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* AMBA, Cortex, and Thumb are registered trademarks of ARM Limited (or its subsidiaries) in the
EU and/or elsewhere. CoreSight is a trademark of ARM Limited (or its subsidiaries) in the EU

and/or elsewhere. All rights reserved.
ARI Y I®

* Bluetooth SMART and Bluetooth are registered trademark owned by Bluetooth SIG, Inc. and any

use of such mark by Toshiba is under license.
€3 Bluetooth
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* ApP Lite is a trademark of Toshiba Corporation.
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These specifications introduce a part of the abbreviation which they used.
BT Bluetooth™
BLE Bluetooth™ Low Energy
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Notes

This document will be modified without further notice. Ensure that you refer to the latest version of
the document when using the product. For information on the latest version, contact TOSHIBA
technical support.

Conventions in this document

The numerical values are expressed as follows.

Hexadecimal number: 0xABC

Decimal number: 123 or 0d123 - Only when it needs to be explicitly shown that they are decimal

numbers.

Binary number: Ob111 - It is possible to omit the "Ob" when the number of bit can be distinctly
understood from a sentence.

"_N"1is added to the end of signal names to indicate low active signals.

It is called "assert" that a signal moves to its active level, "deassert" to its inactive level.

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.

The characters surrounded by //defines the register.

Example: [ABCD]

"n" substitutes suffix number of two or more same kind of registers, fields, and bit names.

Example: [XYZ1] [XYZ2] and [XYZ3]to [XYZn]

The bit range of a register is written like as [m:n].

Example: Bit[3:0] expresses the range of bit 3 to 0.

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)

Word and Byte represent the following bit length.

Byte: 8 bits
Half word: 16 bits
Word: 32 bits
Double word: 64 bits

Unless otherwise specified, register access supports only word access.
The register defined as reserved must not be rewritten. Moreover, don't use the read value.
Properties of each bit in a register are expressed as follows.

R: Read only

W: Write only

WicC: Write 1 Clear - The corresponding bit is cleared (= 0) when "1" is written to this bit.
Wi1§s: Write 1 Set - The corresponding bit is set (= 1) when "1" is written to this bit.

R/W: Read and Write are possible.

R/WOC: Read/Write 0 Clear

R/W1C: Read/Write 1 Clear

R/W1S: Read/Write 1 Set

RS/WC: Read Set/Write Clear - Set after read operation, cleared after write operation.

The value read from the bit having default value of "—" is unknown.
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.
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.

2016-01-15 9/71 Rev. 1.0



TDSH I BA TZ1041MBG

Hardware Specification

1. Summary

The TZ1041MBG is a product which belongs to the TZ1000 Series, a family of processors for
wearable devices. The TZ1041MBG incorporates a high performance 32-bit ARM® Cortex®-M4F
RISC processor with 288 KB SRAM and 1 MB NOR flash memory, a high resolution 24-bit AZADC
and a Bluetooth Low Energy controller all in one package. The package size is 6.7 mm X 8 mm and
1ts compact size package contributes to designing of smaller wearable devices than the conventional
ones.

The TZ1041MBG supports a variety of peripheral interfaces such as the USB Device mode, UART,
SPI, and I2C. These interfaces allow the TZ1041MBG to easily connected to the MEMS sensors with
digital interfaces, such as atmospheric pressure sensors and moisture sensors. The TZ1041MBG
also incorporates a 12-bit ADC and a 24-bit AZADC. Without any special analog front-end devices,
this 24-bit AXADC allows the TZ1041MBG to be directly connected to a photo diode for pulse sensing,
a photoelectric sensor and a wide variety of sensors, such as a gas sensor. This contributes to
reducing the total system cost.

1.1. Features

e CPU Core
— ARM Cortex-M4F running at up to 48 MHz
— Floating Point Unit (FPU)
— Memory Protection Unit (MPU)
— ARM® Thumb®-2 instruction set
e Memories
— 288 KB embedded SRAM
— 1 MB NOR Flash integrated in same package
e System Functions
— Embedded voltage linear and switching regulator for single supply operation
— Brown-out Detectors
— Crystal oscillators: 12 MHz main and USB, 26 MHz for Bluetooth controller and 32.768 kHz for
RTC
— High precision 4 MHz factory trimmed internal RC oscillator
— Low power 32.768 kHz internal RC oscillator
e Peripherals
— USB 2.0 Device: 12 Mbps, 1 port 4 bidirectional endpoints

Two Master/Slave I2C interface up to 400 kbps
Two UART
Two SPI Master with Chip Selects Signals
One 4-channel ADC with 12-bit resolution
— One 3-channel Delta-Sigma ADC with 24-bit resolution
— Advanced Encryption System (AES) Engine with 128/192/256-bit key length
— True random number generator
24 general purpose 10s (GPIO)
Real-time Clock which supports calender mode
Watchdog timer
Four 16-bit Advanced Timer/Counter Channels with capture, compare and PWM mode
Two 32-bit Timer/Counter Channels
One 8 channels DMA controller
Bluetooth 4.1 Controller with RF
e Single Power Supply
— Voltage range: 2.1 to 3.6 V.
e Packages
— 136-ball P-LFBGA 6.7 x 8.0 mm, pitch 0.5 mm
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2. Description

The TZ1041MBG is a product which belongs to the TZ1000 Series, a family of processors for
wearable devices. The TZ1041MBG incorporates a high performance 32-bit ARM Cortex-M4F RISC
processor with 288 KB SRAM and 1 MB NOR flash memory, a high resolution 24-bit AXADC and a
Bluetooth Low Energy controller all in one package. The Cortex-M4F processor consists of a floating
point processor unit, a memory protection unit, and a flexible interrupt controller. It supports many
kinds of real time OS.

The TZ1041MBG can select the most suitable power supply voltage and circuit to its operating
frequency. Users can achieve the lowest power consumption in their applications to use the power
saving mode.

The TZ1041MBG includes a low power and as large capacity as 288 KB of SRAM, and a 1 MB NOR
flash memory which is used to store program codes and data. The TZ1041MBG can realize an
activity meter and other devices without any other components.

The Bluetooth Low Energy controller supports up to GATT profile. So, the Bluetooth protocol
operations consume no additional processor resources of the SRAM, the storage means, and the
process executions. The power supply to the Bluetooth controller can be shut down separately. No
power can be consumed when it does not operate.

An AES engine and a random number generator are incorporated for a security function. The AES
complies with FIPS (Federal Information Processing Standard) Publication 197, Advanced
Encryption Standard. It can select a key length among 128 bits, 192 bits, and 256 bits, and executes
the encryption and decryption without any processes of the processor.

The random number generator has passed the random number test of NIST SP800-22 (National
Institute of Standards and Technology Special Publication 800-22), and it can be used for the bases
of keys and others.

The 8 channel DMA controllers perform the data transfer between the SRAM and the peripheral
such as the UART or between the SRAMs without any processes of the processor. The data transfer
engine (SRAMC) in the SRAM controller enables the data transfer between the SRAMs without
passing the data buses.

The TZ1041MBG also incorporates a 12-bit ADC and a 24-bit AZADC. Without any special analog
front-end devices, this 24-bit AXADC allows the TZ1041MBG to be directly connected to a photo
diode for pulse sensing, photoelectric sensors with small output voltage like for ECG measure
application and a wide variety of sensors, such as a gas sensor. This contributes to reducing the total
system cost.
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3. Features

3.1. Block Diagram
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288 KB DL(JQSiEe SDMAC AESA || RNG SPIC |¢
(PC) SRAMC

AHB Bus Matrix

m
= €|

V
PMU
[P e
||
RTC
ADC12
ADC24

GCONF
WDT
GPIOO0

APB1 Bus

GPIO1
GPIO2

GPIO3
12C2

APBO Bus

Ii

SPIM2

SPIM3

AdvTMR
TMR

o

|

12C0O
2C1
UARTO

UART1
SPIMO

SPIM1

f—>!

A 4

NOR
Flash
1 MB

4—>| UART2 ¢

APB2 Bus

GR

LDOM

DCDC

—

| LDOF

VD

LDOS

Bluetooth
Controller

Figure 3.1 Block Diagram
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3.2. MCU Summary
3.2.1. Configuration Summary
Table 3.1 Configuration Summary
Feature TZ1001IMBG | TZ1041MBG | TZ1011IMBG | TZ1031MBG | TZ1021MBG
Number of Pins 136 153 153 110
Max Frequency 48 MHz
SRAM 288 KB
NOR Flash 1024 KB (*1)
GPIO 24(32) (*2) 32
Wakeup Interrupts 8(13) (*2) 13
e 2(3) (*2) | 3
UART 2(3) (*2) | 3
DMA Channels 8
AES Engine 1
True Random Number Generator 1
SPI 3(4) (*2) | 4
Quad SPI for Flash connection 0(1) (*2)
16-bit Timer(PWM) 4
32-bit Timer 2
Watchdog Timer 1
Power Manager 1
32.768 kHz Silicon Oscillator
Oscillators 32.768 !<.Hz Oscilllator
4 MHz Silicon Oscillator
12 MHz Oscillator
12-bit ADC 4
24-bit ADC 3
USB Device 1
Accelerometer 1 | 0 1 0
Gyroscope 0 1 0
Magnetometer 0 1 | 0
Bluetooth Low Energy Controller 1 0
Packages P-LFBGA P-VFBGA
*1:  NOR Flash is connected internally via SPI.
*2!  Number inside the bracket means the channel counts of internal MCU.
2016-01-15 13/71 Rev. 1.0
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3.2.2. CPU Core
ARM Cortex-M4F processor
Instruction set Architecture: ARMv7E-M architecture
Single Precision floating point unit with IEEE 754 compliant
Supports SIMD and MAC DSP extension instructions
Thumb2 instruction set
Memory protection unit
Integrated bit manipulation instructions & bit banding
Operating Frequency: selectable from 32.768 kHz to 48 MHz
Debug function: ARM® CoreSight™ component
V7 debug architecture with JTAG debug port

3.2.3. Memories/Storage

SRAM
Memory size: 288 KB
NOR Flash
Memory size: 1 MB
Interface: SPI with application execute-in-place/DMA engine
3.2.4. System

Embedded voltage linear and switching regulator (1.2 V/1.1 V/1.0 V/0.9 V)
Embedded LDO (1.7 V)

High precision 4 MHz internal Silicon oscillator

Low power 32.768 kHz internal Silicon oscillator

Analog PLL up to 48 MHz for whole system and USB with reference clock 12 MHz
Digital PLL up to 48 MHz with reference clock 32.768 kHz

AES Accelerator (AESA)
AES accelerator engine with 128, 192, 256-bit key length
Compliant with FIPS 197 (Advanced Encryption Standard)
Encryption/Decryption with dedicated DMA engine
Supported 3 block cipher modes of operation (ECB, CBC, CTR)

True Random Number Generator (RNG)
Generates 32-bit true random number
NIST SP800-22 (NIST special publication 800-22) passed
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Real Time Clock (RTC)
Clock (hour, minute and second)
Calendar (month, week, date and leap year)
Selectable 12 (am/pm) and 24 hour display
Time adjustment + or — 30 seconds
Alarm interrupt
Periodic interrupt
BCD format for calendar data

Watch Dog Timer (WDT)
32-bit Timer with interrupt and reset when timeout

DMA Controller (SDMAC)
8 Channels
Each channel has source and destination pair
Programmable source and destination addresses
Addressing mode can be increment, decrement or no change

Handshaking interfaces for source and destination peripherals
UART, 12C, SPI, ADC12, ADC24

Timer (TMR)
32-bit down Counter
Selectable 32-bit/16-bit count mode
Two Channels
Operation Mode
One shot timer mode
Periodic timer mode
Free running timer mode
Pre-scale unit generating timer clock
(x1, x1/16, X1/256)

Advanced Timer (AdvIMR)
16-bit down Counter
Selectable 16-bit/8-bit count mode
Input capture function for each channel
Output compare function for each channel
Four Channels
Operation Mode
One shot timer mode
Periodic timer mode
Free running timer mode
Pre-scale unit generating timer clock
(x1, x1/2, x1/4, x1/8, x1/32, X1/128, x1/512, x1/1024)
Timing selection of input capture
(Pulse, Rising edge, Falling edge, both edges)
PWM (Pulse Width Modulation) operation that uses output compares function
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3.2.5. Peripherals
SPI for general purpose (SPIM)
Four Channels
One channel (Ch2) reserved
Three Channels (ChO, Chl and Ch3) free for external connections
Master Function
SPI Clock up to 6 MHz
FIFO Depth
ChO, Ch1: RX FIFO 8, TX FIFO 8
Ch2, Ch3: RX FIFO 8, TX FIFO 2

