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CMOS Digital Integrated Circuit Silicon Monolithic

TMPM4M Group(1)

General Description

. Arm® Cortex®-M4 processor with FPU

Operating frequency: 1 to 160 MHz, Operating voltage: 2.7 to 5.5 V

° Code flash: 128KB to 256KB, Data flash: 32KB

° Package: 64-pin to 100-pin. 5 types of packages are available.

LQFP100 14x14mm, 0.5mm pitch
LQFP80  12x12mm, 0.5mm pitch

\ / LQFP64  14x14mm, 0.8mm pitch
LQFP64

10x10mm, 0.5mm pitch

QFP100  14x20mm, 0.65mm pitch

° Hardware IPs such as A-VE+, 12-bit ADC, and A-PMD are provided for implementation of vector control and PFC control

Applications

Motors, major appliances using motors, and industrial equipment.

Features

o Arm Cortex-M4 processor with FPU
— Operating frequency: 1 to 160 MHz
— Memory Protection Unit (MPU)
o Low-power consumption mode
— Operating voltage: 2.7t0 5.5V
4.5 to 5.5V (All Functions)
2.7 to 4.5 V (Without OPAMP, ADC)
— Low-power consumption operation: IDLE, STOP1
e Operating temperature: -40 to +105°C
e Internal memory
Code flash: 128KB to 256KB, rewritable up to 100,000 times
Data flash: 32KB rewritable up to 100,000 times

— Data flash is rewritable in parallel with instruction execution
— RAM: 24KB, with parity
Clock

External high speed oscillator: 6 to 12 MHz(Ceramic, Crystal)

External high speed clock input: 6 to 10 MHz

Internal high speed oscillator (IHOSC1): 10 MHz, user trimming
function

— PLL: 160 MHz output(System clock)

e Oscillation frequency detection (OFD): Abnormal system clock
detection

e \oltage Detection (LVD): 8 level, Generate interrupts and reset
outputs

e Interruption
— Externa factors: 15 to 20
(External pinsfactors: 20 to 32 pins, with DNF)
Internal factors: 96 to 103
e |/O ports: 51 to 87 (Input:2, Output:1)

— 5V-tolerant, open-drain, pull-up/-down

e On-chip debug (JTAG/SW), NBDIF(RAM monitor)
e Trigger Selector (TRGSEL)
— Expand Trigger request for DMAC, Timer, others
e DMA controller (DMAC): 1 unit
— DMA requests: 30 to 32 factors, internal/external triggers
e CRC Calculation Circuit (CRC): CRC32, CRC16
e Asynchronous Serial Interface (UART): 3 to 4 channels
— 5Mbps(Max), FIFO(Transmission 8-stage, Reception 8-stage)
e Serial Peripheral Interface (TSPI): 2 channels

— SIO/SPI mode, 10MHz(MAX), FIFO(Transmitter: 16bitx8,
Receiver: 16bitx8)

e I°C Interface
— I2C Interface (12C): 2 channels, Multi Master
— I2C Interface Version A (EI2C): 2 channels
Multi Master, support 10bit Slave addressing
e CAN controller (CAN): 1 unit
— Version2.0B Active, 32 mailbox, MAX 1Mbps
e 12-bit Analog to Digital Converter (ADC): 14 to 22 inputs in 3 units
— Conversion time: 1.0 ys at ADCLK=160MHz
— Self-diagnosis support function
e Operational Amplifier (OPAMP): 3 units
— Gain selectable

e Advanced programmable motor control circuit (A-PMD): 3

channels
— 3-phase complementary PWM output, Synchronized with ADC
— PFC control: support 3-phase interleaved PFC
— Emergency stop function by external inputs (EMG pin, OVV pin)
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e Advanced vector engine plus (A-VE+): 1 channel
— Vector control coprocessor cooperates with ADC/A-PMD
— 1-shunt current detection area can be enlarged
— Dead time compensation control, non-interference control
e Advanced Encoder input circuit (32-bit) (A-ENC32): 1, 3 channels
— Encoder/sensor (3 types)/Timer /Phase counter mode
e 32-bit Timer Event Counter (T32A)
— 6 channels as 32-bit Timers, 12 channels as 16-bit Timers

— Interval Timer, event counter, input capture, phase difference
input, PPG output, Sync Start, Trigger start

e Watchdog timer (SIWDT): 1 channel
— Clock system other than the system clock can be selected

— Clear window, interrupts and reset output
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Products Lists Categorized by Functions

The product under development is contained in this table.
For the newest status of each product, please contact your sales representative.

Table.1.1 Products Lists

TMPM4MNFYADFG TMPM4MLFYAUG
- _ TMPM4MNFWADFG | TMPM4MMEYAFG TMPM4AMLFWAUG
Built-in Functions
TMPM4AMNFYAFG | TMPMAMMFWAFG | 1MPM4AMLFYAFG
TMPMAMNFWAFG TMPM4MLFWAFG
Code Flash 256 256 256
(KB) 128 128 128
Data Flash
Memol
ry (KB) 32 32 32
RAM (KB) 24 24 24
1/0 port PORT (pin) 87 67 51
Factor 20 18 15
External interrupt
Pin 32 24 20
DMA DMAC (ch) 32 32 30
Timer function T32A (ch) 6 6 6
UART (ch) 4 4 3
Serial 12C / Ei2C (ch) 2/2 2/2 2/2
communication
function TSPI(SIO) (ch) 2 2 2
CAN (unit) 1 1 1
12-bit ADC
Unit A/B/C 11/5/6 8/5/4 8/3/3
Analog function | (AIN ch)
OPAMP (unit) 3 3 3
A-VE+ (ch) 1 1 1
Motor control 1 5 pyp (chy 3 3(Notel) 3(Notel)
peripherals
A-ENC32 (ch) 3 3(Note2) 1
CRC 1 1
Other peripherals
RAMP (ch) 2 2 2
LVD 1 1 1
WDT (ch) 1 1 1
System function
OFD 1 1 1
POR 1 1 1
JTAG/SW
Debug interface | Debug TRACE(4bits) SW SW
NBDIF
QFP100 LQFP64
(14 anxngtEr;]r)n, 0.65 LOFP80 (20 mmé I1jgcr'rr]1)rn 0.5
Package Package type (12 mm x 12 mm, 0.5
LQFP100 mm pitch) LQFP64
(14 mm x 14 mm, 0.5 P (14 mm x 14 mm, 0.8
mm pitch) mm pitch)
Notel: There is no OVVX pin.
Note2: There is no ENC1Z pin.
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TOSHIBA TP Group(l)

