SI03 SI02 SIO1 SI00
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 MLA R/W Clock control for MLA
0: operation
1: clock stop
30 ESG R/W Clock control for ESG
0: operation
1: clock stop
29 SHA R/W Clock control for SHA
0: operation
1: clock stop
28 AES R/IW Clock control for AES
0: operation
1: clock stop
27 - R read as "0".
26 WDT R/W Clock control for WDT
0: operation
1: clock stop
25 ADC R/IW Clock control for ADC
0: operation
1: clock stop
24 DMAIF R/IW Clock control for DMAIF
0: operation
1: clock stop
23 DMAC R/IW Clock control for DMAC C
0: operation
1: clock stop
22 DMAB R/W Clock control for DMAC B
0: operation
1: clock stop
21 DMAA R/W Clock control for DMAC A
0: operation
1: clock stop
20 EBIF R/W Clock control for EBIF
0: operation
1: clock stop
19 SSP2 R/W Clock control for SSP2
0: operation
1: clock stop
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Bit Bit Symbol

Type

Function

18 SSP1

R/W

Clock control for SSP1
0: operation
1: clock stop

17 SSPO

R/W

Clock control for SSPO
0: operation
1: clock stop

16-15 -

read as "0".

14 12C2

R/IW

Clock control for 12C2
0: operation
1: clock stop

13 12C1

R/W

Clock control for 12C1
0: operation
1: clock stop

12 12C0

R/W

Clock control for 12C0
0: operation
1: clock stop

1" UART1

R/W

Clock control for UART1
0: operation
1: clock stop

10 UARTO

R/W

Clock control for UARTO
0: operation
1: clock stop

read as "0".

3 SIO3

R/W

Clock control for SIO/UART3
0: operation
1: clock stop

2 S102

R/W

Clock control for SIO/UART2
0: operation
1: clock stop

1 SIO1

R/W

Clock control for SIO/UART1
0: operation
1: clock stop

0 SI00

R/W

Clock control for SIO/JUARTO
0: operation
1: clock stop

Note:Set register to "1" after confirming stop of a circuit operation. after setting to "1",do not set to "0".
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6.2.8 CGPROTECT (Protect register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CGPROTECT
After reset 1 1 0 0 0 0 0 1

Bit Bit Symbol Type Function

31-6 - R Read as "0".

7-0 CGPROTECT | R/W Register protection control
0xC1: Register write enable
Except 0xC1: Register write disable
Initial value is "0xC1" as writing enable to each register and when writing except "0xC1", each register ex-
cept CGPROTECT register can not be written.

2015/11/12 Page 54




TOSHIBA

TMPM46BF10FG

6.3 Clock control

6.3.1 Clock Type

Each clock is defined as follows:

EHCLKIN
EHOSC
ELOSC
IHOSC
FOSCHI
fosc

fpll

fc

fgear
fsys
fperiph
¢TO

The high-speed clock fc and the prescaler clock ¢TO are dividable as follows.

High-speed clock

Prescaler clock

: Clock input from the X1 pins.

: Clock input from the external high-speed oscillator.

: Clock input from the external Low-speed oscillator.

: Clock input from the internal high-speed oscillator.(for SYS)
: Clock specified by CGOSCCR<HOSCON>.

: Clock specified by CGOSCCR<OSCSEL>.

: Clock multiplied by PLL.

: Clock specified by CGPLLSEL<PLLSEL> (high-speed clock)
: Clock specified by CGSYSCR<GEAR[2:0]>

: Clock specified by CGSYSCR<GEAR][2:0]>.(system clock)

: Clock specified by CGSYSCR<FPSEL[2:0]>

: Clock specified by CGSYSCR<PRCK]2:0]> (prescaler clock)

: fe, fc/2, fc/4, fc/8, fc/16

: fperiph, fperiph/2, fperiph/4, fperiph/8, fperiph/16, fperiph/32

6.3.2 Initial Values after Reset

Reset operation initializes the clock configuration as follows.

internal high-speed oscillator : oscillating

external high-speed oscillator : stop

external low-speed oscillator : oscillating

PLL (phase locked loop circuit) : stop

High-speed clock gear : fc (no frequency dividing)

Reset operation causes all the clock configurations to be the same as fosc.

For example, system clock fsys is as same as the frequency of an internal high-speed oscillator after releas-
ing reset signal when an internal oscillator is started.

fc = fosc

fsys = fosc

@TO = fosc
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6.3.3 Clock system Diagram

Figure 6-1 shows the clock system diagram.

The input clocks to selector shown with an arrow are set as default after reset.

CGOSCCR<WUEON>

CGOSCCR<WUPT[11:0]><WUPTL[1:0]>

Warming-up timer

CGOSCCR<WUPSEL1> »ﬁl

CGOSCCR<WUPSEL2> —)W
A

« | Counter source clock

FCSTOP

7| for wDT

CGSYSCR<FCSTOP>

Operations after reset

3.
>

AD conversion clock
<ADCLK>

fperiph
(to Peripheral 1/0)

CGPLLSEL CGPLLSEL ><| CGSYSCR<FPSEL>
CGOSCCR<XEN2> <PLLON>  <PLLSEL> ’ > fsys
starts oscillation after reset J fgear
IHOSC *
Internal High-spped > —| 12 1/4| 1/8 [1/16| CGSYSCR
oscollator : fc <GEAR[2:0]>
0sC
CGOSCCR<XENT1> oo 1/4 TraceClock
stops oscillation after reset
EHOSC CGOSCCR
X2 O_ External High-spped <OSCSEL> 1/32'—) SysTick
X1 OT oscollator CGOSCCR
<HOSCON>
EHCLKIN
X120 External Low-spped fs | [1/0-Bus I/0]
XT1 (O— oscollator RTC
* ELOSC
CGOSCCR<XTEN>
starts oscillation ;ﬂ éTO

after reset

fperiph ——

fsys

Y

/]

CGSYSCR
{112 114 18 1161132 SRk

[Peropheral I/O prescler input]
TMRB, SIO/UART,MPT

CGSYSCR
<SCOSEL>

1/8

[AHB-Bus 1/0]
CPU, ROM, RAM,
1 DMAC, BOOT ROM

[APB-Bus 1/0]
SSP, ADC, EBIF, 12C,
UART ,uDMAC(SFR), SNFC

[10-Bus 1/0]
CG, WDT, SIO/UART,LVD
PORT, TMRB,MPT

E—>SCOUT

Figure 6-1 Clock Block Diagram
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6.3.4 Warm-up function

The warm-up function secures the stability time for the oscillator of fs and the PLL with the warm-up tim-
er when releasing STOP1 and STOP2. Refer to "6.6.7 Warm-up" for a detail.

Note: Transition to the power consumption mode while the warm-up timer is operating is prohibited.

How to configure the warm-up function.

1. Specify the count up clock
Specify the count up clock for the warm-up counter in the CGOSCCR<WUPSEL2>,
<WUPSELI1>.

2. Specify the warm-up counter value

The warm-up time can be selected by setting the CGOSCCR<WUPT[11:0]><WUPTL[1:0]>.
The value can be calculated by following formula with round lower 4 bit off, set to the bit of <WUPT
[11:0]> for high-speed oscillation and set to the bit of <WUPT[11:0]><WUPTL[1:0]> for low-
speed oscillation.

Note: Setting warm-up count value to CGOSCCR<WUPT[11:0]>, wait until this value is reflected, then transit to the
low power consumption mode by executing a command "WFI"

Warm-up time equation and setup example are shown below.

warm-up time to set

number of warm-up cycle = —
input frequency cycle (s)

Note: The warm-up timer operates according to the oscillation clock, and it may contain errors if there is any fluctua-
tion in the oscillation frequency. Therefore, the warm-up time should be taken as approximate time.

<example> When using high-speed oscillator 8MHz, and set warm-up time Sms.

warm-up time to set 5ms

- = = 40000 cycle = 0x9C40
input frequency cycle (s) 1/8MHz

Round lower 4 bit off, set 0x9C4 to CGOSCCR<WUPT[11:0]>

3. confirm the start and completion of warm-up

The CGOSCCR<WUEON><WUEF> is used to confirm the start and completion of warm-up
through software (instruction). When CGOSCCR<WUEON> is set to "1", the warm-up start a
count up. The completion of warm-up can be confirmed with CGOSCCR<WUEF>.

The example of warm-up function setup.
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Table 6-1 The example of warm-up setting
CGOSCCR<WUODR][11:0]> = "0x9C4" : Specify the warm-up time
: Confirm warm-up time reflecting
Read CGOSCCR<WUODR[11:0]> ) X
Repeat until reading "0x9C4"
CGOSCCR<XEN2> = "1" : high-speed oscillator (fosc) enable
CGOSCCR<WUEON> ="1" : Start the warm-up timer (WUP)
C CGOSCCR<WUEF> read : Wait until the state becomes "0" (warm-up is finished)
Note 1: The warm-up function is not necessary when using stable external clock.
Note 2: The warm-up timer operates according to the oscillation clock, and it may contain errors if there is any fluctuation in

Note 3:

Note 4:

the oscillation frequency. Therefore, the warm-up time should be taken as approximate time.

Setting warm-up count value to CGOSCCR<WUPT[11:0]><WUPTL[1:0]>, wait until this value is reflected, then transit
to standby mode by executing a command "WFI".

Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>,<OSCSEL>, <XEN3>, <XEN2>,
<XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of internal high-
speed oscillator starts up.
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6.3.5 Clock Multiplication Circuit (PLL)

This circuit outputs the fpll clock (120MHz max.) that is multiplied by 2, 3, 4, 5, 6, 8,10 or 12 of the high-
speed oscillator output clock (fosc: 8 to 40MHz). As a result, the input frequency to oscillator can be low fre-
quency, and the internal clock be made high-speed.

6.3.5.1  How to configure the PLL function

The PLL is disabled after reset. To enable the PLL, set CGPLLSEL<PLLSET> register's PLL multiply-
ing value after CGPLLSEL<PLLON> bit is set to "0", and then set CGPLLSEL<PLLON> bit set to "1".
As CGPLLSEL<PLLSEL> bit is set to "1", the fpll clock which is multiplied from fosc is output.

6.3.5.2  Stability time

The PLL requires a certain amount of time to be stabilized, which should be secured using the warm-
up function or other methods.

When the CGPLLSEL <PLLON> is set to "1" and operation starts, it is necessary to take approximate-
ly 100us as the Lock-up time.

The CGPLLSEL<PLLSEL> is first made "0" when the multiplying value is changed and PLL is stop-
ped. When the multiplying <PLLSEL> value is changed, the <PLLON> is set to "1" after approximately
100us elapses as initialization time of PLL, and the state of PLL starts. Afterwards, please secure the Lock-
up time.
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6.3.5.3

The sequence of PLL setting

The sequence of PLL setting is shown below.

The sequence of PLL setting

Initial state after releasing reset (note 1)
CGOSCCR<XEN2> = "1"
CGOPLLSEL<PLLON>= "0"
CGOSCCR<OSCSEL> = "0"

A

3

L

Y

fosc setting (in the case of using internal high-
speed oscillator)

The specification is not need because of us-
ing internal high-speed oscillator.

fosc setting (in the case of using external
high-speed oscillator)
CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "1"
CGOSCCR<WUPSEL2>= "1"
CGOSCCR<WUPSEL1>= "0"

Set warm-up time to <WUPT>

Start warm-up counter

Confirm the completion of warm-up by read-
ing <WUEF>

CGOSCCR<OSCSEL>= "1"
Confirm CGOSCCR<OSCF>="1"

fosc setting (in the case of using external
clock input)

CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "0"
CGOSCCR<OSCSEL> = "1"
Confirm CGOSCCR<OSCF>="1"

n

PLL operation settin:
CGPLLSEL<PLLON>="Q"

CGPLLSEL<PLLSET>= multiply setting (note
2)

Set warm-up time to <WUPT>

Start warm-up counter

CGPLLSEL<PLLON>= "1" after confirming
the completion of warm-up

Set warm-up time to <WUPT>
Start warm-up counter

Complete warm-up
CGPLLSEL<PLLSEL>="1"
Confirm CGPLLSEL<PLLST> = "1"

I

It is possible to use the clock multiplied.

Note 1: Internal high-speed oscillator and voltage supply need to be stable.

Note 2: When the multiplied value is changed, it is necessary to keep CGPLLSEL<PLLON> "0" for equal or more than 100us
as initialization time of PLL.
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6.3.6 System clock

The internal high-speed oscillation clock and the external high-speed oscillation clocks which are an oscilla-
tor connecting or an inputting clock can be used as a source clock of the system clock.

Source clock Frequency Using PLL
Internal high-speed oscillation (fiyosc) 10MHz Not use
Oscillator (feqosc) 8 to 16MHz 2,3,4,5,6,8100r 12

External high-speed
oscillation

Input clock (fercLkin) 8 to 40MHz multiplying (note)

Note:When PLL is used, fc frequency must be kept equal or less then 120MHz even if source clock con-
tains errors.

The system clock can be divided by CGSYSCR<GEAR>. Although the setting can be changed while oper-
ating, the actual switching takes place after a slight delay.

Table 6-2 shows the example of the operation frequency by the setting of PLL and the clock gear.
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Table 6-2 System clock (Unit: MHz, "-": Reserved)

ADC Max. Clock gear (CG) Clock gear (CG)
Max. oper- | operation PLL = ON PLL = OFF
Extgrnal External PLL multi- | ation freq. freq.
oscillator | clock input ply"lival- (fo) (fo.fol2,
(MHz) (MHz) (MHz) fold) | 2| e | s el | 2| s | s | 116
(MHz)
8 8 12 % 24 96 | 48 | 24 12 6
8 8 10 80 40 80 | 40 | 20 10 5
8 8 6 48 24 48 | 24 | 12 6 3 8 4 2 1 -
8 8 5 40 40 80 | 40 | 20 10 5
8 8 4 32 32 32 | 16 8 4 2
10 10 12 120 30 120 | 60 | 30 15 | 7.5
10 10 10 100 25 100 | 50 | 25 | 125 |6.25
10 10 8 80 40 80 | 40 | 20 10 5
10| 5 |25 |125] -
10 10 6 60 30 60 | 30 | 15 | 75 | 375
10 10 5 50 25 50 | 25 | 125 | 6.25 | 3.13
10 10 4 40 40 4 | 20 | 10 5 | 25
12 12 10 120 30 120 | 60 | 30 15 | 75
12 12 8 96 24 96 | 48 | 24 12 6
12 | 6 3 |15 -
12 12 5 60 30 60 | 30 | 15 | 75 | 375
12 12 4 48 24 48 | 24 | 12 6 3
16 16 4 64 32 64 | 32 | 16 8 4 | 16 | s 4 2 1
- 30 3 90 225 90 | 45 | 225 | 11.25 | 563
30 | 15 | 7.5 | 375 | 1.875
- 30 2 60 30 60 | 30 | 15 | 75 |3.75
- 39 3 117 39 117 | 58.5 | 29.25 | 14.63 | 7.31
39 | 195 9.75 | 488 | 2.44
- 39 2 78 39 78 | 39 | 195 | 9.75 | 4.88
- 40 3 120 30 120 | 60 | 30 15 | 7.5
4 | 20 | 10| 5 | 25
- 40 2 80 40 80 | 40 | 20 10 5

1 initial value after reset

Note:Do not use 1/16 when SysTick is used.
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6.3.6.1 The sequence of System clock setting

The system clock is selected by CGOSCCR. After setting CGOSCCR, the PLL is set by CGPLLSEL
and CGOSCCR and the clock gear is set by CGSYSCR.

The sequence of System clock setting (Initial setting)

Initial state after releasing reset (note 1)
CGOSCCR<XEN2> = "1"

(Oscillation of internal high speed clock is en-
abled.)

CGOSCCR<OSCSEL> = "0"

(Selected an internal high speed oscillator.)
CGPLLSEL<PLLON>= "0" (Stop PLL)
CGPLLSEL<PLLSEL>="0" (Use fosc)
CGSYSCR<GEAR>="000" (No division)

A
& ) 1
fosc setting (in the case of using internal high- fosc setting (in the case of using external fosc setting (in the case of using external
speed oscillator) high-speed oscillator) clock input
The specification is not need. CGOSCCR<XEN1> = "1" CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "1" CGOSCCR<HOSCON> = "0"
(Select an external high speed oscillator.) (Select an external high speed clock input.)
CGOSCCR<WUPSEL2>= "1" CGOSCCR<OSCSEL> ="1"
CGOSCCR<WUPSEL1>= "0" (Select an external high speed oscillator.)
Conform CGOSCCR<OSCF>="1"
@ CGOSCCR<XEN2>= "0"

(Stop an internal high speed oscillator.)

<Operate warm-up counter>

I

CGOSCCR<OSCSEL>="1"

(Select an external high speed oscillator.)
Confirm CGOSCCR<OSCF>="1"
CGOSCCR<XEN2>= "0"

(Stop an internal high speed oscillator.)

4 4 4

Set PLL.
Set clock gear.

The sequence of System clock setting (Switch from external to internal high-speed clock)

CGOSCCR<XEN2>="1"
(internal high-speed oscillation)

I

<Warming-up operation (approximately 3us) >

I

CGOSCCR<OSCSEL>="0"

(Internal high-speed oscillator selection)
Confirm CGOSCCR<OSCF>="0"
CGOSCCR<XEN>="0"

(External high-speed oscillator stops)
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The sequence of System clock setting (Switch from external to internal high-speed clock)

I

Clock gear setting

6.3.7 Prescaler Clock Control

Peripheral function has a prescaler for dividing a clock. As the clock ¢TO to be input to each prescaler,
the "fperiph" clock specified in the CGSYSCR<FPSEL> can be divided according to the setting in the
CGSYSCR<PRCK]2:0]>. After the controller is reset, fperiph/1 is selected as ¢TO.

Note: To use the clock gear, ensure that you make the time setting such that prescaler output @Tn from
each peripheral function is slower than fsys (¢Tn < fsys). Do not switch the clock gear while the tim-
er counter or other peripheral function is operating.

6.3.8 System Clock Pin Output Function

TMPM46BF10FG enables to output the system clock from a pin. The SCOUT pin can output low speed
clock fs and the system clock fsys/4 and fsys/8, and the fosc.

Note 1: The phase difference (AC timing) between the system clock output by the SCOUT and the internal clock
is not guaranteed.

Note 2: When fsys is output from SCOUT pin, SCOUT pin outputs the unexpected waveform just after changing
clock gear. In the case of influencing to system by the unexpected waveform, the output of SCOUT pin
should be disabled when changing the clock gear.

When port is used as SCOUT, refer to chapter "Input/Output ports".
The output clock is selected by CGSYSCR<SCOSEL>.

Table 6-3 shows the pin status in each mode when the SCOUT pin is set to the SCOUT output.

Table 6-3 SCOUT Output Status in Each Mode

Mode Low power consumption mode
SCOUT selection NORMAL
IDLE STOP1/STOP2

CGSYSCR

<SCOSEL> = "00" Output the fs clock

<SCOSEL> = "01" Output the fsys/8 clock

<SCOSEL> ="10" Output the fsys/4 clock

<SCOSEL> ="11" Output the fosc clock
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6.4 Modes and Mode Transitions
6.4.1 Operation Mode Transitions
TMPM46BF10FG has the NORMAL mode which is used high-speed for system clock.

The IDLE and STOP1 modes can be used as the low power consumption mode that enables to reduce pow-
er consumption by halting processor core and some peripheral circuits operation.

And TMPM46BF10FG has STOP2 mode that enables to reduce power consumption significantly by halt-
ing main voltage supply, retaining some peripheral circuits operations.

Figure 6-2 shows a mode transition diagram.

For a detail of sleep-on-exit, refer to "ARM documentation set for the ARM cortex-M4."

Reset has been performed
Starts internal high-speed oscillator (IHOSC)

STOP1 mode
(Halts the circuit
except some

Interrupt (Note2,3)

Interrupt (Note2,3)

STOP2 mode

> NORMAL mode [

Instruction

(Halts the circuit

except some

> y Instruction peripheral circuit.)
peripheral circuit.) sleep on exit (Notel) sleep on exit (Notel) (Halts a part of internal
voltage supply)
Instruction Interrupt
sleep on exit

Y

IDLE mode
(Stops CPU)

(Selectable peripheral
circuit operation)

Figure 6-2 Mode Transition Diagram

Note 1: The warm-up is needed when returning from the STOP1/STOP2 mode.The warm-up time is needed to set in NOR-
MAL mode, Regarding to warm-up time, refer to "6.6.8 Clock Operations in Mode Transition"

Note 2: Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>,<OSCSEL>, <XEN3>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of inter-
nal high-speed oscillator starts up.

Note 3: It branches to interrupt service routine of reset when returning from the STOP2 mode and it branches to inter-
rupt service routine of interrupt factor when returning from the STOP1 mode.
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6.5 Operation mode

6.5.1 NORMAL mode
This mode is to operate the CPU core and the peripheral circuits by using the high-speed clock.

It is shifted to the NORMAL mode after reset.

6.6 Low Power Consumption Modes

The TMPM46BF10FG has three low power consumption modes: IDLE, STOP1 and STOP2. To shift to the
low power consumption mode, specify the mode in the system control register CGSTBYCR<STBY[2:0]> and exe-
cute the WFI (Wait For Interrupt) instruction. In this case, execute reset or generate the interrupt to release the
mode. Releasing by the interrupt requires settings in advance. See the chapter "Exceptions" for details.

Note 1: The TMPM46BF10FG does not offer any event for releasing the low power consumption mode. Transition to
the low power consumption mode by executing the WFE (Wait For Event) instruction is prohibited.

Note 2: The TMPM46BF10FG does not support the low power consumption mode configured with the SLEEPDEEP
bit in the Cortex-M4 core. Setting the <SLEEPDEEP> bit of the system control register is prohibited.

Note 3: Transition to the power consumption mode while the warm-up timer is operating is prohibited.

The features of IDLE, STOP1, STOP2 mode are described as follows.

6.6.1 IDLE mode

Only the CPU is stopped in this mode. Each peripheral circuit has one bit in its control register for ena-
bling or disabling operation in the IDLE mode. When the IDLE mode is entered, peripheral circuits for
which operation in the IDLE mode is disabled stop operation and hold the state at that time.

Refer to "Table 6-6 Operational Status in Each Mode" for the peripheral circuits can be enabled or disa-
bled in the IDLE mode. For setting details, see the chapter on each peripheral circuits.

6.6.2 STOP1 mode

Except some peripheral circuits, all the internal circuits including the internal oscillator are brought to a
stop in STOP1 mode. When releasing STOP1 mode, an internal oscillator begins to operate and the opera-
tion mode changes to NORMAL mode.

The STOP1 mode enables to select the pin status by setting the port register. Table 6-4 shows the pin sta-
tus in the STOP1 mode.

6.6.3 STOP2 mode

This mode halts voltage supply, retaining some peripheral circuits operation. This enables to reduce power
consumption significantly compares to STOP1 mode.

Before entering STOP2 mode, set CGSTBYCR<PTKEEP>="0"—"1" and keeps each port conditions. If in-
ternal voltage is halted, it can be held interface to the external IC, and STOP2 release source interrupt is avail-
able. Because the signals are fixed, be careful not to affect the external IC when setting <PTKEEP>.

Before the MCU entering STOP2 mode, execute the WFI instruction on condition that interrupts are enabled.
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When the WFI instruction is executed to enter STOP2 mode, if an interrupt request for release from the low-
power consumption mode occurs, the MCU does not enter STOP2 mode because the interrupt for release has
a higher priority than the WFTI instruction. Therefore, the following process must be added:

1. The MCU branches to the interrupt service routine. Write the interrupt service routine.

2. After the interrupt service routine is complete, the instructions following the WFI instruction are exe-
cuted; write the process following the WFI instruction in case that the MCU does not enter STOP2
mode.

After releasing the STOP2 mode, voltage is supplied to the halted voltage supply then an internal high-
speed oscillator starts, returns to NORMAL mode, and branches interrupt service routine of reset. Use the Re-
set Flag (CGRSTFLG) Register of the Clock Generator to identify the source of a reset.

Note: The STOP2 mode should secure the period for 45 pus or more from mode transition to release in or-
der to perform internal electrical power source interception. If it cancels within a period, the internal
electrical power source management cannot operate normally.

Table 6-4 shows the pin status in the STOP2 mode.

Table 6-4 Pin States in the STOP1/STOP2 mode

STOP1 STOP2(note2)

Function Function name 110
(note1) <PTKEEP> = 1

Depend on

Input PxIE[m]

keep state

PORT PAXx to PLx
Depend on

Output PXCR[m]

keep state

TRST, TCK, TMS, TDI, SWCLK,
SWDIO

Depend on

Input PxIE[m]

keep state

Debug TDO, SWDIO, SWV, TRACECLK, Depend on

TRACEDATAO0/1/2/3 PxCR[m] and
Output keep state
enable when

data is valid

Depend on

Interrupt [ INTO to F Input PxIE[m]

keep state

Depend on
PxCR[m] and
enable when
data is valid

SSP SPxCLK, SPxFSS, SPxDO Output keep state

Depend on
PxCR[m] and
enable when
data is valid

MPT MTxOUTO,MTxOUT1 Output keep state

Depend on

Except above Input PxIE[m]

keep state
except

above

Depend on

Except above Output PxCR[m]

keep state

(note1) x: port number / m: corresponding bit / n: function register number
(note2) Set <PTKEEP> to "1" before moving to STOP2 mode.
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I:I indicates hardware handling,

The flow chart of entering and releasing to or from STOP2 mode is shown bellows.

El indicates software handling.

Ready to entering to STOP2 mode
+ CGSYSCR<GEAR> = "000" (Setting Gear = 1/1)
- WDT disable
- CGOSCCR<OSCSEL> = "0" (Setting IHOSC)
+ Setting Warm-up timer with IHOSC
+ CGSTBYCR<STBY> = "101" (Setting STOP2)
* CGPLLSEL<PLLSEL>= "0" (Used for fosc)
+ Confirm CGPLLSEL<PLLST>="0"
+ CGPLLSEL<PLLON> = "0" (Stop PLL for fsys)
- Interrupt enable

Setting to keep port state

+ CGSTBYCR<PTKEEP> = "1" (Keep the state when <PTKEEP> changes "0" to
")

Enter to STOP2 mode.

+ Execute WFI instruction

During STOP2 mode

» The power supply of RVDD3 is shut-downed by stopping the main regulator.
+ Port state is kept.

|| The release factor is occurred. ||

» The interrupt is occurred and STOP2 mode is released.

!

Start the sequence of releasing STOP2 mode

+ The main regulator is started up

- Internal high-speed oscillator is started.
+ Return to NORMAL mode.

- Reset operation is done.

+ Branch to the reset interrupt routine.

Check CGRSTFLG
+ Read CGRSTFLG (Confirm the reset factor)

!

Interrupt procedure

+ Set interrupt enable register and interrupt priority register.

+ Jump to an interrupt handler and confirm the release factor from STOP2 mode
in the interrupt handler.

Release the kept port state.

+ Initial setting at the time of STOP2 return (or state restoration), and a re-setup
of a port register

+ CGSTBYCR<PTKEEP> = "0"
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6.6.4 Low power Consumption Mode Setting

The low power consumption mode is specified by the setting of the standby control register
CGSTBYCR<STBY[2:0]>.

Table 6-5 shows the mode setting in the <STBY[2:0]>.

Table 6-5 Low power consumption mode setting

CGSTBYCR
Mode
<STBY[2:0]>
STOP1 001
IDLE 011
STOP2 101

Note:Do not set any value other than those shown above in <STBY[2:0]>.

6.6.5 Operational Status in Each Mode

Table 6-6 show the operational status in each mode.

Table 6-6 Operational Status in Each Mode

NORMAL IDLE
Block Internql high-speed Interna] high-speed STOP1 STOP?2
oscillator use oscillator use
(IHOSC) (IHOSC)

Processor core o - - x
DMAC o [ - x
10 port o o —(note 1) —(note 2)
EBIF o o] - -
ADC o o —(note 3) x(note 3)
SSP o o - x
SIO/UART o ¢} - x
UART o o - x
12C o [ - x
WDT o o(note 4) A-(note7) x
TMRB o o - x
MPT o o - x
RTC o o o o(note 5 & 6)
LVD o o o A-
PLL o o A- Ax
E));tt(ag:jég(g:f)\ speed oscilla o o _ A-
External low-speed oscilla- o o ° o
tor (ELOSC)
Internal high-speed oscilla- o o _ _
tor 1 (IHOSC)

o : Operation is available when in the target mode.

- : The clock to module stops automatically when transiting to the target mode.

A : Enables to select enabling or disabling module operation by software when in the target mode.
x :Voltage supply to module turns off automatically when transiting to the target mode.
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Table 6-6 Operational Status in Each Mode

NORMAL IDLE
Block Internql high-speed Interna] high-speed STOP1 STOP2
oscillator use oscillator use
(IHOSC) (IHOSC)
Backup RAM Keeping Data
Main RAM Accessible Accessible Keeping Data x
Flash ROM x

o : Operation is available when in the target mode.

- : The clock to module stops automatically when transiting to the target mode.

A : Enables to select enabling or disabling module operation by software when in the target mode.
x :Voltage supply to module turns off automatically when transiting to the target mode.

Note 1: The status depends on the port registers.

Note 2: The status depends on the CGSTBYCR<PTKEEP> bit. The state of port keeps the state when <PTKEEP> is
set to "1".

Note 3: It is available to reduce leakage current by stopping reference voltage for AD converter.

Note 4: Pay attention that the counter of watch dog timer function can not be cleared by CPU while in IDLE mode.
Note 5: Available for using the Low-speed oscillator only

Note 6: RTCOUT outputs are fixed.

Note 7: before entering STOP1/STOP2 mode, it should be stopped.
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6.6.6 Releasing the Low Power Consumption Mode

The low power consumption mode can be released by an interrupt request, Non-Maskable Interrupt (NMI)
or reset. The release source that can be used is determined by the low power consumption mode selected.

Details are shown in Table 6-7.

Table 6-7 Release Source in Each Mode

Low power consumption mode IDLE STOP1 STOP2

INT1, INT2, INT7, INT8, INTD, INTE, INTF o) o o (note 4)
INTSSPO to 2 o x x
INTI2CO to 2 o x x
INTRXO to 3, INTTXO to 3 [ x x
INTUARTO to 1 o x x
Interrupt INTRTC o o o
INTTBO to 7, INTCAPOQO to 71 o x x
INTMTTBO0O to 31 INTMTCAPOO to 31, INTMTEMGO to 3 o x x
Release INTAD, INTADHP, INTADMO to 1 o) x x

source INTDMAAERR, INTDMABERR, INTDMACERR,

INTDMAA,INTDMAB,INTDMAC ° * )
INTFLRDY o x x
SysTick interrupt o x x
Non-Maskable Interrupt (INTWDT) o x x
Non-Maskable Interrupt (INTLVD) o x x
RESET (WDT) o x x
RESET (LVD) o o o
RESET (RESET pin) o o o

o : Starts the interrupt handling after the mode is released. (The reset initializes the LSI)
x : Unavailable

Note 1: Regarding to the warm-up time which is need to return from each mode, refer to "6.6.7 Warm-up".

Note 2: After STOP2 mode is released, reset operation initializes the internal supply voltage cut off peripheral circuit (Refer
to Table 6-6). But back-up module is not initialized.

Note 3: For shifting to the low power consumption mode, set the CPU to prohibit all the interrupts other than the release
source. If not, releasing may be executed by an unspecified interrupt.

Note 4: When releasing from IDLE,STOP1/2 mode by interrupting level mode, hold the level until the interrupt handling
starts. If the level is changed before that, the correct interrupt handling cannot be started.
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Release by interrupt request

To release the low power consumption mode by an interrupt, the interrupt is set to detect inter-
rupt request before entering the low power consumption mode.

regarding to setting the interrupt to be used to release the STOP1 and STOP2 modes, refer to "Ex-
ceptions".

Release by Non-Maskable Interrupt (NMI)

There are three kinds of NMI sources: WDT interrupt INTWDT), LVD interrupt (INTLVD) .
WDT interrupt INTWDT) can only be used in the IDLE mode.

Release by reset

Any low power consumption mode can be released by reset from the RESET pin, LVD.
IDLE mode can be released by reset from WDT.

After that, the mode switches to the NORMAL mode and all the registers are initialized as is the
case with normal reset.

Release by SysTick interrupt

SysTick interrupt can only be used in the IDLE mode.

Refer to the "Interrupt" of chapter "Exceptions" for details.
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6.6.7 Warm-up
Mode transition may require the warm-up so that the internal oscillator provides stable oscillation.

In the mode transition from STOP1/STOP2 to the NORMAL, an internal high-speed oscillator is activated
automatically. And an internal high-speed oscillator is selected as the source clock of warm-up counter, warm-
up counter is activated automatically.

Then the system clock output is started after the elapse of warm-up time. It is necessary to set a warm-up
time in the CGOSCCR<WUPT([11:0]> before executing the instruction to enter the STOP1/STOP2 mode. Re-
garding to warm-up time, refer to "6.6.8 Clock Operations in Mode Transition".

Note:Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>, <OSCSEL>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized be-
cause of internal high-speed oscillator starts up.

Table 6-8 shows whether the warm-up setting of each mode transition is required or not.

Table 6-8 Warm-up setting in mode transition

Mode transition Warm-up setting
NORMAL — IDLE Not required
NORMAL — STOP1 Not required
NORMAL — STOP2 Not required
IDLE — NORMAL Not required
STOP1 — NORMAL Auto-warm-up
STOP2 — NORMAL Auto-warm-up

Note:When releasing by reset is executed, automatic warm-up is not performed. Input a reset until the oscil-
lator  becomes stable.
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6.6.8 Clock Operations in Mode Transition

The clock operations in mode transition are described as follows.

6.6.8.1  Transition of operation modes: NORMAL — STOP1 — NORMAL
When returning to the NORMAL mode from the STOP1 mode, the warm-up is activated automatically.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. The reset signal as
same as cold reset should be inputted.

Note:lt is necessary for the warm-up to be set "3pus".