SPI for NOR flash connection (SPIC)
Quad SPI Clock up to 48 MHz
Application eXecute-In-Place (XIP)
Hardware image transferring feature to internal SRAM
Programmable source and destination address

UART (UART)

Three Channels (one channel (Ch2) reserved for BLE controller connections)
Two channels (ChO and Ch1) free for external connection
One channel with CTS/RTS

FIFO Depth
RX FIFO 12, TX FIFO 8

Programmable baud rate generator
Input reference clock; up to 16 MHz
Data rate up to 1 Mbps
Division of reference clock by (1x16) to (65535 x16)

Hardware flow control

Fully-programmable serial interface characteristics
Data can be 5, 6, 7, or 8 bits
Even, odd, stick, or no-parity bit generation and detection
1 or 2 stop bit generation

12C
Three Channels (one channel (Ch2) reserved)
Transfer mode; Standard mode (100 kbps), Fast mode (400 kbps)
Master or slave I2C operation
7-bit or 10-bit addressing
7-bit combined format transfers
Bulk transfer mode
FIFO Depth
RX FIFO 6, TX FIFO 6
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USB
Compliant with Universal Serial Bus Specification revision 2.0
Supports Full Speed (12 Mbps)
One port, four endpoints

Endpoint 1-3 can be configured as interrupt/bulk transfer mode
Internal DMA Controller

GPIO
32 Pins
8 pins for internal connections (i.e. sensor interrupt)
24 pins free for external connections
Individually programmable as input or output
Interrupt generation capability from a transition or level condition
Pull-up/pull-down resistors configurable

12-bit Analog to Digital Convertor (ADC12)
Successive approximation type
12 bits resolution
Conversion time: 17 cycles at 1 to 12 MHz
Four channel analog inputs
Selectable conversion mode (Single/One-time scan/Cyclic scan)
FIFO Depth 8 for each channel

24-bit Analog to Digital Convertor (ADC24)
Delta-Sigma type up to 24-bit resolution
Three channel differential analog inputs
Conversion time: 4130 cycles at 24-bit resolution
Selectable conversion mode (Single/One-time scan/Cyclic scan)
FIFO Depth 16 for each channel
Configurable analog front end
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3.3. Bluetooth Low Energy summary

The TZ1041MBG complies with 2.4 GHz wireless communication Bluetooth V4.1 Low Energy
standards. The TZ1041MBG includes the RF and Baseband parts, and supports the HCI (Host

Control Interface) function and the Profile function for the Low Energy. The TZ1041MBG performs
easily the low power Bluetooth applications.

3.3.1. Feature

e Compliant with Bluetooth Ver4.1 Low Energy standards

— Bluetooth Baseband circuit

— Bluetooth RF circuit

— ARM® ARM7TDMI-S™ Core

— Mask ROM for Bluetooth programs

— Work RAM for processing Bluetooth Baseband
General purpose I/0 (9 ports) for test
Basic operation clock input (26 MHz)

— Oscillation circuit for an external oscillator
Sleep clock input (32.768 kHz)

— External clock input

— Oscillation circuit for an external oscillator
Supporting a sleep mode and a deep sleep mode

3.3.2. System Diagram
The diagram of the internal blocks and the connections to peripherals is shown as follows.

The basic operation clock frequency is 26 MHz, and the sleep clock frequency is 32.768 kHz.
The UART is the interface to the CPU.

HOST
I/F
AN AN
4 N\
32 kHz Baseband 4_‘ 12V
S ~/ ~/ Block
z
X’ tal ClockGen/ ——» LDO
Clock UART GPIO
26 MHz Management $—:| 15V
X tal A A A
DCDC [« VDD
Y y y y Lovel
Fiter/ L1 [RFPLL | | ]\ ARM?7 Mask || RAM MP°Wer . Detector [€7
Balun [T °deM I Tpmi-s™ || ROM || (BackUp) g”aferﬂe”
RF Block onmtroter <
L BLE )

Figure 3.2 Internal blocks and connections to peripherals
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3.4. Internal Flash Memory summary

The TZ1041MBG includes an NOR-Flash memory chip in the package. The Flash memory is
connected to the SPI controller (SPIC) in the package. The power supply of the Flash memory is
provided on the TZ1041MBG pin and it is through the LDO (Low Drop Out regulator) chip in the
package. The power supply or shut down is controlled by software.

The direct access mode is supported to program the Flash memory. When the memory is started up
in this mode, the signals between the Flash memory and the SPIC are connected to the external pins
of the TZ1041MBG.

The feature of the Nor-Flash memory included in the TZ1041MBG is as follows.

e Flash memory type: SPI-Flash memory

e Memory capacity: 8 Mbits (1 MB)

e Supply voltage: 1.65t01.85V

e Access modes: Single, Dual and Quad modes
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4. Operation

4.1. Power Supply Overview
The overview of the TZ1041MBG power supply composition is shown in Figure 4.1.

VDD TZ1041MBG VDD
BLE
MCU_VDD12D MCU - | BLE_VDD33
B > ; Logic = B
Logic bebe E BLE_DCDCOUT
H | -
MCU_DCDCOUT bebe apio [T BEResE |
T :_ﬁ o </ LDO |e—H
MELVDDSS ARIZ LUARTL | BLE_VDD15IN
» LDO [—»
RF |« LDO

» LDO T SPI Flash

Figure 4.1 TZ1041MBG Power Supply Overview (with DCDC)
The MCU chip and the BLE chip have DCDC/LDO respectively, and operate independently.

The MCU chip performs the MCU chip's own power supply control, and supply the power to the SPI
Flash and each sensors.

Refer to chapter 4.5 for detail of MCU power management function.

The BLE chip has the original Power Management function which become independent of the MCU
chip. When the MCU chip controls the Power Management of the BLE chip, the HCI Command via
the UART I/F and the interrupt signal via GPIO are used. Moreover, system reset terminal
BLE_RESETX of the BLE chip is controlled by the GPIO of the MCU chip. Refer to the "chapter 3.3.
Bluetooth Low Energy summary" and the reference manual Bluetooth Low Energy for the details
and the control method of the Power Management function of the BLE chip.
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4.2. Clock/Reset Overview

The overview of the TZ1041MBG clock/reset composition is shown in Figure 4.2.

TZ1041MBG
MCU BLE
MCU_SYS_RESET N
> GPIO — 1 BLE_RESETX
SIOSC SIOSC
32K S S 32K
MCU XIN32K E r—————> E BLE_SLPXO|N 7777777777777 .
{: 0SC32K |+ » - (toRTC) "« oscazk || S P 4
MCU_XOUT32K - BLE_SLPXOOUT
I [— . [WCy_CLKkaz<_ouT]
MCU_CLK32K_OUT i
BLE_XOIN
ADPLL [—» osc
SI0SC S BLE_XOOUT
4M > E4
MCU_XIN12M
Crystal OoSsC N
12MHz 12M g
MCU_XOUT12M
PLL |
Figure 4.2 TZ1041MBG Clock/Reset Overview
4.2.1. MCU Clock Source
One of the flowing 6 clocks can be clock source of MCU internal clock system.
e OSC32K
— Clock from external crystal oscillator.
— Frequency: 32.768 kHz
e SIOSC32K
— Clock from embedded silicon oscillator.
— Frequency: 32.768 kHz
— Trimming is mandatory for accurate frequency.
— This clock can be used as RTC clock same as OSC32K
e SIOSC4M
— Clock from embedded silicon oscillator.
— Frequency: 4 MHz
— Trimming is mandatory for accurate frequency.
e ADPLL
— All digital PLL output using OSC32K or SIOSC32K as reference clock.
— Reference clock needs to be activated when ADPLL is selected.
— Frequency: 48 MHz
e OSC12M
— Clock from external crystal oscillator.
— Frequency: 12 MHz
e PLL
— PLL output using OSC12M as reference clock.
— Reference clock needs to be activated when PLL is selected.
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— Frequency: 12/24/36/48 MHz can be switched.

Refer to "Reference Manual MCU power management unit" for details.

4.2.2. BLE Clock Source

The clock of the BLE chip is classified into two, a sleep clock (32.768 kHz) system and the clock (26
MH?z) for basic motion.

The source of the sleep clock can be selected from OSC32K and SIOSC32K.

e OSC32K
— Clock from external crystal oscillator or external clock source.
— Frequency: 32.768 kHz
e SIOSC32K
— Clock from embedded silicon oscillator.
— Frequency: 32.768 kHz
— Trimming is mandatory for accurate frequency.
— This clock can be used as RTC clock same as OSC32K

The source of the clock for basic motion is OSC.
e OSC

— Clock from external crystal oscillator.

— Frequency: 26 MHz
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4.3. MCU Power-up Sequence

Power-up sequence starts by deasserting a MCU_SYS_RESET_N terminal after supply of
MCU_VDD33. A MCU_SYS_RESET_N terminal should be deasserted when the voltage of
MCU_VDD33 is more than 1.8 V.

MCU_SYS_RESET N from external input port reset entire system. After deassert of it, power up
and startup sequence run to boot.

e SPI Flash Internal LDO mode (BOOTMODES = 0)

MCU_VDD33
3.3V i =
/
/7
/
/
/
/ MCU_SYS_RESET_N
1.8V !
/
/
/
‘ /
Vi
1.2v ;
/
0.9V /
/
// MCU_VDD12D
L/
ov Ll

Release MCU_SYS_RESET_N
after MCU_VDD33 exceeds 1.8V.

MCU starts its Power-Up Sequence.
BLE is reset until MCU S/W relese BLE_RESETX.

Figure 4.3 MCU Power-up Sequence

4.4. BLE Power-up Sequence

The GPIO and the UART I/F are connected between the MCU chip and the BLE chip, and control the
system reset of the BLE chip from MCU chip. When the power supply is started to the MCU chip, the
reset release of the BLE chip is performed by S/W on the MCU chip after the MCU chip power-up

sequence. The BLE chip starts supply of an internal core power supply, and boots up. Completion of

the BLE power-up sequence will transmit Command Complete (NOP) via the UART I/F from the

BLE chip.
Table 4.1 BLE Power-up Sequence
MCU chip 10 Dir. BLE chip 10 Description

MCU GPIO 28 = [RESETX System reset

MCU_GPIO_31 = |GPIOO / RequestWakeUp 'rgqi?rtggg change by HCI Command is
MCU_GPIO_30 (wWakeUp) | | |GPIOL/HostWakeUp 'rgqi?rtggg change by HCI Command is
MCU_GPIO_29 | |GPI02/ Status 10 setting change by HClI Command is

required.

MCU_UA2_RXD | |GPIO3/UART1-TX —

MCU_UA2_TXD = |GPIO4 / UART1-RX —

MCU_UA2_CTS_N | |GPIOS / UART1-RTSX 'r(e)qi?:ggg change by HCI Command is
MCU_UA2 RTS_N = |GPIO6 / UART1-CTSX 'rgqi?rtggg change by HCI Command is
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Figure 4.4 BLE Power-up Sequence
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4.5. MCU Power Management Summary

MCU chip supports multiple power configurations to allow the user to optimize its power
consumption in deferent use cases. Power Management Unit (PMUHV/PMULV) implements
different solutions to reduce the power consumption.

e The Power Mode intended to reduce the logic activity (whole or a part of clock stop).
e The Voltage Scaling Mode intended to scale the power configuration (voltage scaling of the
regulator).