Datasheet
Preface
Conventions
e  Numeric formats follow the rules as shown below:
Hexadecimal: OxABC
Decimal: 123 or 0d123 - Only when it needs to be explicitly shown that they are decimal
numbers.
Binary: Obl11 - It is possible to omit the "0b™ when the number of bits can be
distinctly understood from a sentence.
e " N"isadded to the end of signal names to indicate low active signals.
e Itis called "assert" that a signal moves to its active level, "deassert™ to its inactive level.
e When two or more signal names are referred, they are described like as [m:n].
Example: S[3:0] shows four signal names S3, S2, S1 and SO together.
e  The characters surrounded by [ ] defines the register.
Example: [ABCD]
e "N substitutes suffix number of two or more same kind of registers, fields, and bit names.
Example: [XYZ1], [XYZ2], [XYZ3] — [XYZn]
e "X" substitutes suffix number or character of units and channels in the register list.
e Incase of unit, "x" means A, B,and C, ...
Example: [ADACRO], [ADBCRO0], [ADCCR0] — [ADXCRO0]
e Incase of channel, "x" means 0, 1, and 2, ...
Example: [T32A0RUNA], [T32A1RUNA], [T32A2RUNA] — [T32AXRUNA]
e The bit range of a register is written like as [m: n].
Example: Bit[3: 0] expresses the range of bit 3 to 0.
e The configuration value of a register is expressed by either the hexadecimal number or the binary number.
Example: [ABCD]<EFG> = 0x01 (hexadecimal), [XYZn]<VW> =1 (binary)
e Word and byte represent the following bit length.
Byte: 8 bits
Half word: 16 bits
Word: 32 bits
Double word: 64 bits
e  Properties of each bit in a register are expressed as follows:
R: Read only
W: Write only
R/W: Read and write are possible.
e  Unless otherwise specified, register access supports only word access.
e  The register defined as "Reserved" must not be rewritten. Moreover, do not use the read value.
e  The value read from the bit having default value of "-" is unknown.
e When a register containing both of writable bits and read-only bits is written, read-only bits should be written
with their default value, In the cases that default is "-", follow the definition of each register.
e Reserved bits of the write-only register should be written with their default value. In the cases that default is
"-" follow the definition of each register.
e Do not use read-modified-write processing to the register of a definition which is different by writing and

read out.
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TOSHIBA TXZ+ Family
TMPM4M Group(1)
Datasheet
Terms and Abbreviations
Some of abbreviations used in this document are as follows:
ADC Analog to Digital Converter
A-ENC32 Advanced Encoder Input Circuit (32-bit)
A-PMD Advanced Programmable Motor Control Circuit
A-VE+ Advanced Vector Engine Plus
CAN Controller Area Network
CRC Cyclic Redundancy Check
DMAC Direct Memory Access Controller
DNF Digital Noise Filter
EHOSC External High-speed Oscillator
El2C 12C Interface Version A
IHOSC Internal High-speed Oscillator
INT Interrupt
12C Inter-Integrated Circuit
LVD Voltage Detection Circuit
NBDIF Non Break Debug Interface
NMI Non-Maskable Interrupt
OFD Oscillation Frequency Detector
OPAMP Operational Amplifier
POR Power On Reset Circuit
RAMP RAM Parity
SIWDT Clock Selective Watchdog Timer
TRGSEL Trigger Selection Circuit
TRM Trimming Circuit
TSPI Serial Peripheral Interface
T32A 32-bit Timer Event Counter
UART Asynchronous Serial Communication Circuit
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TOSHIBA

TXZ+ Family
TMPM4M Group(1)
Datasheet

1. Block Diagram

RAMP
(2ch)

Cortex-M4

processor with FPU

Debug

NBDIF
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DMAC

TRGSEL

DNF

PORT
(51 to 87 pin)
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Code FLASH RAM BOOT
(128KB to 256KB) (24KB) ROM
With Parity (6KB)
Communication System Clock Control
UART LVD PLL
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SIWDT(1ch) IHOSC1
I2C / EI2C
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TSPI
(2ch) EHOSC
Timer
(qur':t) T32A TRM
(6ch)
Analog Motor Control
ADC A-ENC32 CRC Calculation
(8 to 11 ch) (1, 3 ch)
ADC A-PMD CRC
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(3to 6 ch) (1ch)
OPAMP
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Figure 1.1 Block diagram of the TMPM4M Group(1) products

12 /102

2023-12-20
Rev.1.4



TXZ+ Family
Datasheet

TMPM4M Group(1)

2. Pin Assignment

2.1. QFP100
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TMPM4M Group(1)

TOSHIBA

2.2. LQFP100
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TMPM4M Group(1)

TOSHIBA

2.3. LQFP80
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Datasheet

2.4. LQFP64
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TOSHIBA TXZ+ Family
TMPM4M Group(1)
Datasheet
3. Memory Map
OXFFFFFFFF Vender-Soecifi OXFFFFFFFF Vender-Soecif
0xE0100000 ender=pectie £ OXE0100000 ender-Specific
CPU Register %E) CPU Register
0xE0000000 Region 0XE0000000 Region
Fault Fault
0X5E040000 0X5E040000
Code Flash Code Flash
Ox5E000000 (Mirror)(256KB) O0X5E000000 (Mirror)(256KB)
Flash (SFR) Flash (SFR)
0x5DFF0000 - 0X5DFF0000
0x44000000 Fault £ 0x44000000 Fault
Bit Band Alias I Bit Band Alias
(SFR) (SFR)
0x42000000 0x42000000
Fault Fault
0x40100000 au 0x40100000 2
SFR SFR
0x4003E000 0x4003E000
0x40006000 Fault 0x40006000 Fault
0x40005000 SFR 0x40005000 SFR
0x40000000 Fault 0x40000000 Fault
Ox3F7F9800 0X3F7F9800 Boot ROM
OX3E7E8000 Boot ROM O0X3F7F8000 (Mirror)
0x30008000 Fault 0x30008000 Fault
0x30000000 Data Flash (32KB) 0x30000000 Data Flash (32KB)
0x24000000 Fault % 0x24000000 Fault
Bit Band Alias %) Bit Band Alias
0x22000000 (RAM) 0x22000000 (RAM)
0x20006000 raut 0x20006000 Faut
0x20004000 RAM2 (8KB) 0x20004000 RAM2 (8KB)
0x20002000 RAM1 (8KB) 0x20002000 RAML1 (8KB)
0x20000000 RAMO (8KB) 0x20000000 RAMO (8KB)
0x00040000 Fault 2 Fault
X g 0x00001800
Code Flash @) Boot ROM
0x00000000 (256KB) 0x00000000 (6KB)
Single chip Mode Single Boot Mode

Figure 3.1 Example of the TMPM4MxFYA

Notel: Fault, Reserved: Please do not access their region.