Excute WFI instruction/

sleep on exit Occures release request fator
. (( H (( H
Operation mode NORMAL X ” i STOP1 ” X NORMAL
! )} T )} H
fosc | | | | | | (« | | | | | | | | l | | | | |
' ) l '
, , « ,
Warm-up : (« | < '!
1 ) \ 3uS !
fsys : i
(System clock) (° : (® I | | | | |
' )) ! )) !
Stop system clock Start internal high-speed oscillation End of warm-up
Start warm-up Start system clock
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6.6.8.2 Transition of operation modes: NORMAL — STOP2 — NORMAL
When returning to the NORMAL mode from the STOP2 mode, the warm-up is activated automatically.

After STOP2 mode is released, reset operation initializes the internal supply voltage cut off peripheral cir-
cuits. But the peripheral circuits which are cut the connection with the internal supply voltage are not initial-
ized.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. The reset signal as
same as cold reset should be inputted.

Even returning to the NORMAL mode by without reset, it would be branched to interrupt service rou-
tine of reset.

Note 1: When releasing STOP2 by a external interrupt which is set as level-sensitive, the signal must be
kept at the releasing level during 500us or more.

Note 2: When releasing STOP2 by external interrupt pin, set <PTKEEP> to "1" before entering STOP2 mode.
Note 3: Before STOP2 moving, execute a WFI command after setting the CPU interrupt enable.

Excute WFI instruction/

sleep on exit Occures release request fator
\ (( H (( H
Operation mode NORMAL X g I STOP2 o X NORMAL
1 )} T ) T
fosc | | | | | | (( I |_| |_| |_| |—| |—| |—| l—
' ) ' '
: : ( H
Warm-up ! ( | 1
' )) 1 1
fsys , i
(System clock) (« : I I | _| |_| |_
! )) ! )) !
Stop system clock Start internal high-speed oscillation End of warm-up
Start warm-up Start system clock
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6.6.9 Precaution on Transition to the Low-power Consumption Mode

6.6.9.1 Case when the MCU Enters IDLE or STOP1 Mode

1. When the WFI instruction is executed to enter IDLE mode or STOP1 mode, if an interrupt re-
quest for release from the low-power consumption mode occurs, the MCU does not enter
IDLE or STOP1 mode. This is because the interrupt request has a higher priority than the
WEFT instruction. Therefore, the following process must be added depending on enabling or dis-
abling the interrupt:

a. Case when the interrupts are disabled (masked only by PRIMASK)
Write eight or more NOP instructions immediately after the WFT instruction, and then
write the instruction to be executed.
b. Case when the interrupts are enabled

Write the interrupt process routine because the MCU branches to the interrupt service
routine.

2. Before the MCU entering STOP1 mode, select the clock with CGOSCCR<WUPSEL>, which
is the same as the clock selected with CGOSCCR<OSCSEL>, to use the same source clock
for both the warm-up-counter and fosc.

3. A non-maskable interrupt can be used to release only in IDLE mode.

4. Do not use non-maskable interrupts as a release factor of STOP1 mode. Before the MCU enter-
ing STOP1 mode, inhibit non-maskable interrupts, specify as follows:

(Stop the watch-dog timer, Stop the LVD)

6.6.9.2 Case when the MCU enters to STOP2 mode

1. Before the MCU entering STOP2 mode, execute the WFI instruction on condition that inter-
rupts are enabled.

2. When the WFI instruction is executed to enter STOP2 mode, if an interrupt request for release
from the low-power consumption mode occurs, the MCU does not enter STOP2 mode be-
cause the interrupt for release has a higher priority than the WFI instruction. Then the MCU
branches to the interrupt service routine. Therefore, the following process must be added:

a. Write the interrupt service routine.

b. After the interrupt service routine is complete, the instructions following the WFI instruc-
tion are executed; write the process following the WFI instruction in case that the MCU
does not enter STOP2 mode.

3. If the MCU did not enter STOP2 mode, CGOSCCR<WUPSEL2>,<WUPSEL1>, <OSCSEL>,
<XEN2>, <XEN1>and CGPLLSEL <PLLSEL>, <PLLON> are not initialized. These regis-
ters maintain the former condition before entering the STOP2 mode.

4. Before the MCU entering STOP2 mode, to use the internal high-speed oscillator (IHOSC) as
the source clock for the system clock, specify as follows:

CGOSCCR<OSCSEL>=0, CGPLLSEL<PLLSEL>=0, and CGSYSCR<GEAR[2:0]>=000
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5. Before the MCU entering STOP2 mode, select the clock with CGOSCCR<WUPSEL2>,<WU-
PSEL1> which is the same as the clock selected with CGOSCCR<OSCSEL>, to use the same
source clock for both the warm-up-counter and fosc.

6. Do not use a non-maskable interrupt as a release factor of STOP2 mode. Before the MCU enter-
ing STOP2 mode, to inhibit non-maskable interrupts, specify as follows:

(Stop the watch-dog timer, Stop the LVD)

Page 77 2015/11/12



6. Clock/Mode control
6.6 Low Power Consumption Modes TMPM46BF10FG

2015/11/12 Page 78



TOSHI BA TMPM46BF10FG

7.

71

Exceptions

This chapter describes features, types and handling of exceptions.

Exceptions have close relation to the CPU core. Refer to "ARM documentation set for the ARM Cortex-M4" if
needed.

Overview
An exception causes the CPU to stop the currently executing process and handle another process.

There are two types of exceptions: those that are generated when some error condition occurs or when an instruc-
tion to generate an exception is executed; and those that are generated by hardware, such as an interrupt request sig-
nal from an external pin or peripheral function.

All exceptions are handled by the Nested Vectored Interrupt Controller (NVIC) in the CPU according to the re-
spective priority levels. When an exception occurs, the CPU stores the current state to the stack and branches to
the corresponding interrupt service routine (ISR). Upon completion of the ISR, the information stored to the stack
is automatically restored.

7.1.1 Exception Types

The following types of exceptions exist in the Cortex-M4.

For detailed descriptions on each exception, refer to "ARM documentation set for the ARM Cortex-M4".

Reset

Non-Maskable Interrupt (NMI)
Hard Fault

Memory Management
Bus Fault

Usage Fault

SVCall (Supervisor Call)
Debug Monitor

PendSV

SysTick

External Interrupt

Page 79 2015/11/12




7. Exceptions

7.1 Overview TMPM46BF10FG

7.1.2 Handling Flowchart

The following shows how an exception/interrupt is handled. In the following descriptions,

E’ indicates hardware handling. ‘:I Indicates software handling.

Each step is described later in this chapter.

Processing Description See

|| Detection by ||

The CG/CPU detects the exception request. Section 7.1.2.1
CG/CPU
" Handling by CPU " The CPU handles the exception request.

Section 7.1.2.2

-

" Branch to ISR " The CPU branches to the corresponding interrupt service routine (ISR).

-

| Execution of ISR | Necessary processing is executed. Section 7.1.2.3

-

| Return from exception | The CPU branches to another ISR or returns to the previous program. Section 7.1.2.4

Note:ISR : Interrupt Service Routine
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7.1.2.1 Exception Request and Detection

(1)  Exception occurrence

Exception sources include instruction execution by the CPU, memory accesses, and interrupt re-
quests from external interrupt pins or peripheral functions.

An exception occurs when the CPU executes an instruction that causes an exception or when an er-
ror condition occurs during instruction execution.

An exception also occurs by an instruction fetch from the Execute Never (XN) region or an ac-
cess violation to the Fault region.

An interrupt request is generated from an external interrupt pin or peripheral function.For inter-
rupts that are used for releasing a standby mode, relevant settings must be made in the clock genera-
tor.For details, refer to "7.5 Interrupts".

(2) Exception detection
If multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority.

Table 7-1 shows the priority of exceptions. "Configurable" means that you can assign a priority lev-
el to that exception. Memory Management, Bus Fault and Usage Fault exceptions can be enabled or
disabled. If a disabled exception occurs, it is handled as Hard Fault.

Table 7-1 Exception Types and Priority

No. Exception type Priority Description
1 Reset -3 (highest) Reset pin, WDT, STOP2 , LVD or SYSRETREQ
2 Non-Maskable Interrupt | -2 LVD or WDT
3 Hard Fault -1 Fault th?t_caqnot activate because a higher-priority fault is being han-
dled or it is disabled
Exception from the Memory Protection Unit (MPU) (Note 1)
4 Memory Management Configurable ) .
Instruction fetch from the Execute Never (XN) region
5 Bus Fault Configurable Access violation to the Hard Fault region of the memory map
) Undefined instruction execution or other faults related to instruction ex-
6 Usage Fault Configurable )
ecution
7 to 10 | Reserved -
11 SVCall Configurable System service call with SVC instruction
12 Debug Monitor Configurable Debug monitor when the CPU is not faulting
13 Reserved -
14 PendSV Configurable Pending system service request
15 SysTick Configurable Notification from system timer
up to 16 | External Interrupt Configurable External interrupt pin or peripheral function (Note 2)

Note 1: This product does not contain the MPU.

Note 2: External interrupts have different sources and numbers in each product. For details,
see "7.5.2 List of Interrupt Sources”.

(3) Priority setting

*  Priority levels

The external interrupt priority is set to the interrupt priority register and other exceptions
are set to <PRI n> bit in the system handler priority register.
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The configuration <PRI n> can be changed, and the number of bits required for setting
the priority varies from 3 bits to 8 bits depending on products. Thus, the range of priority val-
ues you can specify is different depending on products.

TMPM46BF10FG has a 3-bit configuration.

In the case of 8-bit configuration, the priority can be configured in the range from 0 to
255. The highest priority is "0". If multiple elements with the same priority exist, the small-
er the number, the higher the priority becomes.

Priority grouping

The priority group can be split into groups. By setting the <PRIGROUP> of the applica-
tion interrupt and reset control register, <PRI_n> can be divided into the pre-emption prior-
ity and the sub priority.

A priority is compared with the pre-emption priority. If the priority is the same as the pre-
emption priority, then it is compared with the sub priority. If the sub priority is the same
as the priority, the smaller the exception number, the higher the priority.

The Table 7-2 shows the priority group setting. The pre-emption priority and the sub pri-
ority in the table are the number in the case that <PRI n> is defined as an 8-bit configuration.

Table 7-2 Priority grouping setting

<PRI_n[7:0]> Number of
<PRIGROUP[2:0]> i Number of
- i _priori re-emption
setting Pre-emption Sub-priority p! ‘ P sub-priorities

field field priorities

000 [7:1] [0] 128 2

001 [7:2] [1:0] 64 4

010 [7:3] [2:0] 32 8

011 [7:4] [3:0] 16 16

100 [7:5] [4:0] 8 32

101 [7:6] [5:0] 4 64

110 71 [6:0] 2 128

111 None [7:0] 1 256

Note:If the configuration of <PRI_n> is less than 8 bits, the lower bit is "0".

For the example, in the case of 3-bit configuration, the priority is set as <PRI_n[7:5]>
and <PRI_n[4:0]> is "00000".
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7.1.2.2  Exception Handling and Branch to the Interrupt Service Routine (Pre-emption)

When an exception occurs, the CPU suspends the currently executing process and branches to the inter-
rupt service routine (ISP). This is called "pre-emption".

(1) Stacking

When the CPU detects an exception, it pushes the contents of the following eight registers to the
stack in the following order:

Program Status Register (xPSR)
Program Counter (PC)

Link Register (LR)

rl2

r0 - 3

The SP is decremented by eight words by the completion of the stack push.The following shows
the state of the stack after the register contents have been pushed.

Old SP — <previous>
xPSR
PC
LR
r12
r3
r2
r1
SP — r0

(2) Fetching an ISR
The CPU enables instruction to fetch the interrupt processing with data store to the register.

Prepare a vector table containing the top addresses of ISRs for each exception.After reset, the vec-
tor table is located at address 0x0000 0000 in the Code area.By setting the Vector Table Offset Reg-
ister, you can place the vector table at any address in the Code or SRAM space.

The vector table should also contain the initial value of the main stack.

(3) Late-arriving

If the CPU detects a higher priority exception before executing the ISR for a previous exception,
the CPU handles the higher priority exception first. This is called "late-arriving".

A late-arriving exception causes the CPU to fetch a new vector address for branching to the corre-
sponding ISR, but the CPU does not newly push the register contents to the stack.

(4) Vector table

The vector table is configured as shown below.
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You must always set the first four words (stack top address, reset ISR address, NMI ISR address,
and Hard Fault ISR address).

Set ISR addresses for other exceptions if necessary.

Offset Exception Contents Setting
0x00 Reset Initial value of the main stack Required
0x04 Reset ISR address Required
0x08 Non-Maskable Interrupt | ISR address Required
0x0C Hard Fault ISR address Required
0x10 Memory Management ISR address Optional
0x14 Bus Fault ISR address Optional
0x18 Usage Fault ISR address Optional
0x1C to 0x28 Reserved - -
0x2C SVCall ISR address Optional
0x30 Debug Monitor ISR address Optional
0x34 Reserved - -
0x38 PendSV ISR address Optional
0x3C SysTick ISR address Optional
0x40 External Interrupt ISR address Optional

7.1.2.3 Executing an ISR

An ISR performs necessary processing for the corresponding exception. ISRs must be prepared by the
user.

An ISR may need to include code for clearing the interrupt request so that the same interrupt will not oc-
cur again upon return to normal program execution.

For details about interrupt handling, see "7.5 Interrupts".

If a higher priority exception occurs during ISR execution for the current exception, the CPU abandons
the currently executing ISR and services the newly detected exception.

7.1.2.4 Exception exit

(1)  Execution after returning from an ISR

When returning from an ISR, the CPU takes one of the following actions:

+ Tail-chaining

If a pending exception exists and there are no stacked exceptions or the pending excep-
tion has higher priority than all stacked exceptions, the CPU returns to the ISR of the pend-
ing exception.
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()

In this case, the CPU skips the pop of eight registers and push of eight registers when ex-
iting one ISR and entering another. This is called "tail-chaining".

Returning to the last stacked ISR

If there are no pending exceptions or if the highest priority stacked exception is of high-
er priority than the highest priority pending exception, the CPU returns to the last stacked
ISR.

Returning to the previous program

If there are no pending or stacked exceptions, the CPU returns to the previous program.

Exception exit sequence

When returning from an ISR, the CPU performs the following operations:

Pop eight registers

Pops the eight registers (xPSR, PC, KR, 10 to r3 and r12) from the stack and adjust the
SP.
Load current active interrupt number

Loads the current active interrupt number from the stacked xPSR. The CPU uses this to
track which interrupt to return to.

Select SP

If returning to an exception (Handler Mode), SP is SP_main. If returning to Thread
Mode, SP can be SP_main or SP_process.
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7.2 Reset Exceptions
Reset exceptions are generated from the following sources.

Use the Reset Flag (CGRSTFLG) Register of the Clock Generator to identify the source of a reset.

External RESET pin

A reset exception occurs when an external RESET pin changes from "Low" to "High".
Reset exception by WDT

The watchdog timer (WDT) has a reset generating feature. For details, see the chapter on the WDT.
Reset exception by STOP2 mode release

A reset is generated when STOP2 mode is released. For details. see the chapter on the CG.

Reset exception by SYSRESETREQ

A reset can be generated by setting the SYSRESETREQ bit in the NVIC's Application Interrupt and Re-
set Control Register.

Reset exception by LVD

The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.
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7.3 Non-Maskable Interrupts (NMI)

Non-maskable interrupts are generated from the following two sources.

Use the NMI Flag (CGNMIFLG) Register of the clock generator to identify the source of a non-maskable interrupt.

Non-maskable interrupt by WDT

The watchdog timer (WDT) has a non-maskable interrupt generating feature. For details, see the chap-
ter on the WDT.

Non-maskable interrupt by LVD
The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.

Note: When moving into STOP1/STOP2 mode, non-maskable interrupt (NMI) should not be generated.

7.4 SysTick

SysTick provides interrupt features using the CPU's system timer.

When you set a value in the SysTick Reload Value Register and enable the SysTick features in the SysTick Con-
trol and Status Register, the counter loads with the value set in the Reload Value Register and begins counting
down.When the counter reaches "0", a SysTick exception occurs.You may be pending exceptions and use a flag
to know when the timer reaches "0".

Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> <HOSCON> by 32 is used as exter-
nal reference clock.
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7.5 Interrupts

This chapter describes routes, sources and required settings of interrupts.

The CPU is notified of interrupt requests by the interrupt signal from each interrupt source.

It sets priority on interrupts and handles an interrupt request with the highest priority.

Interrupt requests for clearing a standby mode are notified to the CPU via the clock generator. Therefore, appro-
priate settings must be made in the clock generator.

7.5.1

Interrupt Sources

7.5.1.1 Interrupt Route

Peripheral
Function
Interrupt request (route 1)
route 5 CPU
route 8 |
<INTXEN>
route 3
| i,
External interrupt [ }— port route 2 > Reteasing r°”te§}
pin low power
> consumption
route| 6 mode logic | route 7
Clock generator
Peripheral
Function

Figure 7-1 shows an interrupt request route.

The interrupts issued by the peripheral function that is not used to release standby are directly input to
the CPU (routel).

The peripheral function interrupts used to release low power consumption mode (route 2) are input to
the logic for releasing low power consumption mode in CG. After the active level for each interrupt re-
quest is detected, the logic for releasing low power consumption mode makes the active level to the new in-
terrupt request signal. This signal is input to CPU. (route 6, 7 and 8).

The interrupt request of an external interrupt pins (route 3) is used as the either releasing or no releas-
ing source of low power consumption mode by <INTXEN>.

The interrupt request of an external interrupt pin used as releasing the low power consumption mode is
input to the logic for releasing low power consumption mode. If the specified active level is detected, the
logic for releasing low power consumption mode makes it to the interrupt request, the interrupt request is
input to CPU (route 2, 4, 5).

The interrupt request of an external interrupt pin not used as releasing the low power consumption
mode is input CPU directly (route 2, 3, 5).

Figure 7-1 Interrupt Route
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7.5.1.2 Generation of the interrupt request

An interrupt request is generated from an external pin or peripheral function assigned as an interrupt
source or by setting the NVIC's Interrupt Set-Pending Register.
From external interrupt pin

Set the port control register so that the external interrupt pin can perform as an interrupt func-
tion pin.
From peripheral function

Set the peripheral function to make it possible to output interrupt requests.

See the chapter of each peripheral function for details.
By setting Interrupt Set-Pending Register (forced pending)

An interrupt request can be generated by setting the relevant bit of the Interrupt Set-Pend-
ing Register.

CPU recognizes the "H" level of the interrupt request signal as interrupt request.

7.5.1.3  Setting the registers for releasing the low power consumption mode

Some interrupt request among all interrupt request can be used to release the low power consumption
mode.

To use the interrupt request as the releasing the low power consumption mode, <INTXEN> is set to
"1" and the active level for the releasing the low power consumption mode is specified by <EMCGx[2:0]
>,

When the level specified by <EMCGx[2:0]> for the releasing the low power consumption mode is in-
put into an external interrupt pin, the low power consumption mode is released and the interrupt of "H" lev-
el is occurred.

When <EMCGx[2:0]> is "100", the active level detected until releasing the low power consumption
mode is read from <EMSTx[1:0]>.

The clearing the interrupt request is specified by CGICRCG<ICRCG>. <EMSTx[1:0]> is initialized by
clearing the interrupt request.
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7.5.2 List of Interrupt Sources

Table 7-3 shows the list of interrupt sources.

Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source mode
"Low" | "High" | Rising | Falling Both | control register
level level edge edge edge
0 INTO External interrupt pin 0
1 INT1 External interrupt pin 1 o o o o o
CGIMCGA
2 INT2 External interrupt pin 2 o [ [o] o o
3 INT3 External interrupt pin 3
4 INT4 External interrupt pin 4
5 INTS External interrupt pin 5
6 INT6 External interrupt pin 6
7 INT7 External interrupt pin 7 o [¢) [o) o o
CGIMCGA
8 INT8 External interrupt pin 8 o [¢) o o o
9 INT9 External interrupt pin 9
10 | INTA External interrupt pin A
11 | INTB External interrupt pin B
12 | INTC External interrupt pin C
13 | INTD External interrupt pin D o [¢) o) o) o
14 | INTE External interrupt pin E o o o o o CGIMCGB
15 | INTF External interrupt pin F o [¢) o o o
16 | INTRXO SC receive interrupt (Channel 0)
17 | INTTXO SC transmit interrupt (Channel 0)
18 | INTRX1 SC receive interrupt (Channel 1)
19 | INTTX1 SC transmit interrupt (Channel 1)
20 | INTRX2 SC receive interrupt (Channel 2)
21 | INTTX2 SC transmit interrupt (Channel 2)
22 | INTRX3 SC receive interrupt (Channel 3)
23 |INTTX3 SC transmit interrupt (Channel 3)
24 | INTUARTO UART interrupt (channel 0)
25 | INTUART1 UART interrupt (channel 1)
26 | INTI2CO 12C0 interrupt
27 | INTI2C1 12C1 interrupt
28 | INTI2C2 12C2 interrupt
29 | INTSSPO SPI serial interface (channel 0)
30 | INTSSP1 SPI serial interface (channel 1)
31 | INTSSP2 SPI serial interface (channel 2)
32 INTADHP Highest priority AD conversion complete in-
terrupt
33 | INTADMO ﬁj[l))tcgnversion monitoring function inter-
34 | INTADMA ﬁjl?)lc:)nversion monitoring function inter-
35 | INTAD AD conversion completion interrupt
36 |[INTAES AES completion interrupt
37 |[INTSHA SHA completion interrupt
38 |[INTMLA MLA completion interrupt
39 |[INTESG ESG completion interrupt
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Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source — . — . mode
Low High Rising | Falling Both | control register
level level edge edge edge

40 | INTSNFCSEQ SNFC interrupt (command sequence end)

41 INTSNFCPRTAE SNFC interrupt (page RAM transmission A
completion)

42 INTSNFCPRTCE SNFC interrupt (page RAM transmission C
completion)

43 | INTSNFCFAIL SNFC interrupt (decoding fail)

44 | Reserved -

45 | Reserved -

46 | INTSNFCDEC SNFC interrupt (decoding sequence end)

47 | INTMTEMGO MPT EMG interrupt (channel 0)

48 | INTMTPTBOO MP'_I' compare match 0 / overflow, IGBT cy-
cle interrupt (channel 0)

49 | INTMTTTRO1 MPT compare match 1, IGBT trigger inter-
rupt (channel 0)

50 | INTMTCAPOO MPT input capture 0 (channel 0)

51 [INTMTCAPO1 MPT input capture 1 (channel 0)

52 | INTMTEMG1 MPT EMG interrupt (channel 1)

53 | INTMTPTB10 MPT compare match 0 / overflow, IGBT cy-
cle interrupt (channel 1)

54 | INTMTTTB11 MPT compare match 1, IGBT trigger inter-
rupt (channel 1)

55 [ INTMTCAP10 MPT input capture 0 (channel 1)

56 [ INTMTCAP11 MPT input capture 1 (channel 1)

57 | INTMTEMG2 MPT EMG interrupt (channel 2)

58 | INTMTPTB20 MPT compare match 0 / overflow, IGBT cy-
cle interrupt (channel 2)

59 | INTMTTTB21 MPT compare match 1, IGBT trigger inter-
rupt (channel 2)

60 | INTMTCAP20 MPT input capture 0 (channel 2)

61 | INTMTCAP21 MPT input capture 1 (channel 2)

62 | INTMTEMG3 MPT EMG interrupt (channel 3)

63 | INTMTPTB30 MP'_I' compare match 0 / overflow, IGBT cy-
cle interrupt (channel 3)

64 | INTMTTTB31 MPT compare match 1, IGBT trigger inter-
rupt (channel 3)

65 | INTMTCAP30 MPT input capture 0 (channel 3)

66 | INTMTCAP31 MPT input capture 1 (channel 3)

67 | INTTBO 16-bit TMRB compare match 0 / 1 / over-
flow (channel 0)

68 | INTCAPOO TMRBO input capture 0 interrupt

69 | INTCAPO1 TMRBO input capture 1 interrupt

67 | INTTB1 16-bit TMRB compare match 0 / 1 / over-
flow (channel 1)

68 | INTCAP10 TMRB1 input capture O interrupt

69 | INTCAP11 TMRB1 input capture 1 interrupt

73 | INTTB2 16-bit TMRB compare match 0 / 1 / over-
flow (channel 2)

74 | INTCAP20 TMRB2 input capture 0 interrupt

75 [ INTCAP21 TMRB2 input capture 1 interrupt
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Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source — . — . mode
Low High Rising | Falling Both | control register
level level edge edge edge
76 | INTTB3 16-bit TMRB compare match 0 / 1 / over-
flow (channel 3)
77 | INTCAP30 TMRBS3 input capture 0 interrupt
78 |[INTCAP31 TMRBS3 input capture 1 interrupt
79 | INTTB4 16-bit TMRB compare match 0 / 1 / over-
flow (channel 4)
80 | INTCAP40 TMRB4 input capture 0 interrupt
81 | INTCAP41 TMRB4 input capture 1 interrupt
82 |INTTBS 16-bit TMRB compare match 0 / 1 / over-
flow (channel 5)
83 | INTCAPS50 TMRBS input capture 0 interrupt
84 |[INTCAP51 TMRBS input capture 1 interrupt
85 | INTTB6 16-bit TMRB compare match 0 / 1 / over-
flow (channel 6)
86 | INTCAP60 TMRB6 input capture O interrupt
87 | INTCAP61 TMRBS6 input capture 1 interrupt
88 | INTTB? 16-bit TMRB compare match 0 / 1 / over-
flow (channel 7)
89 |[INTCAP70 TMRB?7 input capture 0 interrupt
90 |[INTCAP71 TMRB?7 input capture 1 interrupt
91 |[INTRTC RTC interrupt x x x o x CGIMCGB
DMAC transmission completion interrupt
92 | INTDMAA (UnitA, channel4 to channel31)
DMAC transmission completion interrupt
93 | INTDMAB (UnitB, channel24 to channel31)
DMAC transmission completion interrupt
94 | INTDMAC (UnitC, channel12 to channel31)
DMAC transmission completion interrupt
95 | INTDMACTC8 (UnitC,channel8)
DMAC transmission completion interrupt
96 | INTDMACTCS (UnitC,channel9)
DMAC transmission completion interrupt
97 | INTDMACTC10 (UnitC,channel10)
DMAC transmission completion interrupt
98 | INTDMACTC11 (UnitC channel11)
99 | INTDMAAERR DMAC transmission error interrupt (unit A)
100 | INTDMABERR DMAC transmission error interrupt (unit B)
101 | INTDMACERR DMAC transmission error interrupt (unit C)
102 [ INTFLRDY FLASH Ready interrupt

Note: The active level that is marked with "o" to release the low power consumption mode cab be used.

The active level that is marked with "x" can not be used.
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7.5.3 Interrupt Handling

7.5.3.1 Flowchart

The following shows how an interrupt is handled.

In the following descriptions,lzl indicates hardware handling. I:I indicates software

handling.

Processing

Settings for detection

Settings for sending interrupt
signal

{

Interrupt generation

Not clearing
standby mode Clearing
standby mode
1

CG detects interrupt
(clearing standby mode)

—

CPU detects interrupt

{1

CPU handles interrupt

{

Details

Set the relevant NVIC registers for detecting interrupts.

Set the clock generator as well if each interrupt source is used to clear a stand-
by mode.

oCommon setting

NVIC registers

oSetting to clear standby mode
Clock generator

Execute an appropriate setting to send the interrupt signal depending on the in-
terrupt type.

oSetting for interrupt from external pin

Port

oSetting for interrupt from peripheral function

Peripheral function (See the chapter of each peripheral function for details.)

An interrupt request is generated.

Interrupt lines used for clearing a standby mode are connected to the CPU
via the clock generator.

The CPU detects the interrupt.

If multiple interrupt requests occur simultaneously, the interrupt request with
the highest priority is detected according to the priority order.

The CPU handles the interrupt.

The CPU pushes register contents to the stack before entering the ISR.

See

"7.5.3.2 Preparation”

"7.5.3.3 Detection by
Clock Generator"

"7.5.3.4 Detection by
CPU"

"7.5.3.5 CPU pro-
cessing"
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Processing Details See

. Program for the ISR.
ISR execution

Clear the interrupt source if needed.

"7.5.3.6 Interrupt

Service Routine
(ISR)"

| Return to preceding program | Configure to return to the preceding program of the ISR.

7.5.3.2 Preparation

When preparing for an interrupt, you need to pay attention to the order of configuration to avoid any un-
expected interrupt on the way.

Initiating an interrupt or changing its configuration must be implemented in the following order basical-
ly. Disable the interrupt by the CPU. Configure from the farthest route from the CPU. Then enable the in-
terrupt by the CPU.

To configure the clock generator, you must follow the order indicated here not to cause any unexpec-
ted interrupt. First, configure the precondition. Secondly, clear the data related to the interrupt in the
clock generator and then enable the interrupt.

The following sections are listed in the order of interrupt handling and describe how to configure them.

1. Disabling interrupt by CPU

2. CPU registers setting

3. Pre configuration (1) (Interrupt from external interrupt pin)
4. Pre configuration (2) (Interrupt from peripheral function)
5. Pre configuration (3) (Interrupt Set-Pending Register)

6. Configuring the clock generator

7. Enabling interrupt by CPU

(1) Disabling interrupt by CPU

To make the CPU for not accepting any interrupt, write "1" to the corresponding bit of the PRI-
MASK Register. All interrupts and exceptions other than non-maskable interrupts and hard faults
can be masked.

Use "MSR" instruction to set this register.

Interrupt mask register

PRIMASK | — | "1" (interrupt disabled)

Note 1: PRIMASK register cannot be modified by the user access level.
Note 2: If a fault causes when "1" is set to the PRIMASK register, it is treated as a hard fault.

2015/11/12 Page 94



TOSHIBA TMPM46BF10FG

(2) CPU registers setting

You can assign a priority level by writing to <PRI_n> field in an Interrupt Priority Register of
the NVIC register.

Each interrupt source is provided with eight bits for assigning a priority level from 0 to 255, but
the number of bits actually used varies with each product.Priority level 0 is the highest priority lev-

el.If multiple sources have the same priority, the smallest-numbered interrupt source has the highest
priority.

You can assign grouping priority by using the PRIGROUP field in the Application Interrupt and Re-
set Control Register.

NVIC register

<PRI_n> «— | "priority"

<PRIGROUP> «— | "group priority" (This is configurable if required.)

Note:"n" indicates the corresponding exceptions/interrupts.
This product uses three bits for assigning a priority level.

(8) Pre configuration (1) (Interrupt from external interrupt pin)

Set "1" to the port function register of the corresponding pin. Setting PxIE[m] allows the pin to
be used as the input port.

Port register

PXIE<PxmIE> | - | g

Note:x: port number / m: corresponding bit

Setting PxIE to enable input enables the corresponding interrupt input. Be careful not
to enable interrupts that are not used.

(4) Pre configuration (2) (Interrupt from peripheral function)

The setting varies depending on the peripheral function to be used. See the chapter of each periph-
eral function for details.

(5) Pre configuration (3) (Interrupt Set-Pending Register)

To generate an interrupt by using the Interrupt Set-Pending Register, set "1" to the corresponding
bit of this register.

NVIC register

Interrupt Set-Pending [m] | — | "

Note:m: corresponding bit

(6) Configuring the clock generator

For an interrupt source to be used for exiting a standby mode, you need to set the active level
and enable interrupts in the CGIMCG register of the clock generator. The CGIMCG register is capa-
ble of configuring each source. According to the active level, refer to "Table 7-3 List of Interrupt Sour-

Ces .
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7.5.3.3

Before enabling an interrupt, clear the corresponding interrupt request already held. This can
avoid unexpected interrupt.To clear corresponding interrupt request, write a value corresponding to
the interrupt to be used to the CGICRCG register.See "7.6.3.2 CGICRCG(CG Interrupt Request
Clear Register)" for each value.

Interrupt requests from external pins can be used without setting the clock generator if they are
not used for exiting a standby mode. However, an "High" pulse or "High"-level signal must be in-
put so that the CPU can detect it as an interrupt request.

Clock generator register

CGIMCGn<EMCGm> «— | active level
CGICRCG<ICRCG> «— | Value corresponding to the interrupt to be used
CGIMCGN<INTmEN> «— | "1" (interrupt enabled)

Note: n: register number / m: number assigned to interrupt source

(7) Enabling interrupt by CPU
Enable the interrupt by the CPU as shown below.

Clear the suspended interrupt in the Interrupt Clear-Pending Register. Enable the intended inter-
rupt with the Interrupt Set-Enable Register. Each bit of the register is assigned to a single interrupt
source.

Writing "1" to the corresponding bit of the Interrupt Clear-Pending Register clears the suspended in-
terrupt. Writing "1" to the corresponding bit of the Interrupt Set-Enable Register enables the inten-
ded interrupt.

To generate interrupts in the Interrupt Set-Pending Register setting, factors to trigger interrupts
are lost if pending interrupts are cleared. Thus, this operation is not necessary.

At the end, PRIMASK register is zero cleared.

NVIC register

Interrupt Clear-Pending [m] — "

Interrupt Set-Enable [m] — ™"

Interrupt mask register

PRIMASK | — | "o"

Note 1: m : corresponding bit
Note 2: PRIMASK register cannot be modified by the user access level.

Detection by Clock Generator

If an interrupt source is used for exiting a standby mode, an interrupt request is detected according to
the active level specified in the clock generator, and is notified to the CPU.

An edge-triggered interrupt request, once detected, is held in the clock generator. A level-sensitive inter-
rupt request must be held at the active level until it is detected, otherwise the interrupt request will cease
to exist when the signal level changes from active to inactive.

When the clock generator detects an interrupt request, it keeps sending the interrupt signal in "High" lev-
el to the CPU until the interrupt request is cleared in the CG Interrupt Request Clear (CGICRCG) Regis-
ter. If a standby mode is exited without clearing the interrupt request, the same interrupt will be detected
again when normal operation is resumed. Be sure to clear each interrupt request in the ISR.
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7.5.3.4 Detection by CPU

The CPU detects an interrupt request with the highest priority.