Following diagram are images of two solutions (Power Mode and Voltage Mode)

Enter Condition | CPU WFI/SW Control |
Exiting Condition l GPIO(Ext.)/Peripheral Interrupt/RTCHV Interrupt I

ModeA ModeB __ModeC ModeD
ACTIVE ACTIVE ACTIVE

ModeD

Clock Stop WAIT

(w/o RTC)

B —
LDOS(0.9V)
Max 4 MHz
Min 32 kHz

ACTIVE

WAIT-
RETENTION

RETENTION

Figure 4.5 MCU Power Mode and Voltage Scaling Overview
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Table 4.2 MCU Power Mode and Voltage Mode overview

Power Mode Description Voltage | CPU AHB APB RTC Powgr
Mode |[Clock| Clock Clock |Clock Domain
ACTIVE Active Mode ModeA-D | Run Run Run Run |All ON (*1)
SLEEPO CPU is stopped by WFI |\, 40a D | Stop | Run (1) | Run (1) | Run |All ON (*1)
Fastest wake up time
CPU is stopped, and
SLEEP1 AHB Clock is stopped ModeA-D | Stop Stop Run (*1) | Run |All ON (*1)
Fastest wake up time
CPU is stopped, and
SLEEP?2 SAt';Eé’;gB Clock'is ModeA-D | Stop | Stop |Stop (*1)| Run |All ON (+1)
Fastest wake up time
All clock source are
stopped. PM_B:ON
CPU and all peripherals PSO_B: WAIT
WAIT are stopped except the ModeD | Stop Stop Stop Run [PS1_B: WAIT (*2)
rtc running with the PS2_B: WAIT (*2)
32.768 kHz clock if Other: ON
enabled.
PM_B: ON
Same as WAIT mode PSO_B: WAIT
WAIT- but many logic is PS1_B: WAIT (*2
RETENTION retainedyexcgept pu g | ModeD | Stop | Stop | Stop | Run |poomm \warT E*S
and PM_B domain PU: OFF
Other: RET
Lowest power
configuration where the All RET (*3
RETENTION IogicgiJs retained except ModeD Stop Stop Stop Run PU_B: C§FF)
PU_ B domain
PM_B domain is power
off, PA B domain kept PA B: ON
RTC power with running P o Stop Stop Stop Run Other: OFF
32.768 kHz clock.
PM_B domain is power
off, PA_B domain kept PA_B: ON
STOP power and 32.768 kI-F|)z o Stop | Stop Stop | StoP | ey OFF

clock is stopped.

*1: It can be possible to shut off a part of power domain.

*2: It can be possible to shut off its power domain.

*3: It can be possible to shut off whole power domain except PM_B domain - RET means Retention.

Refer to the reference manual MCU Power Management Unit for detail of MCU power management

function.
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4.6. BLE Power Management Summary

The power mode of the MCU chip and the BLE chip can be set independently. The return to the
active mode of one chip can be triggered by another using the GPIO signals.

The following settings should be done to the MCU chip to detect the return instruction to the active
mode issued by the BLE chip before the MCU chip transits to the low power dissipation modes.

e SLEEPO/1
The interrupt detection on the MCU_GPIO_30 pin should be enabled by the GPIO3 setting.
SLEEP2, WAIT, WAIT-RETENTION, and RETENTION
The interrupt detection of the GPIO3 does not operate in these modes.
The interrupt or WakeUp on the MCU_GPIO_30 pin should be enabled by the PMU setting.
e RTC and STOP
— In the case that the BLE chip operates at the mode transition.
If the BLE chip operates at the transition to the RTC or STOP mode, the MCU_GPIO_28 pin
should maintain High not to reset the BLE chip. This is done by the PMU
[CTRI,_ IO AON _1/CTRL_IO_AON_PM_LATI setting. The interrupt or WakeUp on the
MCU_GPIO_30 pin should be enabled by the PMU setting.
At the return from these modes, the MCU_GPIO_28 pin should be set to become High by the
GCONF and GPIOS3 settings. Then, the IO maintaining function should be released by clearing
the PMU [CTRL _I0_AON_1]/.CTRL_IO0_AON_PM _LATI. It is noted that if the clear is done
before, the reset is asserted to the BLE chip.
— In the case that the BLE chip does not operate at the mode transition.
If the BLE chip does not operate at the transition to the RTC or STOP mode, the
MCU_GPIO_28 pin should be set to Low and the reset is enabled to the BLE chip.

The power mode setting to the BLE chip can be done by the HCI command from the MCU chip. For
detail, refer to the software specification of the BLE chip.

4.7. Power-Mode Combination

e The GPIO terminal between MCU chip and BLE chip has the following roles.

e RequestWakeUp (BLE_GPIO0 / MCU_GPIO_31)
It is used when MCU chip controls Power Mode of the BLE chip (It is made to return to Active
mode).

e HostWakeUp (BLE_GPIO1/ MCU_GPIO_30) It is used when controlling Power Mode of MCU
chip (it is made to return to Active mode).

e Status (BLE_GPIO2/MCU_GPIO_29)
The Power Mode state of the BLE chip is notified to the MCU chip.

When communication is needed from MCU chip to BLE chip, Status (GPIO_29) is checked, and if
required, the BLE chip will be returned to Active mode by RequestWakeUp.
When communication is needed from BLE chip to MCU chip, HostWakeUp from BLE chip is notified

to MCU chip. Interruption via GPIO by GPIO_30 and the WakeUp function of the PMU should be
effectively set up by S/W on the MCU chip.

Refer to the reference manual Bluetooth Low Energy for details of communication between the MCU
chip and the BLE chip.
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4.8. SPI Flash operation
4.8.1. Block Diagram
The connection diagram of the Flash memory in the TZ1041MBG is shown in Figure 4.6.

The signals of the Flash memory are connected to the SPIC. When the memory is started up in the
direct access mode, the signals are connected to the external pins of the TZ1041MBG. The start-up
setting is BOOTMODE[4:0] = 0b1*000 in the boot configuration.

The list of the signals of the Flash memory is shown in Table 4.3.

TZ1041MBG

SPIC

MCU_SPIC_CS_N [} 5
MCU_SPIMO_CLK [

=

MCU_SPIC_MISO [}

dm/ D—J

MCU_SPIM1_MISO |
] B B
o) g o
Mcu_spic_lo2 [ 0 z o o
MCU_SPIMO_MOSI [} L z

_ | 1uF Flash Memo =
MCU_spPic_mos [l y g9 X 5 &
MCU_SPIM1_MOSI L} 1 EEEE
777

=

MCU_SPIC_CLK [l 3
MCU_SPIM1_CLK [ L

MCU_SPIC_103 [l— o

MCU_SPIMO_MISO [

=
=

||

MCU_vDD18_SPIF_ouT [
MCU_VDD18_SPIF

External

Power LDO
supply MCU_VDD33

Figure 4.6 Internal block diagram

Table 4.3 Flash memory signals

F'aS“FE?rfmory /o inCT"annoiclt,'\jl)QG Description
VCC — |MCU_VDD18 SPIF_OUT |Power supply

CS_N I MCU_SPIC_CS_N Chip select

/HOLD (103) /O |MCU_SPIC_IO3 Hold (103)

DO (101) /O |MCU_SPIC_MISO Data output (101)

CLK I MCU_SPIC CLK Serial clock

WP (102) /O |MCU_SPIC_ 102 Write protect (102)

DI (100) /O |MCU_SPIC_MOSI Data input (100)

GND — |GND Ground
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4.8.2. Flash Memory Control
4.8.2.1. Flash Memory Operation

The power mode of the Flash memory (power domain is PF) is linked with the power mode of the
TZ1041MBG. For the detailed control, refer to the reference manual MCU Power Management Unit.

e ACTIVE/SLEEP/WAIT modes

In these modes, the power is supplied to the Flash memory.

Each domain power can be shut down separately by a register setting.
e RETENTION/RTC/STOP modes

In these modes, the power is not supplied to the Flash memory.

4.8.2.2. Start-up Mode Setting for Flash Memory
The Flash memory supports the Single, Dual, and Quad access modes.

The access mode at the boot is the Single access mode as a default. If the following settings of 1 and 2
are done in advance, the Quad address mode can be started up at the boot.

(1) Flash memory QE bit setting
The QE bit setting is done to start up the Flash memory with the Quad mode.
The QE bit is written by the Flash programmer or by software after the boot with the Single
access mode (QE bit default).
The built-in Flash memory in the TZ1041MBG has the QE bit is in both a volatile memory and
non-volatile memory. The memory bit is selected by a command. Once the non-volatile memory
1s programmed, the start-up is done with the programmed setting.

Program the non-volatile memory: 0x06 to 0x01 (Status Register)
Write to the volatile memory: 0x50 to 0x01 (Volatile Status Register)

(2) Boot configuration setting (external pin setting)
BOOTMODE[2] 0b0:  Internal Flash Single or Dual access mode
Ob1: Internal Flash Quad access mode

4.8.3. Internal Flash Memory Programming

4.8.3.1. Flash Direct Access Mode (Internal Flash Programming Mode)
As a default, the signals of the Flash memory connected to the SPIC, not to the external pins. When
a Flash programmer writes data to the internal Flash memory, the direct access mode (Flash
memory programming mode) should be set.
If the boot configuration external pins BOOTMODE[4:0] = 0b1*000 are set and the TZ1041MBG is
started up, the direct access mode is set and the Flash memory signals are connected to the external
pins of the TZ1041MBG. For the detail of the boot configuration, refer to BootMode section in the
reference manual MCU Overview.
In the direct access mode (internal flash programing mode), only Single access is supported (Dual
and Quad access are NOT supported).
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4.8.3.2. Flash Memory Programming Mode

e The power of the Flash memory is supplied inside of the package, not directly from the external.
When the Flash memory is programmed, it is necessary that the power is supplied to the
TZ1041MBG.

e 6 signals of the Flash memory are connected to the external pins in the direct access mode as
shown in the following figure.

e On the TZ1041MBG system board, the 4 signals of the Flash memory should be connected through
the SPIMO and SPIM1 external pins to the 8-pin connector to which the Flash memory
programmer is connected.

TZ1041IMBG

SPIC

MCU_SPIC_CS_N [l

MCU_SPIMO_CLK

MCU_SPIC_MISO [ ™
. )
MCU_SPIM1_MISO [ | “ [ |
o) g 0
Mmcu_spic_lo2 [ 0 z % o v
lw)
X il L 1uF Flash Memory = z
MCU_SPIMO_MOSI " o <
o)
MCU_sPIC_mos! A5 g X § o
MCU_SPIM1_MOSI m
MCU_SPIC_CLK [ o
— 1] 1
MCU_SPIM1_CLK
MCU_SPIC_l03 [l ™
X [ L
MCU_SPIMO_MISO
T !
MCU_VDD18_SPIF_OUT MCU_VDD18_SPIF
LDO
MCU_VDD33

Flash prog. connector

X —t1lvcc  GNDEH External
Power
fllcs N CLKE supply

EMISO MOSIIl
X —Empty jo3@1— X

Figure 4.7 Flash memory programming connection
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4.8.3.3. Flash Memory Programming Procedure

The following shows the Flash memory programming procedure using the Flash memory
programmer on the TZ1041MBG system board.

(1
(2)
(3

(4)

BOOTMODE[4:0] = 0b1*000 is set to start up the TZ1041MBG with the direct access mode
(internal Flash memory programming mode).

The Flash programmer is connected between the 8-pin connector on the system board and the
PC which transfers the program.

The power is supplied to the TZ1041MBG system board.

— The main power supply MCU_VDD33 in the TZ1041MBG provides the power to
MCU_VDD_SPIF in the Flash memory.

— The Flash memory is supplied with the power and it is in the programming mode. (Refer to the
figure in the next page.)

— The TZ1041MBG reset MCU_SYS_RESET_N is deasserted.

— The boot configuration setting is received and the TZ1041MBG starts up in the direct access
mode (internal Flash memory programming mode).

— The signal destination of the Flash memory is switched to the external pins from the SPIC.

— The Flash programmer recognizes the Flash memory and the programming is enabled.

The PC transfers a boot code and an application binary software (the Flash memory is

programmed).

— The PC can set the Quad access mode (the register setting of the QE bit) through the Flash
programmer, this time.

(5) After the Flash memory programming completes, the power of the system board is shut down

(6)

and the Flash programmer is removed.

BOOTMODE4] = 0b0 is set for the TZ1041MBG to start up in the Normal mode -
BOOTMODEI3:0] are specified by software. Then the power is supplied to the system board.
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5. Package

5.1. Internal structure of TZ1041MBG package

The outline of the internal structure of the TZ1041MBG package is shown in "Figure 5.1 Internal
Package diagram." The TZ1041MBG can basically be separated into MCU block, BLE block, Flash
memory block.

TOP View
1pin —>

[c7]

[c1 ]

BLE

[cs]

Flash

o]

C10

MCU

Figure 5.1 Internal Package diagram
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Internal connection of each signal and power in the TZ1041MBG package is shown in Figure 5.2.