Note2: For details of Single Chip Mode and Single Boot Mode, refer to "Flash Memory"
in the Reference Manual.
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3.1. List of Memory Sizes
Table 3.1 Memory sizes and addresses
TMPM4MNFYADFG | TMPM4MNFWADFG
TMPM4MNFYAFG | TMPM4MNFWAFG
Products TMPM4MMFYAFG | TMPM4MMFWAFG
TMPM4MLFYAUG | TMPM4MLFWAUG
TMPM4MLFYAFG | TMPM4MLFWAFG
Size 256KB 128KB
Peripheral Code
“agion Flash | START 0x5E000000 0x5E000000
9 (Mirror)
END OX5E03FFFF OX5E01FFFF
Size 32KB
Data | graRrT 0x30000000
Flash
SRAM END 0x30007FFF
region Size 24KB
RAM START 0x20000000
END 0x20005FFF
Size 256KB 128KB
Code | Code | grapy 0x00000000 0x00000000
region Flash
END 0X0003FFFF 0x0001FFFF
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4. Pin Description
4.1. Functional Pin Name and Functions

4.1.1. Function Pins of Peripheral

Table 4.1 Pin names and functions of peripheral pins

Input
Peripheral function Pin name or Function
Output
Interrupt control External interrupt input pin
INTX Input . . . L . .
(IA/1B) External input pin provides the noise filter (filter width: Typ. 30 ns).
T32AxXINAO Input 16-bit timer A input capture input pin 0
T32AXINAL Input 16-bit timer A input capture input pin 1
T32AXOUTA Output 16-bit timer A output pin
32-bit Timer event T32AxINBO Input 16-bit timer B input capture input pin 0
counter T32AxINB1 Input 16-bit timer B input capture input pin 1
(T32A) T32AxOUTB Output 16-bit timer B output pin
T32AXINCO Input 32-bit timer input capture input pin 0
T32AXINC1 Input 32-bit timer input capture input pin 1
T32AXOUTC Output 32-bit timer output pin
TSPIXCSIN Input Chip select input pin
TSPIXCSO Output Chip select output pin O
Serial peripheral TSPIXCS1 Output Chip select output pin 1
interface
(TSPI) TSPIXRXD Input Data input pin
TSPIXTXD Output Data output pin
TSPIXSCK I/O Clock input/output pin
UTxRXD Input Data input pin
Asynchronous serial | yTyTxDA Output Data output pin A
communication circuit
(UART) UTXCTS_N Input Clear to send signal pin
UTXRTS_N Output Request to send signal pin
[2CxSDA . .
12C interface | EI2CxSDA le] Data input/output pin
(12C / EI2C) [2CxSCL . .
/ EI2CxSCL le] Clock input/output pin
CAN Controller CANXTX Output CAN data output pin
(CAN) CANXRX Input CAN data input pin
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Input
Peripheral function Pin name or Function
Output
EMGx Input Emergency state detection input pin
OVVx Input Overvoltage detection input pin
UOx Output U-phase output pin
Advanced VOX Output V-phase output pin
Programmable i
Motor Control Circuit | WOX Output W-phase output pin
(A-PMD) XOx Output X-phase output pin
YOx Output Y-phase output pin
Z0x Output Z-phase output pin
PMDxDBG Output Debug output pin for motor control
Advanced Encoder ENCxA Input Encoder input pin A
Input Circuit (32-bit) |ENCxB Input Encoder input pin B
(A-ENC32) ENCxZ Input Encoder input pin Z
Analog to Digital AINAX,
Converter AINBX, Input Analog input pin
(ADC) AINCx
Trigger input . . .
TRGINX Input External trigger input pin
(TRGSEL)
Note: "x" means channel number, unit number or interrupt number.
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4.1.2. Debug Pins
Table 4.2 Debug pin names and their function
Input
Debug PORT Pin name or Function
Output
TMS Input JTAG test mode selection input pin
TCK Input JTAG serial clock input pin
JTAG TDO Output JTAG serial data output pin
TDI Input JTAG serial data input pin
TRST_N Input JTAG test reset input pin
SWDIO I/0 Serial wire data input/output pin
SW 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
TRACE TRACEDATAL Output Trace data output pin 1
TRACEDATA2 Output Trace data output pin 2
TRACEDATAS Output Trace data output pin 3
NBDSYNC Input Non break debug synchronous input pin
NBDCLK Input Non break debug clock input pin
NBDDATAO I/O Non break debug data output pin 0
NBDIF
NBDDATA1 I/O Non break debug data output pin 1
NBDDATA2 I/O Non break debug data output pin 2
NBDDATAS3 I/O Non break debug data output pin 3
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4.1.3. Control Pins

Table 4.3 Control pin names and their function

Input
Pin name or Function
Output
X1 Input High speed oscillator connection pin
X2 Output High speed oscillator connection pin
EHCLKIN Input External Clock signal input pin
BOOT mode control pin
The BOOT mode control pin is sampled on the rising edge of the
; RESET_N input. It's not sampled by internal Reset factor.
Control Pin - | gooT N Input _N1np _ ID_ y .
- If the BOOT mode control pin is "Low" level, the MCU enters single
boot mode. If it is "High", the MCU enters single chip mode.
For details, refer to "Flash Memory" of Reference Manual.
RESET_N Input Reset signal input pin
Mode Pin
MODE Input This pin must be fixed to "Low" level.

4.1.4. Power Supply Pins

Table 4.4 Power supply pin names and their function

DVDD5B (Notel)

Pin name Function
Power supply pin for digital
DVDD5A/B supplies the power to the following pins:
DVDD5A (Notel) it b gp

PA to PH, PN, PU, PV, MODE, RESET_N, BOOT_N
A power supply is supplied to an oscillating circuit from a built-in regulator.
X1, X2

DVSSA (Note2)
DVSSB (Note2)
DVSSC (Note2)

GND pin for digital

Power Supply
REGOUT1 (Note3) |Capacitor for a regulator connection pin (Note4)
REGOUT2 (Note3) | Capacitor for a regulator connection pin (Note4)
AVDDS5 Power supply pin for analog and reference power pin for analog (VREFH).
VREEH AVDDS5 supplies the power to the following pins:
PL, PM, PK, PJ
AVSS GND pin for analog and reference GND pin for analog (VREFL
Notel: Apply the voltage to DVDD5A and DVDD5B at the same potential except the case that the pins are not
provided.
Note2: Apply the external voltage to DVSSA, DVSSB, and DVSSC at the same potential except the case that
the pins are not provided.
Note3: For REGOUT1 and REGOUT2, do not cause a short circuit with DVDD5A, DVDD5B, or DVSSA,
DVSSB, or DVSSC.
Noted: For the capacitor value, refer to the "7.12. Regulator"

2023-12-20
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4.1.5. Capacitors between power supply pins

Notel:

Note2:

Note3:

Note4:

Note5:

Note6:

1o,

[To) )]

2 ¢

<

2
DVSSC|— I
Il
—| DVSSA Cs
Cs
DVDD5A

REGOUT1
REGOUT2
DVSSB

3
’_”_ DVDD5B

GND line for the digital circuit

Power supply line for the digital circuit

GND line for the analog circuit

Power supply line for the analog circuit (I%l
]

Supply | [ )

Figure 4.1 Capacitors for power supply pins connection circuit

Insert a ceramic capacitor (C1) near the output terminal of the 5V power supply. The power gradient
with C; must be satisfied Vpon and Veorr in "'7.6. Characteristics of Internal processing at RESET".
Insert the bypass capacitor ((Cs, C4:0.01uF to 0.1uF) between the power supply and GND near each
MCU power supply pin.