7.5.3.5 CPU processing

On detecting an interrupt, the CPU pushes the contents of xPSR, PC, LR, R12 and 13 to 10 to the stack
then enter the ISR.

7.5.3.6 Interrupt Service Routine (ISR)

An ISR requires specific programming according to the application to be used. This section describes
what is recommended at the service routine programming and how the source is cleared.

(1)  Procedure during ISR

An ISR normally pushes register contents to the stack and handles an interrupt as required. The Cor-
tex-M4 core automatically pushes the contents of xPSR, PC, LR, R12 and r3 to r0 to the stack. No ex-
tra programming is required for them.

Push the contents of other registers if needed.

Interrupt requests with higher priority and exceptions such as NMI are accepted even when an
ISR is being executed. We recommend you to push the contents of general-purpose registers that
might be rewritten.

(2) Clearing an interrupt source

If an interrupt source is used for clearing a standby mode, each interrupt request must be cleared
with the CG Interrupt Request Clear (CGICRCG) Register.

If an interrupt source is set as level-sensitive, an interrupt request continues to exist until it is
cleared at its source. Therefore, the interrupt source must be cleared. Clearing the interrupt source au-
tomatically clears the interrupt request signal from the clock generator.

If an interrupt is set as edge-sensitive, clear an interrupt request by setting the corresponding val-
ue in the CGICRCG register. When an active edge occurs again, a new interrupt request will be detec-
ted.
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7.6 Exception/Interrupt-Related Registers

7.6.1 Register List

The CPU's NVIC registers and clock generator registers described in this chapter are shown below with
their respective addresses.

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

NVIC registers Base Address = OxE000_E000
Register name Address
SysTick Control and Status Register 0x0010
SysTick Reload Value Register 0x0014
SysTick Current Value Register 0x0018
SysTick Calibration Value Register 0x001C
Interrupt Set-Enable Register 1 0x0100
Interrupt Set-Enable Register 2 0x0104
Interrupt Set-Enable Register 3 0x0108
Interrupt Set-Enable Register 4 0x010C
Interrupt Clear-Enable Register 1 0x0180
Interrupt Clear-Enable Register 2 0x0184
Interrupt Clear-Enable Register 3 0x0188
Interrupt Clear-Enable Register 4 0x018C
Interrupt Set-Pending Register 1 0x0200
Interrupt Set-Pending Register 2 0x0204
Interrupt Set-Pending Register 3 0x0208
Interrupt Set-Pending Register 4 0x020C
Interrupt Clear-Pending Register 1 0x0280
Interrupt Clear-Pending Register 2 0x0284
Interrupt Clear-Pending Register 3 0x0288
Interrupt Clear-Pending Register 4 0x028C
Interrupt Priority Register 0x0400 to 0x047F
Vector Table Offset Register 0x0D08
Application Interrupt and Reset Control Register 0x0D0OC
System Handler Priority Register 0x0D18, 0xOD1C, 0x0D20
System Handler Control and State Register 0x0D24

peripheral function name : CG

Register name Address
CG Interrupt Mode Control Register A CGIMCGA 0x0040
CG Interrupt Mode Control Register B CGIMCGB 0x0044
CG Interrupt Request Clear Register CGICRCG 0x0060
Reset Flag Register CGRSTFLG 0x0064
NMI Flag Register CGNMIFLG 0x0068
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7.6.2 NVIC Registers

7.6.2.1  SysTick Control and Status Register

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - COUNTFLAG
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - CLKSOURCE TICKINT ENABLE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as 0.
16 COUNTFLAG R/W 0: Timer not counted to 0
1: Timer counted to 0
Returns "1" if timer counted to "0" since last time this was read.
Clears on read of any part of the SysTick Control and Status Register.
15-3 - R Read as 0.
2 CLKSOURCE R/W 0: External reference clock (fosc/32)
1: CPU clock (fsys)
1 TICKINT R/W 0: Do not pend SysTick
1: Pend SysTick
0 ENABLE R/W 0: Disable
1: Enable
If "1" is set, it reloads with the value of the Reload Value Register and starts operation.

Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> <HOSCON> by 32 is used as external refer-
ence clock.
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7.6.2.2 SysTick Reload Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol RELOAD
After reset Undefined
15 | 1| 13| 12 | 1| 10 | 9 | 8
bit symbol RELOAD
After reset Undefined
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bit symbol RELOAD
After reset Undefined
Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 RELOAD R/W Reload value
Set the value to load into the SysTick Current Value Register when the timer reaches "0".
7.6.2.3 SysTick Current Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CURRENT
After reset Undefined
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
bit symbol CURRENT
After reset Undefined
7| 6 | s | 4 | s | 2 | 1 | o
bit symbol CURRENT
After reset Undefined
Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 CURRENT R/W [Read] Current SysTick timer value

[Write] Clear
Writing to this register with any value clears it to 0.
Clearing this register also clears the <COUNTFLAG> bit of the SysTick Control and Status Register.
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7.6.2.4 SysTick Calibration Value Register

31 30 29 28 27 26 25 24
bit symbol NOREF SKEW - - - - - -
After reset 0 1 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TENMS
After reset 0 0 0 0 1 1 0 0

7 6 5 4 3 2 1 0
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 NOREF R 0: Reference clock provided
1: No reference clock
30 SKEW R 0: Calibration value is 10 ms.
1: Calibration value is not 10 ms.
29-24 - R Read as 0.
23-0 TENMS R Calibration value (Note)

Note: This product does not prepare the calibration value.
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7.6.2.5 Interrupt control registers

Each interrupt source has interrupt set-enable register, interrupt clear-enable register, interrupt set-pend-
ing register and interrupt clear-pending register.

(1) Interrupt Set-Enable Register
This register specifies enabling interrupt and confirms the enable/disable state of interrupt.
When set this register to "1", the corresponding interrupt is enabled.
Writing to "0" is no meaning.
To read this register, be able to confirm the enable/disable state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-enable register is cleared
tO "0"-

Bit symbol Type Function
Interrupt No. [102:0]
[Write]
1 : Enable interrupt

SETENA R/W

[Read]

0 : The interrupt state is disabled
1 : The interrupt state is enabled

(@) Interrupt Set-Enable Register 1

31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) [ (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 23 | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
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(b) Interrupt Set-Enable Register 2

31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset 0 0 0 0 0 0 0 0
(c) Interrupt Set-Enable Register 3
31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset 0 0 0 0 0 0 0 0
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(d) Interrupt Set-Enable Register 4

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol i SETENA SETENA SETENA SETENA SETENA SETENA SETENA

(Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) | (Interrupt 97) | (Interrupt 96)

After reset 0 0 0 0 0 0 0 0
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(2) Interrupt Clear-Enable Register
This register specifies disabling interrupt and confirms the enable/disable state of interrupt.
When set this register to "1", the corresponding interrupt is disabled.
Writing to "0" is no meaning.
To read this register, be able to confirm the enable/disable state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-enable register is cleared
tO "0"'

Bit symbol Type Function
Interrupt No. [102:0]
[Write]
1 : Disable interrupt

CLRENA R/W

[Read]

0 : The interrupt state is disabled
1 : The interrupt state is enabled

(@) Interrupt Clear-Enable Register 1

31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) [ (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
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(b) Interrupt Clear-Enable Register 2
31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset 0 0 0 0 0 0 0 0
(c) Interrupt Clear-Enable Register 3
31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset 0 0 0 0 0 0 0 0
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(d) Interrupt Clear-Enable Register 4

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol ) CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA

(Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) | (Interrupt 97) | (Interrupt 96)
After reset 0 0 0 0 0 0 0 0
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(3) Interrupt Set-Pending Register
This register specifies pending interrupt and confirms the pending state of interrupt.

When set this register to "1", the corresponding interrupt is pended. But this register is invalid for
the interrupt which is already pended or disabled.

Writing to "0" is no meaning.
To read this register, be able to confirm the pending state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-pending register is cleared
tO "0"'

Bit symbol Type Function
Interrupt No. [102:0]
[Write]
1 : Pending interrupt
SETPEND R/W
[Read]
0 : No pending
1 : Pending
(a) Interrupt Set-Pending Register 1
31 30 29 28 27 26 25 24
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) [ (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(b) Interrupt Set-Pending Register 2

31 30 29 28 27 26 25 24
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
(c) Interrupt Set-Pending Register 3
31 30 29 28 27 26 25 24
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(d) Interrupt Set-Pending Register 4

31 30 29 28 27 26 25 24

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0

bit symbol i SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND

(Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) | (Interrupt 97) | (Interrupt 96)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(4) Interrupt Clear-Pending Register
This register specifies clearing the pended interrupt and confirms the pending state of interrupt.

When set this register to "1", the corresponding pended interrupt is cleared. But this register is in-
valid for the interrupt which is already started.

Writing to "0" is no meaning.

To read this register, be able to confirm the pending state of corresponding interrupt.

Bit symbol Type Function

SETPEND

R/W

[Write]

[Read]

1 : Pending

Interrupt No. [102:0]

1 : Clear Pended interrupt

0 : No pending

(@) Interrupt Clear-Pending Register 1

31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5) 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(b) Interrupt Clear-Pending Register 2
31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
(c) Interrupt Clear-Pending Register 3
31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) | (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(d) Interrupt Clear-Pending Register 4

31 30 29 28 27 26 25 24

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8

bit symbol - - - - - - - -

After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0

bit symbol i CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND

(Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) | (Interrupt 97) | (Interrupt 96)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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7.6.2.6 Interrupt Priority Register
Each interrupt is provided with eight bits of an Interrupt Priority Register.

The following shows the addresses of the Interrupt Priority Registers corresponding to interrupt numbers.

31 24 23 16 15 8 7 0
0xE000_E400 PRI_3 PRI_2 PRI_1 PRI_O
0xE000_E404 PRI 7 PRI_6 PRI 5 PRI 4
0xE000_E408 PRI_11 PRI_10 PRI_9 PRI_8
0xE000_E40C PRI_15 PRI_14 PRI_13 PRI_12
0xE000_E410 PRI_19 PRI_18 PRI_17 PRI_16
0xE000_E414 PRI_23 PRI_22 PRI_21 PRI_20
0xE000_E418 PRI_27 PRI_26 PRI_25 PRI 24
0XE000_E41C PRI_31 PRI_30 PRI_29 PRI_28
0xE000_E420 PRI_35 PRI_34 PRI_33 PRI_32
0xE000_E424 PRI_39 PRI_38 PRI_37 PRI_36
OxE000_E428 PRI_43 PRI_42 PRI_41 PRI_40
0XE000_E42C PRI_47 PRI_46 PRI_45 PRI_44
OXE000_E430 PRI_51 PRI_50 PRI_49 PRI_48
0xE000_E434 PRI_55 PRI_54 PRI_53 PRI_52
0xE000_E438 PRI_59 PRI_58 PRI_57 PRI_56
0xE000_E43C PRI_63 PRI_62 PRI_61 PRI_60
0xE000_E440 PRI_67 PRI_66 PRI_65 PRI_64
OXE000_E444 PRI_71 PRI_70 PRI_69 PRI_68
0xE000_E448 PRI_75 PRI_74 PRI_73 PRI_72
0xE000_E44C PRI_79 PRI_78 PRI_77 PRI_76
0xE000_E450 PRI_83 PRI_82 PRI_81 PRI_80
OxE000_E454 PRI_87 PRI_86 PRI_85 PRI_84
0xE000_E458 PRI_91 PRI_90 PRI_89 PRI_88
0xE000_E45C PRI_95 PRI_94 PRI_93 PRI_92
0XE000_E460 PRI_99 PRI_98 PRI_97 PRI_96
0xE000_E464 - PRI_102 PRI_101 PRI_100

The number of bits to be used for assigning a priority varies with each product. This product uses three
bits for assigning a priority.

The following shows the fields of the Interrupt Priority Registers for interrupt numbers 0 to 3. The Inter-
rupt Priority Registers for all other interrupt numbers have the identical fields. Unused bits return "0"
when read, and writing to unused bits has no effect.
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31 30 29 28 27 26 25 24
bit symbol PRI_3 - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_2 - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_1 - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_O - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-29 PRI_3 R/W Priority of interrupt number 3
28-24 - R Read as 0.
23-21 PRI_2 R/W Priority of interrupt number 2
20-16 - R Read as 0.
15-13 PRI_1 R/W Priority of interrupt number 1
12-8 - R Read as 0.
7-5 PRI_O R/W Priority of interrupt number 0O
4-0 - R Read as 0.
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7.6.2.7 Vector Table Offset Register

31 | s | 28 | 28 27 26 25 24
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TBLOFF - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-7 TBLOFF R/W Offset value

Set the offset value from the top of the space specified in TBLBASE.

The offset must be aligned based on the number of exceptions in the table.This means that the minimum
alignment is 32 words that you can use for up to 16 interrupts.For more interrupts, you must adjust the align-
ment by rounding up to the next power of two.

6-0 - R Read as 0.
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7.6.2.8 Application Interrupt and Reset Control Register
31 | 0 | 29 8 | 27 26 25 24
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol | ENDIANESS - - - - PRIGROUP
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
) SYSRESET VECTCLR
bit symbol - - - - - VECTRESET
REQ ACTIVE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 VECTKEY R/IW Register key
(Write)/ [Write] Writing to this register requires 0x5FA in the <VECTKEY> field.
VECTKEY- [Read] Read as OxFAO05.
STAT(Read)
15 ENDIANESS R/W Endianness bit:(Note1)
1: big endian
0: little endian
14-11 - R Read as 0.
10-8 PRIGROUP R/W Interrupt priority grouping
000: seven bits of pre-emption priority, one bit of sub-priority
001: six bits of pre-emption priority, two bits of sub-priority
010: five bits of pre-emption priority, three bits of sub-priority
011: four bits of pre-emption priority, four bits of sub-priority
100: three bits of pre-emption priority, five bits of sub-priority
101: two bits of pre-emption priority, six bits of sub-priority
110: one bit of pre-emption priority, seven bits of sub-priority
111: no pre-emption priority, eight bits of sub-priority
The bit configuration to split the interrupt priority register <PRI_n> into pre-emption priority and sub priority.
7-3 - R Read as 0.
2 SYSRESET R/W System Reset Request.
REQ 1=CPU outputs a SYSRESETREQ signal. (note2)
1 VECTCLR R/W Clear active vector bit
ACTIVE 1: clear all state information for active NMI, fault, and interrupts
0: do not clear.
This bit self-clears.
It is the responsibility of the application to re initialize the stack.
0 VECTRESET R/W System Reset bit
1: reset system
0: do not reset system
Resets the system, with the exception of debug components (FPB, DWT and ITM) by setting "1" and this
bit is also zero cleared.

Note 1: Little-endian is the default memory format for this product.

Note 2: When SYSRESETREQ is output, warm reset is performed on this product. <SYSRESETREQ> is cleared by
warm reset.
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7.6.2.9

System Handler Priority Register
Each exception is provided with eight bits of a System Handler Priority Register.

The following shows the addresses of the System Handler Priority Registers corresponding to each excep-
tion.

31 24 23 16 15 8 7 0
PRI_7 PRI_6 PRI_5 PRI_4
0xE000_ED18 - - - -
(Usage Fault) (Bus Fault) (Memory Management)
PRI_11 PRI_10 PRI_9 PRI_8
0xE000_ED1C N - - -
- (Svcall)
PRI_15 PRI_14 PRI_13 PRI_12
0xE000_ED20 ) )
- (SysTick) (PendSV) (Debug Monitor)

The number of bits to be used for assigning a priority varies with each product. This product uses three
bits for assigning a priority.

The following shows the fields of the System Handler Priority Registers for Memory Management,
Bus Fault and Usage Fault. Unused bits return "0" when read, and writing to unused bits has no effect.

31 | 30 | 29 28 27 26 25 24
bit symbol PRI_7 - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_6 - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_5 - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_4 - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-29 PRI_7 R/W Reserved
28-24 - R Read as 0.
23-21 PRI_6 R/W Priority of Usage Fault
20-16 - R Read as 0.
15-13 PRI_5 R/W Priority of Bus Fault
12-8 - R Read as 0.
7-5 PRI_4 R/W Priority of Memory Management
4-0 - R Read as 0.
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7.6.2.10 System Handler Control and State Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol i i i i i USGFAULT BUSFAULT MEMFAULT
ENA ENA ENA
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SVCALL BUSFAULT MEMFAULT USGFAULT SYSTICKACT | PENDSVACT i MONITOR
PENDED PENDED PENDED PENDED ACT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol | SVCALLAGT i i i USGFAULT i BUSFAULT MEMFAULT
ACT ACT ACT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-19 - R Read as 0.
18 USGFAULT R/W Usage Fault
ENA 0: Disabled
1: Enable
17 BUSFAUL R/W Bus Fault
TENA 0: Disabled
1: Enable
16 MEMFAULT R/W Memory Management
ENA 0: Disabled
1: Enable
15 SVCALL R/W SVCall
PENDED 0: Not pended
1: Pended
14 BUSFAULT R/W Bus Fault
PENDED 0: Not pended
1: Pended
13 MEMFAULT R/W Memory Management
PENDED 0: Not pended
1: Pended
12 USGFAULT R/W Usage Fault
PENDED 0: Not pended
1: Pended
11 SYSTICKACT | RW SysTick
0: Inactive
1: Active
10 PENDSVACT R/W PendSV
0: Inactive
1: Active
9 - R Read as 0.
8 MONITORACT | RIW Debug Monitor
0: Inactive
1: Active
7 SVCALLACT R/W SVCall
0: Inactive
1: Active
6-4 - R Read as 0.
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Bit Bit Symbol Type Function
3 USGFAULT R/W Usage Fault
ACT 0: Inactive
1: Active
2 - R Read as 0.
1 BUSFAULT R/IW Bus Fault
ACT 0: Inactive
1: Active
0 MEMFAULT R/W Memory Management
ACT 0: Inactive
1: Active

Note: You must clear or set the active bits with extreme caution because clearing and setting these bits
does not repair stack contents.
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7.6.3 Clock generator registers

7.6.3.1  CG Interrupt Mode Control Register

This register specifies the active level to release the low power consumption mode and enable/disable
the releasing the low power consumption mode. And detecting active level can be read from this register.

Bit symbol Type Function

EMCGXx[2:0] R/W Select the active level to release the low power consumption mode
The active level can be selected from Table 7-4.

000: "Low" level

001: "High" level

010: Falling edge

011: Rising edge

100: Both edges

101 to 111 : setting prohibited

Detecting active level (This bit is valid in EMCGx[2:0]="100".)
00: -

01: Rising edge

EMSTX[1:0] R

10: Falling edge
11: Both edges

INTXEN R/W Release the low power consumption mode
0 : Disable

1 : Enable

Table 7-4 The Active Level to release the Low Power Consumption Mode

The active level to release the low power consump-
Active level tion mode
Interrupt Source . -
control register "Low" "High" Rising Falling Both
level level edge edge edge
. . CGIMCGA
INT1 External interrupt pin 1 o o o o o
<EMCGO00[2:0]>
) . CGIMCGA
INT2 External interrupt pin 2 o o o o o
<EMCGO01[2:0]>
CGIMCGA
INT7 External interrupt pin 7 o o) o o o
<EMCG02[2:0]>
) . CGIMCGA
INT8 External interrupt pin 8 o o o o o
<EMCGO03|[2:0]>
) . CGIMCGB
INTD External interrupt pin D o [¢) o o o
<EMCG04[2:0]>
) . CGIMCGB
INTE External interrupt pin E o [¢) o o o
<EMCGO05[2:0]>
) . CGIMCGB
INTF External interrupt pin F o o o o o
<EMCGO06[2:0]>
) CGIMCGB
INTRTC RTC interrupt x x x o x
<EMCGO07[2:0]>

Note: The active level that is marked with "0" to release the low power consumption mode cab be used.
The active level that is marked with "x" can not be used.
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(1) CGIMCGA(CG Interrupt Mode Control Register A)

31 30 29 | 28 7 | 2 25 24

bit symbol - EMCG03 EMST03 - INTO3EN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16

bit symbol - EMCGO02 EMST02 - INTO2EN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8

bit symbol - EMCGO01 EMSTO1 - INTO1EN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0

bit symbol - EMCGO00 EMSTO00 - INTOOEN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1: The active level specified by <EMCGXx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.
Note 2: <EMSTx> is effective only when <EMCGXx[2:0]> is set to "100" for both rising and falling edge. The active lev-
el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.
Note 3: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.
Note 4: "0" is read from bit 31, 23, 15 and 7.
Note 5: Undefined value is read from bit 25, 17, 9 and 1.
(2) CGIMCGB(CG Interrupt Mode Control Register B)
31 30 29 | 28 27 | 26 25 24
bit symbol - EMCG07 EMSTO07 - INTO7EN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16
bit symbol - EMCGO06 EMSTO06 - INTOGEN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8
bit symbol - EMCGO05 EMSTO05 - INTOSEN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0
bit symbol - EMCG04 EMST04 - INTO4EN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

The active level specified by <EMCGx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.
<EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active lev-

el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-

hibited.

"0" is read from bit 31, 23, 15 and 7.
Undefined value is read from bit 25, 17, 9 and 1.
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7.6.3.2 CGICRCG(CG Interrupt Request Clear Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - ICRCG
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-5 - R Read as 0.
4-0 ICRCGJ[4:0] w Clear interrupt requests.
0_0000: INT1
0_0001: INT2
0_0010: INT7
0_0011: INT8
0_0100: INTD
0_0101: INTE
0_0110: INTF
0_0111: INTRTC
0_1000 to 1_1111: Prohibited
Read as 0.
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7.6.3.3 CGNMIFLG(NMI Flag Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - NMIFLG2 - NMIFLGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 NMIFLG2 R NMI source generation flag
0: not applicable
1: Only lower than the setting voltage when voltage decreasing.
1 - R Read as 0.
0 NMIFLGO R NMI source generation flag
0: not applicable
1: generated from WDT
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7.6.3.4 CGRSTFLG (Reset Flag Register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After pin
0 0 0 0 0 0 0 0
reset
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After pin
0 0 0 0 0 0 0 0
reset
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After pin
0 0 0 0 0 0 0 0
reset
7 6 5) 4 3 2 1 0
bit symbol - LVDRSTF - SYSRSTF BUPRSTF WDTRSTF OSCFLF PINRSTF
After pin )
0 0 0 0 0 0 undefined 1
reset
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Bit Bit Symbol Type Function

31-7 - R Read as 0.

6 LVDRSTF R/W LVD reset flag
[Read]
0: -
1: Reset from LVD
[Write]

0 : Clear reset flag (Note2)
1: don’t care

5 - R Read as 0.

4 SYSRSTF R/IW <SYSRESETREQ> reset flag (Note1)
[Read]

0: -

1: Reset from SYSRESETREQ
[Write]

0 : Clear reset flag (Note2)

1 :don’t care

3 BUPRSTF R/W STOP2 reset flag

[Read]

0: -

1: Reset flag by STOP2 mode release
[Write]

0 : Clear reset flag (Note2)

1 : don’t care

2 WDTRSTF R/W WDT reset flag

[Read]

0: -

1: Reset from WDT

[Write]

0 : Clear reset flag (Note2)
1 : don’t care

1 OSCFLF R Flag for stopping of the internal high-speed oscillator or writing to the flash memory
0: Can't stop the internal high-speed oscillator and write to the flash memory
1: Can stop the internal high-speed oscillator and write to the flash memory

0 PINRSTF R/W | RESET pin flag

[Read]

0: -

1: Reset from RESET pin.
[Write]

0 : Clear reset flag (Note2)
1 : don’t care

Note 1: The reset which is generated by application interrupt in NVIC of CPU and setting reset control register <SYSRESE-
TREQ> is displayed.

Note 2: This bit is not cleared automatically. Therefore, clear the corresponded bit to "0" to clear it.
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8.

8.1

8.1.1

MDMA Controller (uUDMAC)

Overview

Function List

The main functions per unit are shown as below:

For the information on the start trigger of peripheral functions, refer to the chapter on "Product Information."

Table 8-1 uyDMA outline (Per unit)

Functions

Features

Descriptions

Channels

32 channels

Start trigger

Start by Hardware

DMA requests from peripheral functions

Start by Software

Specified by the DMAXChnlSwRequest register

Priority

Between
channels

chO (high priority) > ... > ch31 (high priority) >
ch0 (Normal priority) > ...

priority)

> ch31 (Normal

High-priority can be configured by the DMAxXChnl-
PrioritySet register

Transfer data size

8/16/32 bits

The number of

1 to 1024 times

transfer

Transfer source .

ad Increment / fixed

address Transfer source address and destination address
Address Transfer can be selected from the increment setting or fixed

destination Increment / fixed setting.

address
Endian Little-endian -

Interrupt function

Transfer completion interrupt

Output for each unit

Error interrupt

Operation mode

Basic mode
Automatic request
Ping-pong mode

mode

Memory scatter/gather mode

Peripheral scatter/gather mode
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8.2 Block Diagram

The uDMA controller contains the following blocks:

+ APB block
This block controls the access to the control register.
+ AHB block

This block controls the bus cycle of the DMA transfer.

+ DMA control block
This block controls the whole operation of the DMA.

+ Interrupt control block

This block integrates interrupts and sets the flag register.

)

Y

A

N
APB block AHB block
[}
> APB
a n
=~ _ memory AHB :_Ite <
=D mapped lnt1a? er
registers intertace
N~
Transfer completation interrupt
chO to ch31
Burst transfer request —1> DMA > Interrupt
chO to ch3l control block
control block
Single transfer request —1
chO to ch31

\ 4
AHB Bus

(

Transfer completation interrupt

Error interrupt

Figure 8-1 uDMA block diagram
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8.3 Regqisters

8.3.1 Register List

The following table shows control registers and addresses:

For the base address, refer to "A list of peripheral function base addresses" in the chapter on "Memory Map."

Then name of peripheral: DMA

Register names

Address (Base+)

DMA status register DMAXxStatus 0x0000
DMA configuration register DMAxCfg 0x0004
Channel control data base pointer register DMAXxCtriBasePtr 0x0008
Channel alternate control data base pointer register DMAXAItCtIBasePtr 0x000C
Channel software request status register DMAxChnlSwRequest 0x0014
Channel useburst set register DMAXxChnlUseburstSet 0x0018
Channel useburst clear register DMAXxChnlUseburstClr 0x001C
Channel request mask set register DMAxChnlReqMaskSet 0x0020
Channel request mask clear register DMAXxChnIRegMaskClr 0x0024
Channel enable set register DMAXxChnlEnableSet 0x0028
Channel enable clear register DMAXxChnIEnableClIr 0x002C
Channel primary-alternate set register DMAXChnlIPriAltSet 0x0030
Channel primary-alternate clear register DMAXChnlIPriAltClr 0x0034
Channel priority set register DMAXChnlIPrioritySet 0x0038
Channel priority clear register DMAXxChnlPriorityClr 0x003C
Bus error clear register DMAXErrCIr 0x004C
Then name of peripheral: DMAIF
Register name Address (Base+)

Flag register A DMAIFFLGA 0x0000
Flag register B DMAIFFLGB 0x0004
Flag register C DMAIFFLGC 0x0008

Note:Access the registers in units of words (32 bits).
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8.3.2 DMAXxStatus (DMAC Status Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 1 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 1 1 1 1 1
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined 0 0 0 0
Bit Bit symbol Type Functions
31-29 | - R Read as "0".
28 - R Read as "1".
27-21| - R Read as "0".
20-16 | - R Read as "1".
15-8 | - R Read as "0".
7-4 - R Read as an undefined value.
3-1 - R Read as "0".
0 master_enable | R DMA operation
0: Disabled
1: Enabled
2015/11/12 Page 130




TMPM46BF10FG

TOSHIBA

8.3.3 DMAXCfg (DMAC Configuration Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
311 | - w Write as "0".
0 master_ w DMA operation
enable 0: Disabled
1: Enabled

Note: After DMAxCfg = 0x00000001 DMAxChnlReqMaskSet = OxFFFFFFFF and DMAxChnlEnableSet =
OxFFFFFFFF are set to all units, release the masked channel of the unit to be used (the correspond-

ing bit of DMAxChanlReqMaskClr is set to "1"). However, do not release the same factor in each

DMAC unit at the same time.
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8.3.4 DMAXCtriBasePtr (Channel Control Data Base-pointer Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol ctrl_base_ptr - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function

31-10 | ctrl_base_ptr R/W Primary data base-pointer
Specifies the base address of the primary data.

9-0 - R Read as "0".

8.3.5 DMAXAItCtrIBasePtr (Channel Alternate Control Data Base-pointer Register)

st | a0 | 29 | 28 | a2z | 2 | 25 |
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | alt_ctrl_base_pt | R Alternative data base-pointer.
Reads the base address of the alternative data.
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8.3.6 DMAXChnIlSwRequest (Channel Software Request Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch31) quest (ch30) | quest (ch29) quest (ch28) | quest (ch27) quest (ch26) | quest (ch25) | quest (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch23) quest (ch22) quest (ch21) quest (ch20) quest (ch19) quest (ch18) quest (ch17) quest (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch15) quest (ch14) | quest (ch13) | quest (ch12q) [ quest (ch11) quest (ch10) quest (ch9) quest (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch7) quest (ch6) quest (ch5) quest (ch4) quest (ch3) quest (ch2) quest (ch1) quest (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_sw_request | W DMA request

0: A transfer request does not occur.
1: A transfer request occurs.

Specifies transfer requests to the each channel.
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[Write]

[Read]

bled.

1: Single-transfer is disabled.

0: Single-transfer is enabled.
1: Single-transfer is disabled.

Bits are automatically set in the following conditions:

Each bit corresponds to the channels in the specified number.

8.3 Registers TMPM46BF10FG
8.3.7 DMAXChnlUseburstSet (Channel useburst Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch31) _set (ch30) _set (ch29) _set (ch28) _set (ch27) _set (ch26) _set (ch25) _set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch23) _set (ch22) _set (ch21) _set (ch20) _set (ch19) _set (ch18) _set (ch17) _set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch15) _set (ch14) _set (ch13) _set (ch12) _set (ch11) _set (ch10) _set (ch9) _set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch7) _set (ch6) _set (ch5) _set (ch4) _set (ch3) _set (ch2) _set (ch1) _set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_useburst_set | RIW Single-transfer is disabled

Writing "1" disables the single-transfer to the corresponding channel, and only burst transfer request be-
comes valid. Writing "0" has no meaning. Set the DMAxChnlUseburstCIr register in order to cancel the disa-
bled the single-transfer.

By reading the bit, the channel state of the corresponding bit can be checked whether it is enabled or disa-

+ This bit is cleared to "0", if the number of remaining transfer is less than 2R times at the end of second
2R time transfer from the end ("R" is specified by the channel_cfg<R_power> of the control data).

+ If the channel_cfg<next_useburst> of the control data is set to "1" in the peripheral scatter/gather mode,
this bit is set to "1" when the DMA transfer of the alternative data ends.

fers is less than 2R times.

Note: Do not set this bit to "1" if you do not use the burst transfer request on the condition where the number of trans-
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8.3.8 DMAXChnlUseburstClr (Channel useburst Clear Register)

1: Enables the single-transfer.

Each bit corresponds to the channels in the specified number.

To disable or confirm the signal-transfer, configure the DMAxChnlUseburstSet register.

31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch31) _clr (ch30) _clr (ch29) _clr (ch28) _clr (ch27) _clr (ch26) _clr (ch25) _clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch23) _clr (ch22) _clr (ch21) _clr (ch20) _clr (ch19) _clr (ch18) _clr (ch17) _clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch15) _clr (ch14) _clr (ch13) _clr (ch12) _clr (ch11) _clr (ch10) _clr (ch9) _clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch7) _clr (ch6) _clr (chb) _clr (ch4) _clr (ch3) _clr (ch2) _clr (ch1) _clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_useburst_clr W Single-transfer is enabled.

Writing "1" enables the single-transfer to the corresponding channel. Writing "0" has no meaning.
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8.3 Registers TMPM46BF10FG
8.3.9 DMAXxChnlRegMaskSet (Channel Request Mask Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch31) k_set (ch30) k_set (ch29) k_set (ch28) k_set (ch27) k_set (ch26) k_set (ch25) k_set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
4 k_set (ch23) k_set (ch22) k_set (ch21) k_set (ch20) k_set (ch19) k_set (ch18) k_set (ch17) k_set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch15) k_set (ch14) k_set (ch13) k_set (ch12) k_set (ch11) k_set (ch10) k_set (ch9) k_set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch7) k_set (ch6) k_set (ch5) k_set (ch4) k_set (ch3) k_set (ch2) k_set (ch1) k_set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_req_mask_set R/W DMA request masking
[Write]
1: Mask a DMA request
[Read]

0: A DMA request is valid.
1: A DMA request is invalid.
Each bit corresponds to the channels in the specified number.

Writing "1" disables the single-transfer for the corresponding channel. Writing "0" has no meaning. To disa-
ble masking, configure the DMAxChnIRegMaskClr register.

By reading the bit, the status of the DMA request setting can be checked whether it is enabled or disabled.
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8.3.10 DMAxChnIRegMaskClIr (Channel Request Mask Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_reqg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch31) k_clr (ch30) k_clr (ch29) k_clr (ch28) k_clr (ch27) k_clr (ch26) k_clr (ch25) k_clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch23) k_clr (ch22) k_clr (ch21) k_clr (ch20) k_clr (ch19) k_clr (ch18) k_clr (ch17) k_clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch15) k_clr (ch14) k_clr (ch13) k_clr (ch12) k_clr (ch11) k_clr (ch10) k_clr (ch9) k_clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_reg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch7) k_clr (ch6) k_clr (chb) k_clr (ch4) k_clr (ch3) k_clr (ch2) k_clr (ch1) k_clr (chO)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_req_mask_clr | W DMA request mask clear

1: Clears the corresponding channel of the DMA request mask.

Each bit corresponds to the channels in the specified number.

Configure the DMAxChnIRegMaskSet register to enable and confirm the setting.