MCU

MCU_VDD33
MCU_DCDCOUT
MCU_VDD12D

VSS

MCU_GPIO_28
MCU_GPIO_31
MCU_GPIO_30
MCU_GPIO_29
MCU_UA2_RXD
MCU_UA2_TXD
MCU_UA2_CTS_N
MCU_UA2 RTS N

MCU_VDD18_SPIF

VSS
MCU_SPIC_CS_N
MCU_SPIC_CLK
MCU_SPIC_MOSI
MCU_SPIC_MISO
MCU_SPIC_102
MCU_SPIC_I03

MCU_VDD33_ACC_OUT

TZ1041MBG

C9=— C8

F

Q
i

— C5— C4-

— C3=- C7— C25

— C12

BLE
BLE_VDD33
BLE_VDDIO
BLE_DCDCOUT
BLE_VDD15IN
BLE_VDD12D
BLE_VDD12X
BLE_VDDAT1
BLE_VDDA2

BLE_VSSA1
BLE_VSSA2
BLE_VSSX
BLE_VSS_DRIVE
BLE_VSS
BLE_RESETX

GPIO_O(RequesIWakeUp)
GPIO_1(HostwakeUp)
GPIO_2(Status)
GPIO_3(TXD)
GPIO_4(RXD)
GPIO_5(RTS)
GPIO_6(CTS)

Flash
VCC
GND
/CS
CLK
DI(100)
DO(I01)
/WP(102)
/HOLD(103)

Figure 5.2 Internal connection of each signal in TZ1041MBG
(The large "e" means a connection with external pin of the TZ1041MBG.)
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The list of internal capacitance value in the TZ1041MBG package is shown in "Table 5.1 Internal

capacitor in TZ1041MBG."
Table 5.1 Internal capacitor in TZ1041MBG
Capacitance Internal connection

C1 BLE_VDD33 BLE_VSS
Cc2 BLE_VDDIO BLE_VSS

1 uF Cc7 BLE_VDD15IN BLE_VSS
Cs8 MCU_VDD12D VSS
C9 MCU_VDD33 VSS
C10 MCU_VDD18 SPIF_ OUT |VSS
C3 BLE_VDD12D BLE_VSS

0.1 uF C4 BLE _VDD12X BLE_VSSX
C5 BLE_VDD12A1 BLE_VSSA1l
C6 BLE _VDD12A2 BLE _VSSA2
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5.2. Pin alignment (TOP View)

TOPVIEW
1 2 3 4 6 7
MCU_
A G'ﬁféu—m 12C1_ A
- DATA
B '\Sif— MCU_ "L"Ji;’— ?Q‘é‘f— BLE_ BLE_
rxD |CPO15| i | cik | VPOM XOOUT
MCcU MCU BLE_AM | BLE_AM
- | mcu - | BLE - - BLE BLE
c| ual_ - | ual_ — | ONITOR | ONITOR — - |c
™o |GPI013| gy | GPo7 1 ) DCDCEN| XOIN
MCU_ "égg—;’g BLE_ | BLE_ | BLE_ BLE_ o
GPIO_12 v GPIO12 | GPIO13 | GPIO8 VDDIO
—| c_out
£l Mcu_ | mcu_ "D"f;—s\g BLE_ | BLE_ BLE. | BLE_ | BLE_ | BLE_ |[_
GPIO_10|GPIO_11| "5 GPIO10 | GPIO11 GPIO4 | VDD33 | VDD12D |VDD15IN
£| Mcu_ | mcu_ BLE_ BLE_ | BLE_ | BLE_ |BLEDC|_
GPIO_9| TEST GPIO6 GPIO3 | GPIO15 | GPIO14 | DCOUT
ol Mcu_ | mcu_ BLE. | BLE_ | BLE_ |BLE_SLP|.
GPIO_7 | GPIO_8 TMODE2 | RESETX | GPIOO | XOOUT
" MCU_ "Sig— ";"gg; BLE_ | BLE_ | BLE_ |BLE_SLP|,
GPIO6 | o5 | MODE2 TMODE1| GPIO2 | GPIO1 | XOIN
MCU_ | Mcu_ MCU_ | Mcu_
J G'\:fg—s G'Vl':(l:g—4 uAO_ | BOOT \"/"F?g,\—ﬂ BGR_ |CLK32K_|J
- %1 TxD | MODE1 ouT ouT
MCU_ | McuU_ MCU_
K G'\:fg—g G'Vl'j(l:g—z 12C0_ | BOOT BOOT |K
- -~ | DATA MODE4

MCU_
12C0_
CLK

MCU_
ADC_
AINO

MCU_SY
S_RESE
TN

MCU_VD | MCU_VD B MCU_VR | MCU_AV
M G'\:fg—o D33_MA | D33_GY | DBG_ | C24_ EFH_ | EFL_ | EFL_ | DD33_ vhonggz_o '\”D%%BTC M
— | G_OUT |RO_OUT| TDO | SYNC ADC12 | ADC12 | ADC24 | ADC
MCU_ | MCU_ MCU_ | Mcu_ MCU_VR
N| SPIM1_ | DBG_ DI’;"SUT—DI SPIMO_ | DBG_ EFH_ yD%%E X'I\,/'\IC;’Z—K N
MISO | TRST N - ADC24 -
MCU_ | MCU_ | Mcu_ B Mcu  |MCUVD| MCU_ | Mcu_ | mcu_ | MCU_

P| SPIM1_ | SPIM1_ | SPIMO_ | SPIMO_ Usp Dp | D33_US| ADC_ | ADC_ | ADC_ | "o | XOUT_ |P
MOSI | CSN | MISO | MOSI -7 B.ouT | AIN1 AIN3 AINS - 32K
MCU_ MCU_ MCU MCU_ | McuU_ MCU_

R SPIM1_ SPIMO_ USB DM ADC_ | ADC_ XOUT_ R
CLK CLK — AIN2 AIN4 12M
1 2 3 4 5 6 7 8 9 10 11 12

Figure 5.3 Pin alignments on TZ1041MBG package (Top View)
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5.3. Pin assignment table

Table 5.2 Pin assignment table

Ball Signal Name Ball Signal Name Ball Signal Name
Al |VSS E10 |BLE VDD33 M3 |MCU VDD33 GYRO OUT
A2 |MCU GPIO_14 E11 |BLE VDD12D M4 |MCU_DBG_TDO

A4 |MCU 12C1 DATA E12 |BLE VDDI15IN M5 |MCU ADC24 SYNC
A5 |BLE_VSS F1 |MCU_GPIO 9 M7 |MCU_VREFH_ADC12
A6 |BLE VSSAl F2 |MCU TEST M8 |MCU VREFL ADC12
A7 |BLE _VSSA2 F3 |VSS M9 |MCU VREFL ADC24
A8 |BLE_RFIOP F6 |BLE_GPIO6 M10 |MCU_AVDD33 ADC
A9 |BLE RFION F7 |BLE_GPIO5 M11 |MCU_VDD12D

Al10 |BLE VSSA2 F9 |BLE_GPIO3 M12 |MCU_DCDCOUT
A1l |BLE VDD12X F10 |BLE_GPIO15 N1 |MCU_SPIM1 MISO
Al12 |BLE_VSS F11 |BLE_GPIO14 N2 |MCU DBG _TRST N
Bl |MCU UA1 RXD F12 |BLE_DCDCOUT N3 |MCU DBG TDI

B2 |MCU_GPIO 15 Gl |MCU_GPIO 7 N4 |MCU_SPIMO CS N
B3 |MCU_UAl1 RTS N G2 |MCU_GPIO 8 N5 |MCU DBG _TCK

B4 |MCU 12C1 CLK G3 |VSS N6 |MCU DBG TMS

B5 |BLE VPGM G4 |MCU_BOOTMODE3 N7 |MCU VDD33 USB
B6 |BLE VSS G9 |BLE_TMODE2 N8 |MCU VSS USB

B7 |BLE _VDD12Al G10 |BLE_RESETX N9 |MCU_AVSS _ADC
B8 |BLE VSSA2 G11 |BLE_GPIOO N10 |MCU VREFH ADC?24
B9 |BLE VSSA2 G12 |BLE_SLPXOOUT N1l |MCU_VDD33

B10 |BLE VDD12A2 H2 |MCU_GPIO 6 N12 |[MCU_XIN_32K

B11 |BLE VSSX H3 |MCU_UAO RXD P1 |MCU_SPIM1 MOSI
B12 |BLE_XOOUT H4 |MCU_BOOTMODE2 P2 |MCU_SPIM1 CS N
Cl |MCU UAl1l TXD H9 |BLE_TMODE1 P3 |MCU_SPIMO MISO
C2 |MCU_GPIO 13 H10 |BLE_GPIO2 P4 |MCU_SPIMO_MOSI
C3 |MCU UAl1l CTS N H11 |BLE GPIO1 P6 |MCU USB DP

C4 |BLE_GPIO7 H12 |BLE_SLPXOIN P7 |MCU_VDD33 USB OUT
C5 |BLE_AMONITOR1 J1 |MCU GPIO 5 P8 |MCU ADC AIN1

C6 |BLE_AMONITOR?2 J2 |MCU GPIO 4 P9 |MCU_ ADC_AIN3

C7 |BLE_VSS J3 |MCU _UAO0 _TXD P10 |MCU_ADC_AIN5
C10 |BLE_VSS J4 |MCU BOOTMODE1 P11 |MCU_XIN_12M

C11 |BLE_DCDCEN J9 |[VSS P12 |MCU_XOUT_32K
C12 |BLE_XOIN J10 |[MCU VPGM R1 |VSS

D2 |MCU_GPIO 12 J11 |[MCU_BGR_OUT R2 |MCU SPIM1_CLK
D3 |MCU VDD33 ACC OUT [J12 |[MCU CLK32K OUT R4 |MCU SPIMO CLK
D5 |BLE_GPIO12 K1 |MCU_GPIO 3 R6 |MCU USB DM

D6 |BLE_GPIO13 K2 |MCU_GPIO 2 R8 |MCU_ADC_AIN2

D7 |BLE_GPIO8 K3 |MCU_I2C0 DATA R9 |MCU_ADC AIN4
D10 |BLE_VDDIO K4 |MCU_BOOTMODEO R11 |MCU_XOUT_12M
D11 |BLE VSS DRIVE K11 |VSS R12 |VSS

D12 |BLE_VSS K12 |MCU_BOOTMODE4

E1l |MCU_GPIO 10 L2 |MCU _GPIO 1

E2 |MCU_GPIO 11 L3 |MCU_I2C0_CLK

E3 |MCU VDD18 SPIF OUT |L4 [VSS

E5 |BLE_GPIO10 L9 |MCU_ADC_AINO

E6 |BLE_GPIO11 L11 |[MCU_SYS RESET N

E7 |BLE_GPIO9 M1 |MCU_GPIO 0

E9 |BLE GPIO4 M2 |MCU VDD33 MAG OUT
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6. Terminal description

Terminal attribute shows that the grouping of the terminals classified by their structures and power

type.
Table 6.1 Terminal Attribute
Attribute Explanation Structure

Bi-directional buffer,

2/4/5/7 mA drive, Schmitt trigger LVCMOS level input with CTL
BDSPZ .

programmable pull-up and pull-down resistors.

Supply voltage of pull-up resistor is VDD33.

Bi-directional buffer,

2/4/5/7 mA drive, Schmitt trigger LVCMOS level input with OTL
BDSPU programmable pull-up and pull-down resistors.

(By default, pull-up resistor is ON)

Supply voltage of pull-up resistor is VDD33.

Bi-directional buffer,

2/4/5/7 mA drive, Schmitt trigger LVCMOS level input with oTL
BDSPD programmable pull-up and pull-down resistors.