Insert the power supply stabilizing ceramic capacitor (C.) of the same capacity into the capacitor
connection pin for the internal regulator (REGOUTL1, REGOUT?2). The capacitor should be placed near
DVSSB pin. Regarding value of capacitor, refer to "7.12. Regulator".

In order to suppress noise mixing from the digital power supply to the analog circuit, separate the analog
power supply line and the digital power supply line near the 5V power supply output.

In order to suppress noise mixing from the peripheral circuit to the analog circuit, when inserting a filter
circuit or pull-up / down resistor to the input / output terminal of the analog power supply system,
connect the components that make up these circuits to the analog power supply line.

In order to suppress high frequency noise received from the loop circuit by the power supply line, the
GND line and the capacitor, do not separate the power supply line and the GND line from each other.
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4.2. Functional Pin and Ports Assignment (Pin Number)

Following table shows a pin number of the port assignment and each product which were seen from the functional
pin. "-" means that it not have a pin or there is no assignment of a function.

Table 4.5 Signal connection List: UART

Function Combination Port M4MN M4MN M4MM M4ML
functional pin name | name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)

PCO 49 46 39 31
PC1 50 47 40 32

UTORXD 5NO - 5 5 :

PN1 13 10 10 _
PC1 50 47 40 32
UART PCO 49 46 39 31
cho UTOTXDA oNL 3 o - :
PNO 12 9 9 -

PD2 69 66 _ N

UTOCTS_N o2 2 n = :

PD3 70 67 - -

UTORTS_N V1 T 3 - :

PC4 53 50 43 N

PC5 54 51 44 -

UT1RXD SUS 5 s - =

PU6 10 7 8 3

UART PC5 54 51 44 _
chl PC4 53 50 13 -
UT1TXDA BUG T - > -

PU5 9 6 7 7

UTICTS_N PU4 8 5 6 6
UTIRTS_N PU3 7 4 5 5

PFO 3 100 1 1

UT2RXD 500 2 0 . -

UART PU1 5 2 3 3
ch2 PF1 2 99 30 o
PFO 3 100 1 1

UT2TXDA 5L = 5 5 :

PUO 4 1 2 2

PF3 100 97 79 -

PF4 99 96 78 B

UT3RXD = 57 ” o :

UART PF7 96 93 76 -
ch3 PF4 99 96 78 -
PF3 100 97 79 -

UT3TXDA oE7 96 53 o :

PF6 97 94 77 -
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Table 4.6 Signal connection List: 1I2C/EI2C/TSPI/CAN
Function Combination Port M4MN M4MN M4MM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
12C I2COSDA PCO 49 46 39 31
cho [2COSCL PC1 50 47 40 32
PD3 70 67 - -
[2C1SDA
12C PUO 4 1 2 2
chl PD4 71 68 - -
[2C1SCL
PU1 5 2 3 3
EI2C EI2COSDA PCO 49 46 39 31
ch0 EI2COSCL PC1 50 47 40 32
PD3 70 67 - -
EI2C1SDA
El2C PUO 4 1 2 2
chl PD4 71 68 - -
El2C1SCL
PU1 5 2 3 3
PA2 20 17 15 10
TSPIORXD
PC3 52 49 42 34
PA3 21 18 16 11
TSPIOTXD
PC4 53 50 43 -
PA4 22 19 17 12
TSPI TSPIOSCK
cho PC5 54 51 44 -
PAO 18 15 13 -
TSPIOCSIN
PC7 56 53 - -
TSPIOCSO PC2 51 48 41 33
PA1 19 16 14 -
TSPIOCS1
PC6 55 52 - -
PG4 77 74 58 46
TSPI1IRXD
PV1 16 13 - -
TSPILTXD PG5 78 75 59 47
TSPI TSPI1LSCK PG6 79 76 60 48
chl PG3 76 73 57 45
TSPI1CSIN
PVO 15 12 - -
TSPI1CSO PG2 75 72 56 44
TSPI1CS1 PG1 74 71 55 -
PE1 81 78 62 50
CANARX
PA4 22 19 17 12
CAN
PEO 80 77 61 49
CANATX
PA3 21 18 16 11
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Table 4.7 Signal connection List: T32A ch0,1,2
Function Combination Port M4MN M4MN M4MM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
T32A00INAO PA2 20 17 15 10
T32A000UTA PA3 21 18 16 11
T32A T32A00INBO PAO 18 15 13 -
cho T32A00INB1 PAl 19 16 14 -
T32A000UTB PA4 22 19 17 12
T32A00INCO PA2 20 17 15 10
T32A000UTC PA3 21 18 16 11
T32A01INAO PF3 100 97 79 -
T32A01INAL PF5 98 95 - -
T32A010UTA PF4 99 96 78 -
T32A T32A01INBO PF6 97 94 77 -
chl T32A01INB1 PF7 96 93 76 -
PVO 15 12 - -
T32A01INCO PF3 100 97 79 -
T32A01INC1 PF5 98 95 - -
T32A010UTC PF4 99 96 78 -
PCO 49 46 39 31
T32A02INAO PUL 5 > 3 3
PC6 55 52 - -
T32A02INA1 PUS 9 6 7 7
PC1 50 47 40 32
T32A020UTA PU2 6 3 2 2
PC7 56 53 - -
T32A02INBO PU3 7 2 5 5
T32A PDO 67 64 - -
ch2 T32A02INB1 ) 2 1 > >
PD1 68 65 - -
T32A020UTB PU4 P 5 6 6
PCO 49 46 39 31
T32A02INCO PUL 5 > 3 3
PC6 55 52 - -
T32A02INC1 PUZ P 5 5 5
PC1 50 47 40 32
T32A020UTC PU2 6 3 2 2
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Table 4.8 Signal connection List: T32A ch3,4,5
Function Combination Port M4MN M4MN M4MM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
PD2 69 66 - -
T32A03INAO PE1 81 78 62 50
PD3 70 67 - -
T32A03INAL PE3 83 80 64 52
PC2 51 48 41 33
T32A030UTA PE2 82 79 63 51
PD4 71 68 - -
T32A03INBO PE4 84 81 65 53
T32A PD5 72 69 - -
ch3 T32A03INB1 PES 85 82 66 54
PC3 52 49 42 34
T32A030UTB PE6 86 83 67 55
PD2 69 66 - -
T32A03INCO PE1 81 78 62 50
PD3 70 67 - -
T32A03INC1 PE3 83 80 64 52
PC2 51 48 41 33
T32A030UTC PE2 82 79 63 51
T32A04INAO PGO 73 70 54 -
T32A04INA1 PG1 74 71 55 -
T32A040UTA PG2 75 72 56 44
T32A T32A04INBO PG4 77 74 58 46
cha T32A04INB1 PG5 78 75 59 47
T32A040UTB PG3 76 73 57 45
T32A04INCO PGO 73 70 54 -
T32A04INC1 PG1 74 71 55 -
T32A040UTC PG2 75 72 56 44
PFO 3 100 1 1
T32A05INAO PNO 2 9 5 -
PF2 1 98 - -
T32A05INAL PN2 12 11 11 -
PF1 2 99 80 64
T32A T32A050UTA PN1 13 10 10 -
ch5 PFO 3 100 1 1
T32A05INCO PNO 2 9 5 -
PF2 1 98 - -
T32A05INC1 PN2 14 11 11 .
PF1 2 99 80 64
T32A050UTC PNL 3 10 10 -
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Table 4.9 Signal connection List: ADC
Function Combination Port M4MN M4MN M4MM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
AINAO5 PM2 33 30 - -
AINAQG PM1 32 29 - -
AINAQ7 PMO 31 28 - -
AINAO8 PL7 30 27 25 20
AINAO9 PL6 29 26 24 19
lf;]?ti AINA13 PL5 28 25 23 18
AINA14 PL3 26 23 21 16
AINA15 PL1 24 21 19 14
AINA16 PLO 23 20 18 13
AINA17 PL2 25 22 20 15
AINA18 PL4 27 24 22 17
AINBOO PKO 42 39 34 27
AINBO1 PK1 41 38 33 26
lf;]'i)t% AINBO2 PK2 40 37 32 25
AINBO3 PK3 39 36 31 -
AINBO4 PK4 38 35 30 -
AINCO00 PJO 48 45 38 30
AINCO1 PJ1 47 44 37 29
ADC AINCO02 PJ2 46 43 36 28
unitC | AINCO3 PJ3 45 42 35 -
AINCO4 PJ4 44 41 - -
AINCO05 PJ5 43 40 - -
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Table 4.10 Signal connection List: INT
Function Combination Port M4MN M4MN M4MM M4ML

functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
INTOO PA2 20 17 15 10
INTO1b PA3 21 18 16 11
INTOla PA4 22 19 17 12
INTO2a PC1 50 47 40 32
INTO2b PC6 55 52 - -
INTO3a PC3 52 49 42 34
INTO3b PD2 69 66 - -
INTO4b PE1 81 78 62 50
INTO4a PE3 83 80 64 52
INTO5a (Note) PES 85 82 66 54
INTO5b PEG6 86 83 67 55
INTO6a PF1 2 99 80 64
INTO6b PF2 1 98 - -
INTO7a PU1 5 2 3 3
INTO7b PU2 6 3 4 4
INTO8a PU3 7 4 5 5

INT INTO8b PU4 8 5 6 6
INTO9 PU6 10 7 8 8
INT10 PC2 51 48 41 33
INT11a PE4 84 81 65 53
INT11b (Note) PE5 85 82 66 54
INT12 PUO 4 1 2 2
INT13 PU5 9 6 7 7
INT14a PF4 99 96 78 -
INT14b PF5 98 95 - -
INT15 PA1 19 16 14 -
INT16a PN1 13 10 10 -
INT16b PN2 14 11 11 -
INT17b PDO 67 64 - -
INT17a PD1 68 65 - -
INT18b PD4 71 68 - -
INT18a PD5 72 69 - -
INT21 PG3 76 73 57 45

Note: INT05a and INT11b are assigned to PES.
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Table 4.11 Signal connection List: A-PMD/A-ENC32
Function Combination Port M4MN M4MN M4AMM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
EMGO PB6 63 60 51 41
OVVO0 PB7 64 61 - -
uoo PBO 57 54 45 35
VOO PB2 59 56 47 37
A-PMD |WOO PB4 61 58 49 39
chO XO00 PB1 58 55 46 36
YOO PB3 60 57 48 38
Z00 PB5 62 59 50 20
PB7 64 61 - R
PMDODBG
PC2 51 48 41 33
EMG1 PE6 86 33 67 55
OVV1 PE7 87 84 R R
uo1 PEO 80 77 61 29
VOl PE2 82 79 63 51
A-PMD |WO1 PE4 84 81 65 53
chl X01 PE1 81 78 62 50
YO1 PE3 83 80 64 50
z01 PE5 85 82 66 54
PC3 52 49 42 34
PMD1DBG
PE7 87 84 - R
EMG2 PU6 10 7 8 8
Oovv2 PU7 11 8 ; ;
uoz2 PUO 4 1 2 >
VO2 PU2 6 3 4 2
A-PMD |WO2 PU4 8 5 6 6
ch2 XO?2 PU1L 5 > 3 3
YO2 PU3 7 4 5 5
Z02 PU5 9 6 7 7
PA2 20 17 15 10
PMD2DBG
PU7 11 8 - R
ENCOA PNO 12 9 9 R
A'Ecﬁg& ENCOB PN1 13 10 10 )
ENCOZ PN2 14 11 11 -
ENC1A PF3 100 97 79 -
A'Ecﬁ(l:sz ENC1B PF4 99 96 78 -
ENC1Z PF5 98 95 - -
ENC2A PD3 0 67 - -
PU3 7 4 5 5
A-ENC32 |\~ PD4 71 68 - i
ch2 PUS5 9 6 7 -
ENC2Z PDS 2 69 - -
PU6 10 7 8 8
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Table 4.12 Signal connection List: TRGSEL/JTAG/SW/TRACE/NBDIF/Control pin

Function Combination Port M4MN M4MN M4MM M4ML
functional pin name [ name (QFP100) | (LQFP100) | (LQFP80) | (LQFP64)
TRGINO PA2 20 17 15 10
TRGSEL |TRGIN1 PA3 21 18 16 11
TRGIN2 PA4 22 19 17 12
TMS PFO 3 100 - -
TCK PF1 2 99 - -
JTAG TDO PF2 1 98 - -
TDI PF3 100 97 - -
TRST_N PF4 99 96 - -
SWDIO PFO 3 100 1 1
SwW SWCLK PF1 99 80 64
SWv PF2 1 98 - -
TRACECLK PF5 98 95 - -
TRACEDATAO PF6 97 94 - -
TRACE |TRACEDATAL PF7 96 93 - -
TRACEDATA2 PNO 12 9 - -
TRACEDATAS PN1 13 10 - -
NBDSYNC PF4 99 96 - -
NBDCLK PF5 98 95 - -
NBDDATAO PF6 97 94 - -
NBDIF
NBDDATA1 PF7 96 93 - -
NBDDATA2 PNO 12 9 - -
NBDDATAS PN1 13 10 - -
X1 PHO 93 90 73 61
X2 PH1 94 91 74 62
. | EHCLKIN PHO 93 90 73 61
Control pin
BOOT_N PG2 75 72 56 44
RESET_N 95 92 75 63
MODE 92 89 72 60
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4.3. Ports
The symbols of each table of the port have the following meanings.
= Input/Output: Input and/or Output of Port
Input:  Input port
Output: Output port
1/0: Input/Output port
= PU/PD: Programmable pull-up/pull-down
PU: Programmable pull-up is selectable
PD: Programmable pull-down is selectable
= OD: Programmable open-drain output
Yes:  Support
No: Non support
= 5V_T:5V-tolerant
Yes:  Support
N/A:  Not available
= SMT/CMOS: Input gate
SMT: Schmitt trigger input
CMOS: CMOS input
= State under Reset: Port state under Reset
Hi-Z: High impedance
PU: Pull-up
PD: Pull-down
= State after Reset: Port state after Reset
Hi- Z: High impedance
PU: Pull-up
PD: Pull-down
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4.3.1. Port Specification Table
Table 4.13 Pin numbers, and specifications of Port A, B, C, D
Npaon:te Input/Output | PUPD | OD | 5V.T csl\';g/s :2:2: Q:Se;t
PAO e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PA1 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PA2 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PA3 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PA4 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PBO 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PB1 I/0 PU/PD YES N/A SMT Hi-Z Hi-Z
PB2 I/0 PU/PD YES N/A SMT Hi-Z Hi-Z
PB3 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PB4 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PB5 I/0 PU/PD YES N/A SMT Hi-Z Hi-Z
PB6 o] PU/PD YES N/A SMT Hi-Z Hi-Z
PB7 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PCO I/O PU/PD YES YES SMT Hi-Z Hi-Z
PC1 o] PU/PD YES YES SMT Hi-Z Hi-Z
PC2 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PC3 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PC4 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PC5 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PC6 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PC7 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PDO 110 PU/PD YES N/A SMT Hi-Z Hi-Z
PD1 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PD2 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PD3 110 PU/PD YES YES SMT Hi-Z Hi-Z
PD4 e} PU/PD | YES YES SMT Hi-Z Hi-Z
PD5 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
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Table 4.14 Pin numbers, and specifications of Port E, F, G, H