Writing "1" disables the DMA request mask setting of the corresponding channel. Writing "0" has no meaning.
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8.3 Registers TMPM46BF10FG
8.3.11 DMAxChnlEnableSet (Channel Enable Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_enable_set R/W DMA operation

[Write]

[Read]

* DMA cycle ends.

* A bus error occurs.

1: Enable the corresponding channel.

0: The corresponding bit is invalid.
1: The corresponding bit is valid.

Each bit corresponds to the channels in the specified number.

Writing "1" enables the corresponding channels. Writing "0" has no meaning. To disable the setting, config-
ure the DMAxChnIEnableClIr register.

By reading the bit, the corresponding channel can be checked whether it is enabled or disabled.
In the following conditions, the function automatically becomes invalid.

+ If the channel_cfg<cycle_ctrl> reads the control data of "000".
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8.3.12 DMAXChnlEnableClIr (Channel Enable Clear Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_enable_clIr [ W DMA disabled

1: Disables the corresponding channel.

Each bit corresponds to the channels in the specified number.

Writing "1" disables the corresponding channel. Writing "0" has no meaning.
Configure the DMAxChnlEnableSet register in order to enable and confirm the setting.
In the following conditions, the function automatically becomes invalid.

+ DMA cycle ends.

+ The channel_cfg<cycle_ctrl> reads the control data of "000".

- A bus error occurs.
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TMPM46BF10FG
8.3.13 DMAXChnIPriAltSet (Channel Primary-alternate Set Register)
31 30 29 28 27 26 25 24
Bit bol chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_
it symbo
Y set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
y set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch7) set (ch6) set (chb5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_pri_alt_set | RIW Selects primary data or alternative data
[Write]
1: Uses alternative data
[Read]

0: Primary data
1: Alternative data
Each bit corresponds to the channels in the specified number.

Writing "1" specifies the data that is firstly used in the corresponding channel as "alternative data". Writing
"0" has no meaning. To disable this bit, use the DMAxChnlEnableClIr register.

Only in basic mode, automatic request mode, and ping-pong mode the first data can be specified as alterna-
tive data.

When this bit is read, data of the corresponding channel can be checked whether data is primary data or al-
ternative data.

In the following conditions, the settings are automatically changed.

- The primary data transfer is completed in ping-pong mode, memory scatter / gather mode or peripheral
scatter / gather mode.

- Data transfer of the alternative data is completed in the ping-pong mode, memory scatter / gather mode
or peripheral scatter / gather mode.
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8.3.14 DMAXChnIPriAltCIr (Channel Primary-alternate Clear Register)

31 30 29 28 27 26 25 24
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_pri_alt_clr | W Clears the alternative data setting.

1: Uses the primary data
Each bit corresponds to the channels in the specified number.

Writing "1" sets the data of the corresponding channel to the primary data. Setting "0" is invalid. Configure
the DMAXChnlIPriAltSet register to set the primary data or to confirm the setting.

In the following conditions, the setting is automatically changed.
+ The primary data transfer in memory scatter/gather mode or peripheral scatter/gather mode is complete.
+ The primary data transfer in ping-pong mode is complete.

- The alternative transfer in ping-pong mode, memory scatter/gather mode, or peripheral scatter/gather
mode is complete.
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8.3 Registers TMPM46BF10FG

8.3.15 DMAXChnlIPrioritySet (Channel Priority Set Register)

31 30 29 28 27 26 25 24
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
Y set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
y set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
v set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
it symbo
v set (ch7) set (ch6) set (chb5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 chnl_priority_set | RIW Priority settings
[Write]
1: Sets the high-priority
[Read]

0: Normal priority
1: High priority
Each bit corresponds to the channels in the specified number.

Writing "1" sets the priority of the corresponding channel high. Writing "0" has no meaning.To change the pri-
ority again to the normal, configure the DMAXxChnlPriorityClIr register.

the priority of the corresponding channel, high-priority or normal priority, can be confirmed by reading the
bit.
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8.3.16 DMAXChnIPriorityClr (Channel Priority Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ [ chnl_priority_ [ chnl_priority
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_priority_clr w Clears the high-priority setting.
[Write]

1:Sets normal priority setting

Each bit corresponds to the channels in the specified number.

Writing "1" changes the priority of the corresponding channel to normal priority. Writing "0" has no mean-
ing. Configure the DMAxChnlPrioritySet register to set the high-priority and to confirm the setting.
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8.3 Registers TMPM46BF10FG

8.3.17 DMAXErrCIr (Bus Error Clear Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - err_clr
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-1 - R Read as "0".
0 err_clr R/W Bus error
[Write]
1: Clears a bus error.
[Read]

0: No bus error
1: The state of a bus error

A bus error occurrence can be confirmed by reading the bit.

Writing "1" clears a bus error. Writing "0" has no meaning.
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8.3.18 DMAIFFLGx (DMA Flag Register)

ing bit is set to "1".

1: A completion interrupt occurs.

This register is cleared by reading automatically.

31 30 29 28 27 26 25 24
Bit symbol FLG31 FLG30 FLG29 FLG28 FLG27 FLG26 FLG25 FLG24
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit symbol FLG23 FLG22 FLG21 FLG20 FLG19 FLG18 FLG17 FLG16
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit symbol FLG15 FLG14 FLG13 FLG12 FLG11 FLG10 FLG9 FLG8
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit symbol FLG7 FLG6 FLG5 FLG4 FLG3 FLG2 FLG1 FLGO
After reset 0 0 0 0 0 0 0 0

Bit Bit symbol Type Functions
31-1 FLG31-FLGO [ R DMA factor flag
0:-

A bit number corresponds with a channel number. If a transfer completion interrupt occurs, the correspond-

Note:Before a transfer completion interrupt is enabled, this register must be read and cleared.
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8.4 Operation

This DMA is controlled by the channel control data, which locates on the memory. A channel of the each data
is four words and allocated in the contiguous areas same as the number of channels.

There are two types of channel control data: primary data and alternative data. According to the operation
mode, one of them is selected by setting the register or both data is used.

8.4.1 Channel Control Data Memory Map
Figure 8-2 shows the example of memory map of the channel control data.

Set the start address of the primary data to the DMAxCtrIBasePtr and the start address of the alternative da-
ta to the DMAxAItCtrIBasePtr.

Alternate Ch31 0x3F0 Primary Ch31 0x1F0
Alternate Ch30 0x3E0 Primary Ch30 O0x1EO
Alternate Ch29 0x3D0 Primary Ch29 0x1D0
Alternate Ch28 0x3CO0 Primary Ch28 0x1CO0
Alternate Ch27 0x3B0 Primary Ch27 0x1B0
Alternate Ch26 0x3A0 Primary Ch26 0x1A0
Alternate Ch25 0x390 Primary Ch25 0x190
Alternate Ch24 0x380 Primary Ch24 0x180
Alternate Ch23 0x370 Primary Ch23 0x170
Alternate Ch22 0x360 Primary Ch22 0x160
Alternate Ch21 0x350 Primary Ch21 0x150
Alternate Ch20 0x340 Primary Ch20 0x140
Alternate Ch19 0x330 Primary Ch19 0x130
Alternate Ch18 0x320 Primary Ch18 0x120
Alternate Ch17 0x310 Primary Ch17 0x110
Alternate Ch16 0x300 Primary Ch16 0x100
Alternate Ch15 0x2F0 Primary Ch15 0XOF0
Alternate Ch14 0Xx2EO0 Primary Ch14 [0)%0]=(0)
Alternate Ch13 0x2D0 Primary Ch13 0x0DO0
Alternate Ch12 0x2CO0 Primary Ch12 0x0CO0
Alternate Ch1l 0x2B0 Primary Ch11 0x0B0
Alternate Ch10 0x2A0 Primary Ch10 0Xx0A0
Alternate Ch9 0x290 Primary Ch9 0x090
Alternate Ch8 0x280 Primary Ch8 0x080
Alternate Ch7 0x270 Primary Ch7 0x070
Alternate Ché 0x260 Primary Ch6é 0x060
Alternate Ch5 0x250 Primary Ch5 0x050
Alternate Ch4 0x240 Primary Ch4 0x040
Alternate Ch3 0x230 Primary Ch3 0x030 Reserved 0x00C
Alternate Ch2 0x220 Primary Ch2 0x020 Control 0x008
Alternate Chl 0x210 Primary Chl ?;M Destination End Pointer | 0x004
Alternate Cho 0x200 Primary ChO X000 Source End Pointer 0x000

Figure 8-2 Memory map of the control data

Figure 8-2 shows the memory map of which all 32 channels can be used. Necessary areas are determined
by the number of usable channels. Table 8-2 shows the relationship between the number of channels and ad-
dresses.
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Table 8-2 Address bit setting of channel control

Address
Channel Settable base address

191 8] [71 [6] [5] [4] [3:0]

OxXXXX_XX00, OxXXXX_XX20, 0xXXXX_XX40,
0 - - - - - A OXXXXX_XX60, OxXXXX_XX80, 0xXXXX_XXAO0,
OXXXXX_XXCO, 0xXXXX_XXEO

OxXXXX_XX00, OxXXXX_XX40, 0xXXXX_XX80,

0to 1 - - - - A C[o]
OxXXXXX_XXCO0
Oto3 - - - A C[1:0] OXXXXX_XX00, 0XXXXX_XX80
OXxXXXX_X000, OxXXXX_X100, 0xXXXX_X200,
OXXXXX_X300, OxXXXX_X400, 0xXXXX_X500,
Channel control — — —
. OXXXXX_X600, OxXXXX_X700, 0OxXXXX_X800,
Oto7 - - A C[2:0] data setting - = =

OxXXXX_X900, OxXXXX_XA00, 0xXXXX_XBO00,
OxXXXX_XC00, 0xXXXX_XD00, 0xXXXX_XEO00,
OxXXXX_XF00

OxXXXX_X000, OxXXXX_X200, 0xXXXX_X400,
0to 15 - A C[3:0] OXXXXX_X600, OxXXXX_X800, 0xXXXX_XA00,
OxXXXX_XC00, 0xXXXX_XEO00

OxXXXX_X000, OxXXXX_X400, 0xXXXX_X800,

0 to 31 A C[4:0] OxXXXX_XC00

A: Primary/alternative setting (O:primary, 1:alternative)
C[x:0]: Channel number setting

8.4.2 Channel Control Data Structure

The channel control data contains the three kinds of data shown below:

+  The final address of the transfer source address
+  The final address of the transfer destination address
+  Control data

Each data is described in the following sections:

8.4.2.1 Final Address of the Transfer Source Data

Specify the final address of the data to be transferred. The alignment of an address should be adjusted
to a transfer data size. The DMA calculates the start address of the source address using this data.

31 0

src_data_end_ptr

bit Bit symbol Function

[31:0] src_data_end_ptr The final address of source transfer data
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8.4.2.2 Final Address of the Transfer Destination Address

Specify the final address of the destination address. The alignment of an address should be adjusted to
a transfer data size. The DMA calculates the start address of the destination address of the transfer destina-
tion address.

31 0

dst_data_end_ptr

bit Bit symbol Function

[31:0] dst_data_end_ptr The final address of the transfer destination address.

8.4.2.3 Control Data Setting

31 30 29 28|27 26 25 24|23 | 18 17 14 13 4|3 2 0

dst_inc |dst_size| src_inc |src_size - R_power n_minus_1 cycle_ctrl

|— next_useburst

bit Bit symbol Function

[31:30] dst_inc Increments the transfer destination address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[29:28] dst_size Data size of transfer destination (note1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[27:26] src_inc Increments the transfer source address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[25:24] Src_size Data size of transfer source (note 1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[23:18] - Set "000000".
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bit Bit symbol Function

[17:14] R_power Arbitration

0000: After 1 transfer
0001: After 2 transfers
0010: After 4 transfers
0011: After 8 transfers
0100: After 16 transfers
0101: After 32 transfers
0110: After 64 transfers
0111: After 128 transfers
1000: After 256 transfers
1001: After 512 transfers
1010 - 1111: No arbitration

A transfer request is checked after the specified number of transfers. If a higher-prior-
ity request exists, the controller arbitrates the DMA transfer.

[13:4] n_minus_1 The number of transfers
0x000: Once

0x001: Twice

0x002: Three times

Ox3FF: 1024 times

[3] next_useburst Changes the setting of single-transfer

1: Sets <chnl_useburst_set> to "1".

Note)

0: Do not change the value of <chnl_useburst_set>.

Specifies whether to set "1" to the <chnl_useburst_set> bit at the end of the DMA trans-
fer using alternative data in the peripheral scatter/ gather mode.

This bit <chnl_useburst_set> is zero cleared, if the number of remaining transfer is
less than 2R times at the end of second 2Rtime transfer from the end ("R" is specified
by the <R_power>). Setting this bit to "1" sets "1" to the <chnl_userburst_set>.

[2:0] cycle_ctrl Operation mode

000: Invalid. The DMA stops the operation.
001: Basic mode

010: Automatic request mode

011: Ping-pong mode

100: Memory scatter / gather mode (primary data)
101: Memory scatter / gather mode (alternative data)
110: Peripheral memory scatter / gather mode (primary data)
111: Peripheral memory scatter / gather mode (alternative data)

Note 1: The setting value of <dst_size> must be the same as <src_size>.
Note 2: According to the settings of <dst_size> and <src_size>, the settings of <dst_inc> and <src_inc> are limited

as shown below:

<src_size>/<dst_size>
<src_inc>/<dst_inc> 00 01 10
(1 byte) (2 bytes) (4 bytes)
00 (1byte) o - -
01 (2bytes) o o -
10 (4bytes) o o o
No increment o o [¢]

8.4.3 Operation Modes

This section describes the operation modes configured by channel cfg<cycle ctrl> of the channel control da-

ta.
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8.4.3.1 Invalid Setting

The DMA sets the operation mode invalid after the end of transfer. This operation prevents a transfer
from being performed again. Also, the operation completes if invalid data is read either in ping-pong
mode, memory scatter / gather mode or peripheral scatter / gather mode.

8.4.3.2 Basic Mode
In basic mode, data structure can be selected from primary data or alternative data.
A transfer is started by receiving a transfer request.

An arbitration is performed for every transfer configured by <R power>. If a higher-priority request ex-
its, the DMA switches a channel. If a transfer request for the operating channel is received, the transfer is
continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.3 Automatic Request Mode

In this mode, a single-transfer request stops the DMA transfer. The data structure can be selected from pri-
mary data or alternative data.

The DMA transfer is started by a transfer request.

In each transfer configured by <R power>, a channel is switched if a higher-priority request is re-
ceived. If not, the transfer is continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.4 Ping-pong Mode

In ping-pong mode, a continuous DMA transfer that uses primary data and alternative data alternately
is performed. If <cycle ctrl> reads data specified to be invalid ("000"), or the channel is specified to be in-
valid, the transfer is stopped. Every time a DMA transfer (task) that uses primary data or alternative data
is complete, a transfer completion interrupt occurs.
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Preparation: Prepare primary data and alternative data, and set "1" to the bits
of the channels corresponding to both DMAxCfg<master_enable>

and DMAxChnlEnableSet.

Task A: Primary data

Receiving a transfer request, the DMA performs a

<cycle_ctrl[2:0]> = "011" Task A transfer four times and performs arbitration.
(ping-p_ong mode) K%ng{ —> If there is no other high-priority requests, the DMA
) o . performs remaining transfers twice toward a re-
<R_power[3:0]> = "0010 Transfer — | oo quest for a transfer to the corresponding channels.
(4 times) request Transfer completation The DMA generates a transfer completion interrupt
<n_minus_1[9:0]> = interrupt request and performs an arbitration.
"0x005" (6 times) After completing Task A, primary data for Task C
can be set.
Task B: Alternative data Receiving a transfer request, The DMA performs a
<cycle_ctrl[2:0]> = "011" Task B transfer four times and performs arbitration.
- ’ Transfer i i iori
<R_power[3:0]> = "0010" request —> If there is no other hl'gh—prlorlty requests, The DMA
- performs transfers twice toward a request for a trans-
(4 times) Transfer — sl ___ fer to the corresponding channels.
"<n_m|n'tjs_1[9:O]> = request The DMA generates a transfer completion interrupt
0x00B" (12 times) Transfer request and performs an arbitration.
request After completing Task B, alternative data for Task
D can be set.
—_—
Tansfer completaion
interrupt
Task C: Primary data Receiving a transfer request, the DMA performs a
<cycle_ctrl[2:0]> = "011" Task C transfer twice and performs arbitration.
oot Toqeg —> The DMA tes a transf letion interrupt
<R_power[3:0]> = "0001" request Tansfer completaion e generates a transfer completion interrup
(2 times) > interrupt request and performs an arbitration.
. ) B After completing Task C, alternative data for Task
<n_m|nus_1l[9.0]> = E can be set.
"0x001" (2 times)
Task D: Alternative data Receiving a transfer request, the DMA performs a
<cycle_ctrl[2:0]> = "011" Task D transfer four times and performs arbitration.
- ) Transfer : ’ .-
<R_power[4:0]> = "0010" request —> If there is no other high-priority requests, the DMA
- performs a transfer once toward a request for a
(4 times) Transfer — ol oo transfer to the corresponding channels.
"<n_m|rlus_1l[9:0]> = request Tar@tom letaion The DMA generates a transfer completion interrupt
0x004" (5 times) f_J interrupt P request and performs an arbitration.

Task E: Primary data

Receiving a transfer request, the DMA performs a

<cycle_ctrl[2:0]> = "011" Task E transfer four times and performs arbitration.
<R_power[3:0]> = "0010" Ié%?gg{ —> If there is no other high-priority requests, the DMA
N performs transfers three times toward a request for
(4 tlm'es) Transfer ol a transfer to the corresponding channels.
"<n_m|r1us_1l[9:0]> = request ) The DMA generates a transfer completion interrupt
0x006" (7 times) i'lr']a}g?rfg’gtcommetawn request and performs an arbitration.
Final: Alternative data Even receiving a transfer request, the operation
<cycle_ctrl[2:0]> = "000" 1;(2%%5(;5{ stops because <cycle_ctrl[2:0]> is set to invalid.

(invalid)

—_—> -

(The operation can be also stopped by setting the
<cycle_ctrl[2:0]> of Task E to normal mode "001".)
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8.4.3.5 Memory Scatter/Gather Mode
In memory scatter/gather mode, primary data is used in order to transfer data for alternative data.

Receiving a transfer request, the DMA transfers four alternative data using primary data. If there is no
new requests, it starts data transferring using alternative data. Then, it keeps transferring alternative data us-
ing primary data and transfer using alternative data, until either invalid setting ("000") of the <cycle ctrl
[2:0]> or setting data of the basic mode ("001") is read. A new transfer request is not required during this
period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-3 Setting values of Memory scatter/gather mode (Primary data)

Bit Bit symbol Setting Description
values
[31:30] | dst inc 10 3-byte increment is specified for transfer destination ad-
ress.

[29:28] [ dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'gs number of alternative task to be prepared x4 is speci-
[3] next_useburst |0 "0" is specified in memory scatter/gather mode.

Memory scatter/gather mode (primary data) is specified.
[2:0] cycle_ctrl 100 te) v g (p y ) P

note

Note:If the transfers specified in the <n_minus_1> are complete, invalid data "000" is automatically set.
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Preparation:

Copy A: Primary data
<cycle_ctrl[2:0]> = "100"

(Memory scatter / gather
mode)

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"Ox00F" (16 times)

Task A: Alternative data

<cycle_ctrl[2:0]> = "100"

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x002" (3 times)

Copy B: Primary data

Task B: Alternative data
<cycle_ctrl[2:0]> = "100"
<R_power[3:0]> = "0001"
(2 times)

<n_minus_1[9:0]> =
"0x007" (8 times)

Copy C: Primary data

Task C: Alternative data

Prepare primary data. Set "100" to <cycle_ctrl> and set four task da-
ta 4 x 4 = 16 as the number of transfers <n_minus_1>.

Set alternative data for Task A,B,C and D to the memory location
which is set to the <src_data_end_ptr>.

Set "1" to bits of channels corresponding to DMAxCfg <master_en-
able> and DMAxChniSet.

Primary Alternate
Transfer 5, COpy A
request ?
Auto request
Task A
Auto request ;
Copy B

Auto request

Auto request —»f-------------
Auto request = -------------
Auto request = -------------

Auto request

Copy C

Auto request

Receiving a transfer request, the DMA performs a
transfer for alternative data of Task A for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task A.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task B for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task B.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task C for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task C.

<cycle_ctrl[2:0> = "100" Task C After completing the transfer, a transfer request is

<R_power[3:0]> = "0011" automatically generated and arbitration starts.

(8 times)

<n_minus_1[9:0]> =

— — A
"0x004" (5 times) uto request
Copy D: Primary data The DMA performs transfers for alternative data of
Copy D Task D for four times. The DMA also sets "000" to
<cycle_ctrl> of the primary data in order to set the
next primary data invalid.
A transfer request is automatically generated and ar-
\w bitration starts.
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Task D: Alternative data
<cycle_ctr[2:0]> = "001"
<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x003" (4 times)

The DMA performs Task D.

Task D Since <cycle_ctrl[2:0]> is set to the basic mode
"001", the DMA generates a transfer completion in-
terrupt request after the end of the transfer, and com-

e pletes the operation.

Transfer completation
interrupt

8.4.3.6  Peripheral Scatter/Gather Mode

Primary data is used in order to transfer data for alternative data in peripheral scatter/gather mode.

Receiving a transfer request, the DMA transfers four alternative data using primary data, and then

starts transfer using alternative data.

After that, if a transfer request is generated, it starts alternative data transferring using primary data.
Then, it keeps transferring alternative data using primary data and transfer using alternative data, until ei-
ther invalid setting ("000") of the <cycle ctrl> or setting data of the basic mode ("001") is read. A new trans-
fer request is not required during this period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-4 Fixed values in peripheral scatter / gather mode (Primary data)

Bit Bit symbol Setting Description
value
[31:30] | dst inc 10 A 4-byte increment is specified for transfer destination ad-
dress.
[29:28] | dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 A 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'::j number of alternative task to be prepared x4 is speci-
[2:0] cycle_ctrl 110 Specify peripheral scatter/gather mode (Primary data).

Note:If the transfers specified in the <n_minus_1> are complete, invalid data "000" is automatically set.
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Preparation:

Copy A: Primary data
<cycle_ctrl[2:0]> = "110"

(Peripheral scatter / gath-
er)

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"Ox00F" (16 times)

Task A: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x002" (3 times)

Copy B: Primary data

Task B: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0001"
(2 times)

<n_minus_1[9:0]> =
"0x007" (8 times)

Copy C: Primary data

Task C: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0011"
(8 times)

<n_minus_1[9:0]> =
"0x004" (5 times)

Copy D: Primary data

Prepare primary data. Set "110" to <cycle_ctrl> and 4 x 4 = 16 for
four tasks to the number of transfers <n_minus_1>.

Set alternative data for Task A,B,C and D to the memory location
which is set to the <src_data_end_ptr>.

Set "1" to bits of channels corresponding to DMAxCfg <master_en-
able> and DMAxChnIEnableSet.

Primary Alternate
Copy A
Transfer
request
Task A
Copy B
Transfer
request
Task B
Transfer request = --=----------
Transfer request = -----=-------
Transfer request = -------------
Copy C
Transfer
request
Task C
Copy D
Transfer 3,
request

J

Receiving a transfer request, the DMA performs
transfers for alternative data of Task A for four times.

After completing the transfer, operation automatical-
ly moves onto Task A.

The DMA performs Task A.

After completing the transfer, if a transfer request is
sent from peripheral function and if it is high-priority
request, the next operation starts.

The DMA performs transfers for alternative data of
Task B for four times.

After completing the transfer, processing of Task B
automatically starts.

The DMA performs Task B. Since an arbitration oc-
curs every 2R times of transfers, three times of trans-
fer is required at least to complete Task B.

After completing the transfer, if a transfer request is
sent from peripheral function and if it is high-priority
request, the next operation starts

The DMA performs transfers for alternative data of
Task C for four times.

After completing the transfer, operation automatical-
ly moves onto Task C.

The DMA performs Task C.

After completing the transfer, if a transfer request is
sent from peripheral function and if it is high-priority
request, the next operation starts.

The DMA performs transfers for alternative data of
Task D for four times. Also, The DMA performs
transfers for alternative data for four times. Sets
"000" to <cycle_ctrl> of the primary data and
makes the next primary data invalid.

The operation automatically moves onto Task D.
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Task D: Alternative data The DMA performs Task D.
<cycle_ctri[2:0]> = "001" Task D Since <cycle_ctrl> is set to the basic mode "001",
<R_power[3:0]> = "0010" The DMA generates a transfer completion interrupt

request after the end of the transfer, and completes

(4 times) —» the operation.
<n_minus_1[9:0]> = Transfer completation
"0x003" (4 times) interrupt

8.5 Precautions

Extra caution should be exercised when a DMA transfer request is used in the following peripheral functions:

+ Synchronous serial interface (SSP)

+ Asynchronous serial communication circuit (UART)
+ Serial channel with 4-byte FIFO (SIO/UART)

+ 16-bit timer/event counter (TMRB)

+ Analog-to-digital converter (ADC)

8.5.1 When the SSP and UART are Used

When the SSP and UART are used, a water mark level and the number of transfers should be taken into con-
sideration. Perform a transfer in transmission or reception as follows respectively:

+  Transmission
It is recommended to use a basic mode as a transfer mode.
Disable the single-transfer.

The following two methods are used according to the number of transfers:

a. When a DMA transfer rate is set to "after 1 transfer" as an arbitration rate.
This method can be used in any cases.

Specify "0000" as the arbitration rate setting <R power> for the control data.

b.  When the number of transfers is a multiple of the watermark level of the FIFO.

This method can be used when the number of transfers is a multiple of the watermark level
of the FIFO and the watermark level and the number of arbitration rate are the same number.

Set the number of arbitration rates <R _power> for the control data to a multiple of the water-
mark level of the FIFO.

Reception

Use the SSP and UART according to the number of transfers as follows:
a. Less than the watermark level

Only a single-transfer request occurs.
It is recommended to use a basic mode as a transfer mode.

Specify "0000" as the arbitration rate <R _power> for the control data.
b. A multiple of the watermark level
Disable the single-transfer.

It is recommended to use a basic mode as a transfer mode.
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Set the number of arbitration rates <R _power> for the control data to a multiple of the water-
mark level of the FIFO.

c. Other than the above
Use the peripheral scatter/gather mode as a transfer mode.
Prepare two tasks.

Set the first task to the same setting as <b>. Disable the single-transfer. Set the number of ar-
bitration rates <R_power> to a multiple of the watermark level of the FIFO. Perform DMA trans-
fers up to the number of multiple of the watermark level.

Set the second task to the same setting as <a>. Enable the single-transfer. Specify "0000"
as the arbitration setting <R _power>. Transfer the remaining data.

8.5.2 SIO/UART, TMRB, ADC are Used

The following points should be considered:

It is recommended to use the basic mode as a transfer mode.
Set "after 1 transfer" as a DMA transfer rate.

Specify "0000" as the arbitration rate <R_power> for the control data.
Do not use the FIFO of the SIO/UART.

Use the SIO/UART with the single-buffer or double-buffer setting.

A new request occurs after the DMA transfer is started, only one transfer is performed. Design the pro-
gram to perform a DMA transfer surely.

In case that transfer will not be started, the following circumstances can be expected:

A higher priority transfer request occurs in the same unit
A transfer destination conflict occurs between other higher bus master and a sender.

As a guide, this uDMA controller takes 11 clocks on pre-/post-processing. It takes approximately 5 clocks
for a data transfer between the peripheral functions and internal RAM.
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9. Input/ Output port

This chapter describes port-related registers, their setting and circuits.

9.1 Registers
When the port registers are used, the following registers must be set.

All registers are 32-bits. The configurations are different depend on the number of port bits and assignation of
the function.

nyn

x" means the name of ports and "n" means the function number in the following description.

Register Name Setting Value
PxDATA | Data register Oor1 This register reads / writes port data.
. 0 : Output Disable . .
PxCR Output control register This register controls output.

1 : Output Enable

This register sets the function.

) ) 0: PORT The assigned function can be enabled by setting "1". This
PxFRn Function register n . ) register exists for the each function assigned to the port. In
1 : Function ) . :
case of having some function, only one function can be ena-
bled.
This register controls programmable open-drain outputs.
PxOD Open-drain control register 0: CMOS ) Programmable opgn-drain outputs are _set lwith PxOD.
1 : Open-drain When output data is "1", output buffer is disabled and be-
comes a pseudo-open-drain output.
. 0 : Pull-up Disable . .
PxPUP Pull-up control register This register controls programmable pull-ups.
1 : Pull-up Enable
. 0 : Pull-down Disable i .
PxPDN Pull-down control register This register controls programmable pull-downs.
1 : Pull-down Enable

0 - Input Disable This register controls inputs.

PxIE Input control register 1 - Inout Enable Some time is required after enabling PxIE until external da-
- 1np ta is reflected in PXDATA.
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9. Input / Output port
9.1 Registers TMPM46BF10FG

9.1.1 Register list

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

Register name Address PORT A PORT B PORT C PORT D PORT E
(Base+t)
Data register 0x0000 PADATA PBDATA PCDATA PDDATA PEDATA
Output control register 0x0004 PACR PBCR PCCR PDCR PECR
Function register 1 0x0008 PAFR1 PBFR1 PCFR1 PDFR1 PEFR1
Function register 2 0x000C PAFR2 PBFR2 PCFR2 = =
Function register 3 0x0010 PAFR3 PBFR3 = = PEFR3
Function register 4 0x0014 PAFR4 PBFR4 = = PEFR4
Function register 5 0x0018 PAFRS5 PBFR5 = = PEFR5
Function register 6 0x001C - - - - -
Open-drain control register 0x0028 PAOD PBOD PCOD PDOD PEOD
Pull-up control register 0x002C PAPUP PBPUP PCPUP PDPUP PEPUP
Pull-down control register 0x0030 PAPDN - - - -
Input control register 0x0038 PAIE PBIE PCIE PDIE PEIE
Register name Address PORT F PORT G PORT H PORT J PORT K
(Base+t)
Data register 0x0000 PFDATA PGDATA PHDATA PJDATA PKDATA
Output control register 0x0004 PFCR PGCR PHCR PJCR PKCR
Function register 1 0x0008 PFFR1 PGFR1 PHFR1 PJFR1 =
Function register 2 0x000C = = PHFR2 PJFR2 PKFR2
Function register 3 0x0010 PFFR3 PGFR3 PHFR3 PJFR3 PKFR3
Function register 4 0x0014 PFFR4 PGFR4 PHFR4 = PKFR4
Function register 5 0x0018 PFFR5 PGFR5 - - -
Function register 6 0x001C = = = = =
Open-drain control register 0x0028 PFOD PGOD PHOD PJOD PKOD
Pull-up control register 0x002C PFPUP PGPUP PHPUP PJPUP PKPUP
Pull-down control register 0x0030 = = = = =
Input control register 0x0038 PFIE PGIE PHIE PJIE PKIE
Register name Address PORT L
(Baset)
Data register 0x0000 PLDATA
Output control register 0x0004 PLCR
Function register 1 0x0008 -
Function register 2 0x000C =
Function register 3 0x0010 PLFR3
Function register 4 0x0014 PLFR4
Function register 5 0x0018 PLFR5
Function register 6 0x001C PLFR6
Open-drain control register 0x0028 PLOD
Pull-up control register 0x002C PLPUP
Pull-down control register 0x0030 =
Input control register 0x0038 PLIE

Note: The address shown as "-" is not accessed.
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9.1.2 Port function and setting list

The list of the function and setting register for each port is shown bellows.

- "Table 9-1 PORT A Setting List"
- "Table 9-2 PORT B Setting List"
- "Table 9-3 PORT C Setting List"
- "Table 9-4 PORT D Setting List"
- "Table 9-5 PORT E Setting List"
- "Table 9-6 PORT F Setting List"
- "Table 9-7 PORT G Setting List"
- "Table 9-8 PORT H Setting List"
- "Table 9-9 PORT J Setting List"
- "Table 9-10 PORT K Setting List"
- "Table 9-11 PORT L Setting List"

The cell of PxFRn shows the function register which must be set to select a function. If this register is set
to "1", the corresponding function is enabled.

A bit in the cell filled with a hatch is read as "0" and the writing a data to this bit is invalid.