(By default, pull-down resistor is ON)

Supply voltage of pull-up resistor is VDD33.
1S Schmitt Trigger LVCMOS Input Buffer 0—
IS5 Schmitt Trigger, 5 V Tolerant LVCMOS Input Buffer D—{
02 Output Buffer, 2 mA Output

XIN
0osC Oscillator buffer
XouT [

USB-IO Receiving and transporting for USB differential data —
POWER Digital power supply —
GND Digital GND —
ANALOG Analog signal —
A-POWER Analog power supply —
A-GND Analog GND —
OTHER Other terminal with structures other than above —
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Table 6.2 TZ1041MBG Terminal

Ball Terminal name Attribute I/1O Explanation
number
N12 MCU_ XIN 32K OSC In | Oscillator input for RTC clock (32.768 kHz)
P12 MCU_ XOUT 32K 0OSC Out |Oscillator output for RTC clock (32.768 kHz)
P11 MCU XIN 12M OSC In | Oscillator input for System clock (12 MHz)
R11 MCU_XOUT_12M 0OSC Out |Oscillator output for System clock (12 MHz)
J12 MCU_ CLK32K OUT 02 Out |Clock for BLE RTC clock supply (32.768 kHz)
L11 MCU_ SYS RESET N IS In | System reset input
K4 MCU_ BOOTMODEO IS In |Boot mode select 0
J4 MCU BOOTMODE1 IS In |Boot mode select 1
H4 MCU BOOTMODE?2 IS In |Boot mode select 2
G4 MCU BOOTMODE3 IS In |Boot mode select 3
K12 MCU BOOTMODE4 IS In  |Boot mode select 4
ARM core Debug clock input (TCK) /
N5 MCU_DBG_TCK BDSPD In SWD clock input (SWCLK)
ARM core Debug data output (TDO) /
M4 MCU_DBG_TDO BDSPZ Out SWV trace data output (SWO)
N3 MCU_DBG_TDI BDSPU In |ARM core Debug data input (TDI)
ARM core Debug mode select (TMS) /
N6 MCU_DBG_TMS BDSPU 10 SWD data infout (SWDIO)
N2 MCU DBG TRST N BDSPU In  |ARM core Debug reset input (TRST _N)
P6 MCU_USB_DP USB-IO 10 . o . " .
RG MCU_USB_DM USB-10 0 USB differential signal pair [positive/negative]
Multiple function 1/O
M1 MCU_GPIO_0O IS5 In (GPIO 0)
Multiple function 1/O
L2 MCU_GPIO_1 BDSPZ 10 (GPIO_1)
Multiple function 1/O
K2 MCU_GPIO_2 BDSPZ 10 (GPIO 2)
Multiple function 1/O
K1 MCU_GPIO_3 BDSPz 10 (GPIO 3)
Multiple function 1/O
J2 MCU_GPIO_4 BDSPZ 10 (GPIO_4)
Multiple function I/O
J1 MCU_GPIO_5 BDSPZ 10 (GPIO_5)
Multiple function I/O
H2 MCU_GPIO_6 BDSPz 10 (GPIO_6)
Multiple function I/O
Gl MCU_GPIO_7 BDSPz 10 (GPIO 7)
Multiple function I/O
G2 MCU_GPIO_8 BDSPZ 10 (GPIO_8/PWMO0 / TRACEDATAJ0])
Multiple function I/O
F1 MCU_GPIO_9 BDSPZ 10" 1(GPIO_9/PWM1 / TRACEDATA1])
Multiple function I/O
El MCU_GPIO_10 BDSPZ 10 (GPIO_10/PWM2 / TRACEDATA[2])
Multiple function I/O
E2 MCU_GPIO_11 BDSPZ 10 (GPIO_11/PWM3 / TRACEDATA[3])
Multiple function I/O
D2 MCU_GPIO_12 BDSPZ 10 (GPIO_12/SPIM3_CS_N/CAPTUREOQ)
Multiple function I/O
c2 MCU_GPIO_13 BDSPZ 10" 1(GPIO 13/ SPIM3_CLK / CAPTURE1)
Multiple function 1/O
A2 MCU_GPIO_14 BDSPZ 10 (GPIO_14/SPIM3_MOSI/UAO RTS N)
Multiple function 1/O
B2 MCU_GPIO_15 BDSPZ 10 (GPIO 15/ SPIM3 MISO /UAO CTS N)
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Ball Terminal name Attribute I/O Explanation

number
Multiple function 1/O

K3 MCU_I2CO_DATA BDSPZ 10 (12C0_DATA /CAPTURE2 / GPIO _16)
Multiple function 1/O

L3 MCU_I2C0_CLK BDSPZ 10 (12C0_CLK /CAPTURE3/GPIO_17)
Multiple function 1/O

Ad MCU_I2C1_DATA BDSPZ 10 (12C1_DATA/UAQO RTS N/GPIO_14)
Multiple function 1/O

B4 MCU_I2C1_CLK BDSPZ 10" 1(12c1_CLK/UAO CTS_N/GPIO_15)
Multiple function 1/O

H3 MCU_UAD_RXD BDSPZ 10 (UAO_RXD / CAPTUREO / GPIO_20)
Multiple function 1/O

J3 MCU_UAO_TXD BDSPZ 10 (UAO_TXD / CAPTURE1/GPIO_21)
Multiple function 1/O

Bl MCU_UAL_RXD BDSPZ 10" 1 (UAL RXD /12C0_CLK / GPIO_12)
Multiple function 1/O

C1 MCU_UAL_TXD BDSPZ 10" | (UAL TXD /12C0O_DATA/GPIO_13)
Multiple function 1/O

B3 MCU_UAL_RTS N BDSPZ 10 (UAL_RTS_N/I12C2_DATA/ GPIO_22)
Multiple function 1/O

C3 MCU_UAL_CTS N BDSPZ 10 (UAL_CTS_N/I12C2_CLK/GPIO_23)
Multiple function 1/O

N4 MCU_SPIMO_CS_N BDSPZ 10 (SPIMO_CS_N / GPIO_16 / PWMO)
Multiple function 1/O

R4 MCU_SPIMO_CLK BDSPZ 10 (SPIMO_CLK / GPIO_17 / PWM1)
Multiple function 1/O

P4 MCU_SPIMO_MOSI BDSPz 10 (SPIMO_MOSI / GPIO_18 / PWM2)
Multiple function 1/O

P3 MCU_SPIMO_MISO BDSPZ 10 (SPIMO_MISO / GPIO_19/TRACECLK)
Multiple function 1/O

P2 MCU_SPIM1_CS_N BDSPZ 10" |(SsPIM1_CS_N/GPIO_20/UA0_RXD)
Multiple function 1/O

R2 MCU_SPIML_CLK BDSPZ 10 (SPIM1 _CLK/GPIO 21/UA0 TXD)
Multiple function 1/O

P1 MCU_SPIM1_MOSI BDSPz 10 (SPIML_MOSI / GPIO_22)
Multiple function 1/O

N1 MCU_SPIM1_MISO BDSPZ 10 (SPIM1 MISO / GPIO_23)
Multiple function 1/O

M5 MCU_ADC24_SYNC BDSPZ 10 (ADC24_SYNC / GPIO_8)

L9 MCU_ADC_AINO ANALOG In |ADC12 channel0 or ADC24 channelO +

P8 MCU_ADC_AIN1 ANALOG In |ADC12 channell or ADC24 channelO -

R8 MCU_ADC_ AIN2 ANALOG In |ADC12 channel2 or ADC24 channell +

P9 MCU_ ADC AIN3 ANALOG In |ADC12 channel3 or ADC24 channell -

R9 MCU_ADC_AIN4 ANALOG In |ADC24 channel2 +

P10 MCU_ADC_AIN5 ANALOG In |ADC24 channel? -

M7 MCU_VREFH ADC12 ANALOG In |ADC12 VREFH

N10 MCU_VREFH_ADC?24 ANALOG In |ADC24 VREFH

M8 MCU_VREFL ADC12 ANALOG In |ADC12 VREFL

M9 MCU_VREFL_ADC?24 ANALOG In |ADC24 VREFL

J10 MCU VPGM OTHER In |For test, Connect to VSS.

F2 MCU TEST IS In | For test, Connect to VSS.

J11 MCU BGR OUT ANALOG Out |BGR Monitor output
Voltage Monitor pin.

M2 MCU_VDD33_MAG_OUT ANALOG — |It cannot be used as a power supply for other
devices.
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Ball Terminal name Attribute I/1O Explanation

number
Voltage Monitor pin.

D3 MCU_VDD33_ACC_OUT ANALOG — |It cannot be used as a power supply for other
devices.
Voltage Monitor pin.

M3 MCU_VDD33_GYRO_OUT |ANALOG — |It cannot be used as a power supply for other
devices.
Voltage Monitor pin for power of the internal
SPI Flash memory and SPIC 1/Os.
The bypass capacitor connection point for
built-in Flash power line. (Add 10 pF capacitor

E3 MCU_vDD18_SPIF_OUT ANALOG ~ |with X5R chafacteristic bt(atween trhlis pinpand
VSS on the board.)
It cannot be used as a power supply for other
devices.

N11 MCU VDD33 POWER — | VDD input

M12 MCU_DCDCOUT POWER — | DCDC output

M11 MCU VDD12D POWER — |Digital 1.2 V input

N7 MCU_VDD33 USB POWER — |USB 10 Power

N8 MCU VSS USB GND — |USB GND
Power pin for the pull-up resistance of the USB

P7 MCU_VDD33_USB_OUT  |POWER __ |device signal.

- - - It cannot be used as a power supply for other

devices.

M10 MCU_AVDD33_ADC A-POWER — |ADC IO Power

N9 MCU_AVSS ADC A-GND — |ADC analog GND

Al, F3,

G3, J9,

K11, L4, VSS GND — |GND

R1, R12
BLE reset input

G10 BLE_RESETX IS In |Internally connected to MCU_GPIO_28.
(Refer to Figure 5.2)

C11 BLE _DCDCEN IS In |BLE DCDC enable

C12 BLE_XOIN OTHER In | Oscillator or TCXO input pin for Baseband and

B12 BLE_XOOUT OTHER Out |RF reference clock (26 MHz).
Oscillator input for BLE RTC clock

H12 BLE_SLPXOIN oscC In (32.768 kHz)
Oscillator output for BLE RTC clock

G12 BLE_SLPXOOUT oscC Out (32.768 kHz)

ﬁg gtg:sggz 8$ﬂ§2 :8 Bluetooth RF differential 1/O
BLE GPIOO / RequestWakeUp

G11 BLE_GPIOO BDSPZ IO |Internally connected to MCU_GPIO_31.
(Refer to Figure 5.2)
BLE GPIO1 / HostWakeUp

H11 BLE_GPIO1 BDSPzZ IO |Internally connected to MCU_GPIO_30.
(Refer to Figure 5.2)
BLE GPIO2 / Status

H10 BLE_GPIO2 BDSPZ IO |Internally connected to MCU_GPIO_29.
(Refer to Figure 5.2)
BLE GPIO3 / UART1-TX

F9 BLE_GPIO3 BDSPU IO |Internally connected to MCU_UA2_RXD.
(Refer to Figure 5.2)
BLE GPIO4 / UART1-RX

E9 BLE_GPIO4 BDSPU IO |Internally connected to MCU_UA2_TXD.
(Refer to Figure 5.2)
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Ball

Terminal name Attribute I/O Explanation

number
BLE GPIO5 / UART1-RTSX

F7 BLE_GPIO5 BDSPU IO |Internally connected to MCU_UA2_CTS_N.
(Refer to Figure 5.2)
BLE GPIO6 / UART1-CTSX

F6 BLE_GPIO6 BDSPU IO |Internally connected to MCU_UA2_RTS_N.
(Refer to Figure 5.2)

C4 BLE GPIO7 BDSPU IO |For test, Leave this ball open.

D7 BLE GPIOS8 BDSPU IO |For test, Leave this ball open.

E7 BLE GPIO9 BDSPU IO |For test, Leave this ball open.

E5 BLE GPIO10 BDSPU IO |For test, Leave this ball open.

E6 BLE GPIO11 BDSPU IO |For test, Leave this ball open.

D5 BLE GPIO12 BDSPU IO |For test, Leave this ball open.

D6 BLE GPIO13 BDSPU IO |For test, Leave this ball open.

F11 BLE GPIO14 BDSPU IO |For test, Leave this ball open.

F10 BLE GPIO15 BDSPZ IO |For test, Leave this ball open.

H9 BLE TMODE1 IS In | For test, Connect to BLE VSS.

G9 BLE TMODE2 IS In | For test, Connect to BLE VSS.

C5 BLE_AMONITOR1 OTHER IO [For test, Connect to BLE_VSS.

C6 BLE AMONITOR?2 OTHER IO [For test, Connectto BLE VSS.

B5 BLE VPGM OTHER In | For test, Connect to BLE VSS.

E10 BLE_VDD33 POWER — | Power supply for DCDC and sleep circuit.

D10 BLE VDDIO POWER — | Power supply for 10 of BLE chip.

F12 BLE_DCDCOUT POWER — |DCDC output

E12 BLE VDD15IN POWER — | Power supply for internal regulator.

B7 BLE VDD12A1 A-POWER — | Power supply for Analog circuit (1.2 V)

E11l BLE VvDD12D POWER — | Power supply for Digital circuit (1.2 V)

All BLE VDD12X A-POWER — | Power supply for OSC (1.2 V)

B10 BLE_VDD12A2 A-POWER — | Power supply for Analog circuit (1.2 V)

A6 BLE_VSSA1l A-GND — |Analog GND

A7, ALD, BLE_VSSA2 A-GND — |Analog GND

B8, B9 -

B11 BLE_VSSX A-GND — |GND for OSC

D11 BLE_VSS_DRIVE GND — |GND for DCDC

A5, A12,

B6, C7,

C10, BLE_VSS GND — |GND

D12

Please refer to the BLE chip's datasheet for the details of the BLE_* terminals.
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6.1. Setting Multiple function 1/O

Some of terminals have multiple functions with this product. A register setup defines or changes a
function of the terminal after booting up this product.