Npaon:te Input/Output | PU/PD | OD 5V T Cslcgg :2:2: Q;:;
PEO II0 PUPD | YES N/A SMT Hi-z Hi-Z
PE1 o PUPD | YES NA | sMmT Hi-z Hi-Z
PE2 e PUPD | YES N/A SMT Hi-z Hi-z
PE3 110 PUPD | YES N/A SMT Hi-z Hi-Z
PE4 ) PUPD | YES NA | sMmT Hi-z Hi-z
PE5 o PUPD | YES NA | sMmT Hi-z Hi-Z
PE6 110 PUPD | YES N/A SMT Hi-z Hi-Z
PE7 110 PUPD | YES N/A SMT Hi-z Hi-Z
PFO 10 PUPD | YES N/A SMT | PU(Note2) | PU(Note2)
PF1 e PUPD | YES N/A SMT | PD(Note2) | PD(Note2)
PF2 I/O PU/PD YES N/A SMT (NHOit'ezz) (N|_(|)it-eZZ)
PF3 10 PUPD | YES N/A SMT | PU(Note2) | PU(Note2)
PF4 e PUPD | YES N/A SMT | PU(Note2) | PU(Note2)
PF5 1o PUPD | YES N/A SMT Hi-z Hi-Z
PF6 10 PUPD | YES N/A SMT Hi-z Hi-Z
PF7 10 PUPD | YES N/A SMT Hi-z Hi-z
PGO 1o PUPD | YES N/A SMT Hi-z Hi-Z
PG1 7 PUPD | YES N/A SMT Hi-z Hi-Z
PG2 Output (T\IL(J)/tZJI?) YES NA | sMT (N|_c|)it-§1) Hi-Z
PG3 e PUPD | YES N/A SMT Hi-z Hi-Z
PG4 1o PUPD | YES N/A SMT Hi-z Hi-Z
PG5 10 PUPD | YES N/A SMT Hi-z Hi-z
PG6 1o PUPD | YES N/A SMT Hi-z Hi-Z
PHO Input PD NO N/A SMT Hi-z Hi-Z
PH1 Input PD NO N/A SMT Hi-z Hi-Z

Notel: Combination with BOOT_N. When RESET_N=0, Pull-up resistor is enabled.
When RESET_N=1, the pin state is Hi-Z with internal reset.
Note2: Itis assigned to a debugging pin in the state of the initial stage. (PF3: TDI, PF2: TDO/SWV,

PFO: TMS/SWDIO, PF1: TCK/SWCLK, PF4: TRST_N)
When receiving the command from TOOL, PF2: TDO/SWYV becomes output.
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Table 4.15 Pin numbers, and specifications of Port J, K, L
Npaon:te Input/Output | PUPD | OD | 5v.T CS'\';/gé :2:2: Q:Se;t
PJO 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PJ1 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PJ2 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PJ3 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PJ4 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PJ5 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PKO 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PK1 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PK2 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PK3 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PK4 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PLO I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL1 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL2 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL3 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL4 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL5 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL6 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PL7 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
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Table 4.16 Pin numbers, and specifications of Port M, N, U, V
Npaon:te Input/Output | PUPD | OD | 5v.T CS'\';/gé :2:2: Q:Se;t
PMO 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PM1 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PM2 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PNO 110 PU/PD | YES N/A SMT Hi-Z Hi-Z
PN1 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PN2 e} PU/PD | YES N/A SMT Hi-Z Hi-Z
PUO 110 PU/PD | YES YES SMT Hi-Z Hi-Z
PU1 110 PU/PD | YES YES SMT Hi-Z Hi-Z
PU2 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PU3 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PU4 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PU5 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PU6 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PU7 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PVO I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
PV1 I/O PU/PD | YES N/A SMT Hi-Z Hi-Z
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5. Functional Description and Operation Description
5.1. Reference Manuals
For more information on product of TMPM4M Group(1), please refer to Reference Manuals below;
Table 5.1 Reference Manuals for TMPM4M Group(1)

Reference Manual IP Symbol Category
Input/Output Ports (TMPM4M Group(1)) PORT-M4M(1) System
Exception (TMPM4M Group(1)) EXCEPT-M4M(1) System
Clock Control and Operation Mode (TMPM4M Group(1)) CG-M4M(1)-E System
Product Information (TMPM4M Group(1)) PINFO-M4M(1) System
Flash Memory FLASH512UD32-B Peripheral
Trimming Circuit TRM-B Peripheral
Oscillation Frequency Detector OFD-A Peripheral
Voltage Detection Circuit LVD-D Peripheral
Digital Noise Filter Circuit DNF-A Peripheral
Debug Interface DEBUG-A Peripheral
Non Break Debug Interface NBDIF-A Peripheral
DMA Controller DMAC-B Peripheral
Asynchronous Serial Communication Circuit UART-C Peripheral
Serial Peripheral Interface TSPI-E Peripheral
I2C Interface 12C-B Peripheral
I2C Interface Version A EI2C-A Peripheral
CAN Controller CAN-B Peripheral
12-bit Analog to Digital Converter ADC-I Peripheral
Operational Amplifier OPAMP-B Peripheral
Advanced Programmable Motor Control Circuit A-PMD-A Peripheral
Advanced Encoder Input Circuit (32-bit) A-ENC32-A Peripheral
Advanced Vector Engine Plus A-VE+-B Peripheral
32-bit Timer Event Counter T32A-C Peripheral
Clock Selective Watchdog Timer SIWDT-A Peripheral
CRC Calculation Circuit CRC-A Peripheral
RAM Parity RAMP-B Peripheral
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5.2. Processor Core

The TMPM4M Group(1) incorporates a high-performance 32-bit processor core (Arm Cortex-M4 processor with
FPU).