"0" or "1" in the table is shown the value which is set to the register. "0/1" is shown that the optional val-
ue can be set to the register.
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9. Input / Output port
9.1 Registers TMPM46BF10FG

9.1.21 PORTA

Table 9-1 PORT A Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PADATA | PACR PAFRn PAOD PAPUP PAPDN PAIE
PAO After reset
Output FT3 0 1 PAFR1 0 0 0
(TDO/SWV)
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 01 0
UT1DTR Output FT1 0/1 1 PAFR2 0/1 0/1 0
PA1  After reset
/0 FT3 0 1 PAFR1 0 1 0
(TMS/SWDIO)
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
UT1DSR Input FT1 0/1 0 PAFR2 0/1 0/1 1
PA2  After reset
Input FT3 0 0 PAFR1 0 1 1
(TCK/SWCLK)
Input Port Input 01 0 0 01 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
UT1RIN Input FT1 0/1 0 PAFR2 0/1 0/ 1
PA3  After reset
Input FT3 0 0 PAFR1 0 1 1
(TDI)
Input Port Input 01 0 0 01 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT3 Input FT4 0/1 0 0/1 0/1 1
uUT1DCD Input FT1 0/1 0 PAFR2 0/1 0/1 1
PA4  After reset
. Input FT9 0 0 PAFR1 0 1 1
(TRST)
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
UT1RTS Output FT1 0/1 1 PAFR2 0/1 0/1 0
PA5  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TRACECLK Output FT1 0/1 1 PAFR1 0/1 0/1 0
UT1RXD Input FT1 0/1 0 PAFR2 0/1 0/1 1
UT1IRIN Input FT1 0/1 0 PAFR3 0/1 0/1 1
PA6  After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TRACEDATAO Output FT1 0/1 1 PAFR1 0/1 0/1 0
UT1TXD Output FT1 0/1 1 PAFR2 0/1 0/1 0
UT1IROUT Output FT1 0/1 1 PAFR3 0/1 0/1 0
PA7  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TRACEDATA1 Output FT1 0/1 1 PAFR1 0/1 0/1 0
UT1CTS Output FT1 0/1 1 PAFR2 0/1 0/1 0
Input 0/1 0 0/1 0/1 1
SC3SCK FT1 PAFR3
Output 0/1 1 0/1 0/1 0
SC3CTS Input FT1 0/1 0 PAFR4 0/1 0/1 1
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Table 9-1 PORT A Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PADATA PACR PAFRn PAOD PAPUP PAPDN PAIE
TB70UT Output FT1 0/1 1 PAFR5 0/1 0/1 0
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9. Input / Output port
9.1 Registers TMPM46BF10FG

9.1.22 PORTB

Table 9-2 PORT B Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PBDATA | PBCR PBFRn PBOD PBPUP | PBPDN PBIE
PBO  After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TRACEDATA2 Output FT1 0/1 1 PBFR1 0/1 0/1 0
SC3TXD Output FT1 0/1 1 PBFR3 0/1 0/1 0
PB1  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TRACEDATA3 Output FT1 0/1 1 PBFR1 0/1 0/1 0
SC3RXD Input FT1 0/1 0 PBFR3 0/1 0/1 1
PB2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
WR Output FT1 0/1 1 PBFR1 0/1 0/1 0
MT30UTO Output FT2 0/1 1 PBFR3 0/1 0/1 0
MT3TBOUT Output FT1 0/1 1 PBFR4 0/1 0/1 0
SNFCWE Output FT1 0/1 1 PBFR5 0/1 0/1 0
PB3  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
RD Output FT1 0/1 1 PBFR1 0/1 0/1 0
MT30UT1 Output FT2 0/1 1 PBFR3 0/1 0/1 0
MT3TBIN Input FT1 0/1 0 PBFR4 0/1 0/1 1
SNFCRE Output FT1 0/1 1 PBFR5 0/1 0/1 0
PB4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
Cs0 Output FT1 0/1 1 PBFR1 0/1 0/1 0
GEMG3 Input FT1 0/1 0 PBFR3 0/1 0/1 1
SNFCCLE Output FT1 0/1 1 PBFR5 0/1 0/1 0
PB5  After reset 0 0 0 0 0 0
Input Port Input 01 0 0 01 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
ALE Output FT1 0/1 1 PBFR1 0/1 0/1 0
MT3IN Input FT1 0/1 0 PBFR3 0/1 0/1 1
SNFCALE Output FT1 0/1 1 PBFR5 0/1 0/1 0
PEE  er Input FT6 0 0 0 0 0
(BOOT)
After reset 0 0 0 0 0
Output Port Output 01 1 0 01 0/1
BELL Output FT1 0/1 1 PBFR1 0/1 0/1
SCOUT Output FT1 0/1 1 PBFR2 0/1 0/1
TB3OUT Output FT1 0/1 1 PBFR4 0/1 0/1
SNFCCE Output FT1 0/1 1 PBFR5 0/1 0/1
PB7  After reset 0 0 0 0 0 0
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TOSHIBA

Table 9-2 PORT B Setting List
PO Reset status PORT Control registers
Input/Output
RT Type PBDATA PBCR PBFRn PBOD PBPUP PBPDN PBIE
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 01 0
SNFCRB Input FT1 0/1 0 PBFR5 0/1 0/1 1

Note:PB6 works as a BOOT function. It is enabled to be input and pulled-up while RESET pin is "Low". At the ris-
ing edge of the reset signal, if PB6 is "High", the device enters single chip mode and boots from the on-chip
flash memory. If PB6 is "Low", the device enters single BOOT mode and boots from the internal BOOT pro-

gram.
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9. Input / Output port
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9.1.23 PORTC

Table 9-3 PORT C Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PCDATA | PCCR PCFRn PCOD PCPUP | PCPDN PCIE
PCO  After reset 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0
INTE Input FT4 0/1 0 0/1 0/1 1
PC1  After reset 0 0 0 0 0
Input Port Input 0/1 0 0/1 (/4] 1
Output Port Output 0/1 1 0/1 0/1 0
INTF Input FT4 0/1 0 0/1 0/1 1
PC2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TB3INO Input FT1 0/1 0 PCFR1 0/1 0/1 1
PC3  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 01 0
TB4INO Input FT1 01 0 PCFR1 0/1 0/1 1
PC4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT1 Input FT4 0/1 0 0/1 0/1 1
TB6INO Input FT1 0/1 0 PCFR1 0/1 0/1 1
PC5  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
TB7INO Input FT1 0/1 0 PCFR1 0/1 0/1 1
RTCOUT Output FT1 0/1 1 PCFR2 0/1 0/1 0
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9.1.24 PORTD

Table 9-4 PORT D Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PDDATA | PDCR PDFRn PDOD PDPUP | PDPDN PDIE

PDO  After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SP2FSS FT2 PDFR1
Output 0/1 1 0/1 0/1 0
PD1  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
SP2DI Input FT2 01 0 PDFR1 01 0/1 1
PD2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 01 1 0 01 0/1 0
SP2DO Output FT2 0/1 1 PDFR1 0/1 0/1 0
PD3  After reset 0 0 0 0 0 0
Input Port Input 01 0 0 01 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SP2CLK FT2 PDFR1
Output 0/1 1 0/1 0/1 0
PD4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT7 Input FT4 0/1 0 0/1 0/1 1
TB5INO Input FT1 0/1 0 PDFR1 0/1 0/1 1
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9. Input / Output port
9.1 Registers TMPM46BF10FG

9.1.25 PORTE

Table 9-5 PORT E Setting List

PO Reset status PORT Control registers
Input/Output
RT Type | PEDATA | PECR PEFRn PEOD PEPUP | PEPDN PEIE

PEO  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT4 Input FT4 01 0 0/1 0/1 1
A16 Output FT1 0/1 1 PEFR3 0/1 0/1 0
TBOINO Input FT1 0/1 0 PEFR5 0/1 0/1 1
PE1  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 (/] 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT5 Input FT4 0/1 0 0/1 0/1 1
SCORXD Input FT1 0/1 0 PEFR1 0/1 0/1 1
A17 Output FT1 0/1 1 PEFR3 0/1 0/1 0
TB1INO Input FT1 0/1 0 PEFR5 0/1 0/1 1
PE2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/ 1
Output Port Output 0/1 1 0 0/1 0/1 0
SCOTXD Output FT1 0/1 1 PEFR1 0/1 0/1 0
A18 Output FT1 0/1 1 PEFR3 0/1 0/1 0
TB1OUT Output FT1 0/1 1 PEFR5 0/1 0/1 0
PE3  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 01 1
Output Port Output 0/1 1 0 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SCOSCK FT1 PEFR1
Output 0/1 1 0/1 0/1 0
A19 Output FT1 0/1 1 PEFR3 0/1 0/1 0
SCOCTS Input FT1 0/1 0 PEFR4 0/1 0/1 1
TBOOUT Output FT1 0/1 1 PEFR5 0/1 0/1 0
PE4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 (/] 1
Output Port Output 0/1 1 0 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SC1SCK FT1 PEFR1
Output 0/1 1 0/1 0/1 0
A20 Output FT1 0/1 1 PEFR3 0/1 0/1 0
SC1CTS Input FT1 0/1 0 PEFR4 01 0/1 1
TB20OUT Output FT1 0/1 1 PEFR5 0/1 0/1 0
PE5  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/ 1
Output Port Output 0/1 1 0 0/1 0/1 0
SC1TXD Output FT1 0/1 1 PEFR1 0/1 01 0
A21 Output FT1 0/1 1 PEFR3 0/1 0/1 0
PE6  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
SC1RXD Input FT1 0/1 0 PEFR1 0/1 0/1 1
A22 Output FT1 0/1 1 PEFR3 0/1 0/1 0
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Table 9-5 PORT E Setting List

PO Reset status PORT Control registers
Input/Output
RT Type | PEDATA | PECR PEFRn PEOD PEPUP | PEPDN PEIE
PE7  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT6 Input FT4 0/1 0 0/1 0/1 1
A23 Output FT1 0/1 1 PEFR3 0/1 01 0
TB2INO Input FT1 0/1 0 PEFR5 0/1 0/1 1
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9.1.26 PORTF

Table 9-6 PORT F Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PFDATA | PFCR PFFRn PFOD PFPUP PFPDN PFIE

PFO  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 01 1
Output Port Output 0/1 1 0 0/1 0/1 0
ADO 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTOCTS Input FT1 0/1 0 PFFR3 0/1 0/1 1
PF1 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD1 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTOTXD Output FT1 0/1 1 PFFR3 0/1 0/1 0
UTOIROUT Output FT1 0/1 1 PFFR4 0/1 0/1 0
PF2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD2 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTORXD Input FT1 0/1 0 PFFR3 0/1 0/1 1
UTOIRIN Input FT1 0/1 0 PFFR4 0/1 0/1 1
PF3  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD3 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTORTS Output FT1 0/1 1 PFFR3 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SP1CLK FT2 PFFR5
Output 0/1 1 0/1 0/1 0
PF4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INTO Input FT4 0/1 0 0/1 0/1 1
AD4 110 FT7 0/1 1 PFFR1 0/1 0/1 1
uTODCD Input FT1 0/1 0 PFFR3 0/1 0/1 1
SP1DO Output FT2 0/1 1 PFFR5 0/1 0/1 0
PF5  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD5 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTORIN Input FT1 0/1 0 PFFR3 0/1 0/1 1
SP1DI Input FT2 0/1 0 PFFR5 0/1 0/1 1
PF6  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD6 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTODSR Input FT1 0/1 0 PFFR3 0/1 0/1 1
12C1SCL l[e} FT1 0/1 1 PFFR4 1 0/1 1
Input 0/1 0 0/1 0/1 1

SP1FSS FT2 PFFR5
Output 0/1 1 0/1 0/1 0
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Table 9-6 PORT F Setting List

PO Reset status PORT Control registers
Input/Output
RT ,7 Type PFDATA PFCR PFFRn PFOD PFPUP PFPDN PFIE
PF7  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 01 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD7 110 FT7 0/1 1 PFFR1 0/1 0/1 1
UTODTR Output FT1 0/1 1 PFFR3 0/1 0/1 0
12C1SDA 1’0 FT1 0/1 1 PFFR4 1 0/1 1
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9. Input / Output port
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9.1.27 PORTG

Table 9-7 PORT G Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PGDATA | PGCR PGFRn PGOD PGPUP | PGPDN PGIE
PGO After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD8 110 FT7 01 1 PGFR1 0/1 0/1 1
MTOIN Input FT1 01 0 PGFR3 0/1 0/1 1
SNFCDO 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG1 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD9 110 FT7 0/1 1 PGFR1 0/1 0/1 1
GEMGO Input FT1 0/1 0 PGFR3 0/1 0/1 1
SNFCD1 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG2 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD10 110 FT7 0/1 1 PGFR1 0/1 0/1 1
MTOOUT1 Output FT2 0/1 1 PGFR3 0/1 0/1 0
MTOTBIN Input FT1 0/1 0 PGFR4 0/1 0/1 1
SNFCD2 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG3 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD11 110 FT7 0/1 1 PGFR1 0/1 0/1 1
MTOOUTO Output FT2 0/1 1 PGFR3 0/1 0/1 0
MTOTBOUT Output FT1 0/1 1 PGFR4 0/1 0/1 0
SNFCD3 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG4 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD12 1/10 FT7 0/1 1 PGFR1 0/1 0/1 1
SNFCD4 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG5 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 01 01 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD13 1/10 FT7 0/1 1 PGFR1 0/1 0/1 1
SNFCD5 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG6 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 01 0
AD14 1/10 FT7 0/1 1 PGFR1 0/1 0/1 1
SNFCD6 1/10 FT7 0/1 1 PGFR5 0/1 0/1 1
PG7 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
AD15 1/10 FT7 0/1 1 PGFR1 0/1 01 1
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Table 9-7 PORT G Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PGDATA [ PGCR PGFRn PGOD PGPUP | PGPDN PGIE
SNFCD7 110 FT7 0/1 1 PGFR5 0/1 0/1 1
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9. Input / Output port
9.1 Registers TMPM46BF10FG

9.1.28 PORTH

Table 9-8 PORT H Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PHDATA | PHCR PHFRn PHOD PHPUP | PHPDN PHIE
PHO After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
BELH Output FT1 0/1 1 PHFR1 0/1 0/1 0
TB50UT Output FT1 0/1 1 PHFR2 0/1 0/1 0
MT2IN Input FT1 0/1 0 PHFR3 0/1 0/1 1
12C2SDA 110 FT1 0/1 1 PHFR4 1 0/1 1
PH1 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
cs1 Output FT1 0/1 1 PHFR1 0/1 0/1 0
TB4OUT Output FT1 0/1 1 PHFR2 0/1 0/1 0
GEMG2 Input FT1 0/1 0 PHFR3 0/1 0/1 1
12C2SCL 110 FT1 0/1 1 PHFR4 1 0/1 1
PH2 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
Ccs2 Output FT1 0/1 1 PHFR1 0/1 0/1 0
MT20UT1 Output FT2 0/1 1 PHFR3 0/1 0/1 0
MT2TBIN Input FT1 01 0 PHFR4 01 01 1
PH3 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
CS3 Output FT1 0/1 1 PHFR1 0/1 0/1 0
MT20UTO Output FT2 0/1 1 PHFR3 0/1 0/1 0
MT2TBOUT Output FT1 01 1 PHFR4 01 01 0
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9.1.29 PORTJ

Table 9-9 PORT J Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PJDATA PJCR PJFRn PJOD PJPUP PJPDN PJIE

After reset

PJO Input FT5 0 0 0 0 0
(AINO)
Input Port Input 0 0 0/1 0/1 1
Output Port Output 0 1 0/1 0/1 0
After reset

PJ1 Input FT5 0 0 0 0 0
(AINT)
Input Port Input 0 0 01 01 1
Output Port Output 0 1 01 01 0
After reset

PJ2 Input FT5 0 0 0 0 0
(AIN2)
Input Port Input 0 0 0/1 0/1 1
Output Port Output 0 1 0/1 0/1 0
After reset

PJ3 Input FT5 0 0 0 0 0
(AIN3)
Input Port Input 0 0 01 0/1 1
Output Port Output 0 1 0/1 0/1 0
INT9 Input FT4 0/1 0 0/1 0/1 1
After reset

PJ4 Input FT5 0 0 0 0 0
(AIN4)
Input Port Input 0 0 0/1 0/1 1
Output Port Output 0 1 0/1 0/1 0
INTA Input FT4 0/1 0 0/1 0/1 1
After reset

PJ5 Input FT5 0 0 0 0 0
(AIN5)
Input Port Input 0 0 0/1 0/1 1
Output Port Output 0 1 0/1 0/1 0
INTB Input FT4 0/1 0 0/1 0/1 1
After reset

PJ6 Input FT5 0 0 0 0 0
(AING)
Input Port Input 0 0 0/1 0/1 1
Output Port Output 0 1 0/1 0/1 0
INTC Input FT4 01 0 0/1 0/1 1
After reset

PJ7 Input FT5 0 0 0 0 0 0
(AIN7)
Input Port Input 0 0 0 0/1 0/1 1
Output Port Output 0 1 0 0/1 0/1 0
DMAREQO Input FT1 0/1 0 PJFR1 0/1 0/1 1
DMAREQ1 Input FT1 0/1 0 PJFR2 0/1 0/1 1
DMAREQ2 Input FT1 0/1 0 PJFR3 0/1 0/1 1

Note: To use the Port J as an analog input of the AD converter, disable input on PJIE and disable pull-up on PJPUP.
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9.1.210 PORT K

Table 9-10 PORT K Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PKDATA | PKCR PKFRn PKOD PKPUP | PKPDN PKIE

PKO After reset 0 0 0 0 0
Input Port Input 01 0 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0
INTD Input FT4 01 0 01 0/ 1
PK1 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 01 1 0 01 0/1 0
INT8 Input FT4 0/1 0 0/1 0/1 1
Input 0/1 0 0/1 0/1 1

SPOFSS0 FT2 PKFR2
Output 0/1 1 0/1 0/1 0
TB6OUT Output FT1 01 1 PKFR4 01 01 0
PK2 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 01 1 0 01 01 0
SPODI Input FT2 0/1 0 PKFR2 01 01 1
12COSDA 110 FT1 01 1 PKFR3 1 01 1
PK3 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 01 1 0 01 01 0
SPODO Output FT2 01 1 PKFR2 01 0/1 0
12C0SCL 110 FT1 0/1 1 PKFR3 1 0/1 1
PK4 After reset 0 0 0 0 0 0
Input Port Input 01 0 0 0/ 0/1 1
Output Port Output 0/1 1 0 0/1 01 0
Input 0/1 0 0/1 0/1 1

SPOCLK FT2 PKFR2
Output 0/1 1 0/1 0/1 0
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9.1.211 PORTL

Table 9-11 PORT L Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PLDATA | PLCR PLFRn PLOD PLPUP PLPDN PLIE

PLO After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
INT2 Input FT4 0/1 0 0/1 0/1 1
MT1IN Input FT1 0/1 0 PLFR3 0/1 0/1 1
ADTRG Input FT1 0/1 0 PLFR4 0/1 0/1 1
PL1 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/ 1
Output Port Output 0/1 1 0 0/1 0/1 0
GEMG1 Input FT1 0/1 0 PLFR3 0/1 0/1 1
SC2RXD lutput FT1 01 0 PLFR5 01 01 1
PL2 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
MT10UT1 Output FT2 0/1 1 PLFR3 0/1 0/1 0
MT1TBIN Input FT1 0/1 0 PLFR4 0/1 0/1 1
SC2TXD Output FT1 01 1 PLFR5 01 01 0
PL3 After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0 01 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0
MT10UTO Output FT2 0/1 1 PLFR3 0/1 0/1 0
MT1TBOUT Output FT1 0/1 1 PLFR4 0/1 0/1 0
Input 0/1 0 0/1 0/1 1

SC2SCK FT1 PLFR5
Output 0/1 1 0/1 0/1 0
SC2CTS Input FT1 0/1 0 PLFR6 0/1 0/1 1
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9.2 Block Diagrams of Ports

The ports are classified as shown below. Please refer to the following pages for the block diagrams of each
port type.

Dot lines in the figure indicate the part of the equivalent circuit described in the "Block diagrams of ports".

The operation of "Direct reset" shown in the circuit diagram is enabled when the cold-reset occurrs or when the
STOP2 mode is released by the reset pin.

9.21 Type FT1
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Figure 9-1 Port Type FT1
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9.2.2 Type FT2
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9.2.3 Type FT3
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9.24 Type FT4
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9.2.5 Type FT5
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9.2.6 Type FT6
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9.2.7 Type FT7
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9.2.8 Type FT8

<PTKEEP>

PXPUP
(Pull-up control)

A
Y

PxPDN
Pull-down control

A
A

PxCR
(Output control)

A
Y

PxFRn
(Function control)

A

Function output——
PXDATA IA
(Output latch) 0 —qG

PxOD
(Open-drain
control)

Port
Input/Output

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
t

\Z

snq eilep |BuJalU[
Y
—

Y

PxIE
(Input control)

—O5 1K

Port read

Function input(—G—

Y

"V

Figure 9-8 Port Type FT8

Page 185 2015/11/12



9.
9.2 Block Diagrams of Ports

Input / Output port

TMPM46BF10FG

9.2.9 Type FT9
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10. External Bus Interface (EBIF)

10.1  Overview
The TMPM46BF10FG has a built-in external bus interface function to connect to external memory and I/Os.

These features are shown in the following table.

Table 10-1 Features of External bus interface

features

NOR Flash memory, SRAM, Peripheral /0

Memory supports
y supp Multiplex bus mode

Data bus width Either an 8- or 16-bit width can be set for each channel.

Chip select 4 channels (CS0, CS1, CS2, CS3)

Supports up to 64MB memory spaces

Address access spaces
0x6000_0000 to 0x63FF_FFFF (Max. 16MB for each CS)

. . This function can be enabled for each channel.
Internal wait function . . .
A wait can be automatically inserted up to 15 cycles.

ALE assert time An assert time can be selected from 1, 2, 3, or 5 cycles for each channel.

) ) This function can be enabled for each channel.
fsuitst?oﬁyde insertion A RD or WR setup cycle can be automatically inserted.

(tAC cycle expanded)

In consecutive external bus cycles, a dummy cycle up to 8 clocks can be inserted and this
dummy cycle can be specified for each channel.

(tCAR, tRAE cycles expanded)

Recovery (Hold) cycle in-
sertion function

Internal wait, ALE assert time, Setup cycle and Recovery cycle can be expanded double

Bus expansion function ) )
p or quadruple. (Used in common in all channels.)

Control pins Multiplex bus mode: AD[15:0], A[23:16], RD, WR, BELL, BELH, CS0, CS1, CS2, CS3, ALE
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10.2 Address and Data Pin Setting TMPM46BF10FG

10.2 Address and Data Pin Setting

The external bus interface has separate bus and multiplexed modes. The TMPM46BF10FG can use multiplexed
bus mode.

EXBMOD is used for this setting. when EXBMOD<EXBSEL> is set to "0", the multiplexed bus mode is selected.

Table 10-2 shows addresses and data pins used in each mode. For the information of ports used for connecting
to external devices, refer to Chapter "Product Information".

Table 10-2 Bus Mode, Address and Data Pins

Separate Bus Multiplex Bus
EXBMOD<EXBSEL> = "1" EXBMOD<EXBSEL> = "0"
A16 to A23
ADO to AD15

When access is changed from the external area to internal area, the address buses maintain the address output
of the previous external area and the data buses become high impedance.
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10.3 Registers

10.3.1 Registers List

The following table shows control registers and addresses. For the base address, refer to "Peripheral Func-

tion Base Address List" in Chapter "Memory Map".

Register name

Address (Base+)

External Bus Mode Control Register EXBMOD 0x0000
External Bus Area and Start Address Configuration Register 0 EXBASO 0x0010
External Bus Area and Start Address Configuration Register 1 EXBAS1 0x0014
External Bus Area and Start Address Configuration Register2 EXBAS2 0x0018
External Bus Area and Start Address Configuration Register 3 EXBAS3 0x001C
External Bus Chip Select Control Register 0 EXBCSO0 0x0040
External Bus Chip Select Control Register 1 EXBCS1 0x0044
External Bus Chip Select Control Register 2 EXBCS2 0x0048
External Bus Chip Select Control Register 3 EXBCS3 0x004C

Note: Reading/writing registers are allowed only in the unit of word (32-bit).
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103 Registers TMPM46BF10FG

10.3.2 EXBMOD (External Bus Mode Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - EXBWAIT EXBSEL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-1 EXBWAIT[1:0] | R'W Bus cycle extension
00: None
01: Double
10: Quadruple
11: Prohibited
These bits are used to set the setup, wait and recovery of the bus cycle to be double or quadruple. For ex-
ample, if a Read setup cycle is set as two cycles by setting <EXBWAIT>="00" (no extension), the two cy-
cles can be
quadruplicated by changing the bit setting to <EXBWAIT>="01" (double). It also can be octuplicated by set-
ting the bits to <EXBWAIT>="10" (quadruple). The extended cycle is configured by setting Read/Write set-
up, chip select/Read/Write recovery, ALE/internal wait cycle and <EXBWAIT> (double or quadruple).
0 EXBSEL R/W Select external bus mode (Note)
Write as "0".
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10.3.3 EXBASO to 3 (External Bus Area and Start Address Configuration Register)

31 30 29 28 27 26 25 24
bit symbol SA31 SA30 SA29 SA28 SA27 SA26 SA25 SA24
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol SA23 SA22 SA21 SA20 SA19 SA18 SA17 SA16
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 ¢l 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol EXAR
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 SA31-SA16 R/W Chip select Start address (Note)
The A[23:16] is specified as start address.

15-8 - R Read as 0.

7-0 EXAR[7:0] R/W Chip select Address space size
The size of address space can be specified nine kind of setting from 64Kbyte up to 16Mbyte.
0000_0000: 16 Mbyte 0000_0011: 2 Mbyte 0000_0110: 256 Kbyte
0000_0001: 8 Mbyte 0000_0100: 1 Mbyte 0000_0111: 128 Kbyte
0000_0010: 4 Mbyte 0000_0101: 512 Kbyte 0000_1000: 64 Kbyte

Others: Prohibited

Note: If same address space is specified between CS0, CS1, CS2 and CS3, the chip selector will be given priority
shown below

High priority CS0 > CS1 > CS2 > CS3 Low priority

Table 10-3 Address area size and start address setting

SA - EXAR
The address 15
area size of a

chip select 311 30| 29| 28| 27| 26| 25|24 (23|22 21|20 19| 18 17| 16 to 716 51411 3] 2 1 0

8
16Mbyte | 0 1 1 oo 0 x x| 0o]lO0O]l]O|O|]O] O 0| O - olo|lo|lO0O|JO|J]O]O]O
8Mbyte | 0 1 1 oo 0 x X x| 0]lO0O]lO|]O]O 0| O - olo|loOo|JO|lO|O] O 1
4Mbyte | O 1 1 oo 0 x X X x| 0]lO0O|]O] O 0| o0 - ojo|lo|lO0O|Of|O 1 0
2Mbyte | 0 1 1 oo 0 x X X X x| 0] 0] O 0] o0 - ojo|lo|lO0O|Of|O 1 1
1Mbyte [ O 1 1 ofoloO|l x| x| x| x| x|x|O0O]O0O]O0]O - ojo|lo0|O0f|O 1 0] o0
512Kbyte [ O 1 1 0 0 0 X X X X X X X 0 0 0 - 0 0 0 0 0 1 0 1
256Kbyte | 0 1 1 0 0 0 X X X X X X X X 0 0 - 0 0 0 0 0 1 1 0
128Kbyte | 0 1 1 0 0 0 X X X X X X X X X 0 - 0 0 0 0 0 1 1 1
64Kbyte [ O 1 1 0 0 0 X X X X X X X X X X - 0 0 0 0 1 0 0 0

x: Optional
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10.3.4 EXBCSO to 3 (External Bus Chip Select Control Register)
) 29 | 28 | 6 | 25 24
bit symbol CSR WRR RDR
After reset 0 1 0 0 1 0 0 1
23 22 21 20 19 18 17 16
bit symbol - - ALEW WRS RDS
After reset 0 0 0 1 0 1 0 1
15 14 13 12 11 10 9 8
bit symbol - - - Csiw
After reset 0 0 0 0 0 0 1 0
7 6 5 4 3 2 1 0
bit symbol - - - - - csw CsSwWo
After reset 0 0 0 0 0 0 1 0
Bit Bit Symbol Type Function
31-30 CSR[1:0] R/W Chip select (CSx) Recovery cycle
00: None 01: 1 cycle 10: 2 cycles 11: 4 cycles
29-27 WRR[2:0] R/W Write (WR) Recovery cycle
000: None 010: 2 cycles 100: 4 cycles 110: 6 cycles
001: 1 cycle 011: 3 cycles, 101: 5 cycles 111: 8 cycles
26-24 RDR[2:0] R/W Read (RD) Recovery cycle
000: None 010: 2 cycles 100: 4 cycles 110: 6 cycles
001: 1 cycle 011: 3 cycles, 101: 5 cycles 111: 8 cycles
23-22 - R Read as 0.
21-20 ALEWI[1:0] R/W ALE wait cycle for multiplex bus Read (RD) Recovery cycle
00: None 01: 1 cycles 10: 2 cycles 11: 4 cycles
19-18 WRSI[1:0] R/W Write (WR) Setup cycle
00: None 01: 1 cycles 10: 2 cycles 11: 4 cycles
17-16 RDS[1:0 R/W Read (RD) Setup cycle
00: None 01: 1 cycles 10: 2 cycles 11: 4 cycles
15-13 - R Read as 0.
12-8 CSIW[4:0] R/W Selection of number of waits
0_0000 : 0 waits 0_0001 : 1 wait 0_0010 : 2 waits 0_0011 : 3 waits
0_0100 : 4 waits 0_0101 : 5 waits 0_0110 : 6 waits 0_0111 : 7 waits
0_1000 : 8 waits 0_1001 : 9 waits 0_1010 : 10 waits 0_1011 : 11waits
0_1100 : 12 waits 0_1101 : 13 waits 0_1110 : 14 waits 0_1111 : 15 waits
7-3 - R Read as 0.
2-1 CSW[2:1] R/W Data bus width
00: 8-bit
01: 16-bit
Other than the above settings: Prohibited
0 CsSwo R/IW CS Enable
0: Disable
1: Enable
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10.4 Data Format

Internal registers and external bus interfaces of the TMPM46BF10FG are configured as described below.

10.4.1 Little-Endian Mode

10.4.1.1  Word Access

16-bit bus width

Internal Registers

address

D31 [DD|x3
X2
x1

D00 |AA| X0

8-bit bus width

Internal Registers

address

D31 [PD| x3
X2

BB x1
D00 [AA|x0

External Buses

AaBB X ccDD

LSB MSB
A1=0 Al=1

External Buses

A X BB X cc X DD

x0 x1 X2 x3
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10.4 Data Format TMPM46BF10FG

10.4.1.2 Half word access

16-bit bus width

Internal Registers External Buses
address
AABB
LSB MSB

address

B LSB MSB
@ x3

D00 [cc|x2
+  8-bit bus width
Internal Registers External Buses
____address
D
x0 x1
BB | x1
D00 [AA| X0
_ address
D31 cc X 0o X
X2 x3
DD| x3
D00 |CC|x2
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10.4.1.3 Byte access

16-bit bus width

Internal Registers External Buses
- address
| LSB MSB
D00 K x0
- address
D31 BB g
[ | LSB MSB
D00 |BB | x1
____address
| LSB MSB
D00 E X2
- address
D31 DD g
[ | LSB MSB
D00 |DD| x3
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10.4 Data Format TMPM46BF10FG

+  8-bit bus width

Internal Registers External Buses

- address
D31 AA g
D00 |AA | x0
- address
D00 |BB | x1

address

D00 |CC| x2

address

D00 |DD| x3

2015/11/12 Page 196



TOSHIBA

TMPM46BF10FG

10.5 External Bus Operations (Multiplexed Bus Mode)

This section describes various bus timings. The timing diagram shown below assumes that the address buses
are A23 through A16 and data buses are AD15 through ADO.

Bus cycle (tsys) becomes 1 cycle of fsys when the clock output function is not used.

10.5.1  Basic Bus Operation

TMPM46BF10FG’s external bus cycle is basically 4 clocks.

Figure 10-1 shows a read bus timing and Figure 10-2 shows a write bus timing. If internal areas are ac-
cessed, address buses remain unchanged and the ALE does not output latch pulses as shown in these figures.

Additionally, address/data buses are in a state of high impedance and control signals such as RD and WR

do not become active.
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10.5.2 Wait Insertion

A wait cycle can be inserted for each channel by using the internal wait controller.

The following waits can be inserted.

An internal wait up to 15 clocks can be automatically inserted.

10.5.2.1 Internal Wait

To use the internal wait function, set "0" to EXBCSx<EXWAIT>. The setting of the number of waits
can be set using EXBCSx<CSIW[4:0]>.

Figure 10-3 and Figure 10-4 show the read and write timing diagrams in which internal 2 waits have
been inserted.
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10.5.3 ALE Assert Time

An ALE assert time can be selected from 1, 2, 3 or 5 of system clock. The setting bit is

EXBCSx<ALEW>. In the default setting, RD or WR signal is asserted after 2 system clocks (internal) after
the address is generated.
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AD[15:0] R Data >’
ALE(<ALEW[L:0p="01") /| \
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Figure 10-5 ALE asserted time

Figure 10-6 shows the timing when the ALE is 1 clock and 2 clocks.
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Figure 10-6 Read Operation Timing (When the ALE is 1 Clock or 2 Clocks)
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10.5.4 Read and Write Recovery Time

If access to external areas occurs consecutively, a dummy cycle can be inserted as recovery time.

A dummy cycle can be inserted in both a read and a write cycle. The dummy cycle insertion can be set by
EXBCSx<WRR[2:0]> (write recovery cycle) and <RDR[2:0]> (read recovery cycle). As for the number of
dummy cycles, 0 through six and eight system clocks (internal) can be specified for each channel. Figure
10-7 shows the timing of recovery time insertion.
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Page 201 2015/11/12



10. External Bus Interface (EBIF)
10.5 External Bus Operations (Multiplexed Bus Mode) TMPM46BF10FG

10.5.5 Chip Select Recovery Time
If access to external areas occurs consecutively, a dummy cycle can be inserted as recovery time.

The dummy cycle insertion can be set by EXBCSx<CSR[1:0]>. As for the number of dummy cycles, 0
through two and four system clocks (internal) can be specified for each channel. Figure 10-8 shows the tim-
ing of recovery time insertion.

PO i : : ; |
A[23:16] _X UPPET address X Upper ;address X
AD[15:0] -----Qower address Data > -(Lower address><>< Daﬁa > .............. ;.

@ : : :
WR 1 1 / j
BELL
BELH \_/
Normal cycle 1Cs ;recovery icycle :
A[23:16] X Upper address : x Upper;address X
AD[15:0] * -(Lower address Data > ----- -Qower address§ Déta >

RD 1
BeLF = \_/

Normal cycle ZjCS recoVery cyclés

Figure 10-8 Timing of recovery time insertion (ALE width: 1 clock)
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10.5.6 Read and Write Setup Cycle

A read and a write setup cycle can be inserted for each channel by using the internal setup controller. The fol-

lowing cycle can be inserted.

An internal read and write setup cycle up to 4 clocks can be automatically inserted.

The setting of the number of setup cycles can be set using EXBCSx<WRSJ[1:0]> and <RDS[1:0]>.