After booting up, terminal functions are defined with [FMODE_CFGn] registers in the GCONF
module as follows.

Table 6.3 [FMODE_CFGn] Register Address

Control register Address
FMODE_CFGO 0x4004_A140
FMODE_CFG1 0x4004 A144
FMODE_CFG2 0x4004 A148
FMODE_CFG3 0x4004_A14C
FMODE_CFG4 0x4004_A150
FMODE_CFG5 0x4004_A154
FMODE_CFG6 0x4004 A158

The following table describes terminal functions defined with each bit of
[EMODE,_CFGn/ TERM_NAME_FMODE[1:0].

Table 6.4 Multiple function I/O

Function name
[FMODE_CFGn].TERM_NAME_FMODE[1:0]

Ball Terminal name Control register 0b00 0b01 0b10 0Ob11l

ModeO Model Mode2 Mode3

(Initial) (Main) (Alternate) (Alternate)
M1 |MCU_GPIO_O [C!:‘:FIETSDOET:CI:\/'IZSSEE. No Function GPIO_0 No Function No Function
L2 |MCU_GPIO_1 [C!‘:F'\’/Ilg_DlE__F(I:\/II:C()BS}E No Function GPIO_1 No Function No Function
K2 [MCU_GPIO_2 g:F'\,/llgDzE—F(':V'TSSL No Function GPIO_2 No Function No Function
K1 [MCU_GPIO_3 [C!‘:F'\’/IlgDBI’E_F(I:\/II:gg}E No Function GPIO_3 No Function No Function
J2 |MCU_GPIO_4 g:F'YIlng_F(I:\:IZSS}E No Function GPIO_4 No Function No Function
J1 |MCU_GPIO_5 g:FlyllgDSE_F(I:\/'IZSSEE No Function GPIO_5 No Function No Function
H2 |MCU_GPIO_6 [C!‘:F'\’/Ilng_F(l:\/II:gg}E No Function GPIO_6 No Function No Function
G1 |MCU_GPIO_7 g:F'\’/IlgD;E_F(I:\/'IZSSEE No Function GPIO_7 No Function No Function
G2 |Mcu GPIO 8 E3FF|\>/||8 DSE—F%AFSSL' No Function  |GPIO_8 PWMO TRACEDATA[0]
F1 |MCU_GPIO 9 [C!‘:;\’TSDS:ET:(I:\/'I:C()BS}E. No Function  |GPIO_9 PWM1 TRACEDATA[1]
E1 |MCU_GPIO_ 10 E3FF|\>/||8 DEJ—%BGOO[])'E No Function | GPIO_10 PWM2 TRACEDATA[2]
E2 |MCU_GPIO_11 [CEMSDE_—?:';A%EE No Function GPIO_11 PWM3 TRACEDATA[3]
D2 |MCU_GPIO_12 [C!}le\’/llg_D]I_EZ__?:';/ICz)Og)E No Function GPIO_12 SPIM3_CS_N [CAPTUREO
c2 |Mcu cPio 13 EBFF'\,’l'ngES—%i%’[])'E No Function  |GPIO_13 SPIM3 CLK  |CAPTURE1
A2 |MCU_GPIO 14 [G‘FF'\,TSDE—(;?%E])'E No Function |GPIO_14 SPIM3_MOSI |[UAO_RTS_ N
B2 |MCU_GPIO_15 EBFF'\,/I'g DE—‘;RI%O[])'E No Function |GPIO_15 SPIM3_MISO |UAO_CTS_N
— |MCU_GPIO_24 g:ngzE[?:ifolg)E No Function GPIO_24 No Function No Function
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Function name
[FMODE_CFGn].TERM_NAME_FMODE[1:0]
Ball Terminal name Control register 0b00 0b01 0b10 Ob11
ModeO Model Mode2 Mode3
(Initial) (Main) (Alternate) (Alternate)
— |MCU_GPIO_25 g:ngzEs_?:iﬂ%g)E No Function GPIO_25 No Function No Function
— |MCU_GPIO_26 EMSD;—?:';A%%E No Function GPIO_26 No Function No Function
— |MCU_GPIO_27 [C!::FI\>/I|8_D2E7__(I::';/I%E)E No Function GPIO_27 No Function PWM3
(G10) | MCU_GPIO_28 g:FlyllgDzEs_?:i/IGOl[])E No Function GPIO_28 No Function No Function
(H10) [MCU_GPIO_29 [C!}:FI\’/IlgDZEQ_(I::';/IGC)lg)E No Function GPIO_29 No Function No Function
(H11) (MCU_GPIO_30 g:g/llgDsl’EO_(l::';/IGOl[])E No Function GPIO_30 No Function No Function
(G11) |[MCU_GPIO_31 g:nggf?:iﬂGolg)E No Function GPIO_31 No Function No Function
K3 |MCU_I2C0O_DATA I[g(l\i/l(? DDiTI'CAF(IEI%/I]ODE No Function l(lz\l%?gBATA CAPTURE2 GPIO_16
L3 |MCU_12C0_CLK l[g('\:"(?'?:fkcgﬁé]blz No Function '(f\l%?e—SLK CAPTURE3  |GPIO_ 17
A4 |MCU_I2C1_DATA |[§ ('\:"10 '%i—TiFEfA]bDE No Function '(lz\litlggATA UAO_RTS_ N |GPIO_ 14
B4 |MCU_I2C1_CLK |[§c'\:/|10_ IcD:E_K(iEﬁé]bE No Function '(lz\l%tlglc)LK UAO_CTS_N |GPIO_15
— |MCU_I2C2_DATA [FMODE_CFG2]. No Function I(il%tze—BATA No Function No Function
— |MCU_I2C2_CLK 12C2_FMODE No Function I(IZ\ICCZ)tZ(;lC)ZLK No Function No Function
H3 |MCU_UAO_RXD E%?QEBEIEI\GAE]DE No Function UAO_RXD CAPTUREO GPIO_20
J3 |MCU_UAO_TXD EJF%OTDEBCFFI\(ABg]bE No Function |UAO_TXD CAPTUREL GPIO 21
Bl |MCU_UA1_RXD EXLOQEBCIEI\GA%]DE No Function UA1_RXD I(ZN%?E:SLK GPIO_12
Cl |MCU_UA1_TXD [UFA'QAIOTDESCFF I\%]bE No Function |UA1_TXD '(ﬁ%?e—BATA GPIO_13
B3 |MCU_UA1 RTS_N [LJFMOS%CNF GFglz/.IODE No Function  |UA1 RTS_N '(ﬁlf)tze—BATA GPIO_22
C3 |MCU_UAL1 _CTS N Efmog%ﬁfl GFSQ/'IODE No Function |UA1_CTS N '(ZN%tZESLK GPIO_23
(F9) |MCU_UA2_RXD E&OSEBCES%]DE No Function UA2_RXD No Function GPIO_18
(E9) |MCU_UA2_TXD EJF;'tAzO?)EBCFFﬁg]bE No Function UA2_TXD No Function GPIO_19
(F6) |MCU_UA2_RTS_N E/QAZ?E'II%g(_:I'\:fIEIE/IODE No Function UA2_RTS_N No Function GPIO_10
(F7) |MCU_UA2_CTS_N Eig/lzog.%chF GFslz/.IODE No Function UA2_CTS_N No Function GPIO_11
N4 |MCU_SPIMO_CS N [SF;\fna(I)DEc_gFr\?ﬂMODE No Function |SPIMO_CS_N |[GPIO_16 PWMO
R4 |MCU_SPIMO_CLK [SF;\:II\(X(I)DEEEEGEIEIIIODE No Function SPIMO_CLK GPIO_17 PWM1
P4 |MCU_SPIMO_MOSI [SF;\fh(/)I(I)DEMggFi]MODE No Function  |SPIMO_MOSI |GPIO_18 PWM2
P3 |MCU_SPIMO_MISO [SFIZI’\TI\(X(I)DEI\ZI%'(:)G;‘;]MODE No Function SPIMO_MISO ([GPIO_19 TRACECLK
P2 |MCU_SPIM1_CS_N [SFF',\fﬁ'lD%SCF,\?‘;’:]MODE No Function  |SPIM1_CS_N |GPIO_20 UAO_RXD
R2 |MCU_SPIM1_CLK [SFF',\fﬁfEC—fKF%ﬂbDE No Function  |SPIM1_CLK |GPIO 21 UAO_TXD
P1 |MCU_SPIM1_MOSI [SFF"\fI\(;ZII.DEI\ZggIGi]I\./IODE No Function SPIM1_MOSI ([GPIO_22 No Function
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Function name
[FMODE_CFGn].TERM_NAME_FMODE[1:0]

Ball Terminal name Control register 0b00 0bO1 0b10 ob11l

ModeO Model Mode2 Mode3

(Initial) (Main) (Alternate) (Alternate)
N1 |MCU_SPIM1_MISO [SF;\fh(/)I:ILDEhZI%gGi]MODE No Function  |SPIM1_MISO |GPIO 23 No Function
— |MCU SPIM2 CS N No Function SPIM2 CS N |No Function No Function
— [MCU_SPIM2_CLK [[FMODE_CFG4]. No Function SPIM2_CLK No Function No Function
— |MCU_SPIM2_MOSI [SPIM2_FMODE No Function SPIM2_MOSI [No Function No Function
— |MCU SPIM2 MISO No Function SPIM2 MISO |No Function No Function
— |MCU SPIM3 CS N No Function SPIM3 CS N |No Function No Function
— [MCU_SPIM3_CLK [[FMODE_CFG4]. No Function SPIM3_CLK No Function No Function
— |MCU_SPIM3_MOSI [SPIM3_FMODE No Function SPIM3 MOSI [No Function No Function
— |MCU SPIM3 MISO No Function SPIM3 MISO |No Function No Function
— [MCU SPIC CS N SPIC CS N No Function SPIC CS N SPIC CS N
— [MCU SPIC CLK SPIC CLK No Function SPIC CLK SPIC CLK
— |MCU_SPIC_MOSI [FMODE_CFG5]. SPIC_MOSI No Function SPIC_MOSI SPIC_MOSI
— |MCU SPIC MISO SPIC_FMODE SPIC MISO No Function SPIC MISO SPIC MISO
— [MCU SPIC 102 SPIC 102 No Function SPIC 102 SPIC 102
— [MCU SPIC 103 SPIC 103 No Function SPIC 103 SPIC 103
M5 |MCU_ADC24 _SYNC ,[AIZD'\AC()ZIZEg\?EgtsLMODE No Function ADC24_SYNC [No Function GPIO_8

Note: It forbids assigning the same function simultaneously to two or more terminals.
Notel: Terminal is set to a pseudo open drain.
Table 6.5 Function name
Function name 1/O Explanation
. "No function" indicates a state in which the terminal is not connected to

No Function In e )

any controller. (Open inside the chip)
GPIO
GPIO 0 In Programmable 1/0 0: GPIOO0 PINO

— (Can be used for USB VBUS detection, Wakeup, Input Only)

Programmable 1/0 1: GPIOO0 PIN1
GPIO_1 10 (Can be used for Wakeup)

Programmable 1/0 2: GPIOO0 PIN2
GPIO_2 10 (Can be used for Wakeup)

Programmable 1/0 3: GPIOO0 PIN3
GPIO_3 10 (Can be used for Wakeup)

Programmable 1/0 4: GPIOO0 PIN4
GPIO_4 10 (Can be used for Wakeup)

Programmable 1/0 5: GPIOO0 PIN5S
GPIO_5 10 (Can be used for Wakeup)

Programmable 1/0 6: GPIOO0 PIN6
GPIO_6 10 (Can be used for Wakeup)

Programmable 1/0 7: GPIOO0 PIN7
GPIO_7 10 (Can be used for Wakeup)
GPIO_8 10 Programmable 1/0 8: GPIO1 PINO
GPIO_9 10 Programmable 1/0 9: GPIO1 PIN1
GPIO_10 10 Programmable I/O 10: GPIO1 PIN2
GPIO_11 10 Programmable 1/0 11: GPIO1 PIN3
GPIO_12 10 Programmable I/O 12: GPIO1 PIN4
GPIO_13 10 Programmable 1/0 13: GPIO1 PIN5S
GPIO_14 10 Programmable 1/0 14: GPIO1 PIN6
GPIO_15 10 Programmable /0O 15: GPIO1 PIN7
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Function name 1/0 Explanation
GPIO_16 10 Programmable 1/0 16: GPIO2 PINO
GPIO_17 10 Programmable 1/0 17: GPIO2 PIN1
GPIO_18 10 Programmable 1/0 18: GPIO2 PIN2
GPIO_19 10 Programmable 1/0 19: GPIO2 PIN3
GPIO_20 10 Programmable 1/0 20: GPIO2 PIN4
GPIO_21 10 Programmable 1/0 21: GPIO2 PIN5S
GPIO_22 10 Programmable 1/0 22: GPIO2 PIN6
GPIO_23 10 Programmable 1/0 23: GPIO2 PIN7
Programmable I/O 24: GPIO3 PINO