For the operation of the processor core, refer to "the Arm documentation set for Cortex-M series processors". This
section explains the product-specific information.

5.2.1. Core Information

The revision of Cortex-M4 processor with FPU used in the TMPM4M Group(1) is shown as below:
For details of the CPU core and the architecture, refer to the documentation of the Arm in the following URL:
http://infocenter.arm.com/help/index.jsp

Table 5.2 Core revision

Group name Core revision

TMPM4M Group(1) ropl

5.2.2. Configurable Options

In the Cortex-M4 processor with FPU, some blocks can be selected to implement. The following table shows the
configurations of the TMPM4M Group(1).

Table 5.3 Configurable options and their implementations

Configurable option Implementation
Fwe o somparaor 2
DWT Comparator: 4
ITM Available
MPU Available
ETM Available

AHB-AP Available

AHB triﬁ;::rgé\ecro cell Not available
TPIU Available
wiIC Not available

Debug port JTAG/Serial wire
Bit band Available
Sequential control of AHB Not available
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5.3. Clock Control and Operation Mode (CG)

The CG selects a clock gear ratio and the prescaler clock, or warm up time of the oscillator.

There are NORMAL mode and low-power consumption mode as operation modes. Power consumption can be
decreased by mode transition.

The system clock consists of "High speed system clock™ and "Middle speed system clock". The former is a high
speed oscillation clock and the latter is generated by dividing High speed system clock.

The outline of the clock/mode control circuit is as follows:

e Internal high speed oscillator: 10MHz
e  Selectable from the external high speed oscillator or internal high speed oscillator.
e PLL (Clock Multiplication Circuit)

For System clock, Capable of 160 MHz output by changing the multiplication ratio according to the
frequency of the high speed oscillation circuit.

e Clock gear:
The high speed clock can be divided by 1, 2, 4, 8, or 16 and the clock is used as the system clock
(fsys).

e  Low-power consumption mode:

IDLE:  Only the CPU is stopped in this mode. Each peripheral circuit can enable or disable
operation in the IDLE mode.

STOP1: The system clock is stopped in this mode.

5.4. Flash Memory (Code FLASH, Data FLASH)

TMPM4M Group(1) has 256KB/128KB of Code flash and 32KB of Data flash.

The code flash stores instruction code, and CPU reads instruction code and executes. The data flash stores data,
and even if a power supply is off, data can be kept.

It has the dual mode that possible to write and erase data flash while executing an order by a code flash. And it's
also possible to continue executing an application program during writing or erasing data flash memory.

It has protection function which prohibits write or erase by the block unit and it has the security function which
prohibits the reading of the program code by the 3rd person.
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5.5. Oscillator

External High Speed Oscillator (EHOSC):
Connect crystal resonator or ceramic resonator to terminals. Use clock source for System clock.

Internal High Speed Oscillator 1 (IHOSC1):
The oscillation frequency is 10MHz. Use clock source for System clock.

Internal High Speed Oscillator 2 (IHOSC2):
The oscillation frequency is 10MHz. Use clock source for OFD and SIWDT.

Table 5.4 Built-in Oscillator

M4MN | M4AMM | M4ML

EHOSC 4 v v

IHOSC1 v v v

IHOSC?2 v v v
Note:  v: Available, -: N/A

5.6. Trimming Circuit (TRM)
The TRM can adjust oscillation frequency of the internal high speed oscillator 1(IHOSC1).

Table 5.5 Built-in TRM

M4MN | M4AMM | M4ML

TRM v v v

Note:  v: Available, -: N/A
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5.7. Oscillation Frequency Detection Circuit (OFD)

The OFD is a function that detects an abnormal state of the clock. It measures the external high speed oscillation

(fenosc) or high speed clock (fc) based on the internal reference clock (finoscz). If an oscillation or clock frequency
is out of the specified range, a reset signal occurs.

The upper limit and the lower limit of detection frequency ranges can be specified.

Table 5.6 Built-in OFD

M4MN | MAMM | M4AML

OFD 4 v v

Note:  v: Available, -: N/A

5.8. Voltage Detection Circuit (LVD)

The LVD is a peripheral function that detects whether a power supply voltage is lower or higher than the preset

voltage. When a low voltage or higher voltage than the preset voltage is detected, the LVD generates an interrupt
request or reset the MCU.

Setting voltage can be chosen from eight kinds. LVD is set to enable from the Reset state at the Power on.

Table 5.7 Built-in LVD

M4MN | M4AMM | M4ML

LVD v v v
Note: v: Available, -: N/A

5.9. Digital Noise Filter circuit(DNF)

The DNF can eliminate the noise of input signals from external interrupt pins at the certain range. The noise of the
High level / Low level input of the external interrupt signal INTX is removed.

Table 5.8 Number of DNF

M4AMN | M4AMM | M4ML

Number of
DNF

Note: INT05a and INT11b are assigned to same pin.

32 24 20
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5.10. Debug Interface (DEBUG)

TMPM4M Group(1) contains interface for connecting debug tool, which is the Serial Wire Debug Port (SWCLK,
SWDIO) and the JTAG Debug Port (TDI, TDO, TMS, TCK, TRST_N). These are connected with the Debug tool
and used for program development. And also it contains the trace clock(TRACECLK) and data output
(TRACEDATAOt03) to reduce the Debug Process.

TMPM4M Group(1) products support serial wire debug ports, JTAG debug ports, trace outputs, and NBDIF.

Table 5.9 Built-in Debug Interface

ﬂ?::tlijc?n Pin Name PORT | MAMN | M4MM | M4ML
SWDIO PFO v v %
SwW SWCLK PF1 v v %
SWV PF2 v B
T™S PFO v B
TCK PF1 v R
JTAG TDO PF2 v R
TDI PF3 v B
TRST_N PF4 v R
TRACECLK PF5 v _
TRACEDATAO | PF6 v _
TRACE | TRACEDATAL | PF7 v _
TRACEDATA2 | PNO v _
TRACEDATA3 | PN1 v B
NBDSYNC PF4 v B
NBDCLK PF5 v R
NBDIF NBDDATAO PF6 v _
NBDDATA1 PF7 v _
NBDDATA2 PNO v _
NBDDATA3 PN1 v _

Note: v": Available, -: N/A

5.10.1. Non Break Debug Interface (NBDIF)

Connecting debug tools supporting NBDIF can provide RAM monitor function.
NBDIF support vary depending on the product. Please refer to "Table 5.9  Built-in Debug Interface".
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5.11. DMA Controller (DMAC)

The DMAC is the peripheral function to move the data between peripheral functions and the memory, or between
memories. These operations are performed separately from the CPU control; thus, the CPU load can greatly be
reduced by using the DMA.