Figure 10-9 shows the timing diagrams in which the read or write setup cycle has been inserted.
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10.6 Connection Example of External memory

10.6.1 Connection Example of External 16-bit SRAM and NOR-Flash(Non-synchro-
nous Multiplex mode)

TMPM46BF10FG % g g 16bit NOR-Flash
CSO CE
WR WE
RD OE

AD[15:0] % : D[15:0]
A[14:0
AD[15:1]|° © 4:0]
ALE LE
Al6 I Al5
Al7 % Al6
A23 T A22
16bit SRAM
WE
% OE
cs1 CE
D[15:0]
A[14:0]
Al5
Al6
) -
% A22
BELL LB
BELH % UB

Figure 10-10 Connection Example of external 16-bit SRAM and NOR-Flash (Non-synchro-
nous Multiplex mode)
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11. SLC NAND Flash Controller (SNFC)

11.1 Outline

The SLC NAND flash controller supports an SLC (Single Level Cell) type NAND flash memory.
It is equipped with dedicated pins to connect a NAND flash memory.

Its error correction function employs BCH code ECC that can perform 4 bits per 512bytes error correction and
8 bits per 512bytes error correction. It also can output error correction patterns.

The features are as follows:

Table 11-1 Features of the SLC NAND flash controller

Feature Description
Support memory NAND flash memory: 1 G bit to 4 G bit, 8-bit data bus width, 3V VDD
Data bus width 8-bit width only (SNFCD[7:0] )
Chip select signal 1 channel (SNFCCE)
Internal wait function Up to 8 cycles can be inserted.

Setup/recovery insert A setup cycle/recovery (hold) cycle can be inserted.

function
Control bi SNFCD[7:0], SNFCCLE, SNFCALE, SNFCRE, SNFCWE, SNFCRB,SNFCCE
ontrol pin
P (The WP pin is not supported.)
ECC BCH encoding/decoding, built-in error correction circuit (4 bits per 512 Bytes and 8 bits pre 512

Bytes)

High-speed data transfer is achieved by combining with the DMA controller (DMAA, DMAB, and

Automatic load function DMAC).

1. Supported memory
The SNFC supports an SLC type NAND flash memory.

The table below lists the supported memories:

Table 11-2 Specifications of supported memories

Memory specification
Block Page
Bus BCH mode
Memory size | The num- Size The num- | The num- Size (Byte) width (ECC)
ber of ber of pa- | ber of pa- _ f
blocks (byte) ges ges Data Redundan: (bit)
cy
1GB 128K + 4K 2112 64 4bit / 512Byte
) 1024 65536
(128M x 8 bit) 128K + 8K 2176 128 8bit / 512Byte
2048
2GB 128K + 4K 2112 64 4bit / 512Byte
) 64 8
(256M x 8 bit) 128K + 8K 2176 128 8bit / 512Byte
2048 131072
4GB 256K + 14K 4320 224 4bit / 512Byte
) 4096
(512M x 8 bit) 256K + 16K 4352 256 8bit / 512Byte
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11.1  Outline TMPM46BF10FG
2. Waveform adjustment function
The SNFC can insert an internal wait and setup cycle/recovery (hold) cycle depending on the connec-
ted memory type.
+ Setup time/hold time of SNFCCLE
+ Setup time/hold time of SNFCALE
+ Setup time/wait time/hold time of SNFCRE
+ Setup time/wait time/hold time of SNFCWE
3. Control pin
The SNFC is equipped with the dedicated pins to connect a NAND flash memory. It enables direct con-
nection.
4. ECC
The SNFC incorporates an error detection/correction circuit that can perform BCH encoding/decoding
on 4 bits per 512 Bytes or 8 bits per 512 Bytes.
The ECC process is executed in the units of sector. Automatic correction and software correction can
be selected.
Figure 11-1 shows the block diagram.
DMAC control DMAB control DMAA control
Internal bus A A 0 )
om om [sa]
o 1 Ol e e ] o
; < < < 1
! |
: Control signal Control signal Control signal 1
1
1
1 .
: > ﬁ:‘rpg’\z‘aggssggj)ence completion interrupt
1 ! Page RAM transfer completion interrupt A
N ——>
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: ECC Write data I/F _:_) 5;%22/:?;;31{5;3 completion interrupt C
/ 1
: CO ntrOI B C H CO ntro I Uncorrectable error detection interrupt
) 1 (INTSNFCFAIL)
: b I OC k Gode write contrel b I OCk —l—) Decode completion interrupt
1 1 (INTSNFCDEC)
1 Mode control =) v ow < : Soft reset
I 523258 I
1 O 0 O OO |O |0
1 Status control signal % % % % % % % 1
! :
T T
SLC NAND-Flash Controller N ey
control signal
Figure 11-1 Block diagram
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11.2 Pin Description

The table below lists the pins of the SNFC and their functions:

Table 11-3 SLC NAND flash controller pins

Pin name Az i Function
put

N A chip enable signal for the flash memory

SNFCCE Output

(This pin enables the flash memory that is connected to this LSI.)

A command latch enable signal for the flash.
SNFCCLE Output . . .
(The signal is asserted when this LS| outputs a command.)

An address latch enable signal for the flash memory.

SNFCALE Output | (The signal is asserted when this LS| outputs an address. The signal is negated when this LS| outputs/in-
puts data.)

A read enable signal for the flash memory.

SNFCRE Output . ENERDE
(The SNFC reads data on the rising edge of SNFCRE.)
- A write enable signal for the flash memory.
SNFCWE Output . _
(A flash memory latches a command, address, and data on the rising edge of SNFCWE.)
SNFCD Input/out- | An 1/0 signal between the flash memory.
[7 to 0] put (The output signal is for commands/address and the input/output signal for data.)
A ready/busy signal from the flash memory.
SNFCRB Input v v $9 v

(A high-level signal is recognized as ready state; a low-level signal is recognized as busy state.)

Note 1: The WP pin is not available.
Note 2: When the SNFC is used, specify the port setting and then specify the SNFC setting.

Note that when the port setting is specified, specify the function registers first and then specify the control reg-
isters. This order reduces unnecessary signals to flow to the control pins and data bus.

Note 3: Connection pins with the NAND flash memory are shared with the general-purpose ports. The connection pins be-
come high-impedance after reset. These connection pins are high-impedance state until the port setting is speci-
fied. Therefore, place the pull-up registers to the LSI to avoid influence to the connected memory.
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11.3 Registers

11.3.1  Register List
The following table lists the control registers and their addresses:
For the base address, refer to "A list of peripheral function base addresses" in the chapter on "Memory Map."
SNFC_IF Block
Register name Address (Base+)
Enable control register SNFCENC 0x0000
ECC mode register SNFCECCMOD 0x0004
Interrupt enable register SNFCIE 0x0008
Page size register SNFCPS 0x0010
Page read column status register SNFCPRCS 0x0014
Sector register SNFCS 0x0018
Sector status register SNFCSS 0x001C
Decode input count register SNFCDIC 0x0020
Decode output count register SNFCDOC 0x0024
Encode input count register SNFCEIC 0x0028
Address register 1 SNFCA1 0x0030
Address register 2 SNFCA2 0x0034
Write register SNFCW 0x0038
Bus interface control register SNFCBIC 0x003C
Command sequence register 1 SNFCCS1 0x0040
Command sequence register 2 SNFCCS2 0x0044
Command sequence register 3 SNFCCS3 0x0048
Command sequence register 4 SNFCCS4 0x004C
Command sequence enable register SNFCCSE 0x0050
Page read buffer register SNFCPRDB 0x0100
ID read register 1 SNFCIR1 0x0104
ID read register 2 SNFCIR2 0x0108
ECC parity register 1 SNFCEP1 0x0110
ECC parity register 2 SNFCEP2 0x0114
ECC parity register 3 SNFCEP3 0x0118
ECC parity register 4 SNFCEP4 0x011C
ECC CRC register SNFCEC 0x0120
SNFC_ECC Block
Register name Address (Base+)
ECC write buffer register SNFCEWRB 0x0000
SNFC_GO block
Register name Address (Base+)
Correction data read buffer register SNFCCDRB 0x0000
ECC busy status register SNFCEBS 0x0008
ECC error status register SNFCEES 0x0020
ECC decode state register 1 SNFCEDS1 0x0040
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SNFC_GO block

Register name Address (Base+)
ECC decode state register 2 SNFCEDS2 0x0044
ECC decode state register 3 SNFCEDS3 0x0048
ECC decode state register 4 SNFCEDS4 0x004C
ECC decode state register 5 SNFCEDS5 0x0050
ECC decode state register 6 SNFCEDS6 0x0054
ECC decode state register 7 SNFCEDS7 0x0058
ECC decode state register 8 SNFCEDS8 0x005C
Sector 1 ECC error 1 position information register | SNFCS1EE1PI 0x0080
Sector 1 ECC error 2 position information register [ SNFCS1EE2PI 0x0084
Sector 1 ECC error 3 position information register [ SNFCS1EE3PI 0x0088
Sector 1 ECC error 4 position information register [ SNFCS1EE4PI 0x008C
Sector 2 ECC error 1 position information register [ SNFCS2EE1PI 0x0090
Sector 2 ECC error 2 position information register [ SNFCS2EE2PI 0x0094
Sector 2 ECC error 3 position information register | SNFCS2EE3PI 0x0098
Sector 2 ECC error 4 position information register [ SNFCS2EE4PI 0x009C
Sector 3 ECC error 1 position information register | SNFCS3EE1PI 0x00A0
Sector 3 ECC error 2 position information register [ SNFCS3EE2PI 0x00A4
Sector 3 ECC error 3 position information register | SNFCS3EE3PI 0x00A8
Sector 3 ECC error 4 position information register [ SNFCS3EE4PI 0x00AC
Sector 4 ECC error 1 position information register [ SNFCS4EE1PI 0x00B0
Sector 4 ECC error 2 position information register [ SNFCS4EE2PI 0x00B4
Sector 4 ECC error 3 position information register [ SNFCS4EE3PI 0x00B8
Sector 4 ECC error 4 position information register [ SNFCS4EE4PI 0x00BC
Sector 5 ECC error 1 position information register [ SNFCS5EE1PI 0x00C0
Sector 5 ECC error 2 position information register [ SNFCS5EE2PI 0x00C4
Sector 5 ECC error 3 position information register | SNFCS5EE3PI 0x00C8
Sector 5 ECC error 4 position information register [ SNFCS5EE4PI 0x00CC
Sector 6 ECC error 1 position information register [ SNFCS6EE1PI 0x00D0
Sector 6 ECC error 2 position information register [ SNFCS6EE2PI 0x00D4
Sector 6 ECC error 3 position information register [ SNFCS6EE3PI 0x00D8
Sector 6 ECC error 4 position information register [ SNFCS6EE4PI 0x00DC
Sector 7 ECC error 1 position information register | SNFCS7EE1PI 0x00EQ
Sector 7 ECC error 2 position information register | SNFCS7EE2PI 0x00E4
Sector 7 ECC error 3 position information register | SNFCS7EE3PI 0x00E8
Sector 7 ECC error 4 position information register [ SNFCS7EE4PI 0x00EC
Sector 8 ECC error 1 position information register | SNFCS8EE1PI 0x00F0
Sector 8 ECC error 2 position information register [ SNFCS8EE2PI 0x00F4
Sector 8 ECC error 3 position information register [ SNFCS8EE3PI 0x00F8
Sector 8 ECC error 4 position information register [ SNFCS8EE4PI 0x00FC
Peripheral function:SRST
Register name Address (Base+)
Software reset protection register SRSTPROTECT 0x0000
Peripheral function software reset register SRSTIPRST 0x0004
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11.3.2 Registers Description
11.3.2.1 Registers in the SNFC_IF Block
(1)  SNFCENC (Enable Control Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol - - - - - - - EN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-1 - R Read as "0".
0 EN R/W Enables/disables the SNFC circuit operation.
0: Disables the operation.
1: Enables the operation.
Set <EN>=1 before setting the register of the SNFC. The registers of the SNFC cannot be set un-
less this bit to "1".
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(2) SNFCECCMOD (ECC Mode Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 O 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol - - - - - - GOUTMODE SELBCH
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-2 - R Read as "0".
1 GOUTMODE R/W Selects a correction mode of BCH.
0: Corrected by software
1: Automatic correction
0 SELBCH R/W Selects mode of BCH.
0: BCH4+CRC
1: BCH8

Page 211 2015/11/12



11.  SLC NAND Flash Controller (SNFC)

11.3 Registers TMPM46BF10FG
(3) SNFCIE (Interrupt Enable Register)
31 30 29 28 27 26 25 24
Bit symbol - DECCLR DECFLG DECEN - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - FAILCLR FAILFLG FAILEN PRTCECLR | PRTCEFLG | PRTCEFENS8
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol PRTCEFEN8
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol PRTAECLR | PRTAEFLG PRTAEEN2 SEQCLR SEQFLG SEQEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 - R Read as "0".
30 DECCLR R/W Clears a decode completion interrupt. INTSNFCDEC).
[Write]
0: Invalid
1: Clears
[Read]
Always read as "0".
29 DECFLG R Indicates a flag of decode completion interrupt.INTSNFCDEC).
0: No interrupts
1: Interrupts occur.
28 DECEN R/W Enables a decode completion interrupt (INTSNFCDEC).
0: Disabled
1: Enabled
27 - R/wW Write as "0".
Read as "0".
26 - R Read as an undefined value.
25-24 - R/W Write as "0".
Read as "0".
23 - R Read as an undefined value.
22 - R/W Write as "0".
Read as "0".
21 FAILCLR R/W Clears an uncorrectable error detection interrupt (INTSNFCFAIL).
[Write]
0: Invalid
1: Clears
[Read]
Always read as "0".
20 FAILFLG R Indicates the flag of which an uncorrectable error is detected (INTSNFCFAIL).
0: No interrupts
1: Interrupts occur.
19 FAILEN R/W Enables uncorrectable error detection interrupt (INTSNFCFAIL).
0: Disabled
1: Enabled
18 PRTCECLR R/W Clears a page RAM transfer C completion interrupt (INTSNFCPRTCE).
[Write]
0: Invalid
1: Clears
[Read]
Always read as "0".
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Bit

Bit Symbol

Type

Function

PRTCEFLG

Indicates the flag of page RAM transfer C completion interrupt (INTSNFCPRTCE).
0: No interrupts
1: Interrupts occur.

16-8

PRTCEFENS
[8:0]

R/W

Enables a page RAM transfer C completion interrupt (INTSNFCPRTCE).

0_0000_0000: Interrupts are disabled.

1_1000_0000: Enabled when the sector number is 8.
1_0100_0000: Enabled when the sector number is 7.
1_0010_0000: Enabled when the sector number is 6.
1_0001_0000: Enabled when the sector number is 5.
1_0000_1000: Enabled when the sector number is 4.
1_0000_0100: Enabled when the sector number is 3.
1_0000_0010: Enabled when the sector number is 2.
1_0000_0001: Enabled when the sector number is 1.
Other than the above-mentioned is prohibited.

+Automatic correction (<GOUTMODE>=0): At the DMAC transfer data completion.

PRTAECLR

R/W

Clears a page RAM transfer A completion interrupt (INTSNFCPRTAE).
[Write]

0: Invalid

1: Clears

[Read]

Always read as "0".

PRTAEFLG

Indicates the flag of page RAM transfer A completion interrupt (INTSNFCPRTAE).
0: No interrupts
1: Interrupts occur.

PRTAEEN2
[2:0]

R/W

Enables a page RAM transfer A completion interrupt (INTSNFCPRTAE).
(DMAA transfers data completely.)

000: Interrupts are disabled.

110: The number of transfers is 1025 or more. An interrupt is enabled at 4 KB per page.
101: The number of transfers is 1024 or less. An interrupt is enabled at 2 KB per Page.
Other than the above-mentioned is prohibited.

SEQCLR

R/W

Clears a command sequence completion interrupt (INTSNFCSEQ).
[Write]

0: Invalid

1: Clears

[Read]

Always read as "0".

SEQFLG

Indicates a flag of command sequence completion interrupt (INTSNFCSEQ).
0: No interrupts
1: Interrupts occur.

SEQEN

R/W

Enables a command sequence completion interrupt (INTSNFCSEQ).
0: Disabled
1: Enabled
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(4) SNFCPS (Page Size Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - CA
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol CA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-13 - R Read as "0".
12-0 CA[12:0] R/W Sets the page size of the NAND flash memory (1 to 4352).
Zero is prohibited to be set.
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(5) SNFCPRCS (Page Read Column Status Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 O 8
Bit symbol - - - CAST
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol CAST
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-13 - R Read as "0".
12-0 CAST[12:0] R Indicates the column address status in read operation (at one-page transfer).
(Note) When the memory read operation is started at column address 2 through 4352, the informa-
tion of nth column address is read.
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(6) SNFCS (Sector Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - SEC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-4 - R Read as "0".
3-0 SEC[3:0] R/W Sets the number of sectors when page read/write command is issued (1 to 8).
Zero is prohibited to be set.
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(7) SNFCSS (Sector Status Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 O 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol - - - - SECST
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-4 - Read as "0".
3-0 SECST [3:0] Indicates the status of the sector number that is being accessed or is in operation (at 1-page transfer).
i(l)\lroitse)re\:/;lz‘en the memory read operation is started at sector 2 through 8, the information of nth sec-
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11.3 Registers TMPM46BF10FG

(8) SNFCDIC (Decode Input Count Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - DECIN
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol DECIN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-10 - R Read as "0".
9-0 DECIN[9:0] R/W Sets the number of input bytes at decoding (the number of bytes per sector).
Valid setting range in BCH8 mode: 14 to 544
Valid setting range in BCH4+CRC mode: 10 to 544

2015/11/12 Page 218



TOSHIBA TMPM46BF10FG

(9) SNFCDOC (Decode Output Count Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 O 8
Bit symbol - - - - - - DECOUT
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol DECOUT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-10 - R Read as "0".
9-0 DECOUTI[9:0] | RIW Sets the number of output bytes at decoding (the number of bytes in 1 sector: data+management infor-
mation).
Valid setting range in BCH8 mode: 14 to 544
Valid setting range in BCH4+CRC mode: 10 to 544

Page 219 2015/11/12



11.  SLC NAND Flash Controller (SNFC)
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(10)  SNFCEIC (Encode input Count Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - ENCIN
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol ENCIN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-10 - R Read as "0".
9-0 ENCIN[9:0] R/W Sets the input bytes at encoding. (1 sector: 512 bytes+management information)
Valid setting range in BCH8 mode: 1 to 531
Valid setting range in BCH4+CRC mode: 1 to 535
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(11)  SNFCAT1, 2 (Address Register 1, 2)

SNFCA1
31 | 30 | 29 | 28 | 27 26 25 24
Bit symbol PA
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol PA
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - CA
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol CA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 PA[15:0] R/W Sets a page address (PAO to 15)
15-13 - R Read as "0".
12-0 CA[12:0] R/W Sets a column address (CAO to 12)
SNFCA2
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol - - - - - - PA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-2 - R Read as "0".
1-0 PA[1:0] R/W Sets a page address (PA16 to 17)
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(12)  SNFCW (Write Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol WRDATA
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol ALECODE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-8 WRDATA[7:0] | RIW Data setting for 1-byte write.
7-0 ALECODE R/W 1-byte address setting
[7:0] (When SNFCCS<ALE>=1 is set, a 1-byte address is used. Use a 1-byte address when an ID is
read or other cases where a 1-byte address is required.)
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(13) SNFCBIC (Bus Interface Control Register)

T 29 | 28 a7 | 26 25 24
Bit symbol CLES CLEH ALES ALEH
After reset 0 1 0 0 1 0 0 1
23 22 21 20 19 18 17 16
Bit symbol WES WEW WEH
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol RES REW REH
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol DMYC2 DMYCA1 RECYC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-30 CLES[1:0] R/W Sets the setup time of SNFCCLE.
00: 0 clocks 01: 1 clock 10: 2 clocks 11: 3 clocks
29-28 CLEH[1:0] R/W Sets the hold time of SNFCCLE.
00: 0 clocks 01: 1 clock 10: 2 clocks 11: 3 clocks
27-26 ALES[1:0] R/W Sets the setup time of SNFCALE.
00: 0 clocks 01: 1 clock 10: 2 clocks 11: 3 clocks
25-24 ALEH[1:0] R/W Sets the hold time of SNFCALE.
00: 0 clocks 01: 1 clock 10: 2 clocks 11: 3 clocks
23-22 WES[1:0] R/W Sets the setup time of SNFCWE.
00: 1 clock 01: 2 clocks 10: 3 clocks 11: 4 clocks
21-19 WEW][2:0] R/W Sets the wait time of SNFCWE.

000: 1 clock 001: 2 clocks 010: 3 clocks 011: 4 clocks
100: 5 clocks 101: 6 clocks 110: 7 clocks 111: 8 clocks
18-16 WEH][2:0] R/W Sets the hold time of SNFCWE.

000: 0 clocks 001: 1 clock 010: 2 clocks 011: 3 clocks
100: 4 clocks 101: 5 clocks 110: 6 clocks 111: 7 clocks

15-14 RES[1:0] R/W Sets the setup time of SNFCRE.
00: 1 clock 01: 2 clocks 10: 3 clocks 11: 4 clocks
13-11 REW[2:0] R/W Sets the wait time of SNFCRE.

000: 1 clock 001: 2 clocks 010: 3 clocks 011: 4 clocks
100: 5 clocks 101: 6 clocks 110: 7 clocks 111: 8 clocks
10-8 REH[2:0] R/W Sets the hold time of SNFCRE.

000: 0 clocks 001: 1 clock 010: 2 clocks 011: 3 clocks
100: 4 clocks 101: 5 clocks 110: 6 clocks 111: 7 clocks
7-5 DMYC2[2:0] R/W Sets the time of dummy period 2.

000: 1 clock 001: 2 clocks 010: 3 clocks 011: 4 clocks
100: 5 clocks 101: 6 clocks 110: 7 clocks 111: 8 clocks
4-3 DMYC1[1:0] R/W Sets the time of dummy period 1.

(Sets the time until the next cycle occurs.)

00: 1 clock 01: 2 clocks 10: 3 clocks 11: 4 clocks

2-0 RECYCJ2:0] R/W Sets the number of cycles when <RE[1:0]>of the SNFCCSx register is 01.
000: 1 cycle 001: 2 cycles 010: 3 cycles 011: 4 cycles

100: 5 cycles 101: 6 cycles 110: 7 cycles 111: 8 cycles
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(14)  SNFCCS 1 to 4 (Command Sequence Register 1 to 4)
31 30 29 | 28 27 26 25 24
Bit symbol CLE2 ALE DMYB BSY DMYA RE
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol CMD2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol CLE1 CA PA PA3 WE - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol CMD1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 CLE2 R/W Indicates the occurrence of SNFCCLE (second command or ID read)
0: No command latch signal occur.
1: A command latch signal occurs.
30 ALE R/W Indicates the occurrence of SNFCALE(1 byte address or ID read)
0: No address latch signal occur.
1: An address latch signal occurs.
29-28 DMYBI1:0] R/W Sets a dummy period and the number of clocks in a dummy period.
00 : No dummy period is set.
01 : A dummy period is set (the number of clocks of SNFCBIC<DMYC2> x 1).
10 : A dummy period is set (the number of clocks of SNFCBIC<DMYC2> x 2).
11 : A dummy period is set (the number of clocks SNFCBIC<DMYC2> x 3).
When a busy cycle (<BSY>=1) is set, select the no dummy period setting (<DMYB[1:0]>=00)
(Busy cycle).
When no busy cycle (<BSY>=0) is set, select the time (<DMYB[1:0]>=00 to 11) up to the next cy-
cle (Wait cycle).
27 BSY R/W Sets a busy cycle.
0: No busy cycle is set.
1: A busy cycle is set.
26 DMYA R/W Sets a dummy period when a busy cycle (<BSY>=1) is set.(the time between on the rising edge of
SNFCRB and the next cycle execution.)
0: No dummy period is set.
1: A dummy period is set (the number of clocks of SNFCBIC<DMYC1>).
25-24 RE[1:0] R/W Sets read operation.
00 : No read operation is executed.
01 : Read operation + No uDMA transfers
(Note) Read operation is executed for the number of cycles (1 to 8) that is specified with
SNFCBIC <RECYC>.
Read SNFCIR1 to 2.
10 : Read operation + No uDMA transfers
(Note) Read operation is executed for 1 cycle regardless of the setting value of SNFCBIC <RE-
CYC>.
Read SNFCIR1.
1" : Read operation + uDMA transfers
(Note) The number of read bytes is specified with SNFCPS<CA>.
SNFCCSE <DECMODE>=1: Page read including BCH process.
SNFCCSE <DECMODE>=0: Page read including BCH process or the case where an unique ID
is 9 bytes or more.
23-16 CMD2[7:0] R/W Sets the command 2.
15 CLE1 RIW Indicates the occurrence of SNFCCLE.
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Bit

Bit Symbol

Type

Function

0: No command latch signal occurs.
1: A command latch signal occurs.

CA

R/IW

Sets a column address.

0: No column address is set.
1: A column address is set.

PA

R/W

Sets a page address.

0: No page address is set.
1: A page address is set.

PA3

R/IW

Sets a (expansion) page address (when 2 GB/4 GB memory is used).

0: No (expansion) page address is set.
1: An (expansion) page address is set.

11-10

WE1:0]

R/IW

Sets write operation
00 : No write operation is executed.
01 : Reserved
10 : Write operation + No uDMA transfers
(Note) Write the value of SNFCW<WRDATA> for 1 byte.
11 : Write operation + pDMA transfers

The number of transfer bytes in each sector is set with SNFCEIC<ENCIN>.

9-8

Read as "0".

7-0

CMDA1[7:0]

R/W

Sets the command 1.
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(15)

SNFCCSE (Command Sequence Enable Register)

30

29

28

27

Bit symbol

After reset

Bit symbol

After reset

Bit symbol

After reset

1

0

Bit symbol

DECMODE

CMDSQ4

CMDSQ3

CMDSQ2

CMDSQ1

After reset

0

0

0

0

0

Bit

Bit Symbol

Type

Function

31-8

Read as "0".

DECMODE

R/W

Selects decoding/encoding mode.
0: Encoding
1: Decoding

RAMSEL

R/W

Selects the destination RAM when sequential page read is performed.
0: RAM1 (Odd page)
1: RAM2 (Even page)

(Note) This bit cannot be set with the CMDSQ1 bit to CMDSQ4 bit simultaneously. When a com-
mand is executed, specify the RAMSEL bit before the CMDSQx bit is set.

Read as "0".

CMDSQ4

R/W

[Write]

0: Invalid

1: Executes the command. (Run the sequence that is set with SNFCCS4.)
[Read]

0: The command is being prepared.

1: The command is being executed.

CMDSQ3

R/W

[Write]

0: Invalid

1: Executes the command. (Run the sequence that is set with SNFCCS3.)
[Read]

0: The command is being prepared.

1: The command is being executed.

CMDSQ2

R/W

[Write]

0: Invalid

1: Executes the command. (Run the sequence that is set with SNFCCS2.)
[Read]

0: The command is being prepared.

1: The command is being executed.

CMDSQ1

R/W

[Write]

0: Invalid

1: Executes the command. (Run the sequence that is set with SNFCCS1.)
[Read]

0: The command is being prepared.

1: The command is being executed.
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(16) SNFCPRDB (Page Read Buffer Register)

31 | s | 20 | 28 | 2 | 2 25 24
Bit symbol PRDBUF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol PRDBUF
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 O 8
Bit symbol PRDBUF
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol PRDBUF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 PRDBUF R Data read buffer accessed by the NAND flash memory.
[31:0]
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(17) SNFCIR1, 2 (ID Read Register 1, 2)
SNFCIR1
31 | 30 29 28 | 27 26 25 24
Bit symbol IDRD4
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol IDRD3
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol IDRD2
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol IDRD1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-24 IDRD4[7:0] R Read data 4 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
23-16 IDRD3[7:0] R Read data 3 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
15-8 IDRD2[7:0] R Read data 2 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
7-0 IDRD1[7:0] R Read data 1 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
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SNFCIR2
31 30 29 28 27 26 25 24
Bit symbol IDRD8
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol IDRD7
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol IDRD6
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol IDRD5
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-24 IDRD8[7:0] R Read data 8 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
23-16 IDRD7[7:0] R Read data 7 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
15-8 IDRD6[7:0] R Read data 6 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
7-0 IDRD5[7:0] R Read data 5 created by a command (ID Read command, status read command, or other ID com-
mands) other than the data transfer command.
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(18)  SNFCEP1 to 4 (ECC Parity Register 1 to 4)
SNFCEP1
31 | 30 29 28 | 27 | 26 25 24
Bit symbol PRTY4
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol PRTY3
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol PRTY2
After reset 0 0 0 0 0 0 0 0
7 6 5] 4 3 2 1 0
Bit symbol PRTY1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-24 PRTYA4[7:0] R Parity data 4 at encoding in BCH8 mode or BCH4 mode.
23-16 PRTY3[7:0] R Parity data 3 at encoding in BCH8 mode or BCH4 mode.
15-8 PRTY2[7:0] R Parity data 2 at encoding in BCH8 mode or BCH4 mode.
7-0 PRTY1[7:0] R Parity data 1 at encoding in BCH8 mode or BCH4 mode.
SNFCEP2
31 30 29 28 27 26 25 24
Bit symbol PRTY8
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol PRTY7
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol PRTY6
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol PRTY5
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-24 PRTY8[7:0] R Parity data 8 at encoding in BCH8 mode.
23-16 PRTY7[7:0] R Parity data 7 at encoding in BCH8 mode or BCH4 mode.
15-8 PRTY6[7:0] R Parity data 6 at encoding in BCH8 mode or BCH4 mode.
7-0 PRTY5[7:0] R Parity data 5 at encoding in BCH8 mode or BCH4 mode.
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SNFCEP3
31 30 29 28 27 26 25 24
Bit symbol PRTY12
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol PRTY11
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol PRTY10
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol PRTY9
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-24 PRTY12[7:0] R Parity data 12 at encoding in BCH8 mode.
23-16 PRTY11[7:0] R Parity data 11 at encoding in BCH8 mode.
15-8 PRTY10[7:0] R Parity data 10 at encoding in BCH8 mode.
7-0 PRTY9[7:0] R Parity data 9 at encoding in BCH8 mode.
SNFCEP4
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol PRTY13
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 PRTY13[7:0] Parity data 13 at encoding in BCH8 mode.
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(19) SNFCEC (ECC CRC Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol CRC2
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CRCA1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - Read as "0".
15-8 CRC2[7:0] CRC data 2 at encoding in BCH4 mode.
7-0 CRCA1[7:0] CRC data 1 at encoding in BCH4 mode.
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11.3.2.2 Registers in the SNFC_ECC Block

(1) SNFCEWRB (ECC Write Buffer Register)

31 | 30 | 29 | 28 | 27 26 25 24
Bit symbol GIBUF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol GIBUF
After reset 0 0 0 0 0 0 0 0
{15 14 13 12 11 10 9 8
Bit symbol GIBUF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol GIBUF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 GIBUF[31:0] | R'W Transfer data buffer at encoding or decoding.
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11.3.2.3 Registers in the SNFC_GO Block
(1) SNFCCDRB (Correction Data Read Buffer Register)
31 | 30 29 28 | 27 26 25 24
Bit symbol RDBUF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol RDBUF
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol RDBUF
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol RDBUF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 RDBUF Transfer data buffer to the RAM3 at decoding.
[31:0] (Transfer data of <RDBUF[31:0]> to RAM3)
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(2) SNFCEBS (ECC Busy Status Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol - - - - - BSYST2 BSYST1 BSYSTO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 BSYST2 R Sets the operation status 2 at decoding.
0: Chain search is stopping.
1: Chain search is in process.
1 BSYST1 R Sets the operation status 1 at decoding.
0: o calculation is stopping.
1: o calculation is in process.
0 BSYSTO R Sets the operation status 0 at decoding.
0: Syndrome is stopping.
1: Syndrome is in process.
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(3) SNFCEES (ECC Error Status Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol ERRS8 ERR7 ERR6 ERR5 ERR4 ERR3 ERR2 ERR1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 ERRS8 R The result of error detection in Sector 8.
0: An error exists.
1: No errors exist.
6 ERR7 R The result of error detection in Sector 7.
0: An error exists.
1: No errors exist.
5 ERRG6 R The result of error detection in Sector 6.
0: An error exists.
1: No errors exist.
4 ERR5 R The result of error detection in Sector 5.
0: An error exists.
1: No errors exist.
3 ERR4 R The result of error detection in Sector 4.
0: An error exists.
1: No errors exist.
2 ERR3 R The result of error detection in Sector 3.
0: An error exists.
1: No errors exist.
1 ERR2 R The result of error detection in Sector 2.
0: An error exists.
1: No errors exist.
0 ERR1 R The result of error detection in Sector 1.
0: An error exists.
1: No errors exist.
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(4) SNFCEDS1 to 8 (ECC Decode State Register 1 to 8)

This register is not updated if errors do not exist in automatic correction mode.

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - DECST
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol ERRST3 ERRST2 ERRST1 ERRSTO SERR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-10 - R Read as "0".
9-8 DECSTI[1:0] R Status 1 at decoding

00: No errors and no correction
01: Correctable error exists.

1x: Uncorrectable error exists.

7 ERRST3 R Error status 3 at decoding

0: No CRC error after correction.

1: A CRC error exists after correction.

(Note) Valid only in BCH4 mode + <GOUTMODE>=1

6 ERRST2 R Error status 2 at decoding
0: No uncorrectable error is detected using chain search.

1: An uncorrectable error is detected using chain search.

5 ERRST1 R Error status 1 at decoding
0 No uncorrectable error is detected at o calculation.

1: An uncorrectable error is detected at o calculation.

4 ERRSTO R Error status 0 at decoding

0: No CRC error at Syndrome ALL 0.

1: An error exist at Syndrome ALL 0.

3-0 SERR[3:0] R The number of errors at decoding.

0000: No errors exist.

0001 to 1000: The number of errors. (For BCH4, 0001 to 0100.)
1111: Uncorrectable errors.
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(5) SNFCSXEE1PI (Sector x ECC error 1 Position Information Register (x=1 to 8))

For uncorrectable errors, this register is invalid.