GPIO_24 10 (Ca% be used for Wakeup)
Programmable I/0 25: GPIO3 PIN1

GPIO_25 10 (Ca% be used for Wakeup)
Programmable /0O 26: GPIO3 PIN2

GPIO_26 10 (Ca% be used for Wakeup)
Programmable I/O 27: GPIO3 PIN3

GPIO_27 10 (Ca?] be used for Wakeup)

GPIO_28 10 Programmable /0O 28: GPIO3 PIN4

GPIO_29 10 Programmable I/0O 29: GPIO3 PINS
Programmable /0O 30: GPIO3 PING

GPIO_30 10 (Ca% be used for Wakeup)

GPIO_31 10 Programmable 1/0 31: GPIO3 PIN7

I’C

[2CO_DATA In/OD [2CO0 data

12C0_CLK In/OD 12CO0 clock

12C1_DATA In/OD I2C1 data

12C1_CLK In/OD I2C1 clock

[2C2_DATA In/OD [2C2 data

12C2_CLK In/OD 12C2 clock

UART

UAO_RXD In UARTO serial data input

UAQO_TXD Out UARTO serial data output

UAO_RTS_N Out UARTO RTS output

UAO_CTS N In UARTO CTS input

UA1l RXD In UART1 serial data input

UA1l TXD Out UART1 serial data output

UA1_RTS N Out UART1 RTS output

UA1_CTS N In UART1 CTS input

UA2_RXD In UART2 serial data input

UA2_TXD Out UART2 serial data output

UA2_RTS N Out UART2 RTS output

UA2_CTS N In UART2 CTS input

SPIM

SPIMO_CS N Out SPIMO chip select

SPIMO_CLK Out SPIMO clock output

SPIMO_MOSI Out SPIMO serial output

SPIMO_MISO In SPIMO serial input

SPIM1 CS N Out SPIM1 chip select

SPIM1_CLK Out SPIM1 clock output

SPIM1_MOSI Out SPIM1 serial output

SPIM1_MISO In SPIM1 serial input
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Function name 1/0 Explanation
SPIM2_CS N Out SPIM2 chip select
SPIM2_CLK Out SPIM2 clock output
SPIM2_MOSI Out SPIM2 serial output
SPIM2_MISO In SPIM2 serial input
SPIM3_CS N Out SPIM3 chip select
SPIM3_CLK Out SPIM3 clock output
SPIM3_MOSI Out SPIM3 serial output
SPIM3_MISO In SPIM3 serial input
SPIC
SPIC_CS N Out SPIC chip select
SPIC_CLK Out SPIC clock output
SPIC_MOSI 10 SPIC serial output
SPIC_MISO 10 SPIC serial input
SPIC_IO2 10 SPIC 102
SPIC_IO3 10 SPIC |03
ADC
ADC24_SYNC Out ADC24 Sampling timing sync output
PWM  CAPTURE
PWMO Out ADVTMR PWM output 0
PWM1 Out ADVTMR PWM output 1
PWM2 Out ADVTMR PWM output 2
PWM3 Out ADVTMR PWM output 3
CAPTUREO In ADVTMR Capture input O
CAPTURE1 In ADVTMR Capture input 1
CAPTUREZ2 In ADVTMR Capture input 2
CAPTURES3 In ADVTMR Capture input 3
TRACE
TRACECLK Out ARM CPU Core TRACECLK
TRACEDATAJO] Out ARM CPU Core TRACEDATAJO]
TRACEDATA[1] Out ARM CPU Core TRACEDATA[1]
TRACEDATA[2] Out ARM CPU Core TRACEDATA[2]
TRACEDATAJ3] Out ARM CPU Core TRACEDATAJ3]
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7. Electrical Specification

All the characteristic data indicated in this section are based on design simulation and
characterization. They are not tested in production unless otherwise specified.

All characteristics indicated in this section are applicable to the following conditions unless
otherwise specified.

e VDD33=2.1t03.6V
e AVDD33=2.0to 3.6V
e VDDC =0.85t01.25V
e Ta =-20to 70°C

7.1. Absolute Maximum Ratings
7.1.1. MCU Absolute Maximum Ratings

Table 7.1 Absolute Maximum Ratings

Parameter Symbol Pin Rating Unit
MCU_VDD33
MCU_VDD33 _USB -0.3t0 3.9 Y,
Supply Voltage VDDMAX MCU_AVDD33 ADC
MCU_VDD12D -0.3t0 1.6 \Y
5V Tolerant pin -2;3 to MCU_VDD33 + 3.5 y
Input Voltage VINMAX (MIED_SPI00) 031055 (1)
P 9 ~0.3to MCU_VDD33 + 0.3
Other pins or \%
-0.3103.9 (*1)
Input Current [INMAX All pins +10 mA
Storage Temperature | Tstg — -40 to 125 °C

*1:  Smaller value is applied.

The absolute maximum ratings of a semiconductor device are a set of specified parameter values,
which must not be exceeded during operation, even for an instant. If any of these ratings would be
exceeded during operation, the device electrical characteristics may be irreparably altered and the
reliability and lifetime of the device can no longer be guaranteed. Moreover, these operations with
exceeded ratings may cause breakdown, damage and/or degradation to any other equipment.
Applications using the device should be designed such that each maximum rating will never be
exceeded in any operating conditions. Before using, creating and/or producing designs, refer to and
comply with the precautions and conditions set forth in this document.
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7.1.2. BLE Absolute Maximum Ratings

Maximum ratings must not be exceeded even for a moment. Voltages, currents, and temperatures
that exceed the maximum ratings can cause break-downs, degradations, and damages not only for
ICs but also for other components and boards. Please make sure application designs not to exceed
the maximum ratings in any situation.

Table 7.2 Absolute Maximum Ratings of BLE (VSSA1 = VSSA2 =VSSD =VSSX=0V)

. Rating .

item Symbol Min Max Unit
Supply voltage gtg:&ggfg (*1) -0.3 +3.9 \Y,
Input voltage VIN -0.3 VDDIO + 0.3 \
Output voltage VOUT -0.3 VDDIO + 0.3 V
Input current [IN -10 +10 mA
Input power RFIO — +6 dBm
Storage temperature Tstg -40 +125 °C

*1: It is not supposed that BLE_VDD33 is grounded while BLE_VDDIO is supplied. It can trigger
current path from BLE_VDDIO to BLE_VDD33 through internal circuitry, and may cause
degradations and break-downs.
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7.2. Operating Ranges
7.2.1. MCU Operating Ranges

Table 7.3 MCU Operating Ranges

Parameter Symbol Pin Condition Min Typ. Max | Unit
VDD33 MCU VDD33 — 2.1 3.3 3.6 V
AVDD33 MCU_AVDD33_ADC — 2.0 3.3 3.6 V
Supply VDD33 USB |MCU VDD33 USB — 3.0 3.3 3.6 \Y
Voltage Voltage Mode A | 1.15 1.2 1.25
VDD12 MCU_VDD12D (*1) | Voltage Mode B | 1.05 1.1 1.15 \Y
Voltage Mode C | 0.95 1.0 1.05
MCU_XIN12M
Input Clock | foscH MCU_XOUT12M — — 12 — | MHz
Frequency MCU_XIN32K
foscL MCU_XOUT32K — — 32.768 — kHz
Operating |1, — — 20 | 25 | 70 | °C
Temperature

*1:  Should be connected to the regulator output pin (MCU_DCDCOUT) with inductor.

7.2.2. BLE Operating Ranges

Table 7.4 BLE Operating Ranges (VSSA1 = VSSA2 =VSSD =VSSX=0V)

Rating .
Item Symbol Vi Typ. Max Unit
BLE VDD33 operating voltage 1.8 3.0 3.6 V
BLE VDD33 starting voltage 1.96 3.0 3.6 V
Supply BLE_VDDIO 1.8 3.0 3.6 \Y
voltage BLE_VDD15IN 1.45 15 3.6 V
BLE_VDD12A1 L 12 . Vv
BLE VDD12A2BLE VDD12X (*1) '
BLE_VDD12D (*1) — 1.1 — Vv
Frequency | ¢ 2400 — 24835 MHz
range
Input fck 25.99870 26.00000 26.00130 MHz
frequency fslclk 32.751616 | 32.768000 | 32.784384 kHz

*1:  No power supply to BLE_VDD12A1, BLE_VDD12A2, BLE_VDD12D and BLE_VDD12X.
The power is supplied from the internal regulator.
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7.2.3. Internal Power Supply and Power Output

Table 7.5 Internal Power Supply and Power Output

Parameter Symbol Condition Typ. Unit

Voltage Mode A 1.2 \'

MCU Internal Logic Power VDDC xg:;:gg mggg (E; 1(1) x
Voltage Mode D 0.9 V
BOOTMODE3 =0 18 Vv

Power Supply for NOR Flash chip VDD18 SPIF (Internal LDO supply the power) )

(*1) - BOOTMODE3 =1 VDD33 Vv
(MCU VDD33 pin supply the power)

*1:  Corresponding pins on the package is for the observation of the voltage. Do not use these pins
for power supply of external devices.

7.2.4. Internal Clock Frequency

Table 7.6 Internal Clock Frequency

Parameter Symbol Condition Max Unit

CPU clock CIo_ck for CPU, AHB Bus, and AHB bus

AHB Bus clock fCPU peripherals (CPU, SRAMC, SPIC, AESA, 48 MHz
RNG, EVM)

CPU Trace clock fCPUTR Clock for CPU Trace I/F 12 MHz

CPU SysTick clock fCPUST Clock for CPU SysTick Timer 12 MHz
Clock for APBO Bus and APBO peripherals

APBO clock fAPBO (GPIO, TMR, WDT, ADVTMR, 12C2, SPIM2, 12 MHz

SPIM3, GCONF, ADC12, ADC24)
Clock for APB1 Bus and APBL1 peripherals

APB1 clock fAPB1 (UARTO, UARTL, I2C0, I2C1, SPIMO, SPIM1)|  +2 | MHZ
APB2 clock fAPB? (CUI,OACIIQ(‘E(ZJ; APB2 Bus and APB2 peripherals 12 MHz
SPIC clock fSPIC Clock for SPIC 48 MHz
USB clock fusSB Clock for USB 48 MHz
UARTO clock fUAO Clock for baud rate of UARTO 18 MHz
UART1 clock fUAL Clock for baud rate of UART1 18 MHz
UART?2 clock fUA2 Clock for baud rate of UART?2 18 MHz
ADC12 clock fAD12 Clock for ADC12 12 MHz
ADC24 clock fAD24 Clock for ADC24 4 MHz
RTC fRTC Clock for RTC 32.768 | kHz
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7.3. Power Consumption

7.3.1.

MCU Power Consumption

The current consumption value indicated in Table 7.7 is measured with the condition below:

VDD33=3.3V

All ACTIVE State current consumptions are measured with CoreMark™ benchmark program.
The program is loaded to SRAM from SPIC, and CPU fetched the codes and data from SRAM
during running the benchmark.

Basically, clocks of CPU, buses, SRAMC, PMU and RTC are supplied, and clocks of other
peripherals are stopped. PEFUSE domain, PF domain and PU domain are powered-off unless
otherwise specified.

Dynamic Clock Gating function implemented in PMU is enabled.

In WAIT-RETNTION State, only PA domain and PM domain are powered and other domains are
powered-off or in retention state.

In RTC and STOP mode, only PA domain is powered.

In WAIT, WAIT-RETENTION, RETENTION and RTC mode, all clock sources except 32.768 kHz
for RTC are disabled. In STOP mode, all clock sources including 32.768 kHz clock are disabled.

Other specific conditions are described in the table.