TMPM4M Group(1) product has one DMA controller (DMAC) unit, and there are up to 32 channels of activation
factors per unit.

Table 5.10 Built-in DMAC

Unit M4MN | M4AMM | M4ML

Unit A v v v
Note:  v: Available, -: N/A

5.12. Asynchronous Serial Communication Circuit (UART)

The UART is asynchronous serial communication function. It can choose the data length of 7, 8 or 9bits, parity
existence, and a STOP bit length function. Moreover, selection of the MSB first / LSB first and reversal of data
polarity can be performed and Terminal exchanged of TXD/RXD can be performed in a Port setting.

The FIFO buffer supports data communication on 8-stage at transmission; and on 8-stage at reception. The
telecommunication control by CTS/RTS is supported.

Table 5.11 Built-in UART

Channel M4AMN | M4AMM | M4ML
Channel 0 v 4 v
Channel 1 v 4 v
Channel 2 v v v
Channel 3 v v -

Notel: v: Available, -: N/A

Note2: External pins vary depending on the product. Please refer to section
"2.Pin Assignment".
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5.13. Serial Peripheral Interface (TSPI)

The TSPI supports two communication methods and enables serial communication to perform between other
devices at high speed. The SPI bus type, which uses a CS (Chip Select) signal at communications, and SIO bus
type, which does not use a CS signal at communications can be selected.

The data length can be changed from 7 bits (with a parity bit) to 32 bits (without a parity bit) in the unit of one bit.
There is an 8-stage 16-bit FIFO for reception and transmission, each. The TSPI supports the master and slave
communications.

It can support frame mode (frame length (8 to 32 bit)) or sector mode (8 to 128 bit of frame length is configured in
2 to 4 sectors).

Table 5.12 Built-in TSPI

Channel M4MN | MAMM | M4AML

Channel 0 4 v v

Channel 1 4 v 4

Notel: v': Available, -: N/A

Note2: External pins vary depending on the product. Please refer to section
"2.Pin Assignment".

5.14. I2C Interface

The following table shows the List of Built-in 1°C Interface.
12C and EI2C assigned to the same channel and the same pin cannot be used at the same time.

Table 5.13 Built-in 12C / EI2C

Channel M4MN | M4AMM | M4ML

Channel 0 v v v

Channel 1 v v v

Notel: v: Available, -: N/A

Note2: External pins vary depending on the product. Please refer to section
"2.Pin Assignment".

5.14.1. IC Interface (12C)

12C is two-wire bi-directional serial communications between Master and Slave device. The mode in which two or
more masters can exist on the same bus called a multi-master is supported. It supports Standard mode (Max
100kHz), Fast mode (Max 400kHz). It supports 7-bit slave addressing.

5.14.2. I°C Interface Version A (EI2C)

EI2C is two-wire bi-directional serial communications between Master and Slave device. The mode in which two
or more masters can exist on the same bus called a multi-master is supported. It supports STD mode (Max
100kHz), Fast mode (Max 400kHz), Fast mode plus (Max 1MHz), and 7-bit addressing and more 10-bit
addressing.
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5.15. CAN controller (CAN)

The CAN is a system that can mutually communicate without a host computer. It conforms to CAN version 2.0 B
active and supports the standard and extended format. It has 32 mailbox and maximum transfer rate is 1Mbps.

Table 5.14 Built-in CAN

Unit M4MN | MAMM | M4AML

Unit A v v v

Notel: v': Available, -: N/A

5.16. 12-bit Analog to Digital Converter (ADC)

The ADC is a 12-bit successive-approximation analog-to-digital converter. The combination of a conversion result
register and analog input can be programmed in each startup trigger of AD conversion. A startup trigger for analog
to digital conversion can be selected from software or peripheral functions (A-PMD trigger outputs, timer/event
counter outputs, port inputs). A motor is easily controllable by cooperating especially with A-PMD.

The monitor function of conversion result is also available and it can generate an interrupt when the compare
conditions are matched.

This ADC incorporates a selector to connect VREFH/VREFL with reference power supply. Controlling by
software can support self-diagnosis function.

Table 5.15 Built-in ADC channel list

ADC M4AMN | M4AMM | M4ML

Unit A
Analog Inputs 11 8 8
Pin count
Unit B
Analog Inputs 5 5 3
Pin count
Unit C
Analog Inputs 6 4 3
Pin count

Note:  External pins vary depending on the product. Please refer to section
"2.Pin Assignment".

5.17. Operational Amplifier (OPAMP)

This MCU incorporates an OPAMP to amplify weak analog signals inputting to the ADC. The input gain is
selectable.

Table 5.16 Built-in OPAMP

Unit M4MN [ MAMM | M4ML
Unit A v v v
Unit B v v v
Unit C v v v

Note:  v: Available, -: N/A
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5.18. Advanced Programmable Motor Control Circuit (A-PMD)

The A-PMD enables users to control brushless DC motors easily. It incorporates the pulse modulation circuit and
dead-time circuit, and easily generates signals for motor control that makes 3-phase complementary PWM output
and ADC cooperate.

It also provides the over-voltage detection input and abnormal detection input to support safety measures.
Furthermore, 3-phase interleaved PFC control for power-factor improvement can be provided.

Table 5.17 Built-in A-PMD

Channel M4AMN M4AMM M4ML

Channel 0 v v/(Note3) | v'(Note3)
Channel 1 v v/(Note3) | v'(Note3)
Channel 2 v v'(Note3) | v/(Note3)

Notel: v': Available, -: N/A

Note2: External pins vary depending on the product. Please refer to section
"2.Pin Assignment".

Note3: There is no OVVX pin.

5.19. Advanced Encoder Input Circuit (32-bit) (A-ENC32)

The A-ENC32 supports an incremental encoder to acquire the motor position easily. The noise canceller is
installed in the input pins, so that the signals from an incremental encoder or Hall sensor can be input directly.

The A-ENC32 provides six operation modes: encoder mode, sensor modes (3 kinds), timer mode, and phase
counter mode.

Table 5.18 Built-in A-ENC

Channel M4MN M4AMM M4ML

Channel 0 v v
Channel 1 v v'(Note3)
Channel 2 v v v

Notel: v: Available, -: N/A

Note2: External pins vary depending on the product. Please refer to section
"2.Pin Assignment".

Note3: There is no ENC1Z pin.
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5.20. Advanced Vector Engine Plus (A-VE+)

The advanced vector engine plus executes vector control by hardware. In this vector operation, the ADC and
A-PMD operate in a coordinated fashion without software involvement.

Also, it provides 1-shunt current detection area enlargement process, dead time compensation control, and

non-interfere control.

Table 5.19 Built-in A-VE+

Channel

M4AMN

M4AMM

M4ML

Channel 0

v

v

v

Note:  v: Available, -: N/A

5.21. 32-bit Timer Event Counter (T32A)

The T32A is a timer event counter that can operate as a 32-bit timer or two 16-bit timers. 16-bit Timer or 32-bit
Timer can be sel