31 30 29 8 | 2z | 2 25 24
Bit symbol - - - AADD2
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol AADD2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - AADD1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol AADD1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-29 - R Read as "0".
28-16 AADD2[12:0] R Error position information 2
15-13 - R Read as "0".
12-0 AADD1[12:0] R Error position information 1
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(6) SNFCSXEEZ2PI (Sector x ECC error 2 Position Information Register (x=1 to 8))

For uncorrectable errors, this register is invalid.

31 30 29 8 | 2z | 2 25 24
Bit symbol - - - AADD4
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol AADD4
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - AADD3
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol AADD3
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-29 - R Read as "0".
28-16 AADDA4[12:0] R Error position information 4
15-13 - R Read as "0".
12-0 AADD3[12:0] R Error position information 3

Page 239 2015/11/12



11.  SLC NAND Flash Controller (SNFC)

11.3 Registers

TMPM46BF10FG

(7) SNFCSXEE3PI (Sector x ECC error 3 Position Information Register (x=1 to 8))

For uncorrectable errors, this register is invalid.

31 30 29 8 | 2z | 2 25 24
Bit symbol - - - AADDG6
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol AADD6
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - AADD5
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol AADD5
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-29 - R Read as "0".
28-16 AADD6[12:0] | R Error position information 6 (This bit is disabled when SNFCECCMOD<SELBCH>=0)
15-13 - R Read as "0".
12-0 AADD5[12:0] R Error position information 5 (This bit is disabled when SNFCECCMOD<SELBCH>=0)
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(8) SNFCSXEE4PI (Sector x ECC error 4 position information register (x=1 to 8))

For uncorrectable errors, this register is invalid.

31 30 29 8 | 2z | 2 25 24
Bit symbol - - - AADDS
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol AADDS
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - AADD7
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol AADD7
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-29 - R Read as "0".
28-16 AADD8[12:0] | R Error position information 8 (This bit is disabled when SNFCECCMOD<SELBCH>=0)
15-13 - R Read as "0".
12-0 AADD7[12:0] R Error position information 7 (This bit is disabled when SNFCECCMOD<SELBCH>=0)
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11.3.24 SRSTPROTECT (Software Reset Protect Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol PROTECT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 PROTECT R/W Enables the access to the SRSTIPRST register.
[7:0]
0x6B: Enabled
Other than 0x6B: Disabled (The SRSTIPRST register cannot be accessed.)
This bit becomes "0x00" and disabled after reset.
To write data to the SRSTIPRST register, set <PROTECT[7:0]>=0x6B.
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11.3.2.5 SRSTIPRST (Peripheral Function Software Reset Register)

31 30 29 28 27 26 25 24

Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

Bit symbol - - - IPRST4 IPRST3 IPRST2 IPRST1 IPRSTO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-5 - R Read as "0".

4 IPRST4 R/W SNFC reset

[Write]

0: Releases the reset.

1: Performs the reset.

3 IPRST3 R/W ESG reset

[Write]

0: Releases the reset.
1: Performs the reset.
2 IPRST2 R/W MLA reset

[Write]

0: Releases the reset.

1: Performs the reset.
1 IPRST1 R/W SHA reset

[Write]

0: Releases the reset.

1: Performs the reset.

0 IPRSTO R/W AES reset

[Write]

0: Releases the reset.
1: Performs the reset.
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11.4 ECC Function

The ECC incorporates an error detection/correction circuit to encode/decode data.

11.4.1 Encoding/Decoding
To select encoding or decoding, set the command sequence register (SNFCCSE<DECMODE>).

When data is written (encoding) to the SNFC, set "0" to <DECMODE>; when data is read (decoding)
from the SNFC, set "1" to <DECMODE>.

11.4.2 The Number of Correction Bits

An error correction bit can be supported in BCH4+CRC mode that detects 4-bit/512 bytes error and BCHS
mode that detects 8-bit/512 bytes.

The correction mode can be selected with the ECC mode register (SNFCECCMOD<SELBCH>).

To use BCH4+CRC mode, set "0" to <SELBCH>. To use BCH8 mode, set "1" to <SELBCH>.

Table 11-4 BCH mode and the number of correction bits

BCH mode The nurr_\ber _of correc-
tion bits
BCH4+CRC 4 bits per 512 Bytes
BCH8 8 bits per 512 Bytes
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11.4.3 Error Correction Mode

As an error correction function, software correction and automatic correction can be selected with the
ECC mode register (SNFCECCMOD <GOUTMODE>).

To use software correction, set "0" to <GOUTMODE>. To use automatic correction, set "1" to <GOUT-
MODE>,

When the software correction is used, correct the software with the Sector x ECC error "n" position informa-
tion register (SNFCSXEEnPI). (x: Sector number, n: Error number)

Table 11-5 shows the ECC mode at write/read operation.

Table 11-5 ECC mode at read/write operation.

Operation ECC mode
Decoding mode BCH mode Correction mode
SNFCECCMOD <GOUTMODE>
The number of correction SNFCCSE<DECMODE> SNFCECCMOD <SELBCH> 0: Software correction
bits. 0: Encoding 0: BCH4+CRC (No correction data is output.)
1: Decoding 1: BCH8 1: Automatic correction
(Correction data is output.)
4 bits per 512 Bytes 0
Write 0 -
8 bits per 512 Bytes 1
4 bits per 512 Bytes, 0
software correction
0
4 bits per 512 Bytes, 1
automatic correction
Read 1
8 bits per 512 Bytes, 0

software correction

8 bits per 512 Bytes,
automatic correction
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11.4.4 Data Format

The built-in ECC supports the format described in the later section.

11.4.41 Format of One Page

The ECC deals data in the units of sector; therefore, data format of one page consists of the several sec-
tors.

The example of one page format : In case of eight sectors

Format

Sectorl | Sector2 | Sector3 | Sector4 | Sector5 | Sector6 | Sector?7 | Sector8 |

N _/

'

1-Page

11.4.4.2 Format of One Sector
One sector consists of the data area and redundancy area.

A data area is fixed to 512 bytes. A redundancy area varies depending on the size of redundancy area
of the memory to be used.

The example of format of one sector < Configuration of format >
| Data area I redundancy area

In BCHS mode Data: 512bytes Management information Parity
:19bytes :13bytes
Management| Parity

In BCH4+CRC mode Data: 512bytes information )
:7bytes Tbytes

CRC:2bytes

Note that the configuration of the redundancy area varies depending on the page size of the memory
and depending on BCH mode.

Table 11-6 shows the relationship between a page size and a sector format.
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Table 11-6 The relationship between a page size and a sector format

Configuration of a redundancy area
Page size 1 sector per sector
The num- Not
[Data area+Redundancy [Data area+Redundancy Manage- ber of sec- otes
area] area] ment infor- CRC Parity - (BCH mode)
(bytes) (bytes) mation (bytes) (bytes)
(bytes)
2 7
2048 + 64 512 + 16 7 . . 4 BCH4+CRC
(Fixed) (Fixed)
13
2048 + 128 512 + 32 19 - ) 4 BCH8
(Fixed)
2 7
4096 + 224 512 + 28 19 , , 8 BCH4+CRC
(Fixed) (Fixed)
13
4096 + 256 512 + 32 19 - ) 8 BCH8
(Fixed)
<Example of a format>
One page: 2048 bytes + 64 bytes (BCH4+CRC, 4 sectors)
(Sector 1) (Sector 2) (Sector 3) (Sector 4)
512byte + 16byte
(Data area + Redundancy — -
area)
Data area Management information CRC Parity
One sector
512bytes Tbytes 2bytes Tbytes
One page: 2048 bytes + 128 bytes (BCH8, 4 sectors)
(Sector 1) (Sector 2) (Sector 3) (Sector 4)
512byte + 32byte
(Data area + Redundancy — — —
area)
Data area Management information Parity
One sector
512bytes 19bytes 13bytes
One page: 4096 bytes + 256 bytes (BCH8, 8 sectors)
(Sector 1) (Sector 2)  (Sector 3) (Sector 4) (Sector 5) (Sector 6) (Sector 7) (Sector 8)
512byte + 32byte
(Data area + Redundancy - - - - - - -
area)
Data area Management information Parity
One sector
512bytes 19bytes 13bytes
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11.4.5 Code Language and Format

11.45.1 BCH8 Mode

The figure below shows the code language on coding theory and an actual data (page) format used to
be read/written from/to NAND flash in BCH8 mode when one sector is 544 bytes (data block: 512 bytes,
management information block: 19 bytes, and parity block: 13 bytes).

Note:When the sizes of data block and management block are changed, the value of N in the symbol of
i<N> is changed.

Read/write order from/to the NAND flash is the order of bit address expression (from 10, il, to 14350,
and i4351). This is indicated as the direction of broken line arrows. In the case of bytes unit, the order is
from DDI1st, DD2nd to DDlast-1, and DDlast).

Table 11-7 Data Line in BCH8 mode

[7] [6] 1] [0]
Byte 0 ) . ) )
i<7> i<6> —mmmmmeen i<1> i<0>
(ED1st,DD1st)
Byte 1 From the val-
i<15> i<14> | e i<9> i<8>
(ED2nd,DD2nd) - ue of data
Data block || @nd manage-
ment infor-
512 Bytes mation block
Byte 510 i<4087> i<4086> i<4081> i<4080>
Byte 511 i<4095> i<4094> —mee i<4089> i<4088> ! !
Byte 512 i<4103> i<4102> P — i<4097> i<4096>
management
information
block
Byte 530 . . . . 19 Bytes
i<4247> i<4246> DE—— i<4241> i<4240>
(EDlast)
i<4255> i<4254> i<4249> i<4248>
Byte 531 PR
PARITY[7] PARITYI[6] PARITY[1] PARITYI[0]
PARITY block
13 Bytes Generates
Byte 542 i<4333> i<4332> i<4327> i<4326> PARITY
P
(DDlast-1) | PARITY[95] | PARITY[94] PARITY[89] | PARITY[88] block
Byte 543 i<4351> i<4350> i<4345> i<4344>
PR
(DDlast) | PARITY[103] | PARITY[102] PARITY[97] | PARITY[96]
Note 1: ED*: Input data in units of byte at encoding.
Note 2: DD*: Input data in units of byte at decoding.
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11.45.2

bytes, management information block: 7 bytes, CRC: 2 bytes, and parity block: 7 bytes).

Table 11-8 Data Line in BCH4+CRC mode

Byte O
(ED1st,DD1st)

Byte 1

(ED2nd,DD2n
d)

Byte 510
Byte 511
Byte 512

Byte 518

Byte 519
(EDlast-1)

Byte 520
(EDlast)

Byte 521

Byte 526
(DDlast-1)

Byte 527
(DDlast)

BCH4+CRC Mode

The figure below shows the code language on coding theory and an actual data (page) format used to
be read/written from/to NAND flash in BCH4+CRC mode when one sector is 528 bytes (data block: 512

Note:When the sizes of data block and management block are changed, the value of N in the symbol of
i<N> is changed.

Read/write order from/to the NAND flash is the order of bit address expression (from 10, i1, to 14350,
and 14351). This is indicated as the direction of broken line arrows. In the case of bytes unit, the order is
from DD1st, DD2nd to DDlast-1, and DDlast).

*GIN[7:0] / SRCGIN[7:0]

[7] [6] [1] [0]
i7 i6 i1 i0
i15 i14 i9 i8 From the
Data value of
block data and
512 manage-
Bytes ment in- From the
formation value of da-
block ta, manage-
{4087 | 4086 14081 14080 ment infor-
mation,
4095 14094 4089 4088 CRC PARI-
) ) . K TY and Pad-
4103 | 4102 14097 | 4096 Man- @ ding block
age-
ment
informa-
. . . . tion 1
14151 14150 i4145 | 4144 7 Bytes
i4159 | 4158 4153 | 4152 Q
CRC16 | CRC16 CRC16 | CRC16 G
[71 [6] 1] [0] CRC
PARITY || cener-
14167 14166 14161 14160 block ates
CRC16 | CRC16 CRC16 | CRC16 2 Bytes CRC
[15] [14] 9] (8] PARITY
block
4175 | 4174 | 4173 | 4172 4171 i4168
PARITY | PARITY | PARITY | PARITY | PARITY  «—eeeeeeee PARITY @
[71 [6] [5] [4] [3] [0]
PARITY @
) . R K block
4215 | 4214 4209 | 4208
7 Bytes
PARITY | PARITY PARITY | PARITY Generates
[47] [46] [41] [40] the valid
4223 14222 4217 4216 part of
PARITY | PARITY PARITY | PARITY PARITY
[55] [54] [49] [48]

Note 1: ED*: Input data in units of byte at encoding.

Note 2: DD*: Input data in units of byte at decoding.
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11.5 Interrupts
The SLC NAND flash controller has the following five types of interrupts:
Command sequence completion interrupt
Page RAM transfer completion interrupt A
Page RAM transfer completion interrupt C
Uncorrectable error detection interrupt
Decode completion interrupt
Each interrupt can be controlled with the interrupt enable register (SNFCIE).
Table 11-9 The relationship between interrupt factors, flags, and bits
Interrupt factor Interrupt flag Clearing bit Enable bit
Command sequence is complete. <SEQFLG> <SEQCLR> <SEQEN>
Page RAM transfer A ends. <PRTAEFLG> <PRTAECLR> <PRTAEEN2>
Page RAM transfer C ends. <PRTCEFLG> <PRTCECLR> <PRTCEFENS8>
Uncorrectable error is detected. <FAILFLG> <FAILCLR> <FAILEN>
Decode is complete. <DECFLG> <DECCLR> <DECEN>

11.5.1 Command Sequence Completion Interrupt

A command sequence completion interrupt (INTSNFCSEQ) occurs when the sequence specified with com-
mand sequence register (SNFCCS 1 to 4) is completed.

At reading, a command sequence completion interrupt occurs when data is read from the NAND flash com-
pletely. At writing, it occurs when data is written to the NAND flash completely (after on the rising edge of
SNFCRB).

11.5.2 Page RAM Transfer Completion Interrupt A

A page RAM transfer completion interrupt A (INTSNFCPRTAE) occurs when read data from the NAND
flash is transferred to the RAM completely using Unit A (DMAA) of the DMA.

11.5.3 Page RAM Transfer Completion Interrupt C

A page RAM transfer completion interrupt C (INTSNFCPRTCE) occurs when one-page error corrected da-
ta is transferred to the RAM3 completely using Unit C (DMAC) of the DMA in automatic correction mode
(<GOUTMODE>=1).

11.5.4 Uncorrectable Error Detection Interrupt

An uncorrectable error detection interrupt (INTSNFCFAIL) occurs when data at decoding contains errors
that are uncorrectable.

The details of uncorrectable data can be checked with the ECC decode state register (SNFCEDS 1 to 8).
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11.5.5 Decode Completion Interrupt

A decode completion interrupt (INTSNFCDEC) occurs on the completion of decoding. At this time, de-
code status (SNFCEDSx) and error position information (SNFCSXEExPI) are determined. When software cor-
rection is used, check whether an error exists using this interrupt, and then correct it.
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11.6 Precautions

11.6.1  Pin Connection

Connection pins of the SNFC between the NAND flash memory are shared with the general-purpose
ports. These ports become high-impedance after reset.

Since these ports are high-impedance until the ports are set, take measures, such as placing pull-up resis-
tor, to prevent an adverse effect on the connected memory.

11.6.2 Port Setting
When using the SLC NAND FLASH controller, set the SNFC after setting the ports.

Not to output unexpected signal to a control pin and a data bus, set control registers after setting function reg-
isters.

+ PORT setting

<Function register>
* PBFR5=0xFC (Control pin)
* PGFR5=0xFF (Control pin)

!

<Control register>
+ PBCR=0xFC (I/O pin)
+ PBIE=0x80 (I/O pin)
+ PGCR=0xFF (I/O pin)
+ PGIE=0xFF (I/O pin)

+ SNFC setting

<SNFC Enable control register>

- SNFCENC<EN>="1"
!

<Others>

= Function settings

2015/11/12 Page 252



TOSHIBA TMPM46BF10FG

11.6.3 Software Reset

The SLC NAND flash controller can perform software reset to cancel a command during the command se-
quence and to initialize the controller.

To perform software reset, set "1" to SRSTIPRST<IPRST4> to reset the all internal circuits of the SLC
NAND flash controller.

To release software reset, set "0" to SRSTIPRST<IPRST4>.

The SRSTIPRST register is write-protected after a cold reset or warm reset has been performed by the
SRSTPROTECT register.

When a software reset is performed, write "0x6B" to the SRSTPROTECT register to be write enabled (unpro-
tected).

11.6.4 Register Setting

Registers of the SLC NAND flash controller are specified by setting "1" to the enable bit of the enable con-
trol register SNFCENC<EN>.

Since the enable bit is "0" after reset, set "1" to the enable bit when the registers are set.

11.6.5 Command Execution

Command execution should be performed according to the specifications of the memory to be used.

The reset-command is only the command that can be executed while another command is being executed.

At decoding (SNFCCSE<DECMODE>=1) the next command execution is prohibited even if a command
is complete (SNFCCSE<CMDSQx>=0) until one-page corrected data is transferred completely (IN-
TSNFPRTCE).

However, sequential page reading is performed, the page read command can be executed by specifying the
bit of the command sequence enable register (SNFCCSE<RAMSEL> ).

For details, refer to the chapter on "11.7.4 Sequential Page Reading".

11.6.6 Check of Error Correction

When detailed information of an error is checked, confirm the error sector using the error status register
(SNFCEES). Then check the corresponding sector of the decode status register (SNFCEDSXx).

Note that the decode state register remains the state which holds the sector information of the previous
page if there is no error in automatic correction mode.

In the case of software correction mode, the decode state register (SNFCEDSx) will be updated.
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11.7 Operation Description

The SLC NAND flash controller (SNFC) executes error detection/correction at high-speed by combining the
DMA and RAM when ECC codes are created or read.

11.7.1

Configuration

The SLC NAND flash controller consists of the interface control block and the ECC control block. The in-
terface block controls the NAND flash memory; and the ECC control block executes error correction.

The DMA has 3 channels: DMAA, DMAB, and DMAC. Each DMA channel is used for RAM transfer
from the NAND flash data, data transfer to the ECC control block, RAM transfer for automatic correction da-
ta respectively. The RAM1, RAM2, and RAM3 are used for temporary data storage.

RAMI1/RAM2: Storage for data from the NAND flash memory (odd page/even page)

RAM3: Storage for automatic correction primary data (in automatic correction mode)

DMAA: DMA used for page RAM transfer A to RAM1/RAM?2 from the interface block.

DMAB: DMA used for encoding/decoding data transfer B to the ECC control block from RAM1/

RAM2

EDMAC: DMA used for page RAM transfer C to RAM3 from the ECC control block.

RAM3| |DMAC|

|RAM2| |RAM1|

|DMAA |

Internal bus

|DMAB|
4

=

CPU

[ o1 Sy I p——

A 4

Y

faa]
[ 2T S I [——
<

>

Control signal

ECC

control block

Control signal

Write data )

Code write control

Mode control

<

Status control signal

SLC NAND-Flash Controller

Control signal

I/F
control
block

Command sequence completion interrupt
LI (INTSNFCSEQ)
1

Page RAM transfer completion interrupt A

_'_)I (INTSNFCPRTAE)

Page RAM transfer completion interrupt C
I (INTSNFCPRTCE)

Uncorrectable error detection interrupt
1 (INTSNFCFAIL)

1 > Decode completion interrupt
I (INTSNFCDEC)

1
l€———— soft reset

<L 3| snFeoro)
—L > snrcrB
<«1—] snrecLe

NAND Flash
Memory

(:— SNFCALE
1
<
:
1
L

Figure 11-2 SLC NAND flash controller and Peripheral Functions
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11.7.2 Page Write

11.7.2.1

Write Operation

The flowchart shows the basic operation at writing.

Table 11-10 Flowchart (Write operation)

(1) " Starts a command sequence "

@)

©)

(4)

®)

)

@)

@)

i

Issues the page write com-
mand

i

Outputs the write address

|

Executes encoding and trans-
fers write data.

|

Issues the write execution
command

|

Wait until data is written to
the NAND flash completely.

1

Writing is complete and the
interrupt occurs.

!

Command execution ends

(Note)

|
L]
[ ]

Executes the page write command.

Issues the page write command "0x80" to the NAND flash
memory.

Outputs the write address to the NAND flash memory.

Transfers data in the units of sector to the ECC control block
from RAM1 using DMAB. Calculates the parity and CRC.
Add the write transfer data, a parity, and the result of CRC cal-
culation (at encoding one-page data).

Issues the write execution command "0x10".

Wait until the SNFCRB pin becomes ready state.

A command sequence completion interrupt (INTSNFCSEQ)

occurs.

: Practice by the software

: Practice with the hardware

The below subsection explains the process (4) "data encoding and data transfer".
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Table 11-11 (4) data encoding and data transfer

>
>

[ (4)-1 Inputs the write data. ]

[ (4)-2 Calculates the parity and CRC.]

[ (4)-3 Transfers write data. ]

-4

Finishes to transfer a data
for one sector ?

(4)-5 Transfers a parity, and the
result of CRC calculation.

(4)-6

Finishes to transfer a data
for one page ?

(4)-1: Inputs the write data
The data which is written into ECC controller is read from RAM1.

(4)-2: Calculates the parity and CRC
Calculates the parity and CRC every byte.

(4)-3: Transfers write data.
Transfers a data to NAND FLASH memory.

(4)-4: Finishes to transfer a data for one sector?
Continues to executes (4)-1 to (4)-3 for one sector.

(4)-5: Transfers a result of parity and CRC calculations.
Transfers a result of parity and CRC calculations after transferring a data.

(4)-6: Finishes to transfer a data for one page?
Continues to execute (4)-1 to (4)-5 for one page.
Executes (5) A command for writing after completing the process for one page.

2015/11/12

Page 256



TOSHIBA

TMPM46BF10FG

11.7.2.2 Data Flow at Write Operation
This section explains the process of (4) data encoding and data transfer of the writing data.
r***‘ r***‘ 777‘ r***‘
‘ ) ! | il ‘ |
77,\*\ 7//\7\;T /N\ﬁ\T /\
aor Tof ot L
I 1= B
Internal bus | | <! ! |
N N N/ 7
/ ’ N P! Pl ;
‘m‘ | |
5% |
-, | [
A LV 7
Control signal Control signal
—> g,?‘;ﬂ;nljggsszg;ence completion interrupt
‘ I/F 3 E;%esség;;%n:g completion interrupt A
i Page RAM transf letion int tC
E C C ‘erte data — (IEgTeSNFCP;?Tr\ég; completion interrupt
CO ntrol bIOCk CO ntrOI Uncorrectable error detection interrupt
(INTSNFCFAIL)
Code contro\(Wnlg bIOCk 5;‘;"5",\7':5603‘5'69)“0” interrupt
Mod | 2
lode control — § E (ujj é g % 8 % Soft reset
> LEEERIRIRIR
Status control signal 565a6l51513
(4) \ARAAA A
SLC NAND-Flash Controller ". 7 NAND Flash
' Memory

Figure 11-3 The data flow when writing

(1) Page Write

When a command is executed, one sector data (512 bytes + management information) is transferred
from the RAM1 to ECC Write Buffer Register (SNFCEWRB <GIBUF>) of the ECC control block in the
units of one word using the DMAB (described in the Table 11-11 (4)-1).

(2) The ECC control block converts transferred one word data to the data in the units of bytes sequentially.

Transferred data is used for parity calculation and CRC calculation (*1). This is called encoding (descri-
bed in the Table 11-11 (4)-2).

(3) The ECC control block transfers the converted data that is converted to the units of byte to the inter-
face control block sequentially. After one sector data (512 bytes + management information) is transfer-
red, the calculated parity and CRC data (*1) is transferred to the interface block (described in the process
Table 11-11 (4)-3).

(4) The interface control block transfers (writes) the data (512 bytes + management information) to the
NAND flash memory in the units of byte sequentially.

After one sector data (512 bytes + management information) is transferred, the transferred parity and
CRC data (*1) is transferred (written) to the NAND flash memory in the units of byte (described in the Ta-
ble 11-11 (4)-5).

Note 1: CRC data is used only in BCH4 + CRC mode.
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The processes (1) to (4) above mentioned are the data flow for one sector. If multiple sectors are transfer-
red, the processes (1) to (4) should be executed several times.

After data of all sectors is transferred completely, the controller issues the write execution command
(5). This indicates writing is complete (the SNFC becomes ready state from busy state). At this time, a com-
mand sequence completion interrupt (INTSNFCSEQ) occurs. After that writing process is complete and
the page write command is issued.
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11.7.3 Page Read

11.7.3.1  Read Operation

This section explains the basic process flow of read operation.

Table 11-12 Flowchart (Read)

(1) " Starts a command sequence. | Executes the page read command.

|
2) Issues then;::gg read com- Issues the page read command "0x00" to the NAND flash memory.
l
3) | Outputs the read address. | Outputs the read address to the NAND flash memory.
!
(4) | Executes the read command. | Issues the read execution command "0x30" to the NAND flash memory.
!
Wait until data is read from . . .
(5) the NAND flash completely. Wait until the SNFCRB pin becomes ready state.
|
. Data is read from the NAND flash memory.
Data reading .
(6) (Transferred to the RAM1 simultaneously)
(Transferred to the RAM1)
RAM1: for odd page
l
@ Data reading is complete. A command sequence completion interrupt INTSNFCSEQ) and page
An interrupt occurs. RAM transfer completion A interrupt (INTSNFCPRTAE) occur.
l
Using the DMAB data is transferred to the ECC control block from the
o RAM1 to perform decoding.
(8) Decoding is executed. . L .
When automatic correction is used, corrected data is transferred to the
RAMS3 using DMAC.
|
Error correction data is trans-
9) ferred completely. A page RAM transfer completion C interrupt (INTSNFCPRTCE) occurs.
An interrupt occurs.
|
(10) Decoding ends.

: Practice with the hardware

(Note) IEl : Practice by the software

The following figure shows the process (8) decoding (automatic correction).
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Table 11-13 (8) decoding (automatic correction)

(8)-1: Reads decode data (For error detection)
Read a data for error detection from RAM1.

(8)-2 : Executes error detection
Executes error detection every one byte.

(8)-3 : Finishes to detect error for one sector?

[(g),l Reads decode data (For error detection) ] Executes error detection for one sector.

[(8)-2 Executes error detection (8)-4 - No error?

If no error for one sector, error correction is not executed.
©-3

Finishes to detect error
for one sector ?

Only if errors exist, error correction is executed. (When automatic error correction)

(8)-5 : Reads decode data (For error correction)
Reads a data as same as error detection for error correction.

8)-4
No error ?

(8)-6 : Executes error correction.
Executes error correction every one byte.

H [(8)75 Reads decode data (For error correction)

(8)-7 : Transfers error correction data

: [(8)_6 Executes eror Comrection. ] ®-9 ?;&s error Transfers the generated error correction data to RAM3.
. N status

: [(8)—7 Transfers error correction data (8)-8 : Set error information to registers.

kil fooooeeeeeeeenee Set a detected error information to registers.
[(8)-8 Sets error information to register. ] . ECC decode state register (SNFCEDSX)
» ECC error n position information register (SNFCSxEEnNPI)

If an error correction can not be executed by error information, an uncorrectable error detection in-

@10 terrupt.

Finishes detect error
for one page ?

(8)-9 : Sets error status.
Sets status flag in (8)-4.
+ ECC Error status register (SNFCEES)

(8)-10 : Completes for one page?

Executes sectors for one page and completes to decode.

Note that when software correction is used, the processes ((8)-5 to 7) indicated by dashed lines are not exe-
cuted. Based on error information, correct errors by software.
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11.7.3.2 Data Flow at Read Operation

This section explains data flow of the processes from (6) to (9).

|RAM§_| |DMAC| |DMAB| |RAM2| |.RAM1.J |DMAA| cPU
K 7\ :

Internal bus

@

AHB

[a8] [aa]
- (a0 I P [Y - -
< < .
H 1
i Control signal (4)(6)5 iCont i Control signal 1
7) x !
1 .
L Command sequence completion interrupt
R LI (INTSNFCSEQ)
1
Page RAM transfer completion interrupt A
| I/F : > (INTSNFCPRTAE)
E C C \Write data L (P:‘gresﬁég;:{léfg completion interrupt C
| 1 I
Control bIOCk Co ntrOI —L 5 EIITI(':I'OSrl'\le:?FbIAeILe)”m detection interrupt
1
Code write control b | k 1 Decode completion interrupt
> OC 1 (INTSNFCDEC)
1
Mode control =)
PR N [T l€—L——— Soft reset
L oax o Blx|o 1
>(1):48 8 S EE[E[8 ;
Status control signal % % % % % % % 1
iy vV 1
e [ )
R AR AA2A
SLC NAND-Flash Controller .5 NAND Flash
Memory

Figure 11-4 The data flow when reading

<Page read when automatic correction is used.>

(1) When the page read command is executed, the interface control block reads one-page data from the
NAND flash memory in the units of byte (described in Table 11-12 (6)).

(2) Read data that is read in the units of byte is converted to the units of one-word (4 bytes) in the inter-
face control block and is transferred to the RAMI1 in the units of one-page sequentially using the DMAA.

When one-page data is transferred, a page RAM transfer completion A interrupt INTSNFCPRTAE)
and command sequence completion interrupt (INTSNFCSEQ) occur (described in Table 11-12 (7)).

(3) After one-page data is transferred to the RAMI, one-sector data is transferred to the ECC write buf-
fer register (SNFCEWRB <GIBUF>) of the ECC control block in the units of word (4 bytes) sequential-
ly described in Table 11-13 (8)-1).

(4) The ECC control block converts transferred one-word data to the data in the units of byte sequential-
ly and it executes error detection (described in Table 11-13 (8)-2).

(5) After one-sector data is transferred and error detection is complete, data (same as (3)) is sequential-
ly transferred to the ECC write buffer register (SNFCEWRB <GIBUF>) of the ECC control block to per-
form error detection again using the DMAB (described in Table 11-13 (8)-5).

(6) The ECC control block sequentially converts the one-word transferred data to the data in units of
byte to create error correction data (described in Table 11-13 (8)-6).

(7) Creation of error correction data is sequentially performed in the units of byte after data transfer.
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The created data is converted to the data in the units of word (4 bytes). One-sector corrected data is trans-
ferred to the RAM3 using the DMAC (described in Table 11-13 (8)-7).

Note 1: The processes from (3) to (7) are executed for the number of sectors.

Note 2: When software correction is used, the processes (5) to (7) are not executed. It is necessary to read cor-
rection information from the ECC control block and to deal the data.

Note 3: Even if an error is not detected in the process (4), the processes from (5) to (7) are not executed.

The processes from (3) to (7) above mentioned explains the data flow for one sector. If multiple sec-
tors are transferred, the processes from (3) to (7) should be executed several times.

When decoding is complete, when the last sectors of one-page data is complete, a page RAM transfer com-
pletion C interrupt (INTSNFCPRTCE) occurs.
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11.7.4 Sequential Page Reading

To perform sequential page reading, the command sequence enable register (SNFCCSE<RAMSEL>) can di-
vide the RAM area, which stores data, into odd-numbered pages and even-numbered pages.

Note:Only the reset command can be executed under the following commands execution; however, the
page read command can also be executed by specifying <RAMSEL>.

The figure below shows the flowchart of page reading (including data correction).

Case of 1 page read Case of continuous page read
[ Starts page read. ] [Starts continuous page read.]
Set <RAMSEL>. Set <RAMSEL>.
Executes read command. Executes read command.

(in n pages read)

Page RAM transfer end interrupt A
(in n pages read)

>
>

Chanes <RAMSEL>
Executes read command
(in n=n+1 pages)

N
1. Page RAM transfer end interrupt C
-> Save the decoded data
(run n-1 pages)

2. Page RAM transfer end interrupt A

(n pages)
y,
n=final pages ?
[o]
Yes
1. Page RAM transfer end interrupt C 1.Page RAM transfer end interrupt C
-> Save the decoded data -> Save the decoded data.

(n pages read)

[ Completes page read. ] |

Completes continuous
page read.

(Note) @ : Practice by the software

:) : Practice with the hardware
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11.7.5 Data after Decoding Process

Decoded data by the ECC is stored in the different location depending on the correction mode, odd/even
page, and corrected/non-corrected data.

For the data after correction, see the table below:

Table 11-14 The relationship between correction mode and data after correction

Correction <GOUTMODE>= 0 <GOUTMODE>= 1
mode (Software correction) (Automatic correction)
Page Odd page Even page Odd page Even page
Sector contains error Sector contains error Sector contains error Sector contains error
Sector cor- correction. No sec- correction. No sec- correction. No sec- correction. No sec-
rection tor cor- tor cor- tor cor- tor cor-
*q Uncor- Correc- rection Uncor- Correc- rection Uncor- Correc- rection Uncor- Correc- rection
rectable table rectable table rectable table rectable table
Option RAM1 Option RAM2 Disabled Disabled
Data after P RAM1 P RAM2 RAM3 | RAM1 RAM3 | RAM2
correction *2 *3 *2 *3 (RAM3) (RAM3)

Note 1: Use the ECC error status register (SNFCEES) to check whether the data is the corrected sector or non-corrected sec-
tor,

Note 2: Uncorrectable sectors are optional.
Note 3: When sectors are corrected on the RAM1 or RAM2 by software, the other settings are optional.
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11.8 Operation Setting

The SLC NAND flash controller is specified with the SNFC Command sequence register (SNFCCSx). The com-
mand sequence and operation sequence are set to the SNFC Command sequence register (SNFCCSx).

To execute the command, set "1" to the <CMDSQx> bit of the SNFC Command Sequence Enable Register
(SNFCCSE).

11.8.1 Command

The table below shows an example of major operation commands:

When an operation command is set, specify the command issued to the NAND flash memory and the oper-
ation timing.

Table 11-15 Setting value of the major six commands example of the command sequence register

Setting bits of the SNFC command sequence register
Com- Setting code
31 30 29 | 28 | 27 | 26 |25|24| 2316 | 15 [14|13| 12 |11|10|9]|8| 70
mand | (SNFCCSx)
CLE2 | ALE DMYB |BSY|DMYA| RE |cmD2 |CLE1|cA|PA| PA3 wWE | -|-[cmD1
1
Page 0x8F30_F000 | 1 0 o o 1 1 1] 1| ox3ao | 1 1] 1 0|o 0x00
Read X - X (N1o)te T X
1
Page 0x8810_FC80 | 1 0 o o 1 0 ofo]| oxto| 1 1] 1 11 0x80
Write oot X (N1‘;‘e N
1
Block | ox88D0_BOGO | 1 0 o] o | 1 o |olo|omo| 1 [o]H1 olo]|-|-] oxe0
Erase - (N1c;te
Stat XX
atus
Read 0xA270_00XX | 1 0 110 | o 0 1]ofloxo| o |o]o 0 olo|-|-| (Note
2)
1 XX
ID Read | 0xC190_00XX | 1 oo o 0 ol1]oxeo | o |ofo 0 olo|-|-| (Note
(Note 3) 2)
XX
Reset Ox88FF_00XX | 1 0 o | o | 1 0 olofloxrr| o [0 o 0 oflo|-|-| (Note
2)

Note 1: Set "0" (4-cycle address) if the expansion address (5-cycle address) is not used.
Note 2: Set <CLE1>=0, this value is optional because the first command latch is not necessary.
Note 3: When <ALE>=1 is set, specify an address value to SNFCW<ALECODE[7:0].
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11.8.2 Automatic Load Function

The automatic load function transfers data based on the combination of the DMA controller and the
NAND flash controller.

The table below shows the allocation of the DMA channels corresponding to the usage of the NAND flash
controller. The NAND flash controller starts up the DMA to execute the transfer data in each operation.

Table 11-16 DMA and the channel to be used (Unit A)

DMA to be used
ch
DMA (demand) Target sector Description Transfer When writing When reading
(4 sectors / 8 sectors) | (4 sectors / 8 sectors)
ch0
(PRD11) Sectors 1to 4 For the transfer of one-page use / use
read data
oh Sectors 5 to 8 (Odd page) /F control block non use / use
Unit A (PRD12) 1
non use / non use
(DMAA) ch2 RAM
(PRD21) Sectors 1 to 4 For the transfer of one-page (At decoding) use / use
read data
ch3 (Even page)
(PRD22) Sectors 5 to 8 pag non use / use
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Table 11-17 DMA and the channel to be used (UnitB)

DMA to be used
ch
DMA (demand) Target sector Description Transfer When writing When reading
(4 sectors / 8 sectors) | (4 sectors / 8 sectors)
ch0
Sector 1
(GIE1)
ch1
Sector 2
(GIE2)
use / use
ch2
Sector 3
(GIE3)
ch3
Sector 4 RAM
(GIE4) For the transfer of one-page !
) non use / non use
cha write data ECC control block
(GIE5) Sector 5 (At encoding)
ch5
Sector 6
(GIE®B)
non use / use
ch6
Sector 7
(GIET7)
ch7
Sector 8
(GIE8)
ch8
Sector 1
(GID11)
ch9
Sector 2
(GID12)
use / use
ch10
Sector 3
(GID13)
ch11 Sector 4
ector
Unit B (GID14) For the tran_sfer of error correc-
(DMAB) tion data non use / non use
ch12
Sector 5 (Odd page)
(GID15)
ch13
Sector 6
(GID16)
non use / use
ch14
Sector 7
(GID17)
ch15
Sector 8 RAM
(GID18) !
ch16 ECC control block
Sector 1 .
(GID21) (At decoding)
ch17
Sector 2
(GID22)
use / use
ch18
Sector 3
(GID23)
ch19
(GID24) Sector 4 For the tran_sfer of error correc-
tion data non use / non use
cn20 Sector 5 (Even page)
(GID25)
ch21
Sector 6
(GID26)
non use / use
ch22
Sector 7
(GID27)
ch23
Sector 8
(GID28)
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Table 11-18 DMA and the channel to be used (Unit C)

DMA to be used

ch
DMA (demand) Target sector Description Transfer When writing When reading
(4 sectors / 8 sectors) | (4 sectors / 8 sectors)
ch0
Sector 1
(RD1)
ch1
Sector 2
(RD2)
use / use
ch2
Sector 3
(RD3)
ch3 Sector 4 For the transfer of corrected data | ECC control block
Unit C (RD4) I !
non use / non use
(DMAC) ch4 s (Only when the automatic correc- RAM
(RDS) ector 5 tion is used.) (At decoding)
ch5
Sector 6
(RD6)
non use / use
ch6
Sector 7
(RD7)
ch7
Sector 8
(RD8)
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11.8.3 Example of Setting at Page Write (Encoding)

This section shows the example of the case where data is transferred to the NAND flash controller from

RAMI at page write (encoding).

Data is written to the NAND flash memory by transferring data to the NAND flash controller.

11.8.3.1

Setting Conditions

The table below list the setting conditions:

Table 11-19 Setting conditions

Capacity | : 4 GB
Page size | : 4096+256 bytes
1 sector | : 512+32 bytes
Target memory
The number of sectors | : 8 sectors
ECC | : BCH8 mode
Write address page | : 0x1_0000
Channels to be used | : 0 to 7ch (8 sectors)
Channel control data start | : 0x2003_F800
address | (DMABCtrIBasePtr=0x2003_F800)
X : Basic mode
. Operation mode
:Unit B (Control<cycle_ctrl>="0x001")
3RILE : RAM1 * Start address: 0x2004_0000
DMA to be Source | (Source End Pointer=0x2004_0210)
used A * Last address setting. The setting value can be changed in each channel.
I
: SNFCEWRSB register of the SNFC (Address: 0x4005_C800
ECC control Destination (Fixed) o 9 ) ( - )
block (Destination End Pointer=0x4005_C800)
: 133 times per channel
The number of transfers .
(Control<n_minus_1>="00_1000_0100")
. : Source: 4 bytes/Destination: 4 bytes
Transfer size . .
(Control<src_size>="10", Control<dst_size>="10" )
) : Encoding
Execution mode
(SNFCCSE<DECMODE>="0")
: BCH8
BCH mode
(SNFCECCMOD<SELBCH>="1")
: 0x1_0000_0000
Page/column address
(SNFCA1=0x0000_0000, SNFCA2=0x0000_0001)
SNFC

Encode input

: 531 bytes *Data (512 bytes) + management information (19 bytes)
(SNFCEIC=0x0000_0213)

The number of sectors

: 8 sectors
(SNFCS=0x0000_0008)

Interrupt

: Command sequence completion interrupt
(SNFCIE=0x0000_0001)

Page 269

2015/11/12



11.  SLC NAND Flash Controller (SNFC)
11.8 Operation Setting TMPM46BF10FG

11.8.3.2 Example of DMA (DMAB) Setting

The DMAB setting is required to be set to the control registers and to be set a control data to RAM.

Table 11-20 (1) DMAB register

Register name Address Setting code Note
DMABStatus 0x4004_D000 - Read register
DMABCfg 0x4004_D004 00 00 00 01 Operation setting
DMABCtriBasePtr 0x4004_D008 20 03 F8 00 Primary data base pointer setting
DMABAItCtIBasePtr 0x4004_D00C - Undefined
DMABChnISwRequest 0x4004_D014 00 | 00 | 00 | 00 Software request setting
DMABChnIUseburstSet 0x4004_D018 - Undefined
DMABChnIUseburstClr 0x4004_D01C - Undefined
DMABChnIRegMaskSet 0x4004_D020 FF | FF | FF | 00 Request mask setting
DMABChnIReqMaskClIr 0x4004_D024 - Undefined
DMABChnIEnableSet 0x4004_D028 00 | 00 | 00 | FF Operation enable setting
DMABChnIEnableClIr 0x4004_D02C - Undefined
DMABChnIPriAltSet 0x4004_D030 - Undefined
DMABChnIPriAltCIr 0x4004_D034 - Undefined
DMABChnIPrioritySet 0x4004_D038 - Undefined
DMABChnIPriorityClr 0x4004_D03C - Undefined
DMABETrTCIr 0x4004_D04C - Undefined
DMAIFFLGB 0x4005_F004 - Read register

Table 11-21 (2) DMAB channel control data

Channel control data name RAM Setting code Note
Reserved 0x2003_F80C -
Control 0x2003_F808 EA 00 08 41 ch0 of DMAB
Destination End Pointer 0x2003_F804 40 05 c8 00 (For primary data)
Source End Pointer 0x2003_F800 20 04 02 10
Reserved 0x2003_F81C -
Control 0x2003_F818 EA 00 08 41 ch1 of DMAB
Destination End Pointer 0x2003_F814 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F810 20 04 04 24
Reserved 0x2003_F82C -
Control 0x2003_F828 | EA 00 08 41 ch2 of DMAB
Destination End Pointer 0x2003_F824 40 05 cs 00 (For primary data)
Source End Pointer 0x2003_F820 20 04 06 38
Reserved 0x2003_F83C -
Control 0x2003_F838 | EA 00 08 41 ch3 of DMAB
Destination End Pointer 0x2003_F834 40 05 Cc8 00 (For primary data)
Source End Pointer 0x2003_F830 20 04 08 4C
Reserved 0x2003_F84C -
Control 0x2003_F848 EA 00 08 41 ch4 of DMAB
Destination End Pointer 0x2003_F844 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F840 20 04 0A 60
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Table 11-21 (2) DMAB channel control data

Channel control data name RAM Setting code Note
Reserved 0x2003_F85C -
Control 0x2003_F858 EA 00 08 41 ch5 of DMAB
Destination End Pointer 0x2003_F854 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F850 20 04 0oC 74
Reserved 0x2003_F86C -
Control 0x2003_F868 | EA 00 08 41 ch6 of DMAB
Destination End Pointer 0x2003_F864 40 05 cs 00 (For primary data)
Source End Pointer 0x2003_F860 20 04 OE 88
Reserved 0x2003_F87C -
Control 0x2003_F878 | EA 00 08 41 ch7 of DMAB
Destination End Pointer 0x2003_F874 40 05 cs 00 (For primary data)
Source End Pointer 0x2003_F870 20 04 10 9C

11.8.3.3 Example of the SNFC Setting

Register name Address Setting code Note
SNFCENC 0x4005_C400 00 00 00 01 -
SNFCECCMOD 0x4005_C404 00 00 00 01 -
SNFCIE 0x4005_C408 00 00 00 01 -
SNFCPS 0x4005_C410 00 00 11 00 -
SNFCPRCS 0x4005_C414 - Read register
SNFCS 0x4005_C418 00 | 00 | 00 | 08 -
SNFCSS 0x4005_C41C - Read register
SNFCDIC 0x4005_C420 00 00 00 00 Undefined
SNFCDOC 0x4005_C424 00 00 00 00 Undefined
SNFCEIC 0x4005_C428 00 00 02 13 -
SNFCA1 0x4005_C430 00 00 00 00 -
SNFCA2 0x4005_C434 00 00 00 01 -
SNFCW 0x4005_C438 00 00 00 00 -
SNFCBIC 0x4005_C43C ** ** ** ** Set according to the spec of memory
SNFCCS1 0x4005_C440 B8 10 FC 80 -
SNFCCS2 0x4005_C444 - Undefined
SNFCCS3 0x4005_C448 - Undefined
SNFCCS4 0x4005_C44C - Undefined
SNFCCSE 0x4005_C450 00 | 00 | 00 | 01 -
SNFCPRDB 0x4005_C500 - Read register
SNFCIR1 0x4005_C504 - Read register
SNFCIR2 0x4005_C508 - Read register
SNFCEP1 0x4005_C510 - Read register
SNFCEP2 0x4005_C514 - Read register
SNFCEP3 0x4005_C518 - Read register
SNFCEP4 0x4005_C51C - Read register
SNFCEC 0x4005_C520 - Read register
SNFCEWRB 0x4005_C800 - Write data input (from RAM1)
SNFCCDRB 0x4005_CCO00 - Read register
SNFCEBS 0x4005_CC08 - Read register
SNFCEES 0x4005_CC20 - Read register
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Register name

Address

Setting code

Note

SNFCEDS1 to 8

0x4005_CC40 to 5C

Read register

SNFCS1EE1 to 4PI

0x4005_CC80 to 8C

Read register

SNFCS2EE1 to 4PI

0x4005_CC90 to 9C

Read register

SNFCS3EE1 to 4PI

0x4005_CCAO to AC

Read register

SNFCS4EE1 to 4PI

0x4005_CCBO to BC

Read register

SNFCS5EE1 to 4P|

0x4005_CCCO to CC

Read register

SNFCS6EE1 to 4P|

0x4005_CCDO to DC

Read register

SNFCS7EE1 to 4PI

0x4005_CCEOQ to EC

Read register

SNFCSS8EE1 to 4PI

0x4005_CCFO0 to FC

Read register
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11.8.4 Setting Conditions at Page Reading (Decoding)

This section shows the example in the case where data is transferred to RAM3 from the NAND flash mem-
ory at page read (decoding).

Data is written to RAM3 by reading data from the NAND flash memory.

11.8.4.1  Setting Conditions

Capacity | : 4 GB
Page size | : 4096+256 bytes
1 sector | : 512+32 bytes

Target memory
The number of sectors | : 8

ECC | : BCH8 mode
Read address page | : Ox1_0000

Channels to be used | : 0 to 1 channels (1 page)

Channel control data start | : 0x2003_F400
address | (DMAACtriBasePtr=0x2003_F400)

: Basic mode
(Control<cycle_ctrl>="0x001")

: SNFCPRDB register of the SNFC (Address: 0x4005_C500)

Unit A Operation mode

: DMAA
Source (Fixed)

DMA to be (Source End Pointer=0x4005_C500)
used I/F control
block : RAM1 * Start address: 0x2004_0000
1 Destination | (Destination End Pointer=0x2004_087C)
RAM 1 * Set the last address for each channel.

: 133 times per channel
(Control<n_minus_1>="10_0001_1111")

The number of transfers

. : Source:4 bytes/Destination: 4 bytes
Transfer size . .
(Control<src_size>="10", control data <dst_size>="10" )

Channels to be used | : 8 to 15 channels (8 sectors) *Odds page setting

Channel control data start | : 0x2003_F880
address (for primary data) | (DMABCtrIBasePtr=0x2003_F880)
Channel control data start | : 0x2003_FA80

address (for alternative fia; (DMABAItCtiBasePtr=0x2003_FA80)
a

Unit B
. : Ping-pong mode
: DMAB Operation mode
(Control<cycle_ctrl>="0x011")
DMA to be : RAM1 * Start address: 0x2004_0000
used RAM 1 )
! Source | (Source End Pointer=0x2004_0210)
ECC control * Set the last address for each channel.

block : SNFCEWRB register of the SNFC (Address: 0x4005_C800)

Destination (Fixed) L .
(Destination End Pointer=0x4005_C800)

: 136 times per channel
(Control<n_minus_1>="00_1000_0111")

The number of transfers

. : Source:4byte /Destination: 4 bytes
Transfer size . .
(Control<src_size>="10", Control<dst_size>="10" )
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Unit C
: DMAC

DMA to be

used ECC control

block

i
RAM 3

Channels to be used

: 0 to 7 channels (8 sectors)

Channel control data start
address

: 0x2003_FC00
(DMACCtriBasePtr=0x2003_FCO00)

Operation mode

: Basic mode
(Control<cycle_ctrl>="0x001")

Source (Fixed)

: SNFCCDRSB register of the SNFC (Address: 0x4005_CCO00)
(Source End Pointer=0x2005_CC00)

Destination

: RAM3 * Start address: 2004_8000
(Destination End Pointer=0x2004_821C)
* Set the last address for each channel.

The number of transfers

: 136 times per channel
(Control<n_minus_1>="00_1000_0111")

Transfer size

: Source:4byte /Destination: 4 bytes
(Control<src_size>="10", Control<dst_size>="10" )

SNFC

Execution mode

: Encoding
(SNFCCSE<DECMODE>="0")

BCH mode

: BCH8
(SNFCECCMOD<SELBCH>="1")

Page/column address

: 0x1_0000_0000
(SNFCA1=0x0000_0000, SNFCA2=0x0000_0001)

Decode input

: 544 bytes
* Data (512 bytes)*rmanagement information (19 bytes) +Parity (13 bytes)
(SNFCDIC=0x0000_0220)

Decode output

: 544 bytes
* Data (512 bytes)+management information (19 bytes) +Parity (13 bytes)
(SNFCDOC=0x0000_0220)

The number of sectors

: 8 sectors
(SNFCS=0x0000_0008)

Interrupt

: Uncorrectable error detection interrupt, page RAM transfer completion inter-
rupt A, page RAM transfer completion interrupt C

(SNFCIE=0x0009_8030)

Automatic correction

: (SNFCECCMOD<GOUTMODE>="1")
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11.8.4.2

(1) DMAA

Table 11-22 (1)-1 DMAA register

Example of DMA (DMAA/DMAB/DMAC) Setting

Register name

Address

Setting code

Note

DMAAStatus 0x4004_C000 - Read register
DMAACfg 0x4004_C004 00 00 00 01 Operation setting
DMAACTtriBasePtr 0x4004_C008 20 03 F4 00 Primary data base pointer setting
DMAAAItCtIBasePtr 0x4004_Co00C - Undefined
DMAAChnISwRequest 0x4004_C014 00 | 00 | 00 00 Software request setting
DMAAChHnIUseburstSet 0x4004_C018 - Undefined
DMAAChnIUseburstCIr 0x4004_C01C - Undefined
DMAAChnIRegMaskSet 0x4004_C020 FF | FF | FF FC Request mask setting
DMAAChnIReqMaskClIr 0x4004_C024 - Undefined
DMAAChHnIEnableSet 0x4004_C028 00 | 00 | 00 03 Operation enable setting
DMAAChHnIEnableClr 0x4004_C02C - Undefined
DMAAChnNIPriAltSet 0x4004_C030 - Undefined
DMAAChHNIPriAItClr 0x4004_C034 - Undefined
DMAAChnIPrioritySet 0x4004_C038 - Undefined
DMAAChnIPriorityClr 0x4004_C03C - Undefined
DMAAETrTCIr 0x4004_C04C - Undefined
DMAIFFLGA 0x4005_F000 - Read register
Table 11-23 (1)-2 Channel control data

Channel control data name RAM Setting code Note
Reserved 0x2003_F40C -
Control 0x2003_F408 AE 00 21 F1

For chO of DMAA
Destination End Pointer 0x2003_F404 20 04 08 7C
Source End Pointer 0x2003_F400 40 05 C5 00
Reserved 0x2003_F41C -
Control 0x2003_F418 AE 00 21 F1

For ch1 of DMAA
Destination End Pointer 0x2003_F414 20 04 10 FC
Source End Pointer 0x2003_F410 40 05 C5 00
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(2) DMAB

Table 11-24 (2)-1 DMAB register

Register name Address Setting code Note
DMABStatus 0x4004_D000 - Read register
DMABCfg 0x4004_D004 00 00 00 01 Operation setting
DMABCtriBasePtr 0x4004_D008 20 03 F8 80 Primary data base pointer setting
DMABAItCtIBasePtr 0x4004_D00C 20 03 FA 80 Alternative database pointer setting
DMABChnISwRequest 0x4004_D014 00 00 00 00 Software request setting
DMABChnIUseburstSet 0x4004_D018 - Undefined
DMABChnIUseburstCIr 0x4004_D01C - Undefined
DMABChnIRegMaskSet 0x4004_D020 FF | FF | 00 | FF Request mask setting
DMABChnIReqMaskClIr 0x4004_D024 - Undefined
DMABChnIEnableSet 0x4004_D028 00 | 00 | 00 | OF Operation enable setting
DMABChnIEnableClr 0x4004_D02C - Undefined
DMABChnIPriAltSet 0x4004_D030 - Undefined
DMABChHnIPriAltCIr 0x4004_D034 - Undefined
DMABChnIPrioritySet 0x4004_D038 - Undefined
DMABChnIPriorityClr 0x4004_D03C - Undefined
DMABETrTCIr 0x4004_D04C - Undefined
DMAIFFLGB 0x4005_F004 - Read register
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(2)-2 Channel control data

Table 11-25 - Primary data

Channel control data name RAM Setting code Note
Reserved 0x2003_F88C -

Control 0x2003_F888 | EA 00 08 73 ch8 of DMAB
Destination End Pointer 0x2003_F884 40 05 cs 00 (For primary data)
Source End Pointer 0x2003_F880 20 04 02 1C

Reserved 0x2003_F89C -

Control 0x2003_F898 EA 00 08 73 ch9 of DMAB
Destination End Pointer 0x2003_F894 40 05 c8 00 (For primary data)
Source End Pointer 0x2003_F890 20 04 04 3C

Reserved 0x2003_F8AC -

Control 0x2003_F8A8 EA 00 08 73 ch10 of DMAB
Destination End Pointer 0x2003_F8A4 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F8A0 20 04 06 5C

Reserved 0x2003_F8BC -

Control 0x2003_F8B8 | EA 00 08 73 ch11 of DMAB
Destination End Pointer 0x2003_F8B4 40 05 C8 00 (For primary data)
Source End Pointer 0x2003_F8B0 20 04 08 7C
Reserved 0x2003_F8CC -
Control 0x2003_F8C8 EA 00 08 73 ch12 of DMAB
Destination End Pointer 0x2003_F8C4 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F8CO0 20 04 0A 9C
Reserved 0x2003_F8DC -
Control 0x2003_F8D8 EA 00 08 73 ch13 of DMAB
Destination End Pointer 0x2003_F8D4 40 05 c8 00 (For primary data)
Source End Pointer 0x2003_F8D0 20 04 oC BC
Reserved 0x2003_F8EC -
Control 0x2003_F8E8 EA 00 08 73 ch14 of DMAB
Destination End Pointer 0x2003_F8E4 40 05 cs8 00 (For primary data)
Source End Pointer 0x2003_F8EO 20 04 OE DC
Reserved 0x2003_F8FC -
Control 0x2003_F8F8 | EA 00 08 73 ch15 of DMAB
Destination End Pointer 0x2003_F8F4 40 05 cs 00 (For primary data)
Source End Pointer 0x2003_F8F0 20 04 10 FC

Table 11-26 - Alternative data

Channel control data name RAM Setting code Note
Reserved 0x2003_FA8C -

Control 0x2003_FA88 | EA 00 08 73 ch8 of DMAB
Destination End Pointer 0x2003_FA84 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FA80 20 04 02 1C

Reserved 0x2003_FA9C -

Control 0x2003_FA98 | EA 00 08 73 ch9 of DMAB
Destination End Pointer 0x2003_FA94 | 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FA90 20 04 04 3C
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Table 11-26 - Alternative data

Channel control data name RAM Setting code Note

Reserved 0x2003_FAAC -
Control 0x2003_FAA8 EA 00 08 73 ch10 of DMAB
Destination End Pointer 0x2003_FAA4 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FAA0 20 04 06 5C
Reserved 0x2003_FABC -
Control 0x2003_FAB8 | EA 00 08 73 ch11 of DMAB
Destination End Pointer 0x2003_FAB4 | 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FABO 20 04 08 7C
Reserved 0x2003_FACC -
Control 0x2003_FAC8 EA 00 08 73 ch12 of DMAB
Destination End Pointer 0x2003_FAC4 | 40 05 cs 00 (for alternative data)
Source End Pointer 0x2003_FACO 20 04 0A 9C
Reserved 0x2003_FADC -
Control 0x2003_FAD8 EA 00 08 73 ch13 of DMAB
Destination End Pointer 0x2003_FAD4 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FADO 20 04 0oC BC
Reserved 0x2003_FAEC -
Control 0x2003_FAES8 EA 00 08 73 ch14 of DMAB
Destination End Pointer 0x2003_FAE4 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FAEQ 20 04 OE DC
Reserved 0x2003_FAFC -
Control 0x2003_FAF8 | EA 00 08 73 ch15 of DMAB
Destination End Pointer 0x2003_FAF4 | 40 05 c8 00 (for alternative data)
Source End Pointer 0x2003_FAFO0 20 04 10 FC
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(3) DMAC

Table 11-27 (3)-1 DMAC register

Register name Address Setting code Note
DMACStatus 0x4004_E000 - Read register
DMACCfg 0x4004_E004 00 00 00 01 Operation setting
DMACCtriBasePtr 0x4004_E008 20 03 FC 00 Primary data base pointer setting
DMACAItCtiBasePtr 0x4004_EO0C - Undefined
DMACChnISwRequest 0x4004_E014 00 | 00 | 00 00 Software request setting
DMACChnNIUseburstSet 0x4004_E018 - Undefined
DMACChnIUseburstClIr 0x4004_E01C - Undefined
DMACChnIRegMaskSet 0x4004_E020 FF | FF | FF 00 Request mask setting
DMACChnIRegMaskClr 0x4004_E024 - Undefined
DMACChnIEnableSet 0x4004_E028 00 | 00 | 00 FF Operation enable setting
DMACChnIEnableClir 0x4004_EO02C - Undefined
DMACChNIPriAltSet 0x4004_E030 - Undefined
DMACChNIPriAltCIr 0x4004_E034 - Undefined
DMACChnIPrioritySet 0x4004_E038 - Undefined
DMACChnIPriorityClr 0x4004_E03C - Undefined
DMACErrCIr 0x4004_E04C - Undefined
DMAIFFLGC 0x4005_F008 - Read register

Table 11-28 (3)-2 Channel control data

Channel control data name RAM Setting code Note

Reserved 0x2003_FCO0C -
Control 0x2003_FC08 | AE 00 08 71 chO of DMAC
Destination End Pointer 0x2003_FC04 20 04 82 1C (For primary data)
Source End Pointer 0x2003_FCO00 40 05 CC 00
Reserved 0x2003_FC1C -
Control 0x2003_FC18 | AE 00 08 71 ch1 of DMAC
Destination End Pointer 0x2003_FC14 | 20 04 84 3C (For primary data)
Source End Pointer 0x2003_FC10 40 05 CC 00
Reserved 0x2003_FC2C -
Control 0x2003_FC28 AE 00 08 7 ch2 of DMAC
Destination End Pointer 0x2003_FC24 20 04 86 5C (For primary data)
Source End Pointer 0x2003_FC20 40 05 CcC 00
Reserved 0x2003_FC3C -
Control 0x2003_FC38 | AE 00 08 71 ch3 of DMAC
Destination End Pointer 0x2003_FC34 20 04 88 7C (For primary data)
Source End Pointer 0x2003_FC30 40 05 CcC 00
Reserved 0x2003_FC4C -
Control 0x2003_FC48 | AE 00 08 71 ch4 of DMAC
Destination End Pointer 0x2003_FC44 | 20 04 8A 9C (For primary data)
Source End Pointer 0x2003_FC40 40 05 CC 00
Reserved 0x2003_FC5C -
Control 0x2003_FC58 | AE 00 08 71 ch5 of DMAC
Destination End Pointer 0x2003_FC54 20 04 8C BC (For primary data)
Source End Pointer 0x2003_FC50 40 05 cc 00
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Table 11-28 (3)-2 Channel control data
Channel control data name RAM Setting code Note
Reserved 0x2003_FC6C -
Control 0x2003_FC68 AE 00 08 71 ch6 of DMAC
Destination End Pointer 0x2003_FC64 20 04 8E DC (For primary data)
Source End Pointer 0x2003_FC60 40 05 CC 00
Reserved 0x2003_FC7C -
Control 0x2003_FC78 AE 00 08 7 ch7 of DMAC
Destination End Pointer 0x2003_FC74 20 04 90 FC (For primary data)
Source End Pointer 0x2003_FC70 40 05 CcC 00
11.8.4.3 Example of the SNFC Setting
Register name Address Setting code Note
SNFCENC 0x4005_C400 00 00 00 01 -
SNFCECCMOD 0x4005_C404 00 00 00 01 -
SNFCIE 0x4005_C408 00 09 80 30 -
SNFCPS 0x4005_C410 00 00 11 00 -
SNFCPRCS 0x4005_C414 - Read register
SNFCS 0x4005_C418 00 | 00 | 00 | 08 -
SNFCSS 0x4005_C41C - Read register
SNFCDIC 0x4005_C420 00 00 02 20 -
SNFCDOC 0x4005_C424 00 00 02 20 -
SNFCEIC 0x4005_C428 - Undefined
SNFCA1 0x4005_C430 00 00 00 00 -
SNFCA2 0x4005_C434 00 00 00 01 -
SNFCW 0x4005_C438 00 00 00 00 -
SNFCBIC 0x4005_C43C ** * ** ** Set according to the spec of memory
SNFCCS1 0x4005_C440 B8 30 FO 00 -
SNFCCS2 0x4005_C444 - Undefined
SNFCCS3 0x4005_C448 - Undefined
SNFCCS4 0x4005_C44C - Undefined
SNFCCSE 0x4005_C450 00 | 00 | 00 | 81 -
SNFCPRDB 0x4005_C500 - Undefined
SNFCIR1 0x4005_C504 - Read register
SNFCIR2 0x4005_C508 - Read register
SNFCEP1 0x4005_C510 - Read register
SNFCEP2 0x4005_C514 - Read register
SNFCEP3 0x4005_C518 - Read register
SNFCEP4 0x4005_C51C - Read register
SNFCEC 0x4005_C520 - Read register
SNFCEWRB 0x4005_C800 - Undefined
SNFCCDRB 0x4005_CC00 - Undefined
SNFCEBS 0x4005_CC08 - Read register
SNFCEES 0x4005_CC20 - Read register
SNFCEDS1 ot 8 0x4005_CC40 to 5C - Read register
SNFCS1EE1 to 4PI 0x4005_CC80 to 8C - Read register
SNFCS2EE1 to 4PI 0x4005_CC90 to 9C - Read register
SNFCS3EE1 to 4PI 0x4005_CCAO to AC - Read register
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Register name

Address

Setting code

Note

SNFCS4EE1 to 4P|

0x4005_CCBO to BC

Read register

SNFCS5EE1 to 4PI

0x4005_CCCO0 to CC

Read register

SNFCS6EE1 to 4PI

0x4005_CCDO to DC

Read register

SNFCS7EE1 to 4PI

0x4005_CCEO to EC

Read register

SNFCSB8EE1 to 4PI

0x4005_CCFO to FC

Read register
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11.9 Operation Timing

11.9.1 Basic Cycle

The cycle of the SNFC consists of the combination of the following cycles:

Command cycle
Address cycle
Read cycle
Write cycle
Busy cycle
Wait cycle

In addition, each cycle has the waveform adjustment function.
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11.9.1.1  Command Cycle
A command cycle is the cycle in which the SNFC issues commands to NAND flash memories.
Waveforms in a setup time or hold time of SNFCCLE can be adjusted with SNFCBIC<CLES>/<CLEH>.

The command cycle includes write cycles.

Adjustment range
- Setup time (<CLES[1:0]>): 0 to 3 clocks
- Hold time (<CLEH[1:0]>): 0 to 3 clocks

The figure below shows waveforms of the case of <CLES>=1 and <CLEH>=1.
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Address Cycle

11.91.2

An address cycle is the cycle in which the SNFC outputs an address to the NAND flash memories.

Waveforms in a setup time or hold time of SNFCALE can be adjusted with SNFCBIC<ALES>/<ALEH>.

The address cycle includes write cycles.

Adjustment range

Setup time (SALES[1:0]>): 0 to 3 clocks

Hold time (<ALEH[1:0]>): 0 to 3 clocks

=1.

1 and <ALEH>

The figure below shows waveforms of the case of <ALES>
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11.9.1.3 Read Cycle
A data cycle is the cycle in which the SNFC reads data from the NAND flash memories.

Waveforms in a setup time or hold time of SNFCRE can be adjusted with SNFCBIC<RES>/<REW>/
<REH>.

Adjustment range
- Setup time (<RES[1:0]>+1): 1 to 4 clocks
- Wait time (SKREW[2:0]>+1): 1 to 8 clocks
- Hold time (<REH[2:0]>): 0 to 7 clocks

The figure below shows waveforms of the case of <RES>=0, <REW>=2 and <REH>=1.
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11.9.1.4  Write Cycle
A write cycle is the cycle in which the SNFC writes data to the NAND flash memories.

Waveforms in a setup time or hold time of SNFCWE can be adjusted with SNFCBIC<WES>/<WEW>/
<WEH>.

Adjustment range
- Setup time (KWES[1:0]>+1): 1 to 4 clocks
- Wait time (SWEW[2:0]>+1): 1 to 8 clocks
- Hold time (KWEH[2:0]>): 0 to 7 clocks

The figure below shows waveforms of the case of <WES>=0, <WEW>=1 and <WEH>=1.
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Busy Cycle

11.9.1.5

A busy cycle is the cycle in which the NAND flash memories reads/writes/erases/resets data.

A dummy time (time until the next cycle starts after ready state) can be adjusted with

SNFCBIC<DMYC1> and SNFCCSx<DMYA>/<BSY>.

Adjustment range (dummy period 1)

Dummy time (<DMYCI1[1:0]>+1)*<DMYA>: 0 to 4 clocks

1.

The figure below shows waveforms of the case of <DMYC1>=1 and <DMYA>
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Wait Cycle

11.9.1.6

A wait cycle can be inserted between a command cycle (issuing commands) and a read cycle (reading

the status).

A wait time can be adjusted with SNFCBIC<DMYC2> and SNFCCSx<DMYB>.

Adjustment range (dummy period 2)

Wait time: (<DMYC2[2:0]>+1)*<DMYB>: 0 to 24 clocks

=2.

The figure below shows waveforms of the case of <DMYC2>=3 and <DMYB>
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11.9.2 Bus Operation

This section shows the bus operation that is the combination of the basic cycles on the major command ex-

ecution.

One-page Read

11.9.2.1
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0x10

Command: First Cycle= 0x80 / Second Cycle
Address: 5 cycles
The number of data: n bytes (write)

One-page Write

11.9.2.2

SLC NAND Flash Controller (SNFC)
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Block Erase

11.9.2.3

0x60 / Second Cycle= 0xD0

Command: First Cycle
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