Table 7.7 Current Consumption for each Power Mode (VDD33 = 3.3V, Ta = 25°C

Voltage . ,
Power Mode Mode Conditions Typ. | Max | Unit
48 MHz (Clock Source: PLL, OSC12M used),
A DCDC 1.2V 31 | 35 | mA
B 36 MHz (Clock Source: PLL, OSC12M used), 23 | 26 | ma
ACTIVE DCDC 1.1V
C 12 MHz (Clock Source: OSC12M, PLL disabled), 11 15 | mA
DCDC 1.0V ' '
4 MHz (Clock Source: SIOSC4M, PLL and
D |0sci2Mm disabled), LDOS 0.9 V 06 | 0.7 1 mA
48 MHz (Clock Source: PLL, OSC12M used),
A DCDC 1.2V 1.3 1.8 | mA
B 36 MHz (Clock Source: PLL, OSC12M used), 11 15 | mA
SLEEPO DCDC 1.1V
C 12 MHz (Clock Source: OSC12M, PLL disabled), 08 | 10 | mA
DCDC 1.0V ' '
4 MHz (Clock Source: SIOSC4M, PLL and
D |0sci2Mm disabled), LDOS 0.9 V 03 | 04 1 mA
48 MHz (Clock Source: PLL, OSC12M used),
A DCDC 1.2V 1.3 1.8 | mA
B 36 MHz (Clock Source: PLL, OSC12M used), 11 15 | mA
SLEEP1 DCDC 1.1V
C 12 MHz (Clock Source: OSC12M, PLL disabled), 0.8 10 | mA
DCDC 1.0V ' '
4 MHz (Clock Source: SIOSC4M, PLL and
D |osc12M disabled), LDOS 0.9 V 0.3 | 0.4 | mA
48 MHz (Clock Source: PLL, OSC12M used),
A DCDC 1.2 V 11 16 | mA
36 MHz (Clock Source: PLL, OSC12M used),
SLEEP2 B DCDC 1.1V 1.0 13 | mA
12 MHz (Clock Source: OSC12M, PLL disabled),
C DCDC 1.0V 0.7 | 09 | mA
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Power Mode V&EZ%G Conditions Typ. | Max | Unit
4 MHz (Clock Source: SIOSC4M, PLL and

D 05012(|v| disabled), LDOS 0.9 V 021 03 | mA

WAIT D LDOS 0.9V 158 | 27.7 | pA
WAIT-RETENTION D LDOS 0.9V 124 | 234 | pA
RETENTION D LDOS 0.9V 5.4 9.0 HA
RTC D LDOS 0.9V 3.2 | 48 pA
STOP D LDOS 0.9V 1.5 2.9 HA

7.3.2. BLE Power Range

The current consumption characteristics are shown in the following table. The values are the
average current values under the circumstances in TOSHIBA recommended power connections, and
the ambient temperature of 25°C.

Table 7.8 Current Consumption (VDD =VDDIO =3.0V, VSSA1 =VSSA2 =VSSD =VSSX =0V,
DCDCEN = VDD

. Measuring Rating .
Item Symbol | Conditions port Min | Typ. | Max Unit
Digital circuit operation
26 MHz/32.768 kHz clocks are
supplied. I(ict;)t::\)/ﬁ) VDD — 1.9 —
Internal CPU 13 MHz operation
Peak current consumption mA
Data reception IDDRX
Peak current consumption (Active3) VDD — | 63| —
Data transmission IDDTX Output Power VDD o 6.3 .
Peak current consumption (Active3) |=-4 dBm )
Current consumption in Low power
mode
With Connection I(g::éi;) — VDD — | 105 | —
No XOIN supply
SLEEPCLK is supplied.
Current consumption in Low power
mode
Without Connection I(g;[jj(ip) — VDD — 5.0 — HA
No XOIN supply
SLPXOIN is supplied.
Current consumption in Low power
mode IDDDS
Without Connection (Deep — VDD — 0.1 —
No XOIN supply Sleep)
No SLPXOIN supply.

2016-01-15 52/71 Rev. 1.0



TOSHIBA

TZ1041IMBG
Hardware Specification

7.4. DC Characteristics

Table 7.9 to Table 7.12 shows DC characteristics of IO pins. Regarding correspondence between each
pin and IO cell type, please see signal list described in Section 4.

7.4.1. Schmitt Level Input / Multi-Drive Output / Programmable Pull-Up/Down 10 pins

Table 7.9 Schmitt Level Input / Multi-Drive Output / Programmable Pull-Up/Down IO characteristics

Parameter Symbol |Conditions Min Typ. Max |Unit
Low-level input current | 1IL VIN =VSS |Pull-up Disable -10 — 10 A
VIN =VSS |Pull-up Enable (PUX=0) | -200 — -10 pA
VIN = VDD33|Pull-down Disable -10 — 10 A
High-level input current  |IIH VIN = VDD33 E’;S)((:I:S\;n Enable 10 . 200 UA
Low-level input voltage | VIL — — — — V)E)(I)D:;B \%
High-level input voltage |VIH — — VEE? — — \%
{CTL2,CTL1} =00 (*1)
IOL =2 mA o o 0.4 v
{CTL2,CTL1} =01 (*1) . . 04 Vv
VDD33 =2.8 |IOL =4 mA '
to3.6 V {CTL2,CTL1} =10 (*1) . . 0.4 Vv
IOL =6 mA '
{CTL2,CTL1} =11 (*1) . o 0.4 Vv
Low-level output voltage |VOL IOL=8 mA '
{CTL2,CTL1} =00 (*1) . o 0.4 Vv
IOL=1.5mA '
{CTL2,CTL1} =01 (*1) . . 04 Vv
VDD33 =2.1 |IOL =3 mA '
to2.8V {CTL2,CTL1} =10 (*1) . . 0.4 Vv
IOL = 4.5 mA '
{CTL2,CTL1} =11 (*1)
IOL = 6 mA B B 0.4 v
{CTL2,CTL1} =00 (*1) |VvDD33 . o Vv
IOH =-2 mA -0.4
{CTL2,CTL1} =01 (*1) |VvDD33 . . Vv
VDD33 =2.8 |IOH =-4 mA -0.4
to 3.6V {CTL2,CTL1} =10 (*1) |VvDD33 . . v
IOH = -6 mA -0.4
{CTL2,CTL1} =11 (*1) |VDD33 . o Vv
. IOH = -8 mA -04
High-level output voltage | VOH {CTL2,CTL1} =00 ("1) |VDD33 — — y
IOH =-1.5 mA -0.4
{CTL2,CTL1} =01 (*1) |VvDD33 . . Vv
VDD33 =2.1 |IOH =-3 mA -0.4
to2.8V {CTL2,CTL1} =10 (*1) |VvDD33 . . v
IOH = -4.5 mA -0.4
{CTL2,CTL1} =11 (*1) |VDD33 . o Vv
IOH = -6 mA -0.4
*1:  CTLZ2, CTL1 is a control register of GCONF block. Please see the GCONF section of the
reference manual for detail.
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Typical characteristics of output current IOL/IOH) is shown on the figure below.

I0H/I10L [mA]

10H/10L vs VOH/VOL ( {CTL2,CTL1}=00)
Typical Characteristics

VOH/VOL [V]

I0H/I10L [mA]

——|0L (VDD33=3.3V)
0L (VDD33=2.4V)
——I0H (VDD33=3.3V)
———I0H (VDD33=2.4V)

—— 0L (VDD33=2.8V)
0L (VDD33=2.0V)
——I0H (VDD33=2.8V)
~——I0H (VDD33=2.0V)

I0H/IOL vs VOH/VOL ( {CTL2,CTL1}=01)
Typical Characteristics

40
30

10 -

_120.0 0s 10 15 2/ ;5/ 3)/ 35
-20 -—/'// / /

-40 ///

=0 VOH/VOL [V]

=== |OL (VDD33=2.8V)

=== |0L (VDD33=3.3V)
====|0L (VDD33=2.4V)
e==|OH (VDD33=3.3V)
«===|OH (VDD33=2.4V)

=== |0L (VDD33=2.0V)
====|OH (VDD33=2.8V)
«===|OH (VDD33=2.0V)

10H/IOL [mA]

10H/10L vs VOH/VOL ( {CTL2,CTL1}=10)
Typical Characteristics

w
wv
IOH/IOL [mA]

50
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o / /
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——|0L (VDD33=3.3V)
——10L (VDD33=2.4V)
——|0H (VDD33=3.3V)
———|0H (VDD33=2.4V)

VOH/VOL [V]

——10L (VDD33=2.8V)
——10L (VDD33=2.0V)
———0H (VDD33=2.8V)
———|0H (VDD33=2.0V)

I0H/10L vs VOH/VOL ({CTL2,CTL1}=11)
Typical Characteristics

——|0L (VDD33=3.3V)
——10L (VDD33=2.4V)
——|OH (VDD33=3.3V)
———10H (VDD33=2.4V)

VOH/VOL [V]

—— 0L (VDD33=2.8V)
——10L (VDD33=2.0V)
———|0H (VDD33=2.8V)
———10H (VDD33=2.0V)

Figure 7.1 IOL/IOH Typical Characteristics
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7.4.2. Schmitt Level Input only pin

Table 7.10 Schmitt Level Input only pin characteristics

Parameter Symbol Conditions Min Typ. Max Unit
Low-level input current lIL VIN = VSS -10 — 10 LA
High-level input current IIH |VIN=VDD33 -10 — 10 A
Low-level input voltage VIL |— — — |VvDD33 x0.35| V
High-level input voltage VIH |— VDD33 x 0.7 | — — \%

7.4.3. 5V Tolerant Schmitt Level only Input pin
Table 7.11 5V Tolerant Schmitt Level Input only pin characteristics

Parameter Symbol Conditions Min Typ. Max Unit
Low-level input current lIL VIN = VSS -10 — 10 A
High-level input current IIH |VIN=VDD33 -10 — 10 LA
Low-level input voltage VIL |— — — | VDD33x0.3 | V
High-level input voltage VIH |— VDD33 x 0.7 | — — \%

7.4.4. Output only pin
Table 7.12 Output only pin characteristics

Parameter Symbol Conditions Min Typ. | Max | Unit

Low-level outout voltage| VoL VDDIO=2.8t103.6 V,IOL=2mA — — 104 | V

P g VDDIO = 2.1 10 2.8 V, IOL = 1.5 mA — — Jo04]| V

High-level output VOH vDDIO=28t03.6V,IOH=-2mA |VvDD33-04| — | — | V

voltage vDDIO=2.1t02.8V,IOH=-1.5mA |vDD33-04| — | — | V
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7.4.5. BLE DC Characteristics

Table 7.13 DC Characteristics (VDD = VDDIO = 3.0 V, VSSD = VSSAl = VSSA2 = VSSX =0 V)

Condition Measuring Rating
Item Symbol Other . Unit

I/F Voltage Condition port Min Typ. Max
High-level
input VIH 3.0V LVCMOS VDDIO 0.8xVDDIO | — —
voltage

\Y
Low-level 0.2
input VIL 3.0V LVCMOS VDDIO — — | xvDDIO
voltage
High-level Pull-down Off -10 — 10
Input A VDDIO | Pull-down On 10 — | 200
current = Input Voltage VDDIO A
Low-level P a9€ ™ Buil-up Off 10 — 0 | M
input L of each pin
current Pull-up On -200 — -10
High-level
output VOH 3.0V IOH =1 mA VDDIO VDDIO-0.6 | — — \Y
voltage
Low-level
output VOL 3.0V IOL=1mA VDDIO — — 0.4 \Y
voltage
External VIH
32 768 kHz | SLPCLK 3.0V — SLPXOOUT| 0.8 x VDDIO | — — \Y
clock input |VIL 0.2
level (*1) |SLPCLK 30V B SLPXOOUT B — |xvopio| V
*1:  In case of using an external oscillator, when can't use a crystal oscillator.
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7.5. Clock Source Characteristics

7.5.1. XOSC12M

Table 7.14 XOSC12M characteristics

Parameter Symbol Conditions Min | Typ. | Max | Unit
Oscillator Frequency fO12M — — 12 — | MHz
I(E*it)ernal Feedback Resistor Rf o o 1 . MO
External Load Capacitance cL Assume equivalent series resistance . 8 . =
(*1) Rs is about 50 to 60 Q P

. OVERRIDE_EFUSE_OSC12M_

Startup Time tSTART MAIN_GM = 0b0000 (*2) — — 1 ms

*7:

recommended to refer the datasheet of the crystal resonator that you are going to use.

*9:

OVERRIDE_EFUSE_OSC12M_MAIN_GM is one of the fields of the control register
[OVERRIDE_EFUSE_OSC12M]in Power Management Unit (PMU). Please see the PMU

The value is based on simulation result obtained with typical external components parameter.
The value of these parameters varies depending on the crystal resonator used. It is

section of the reference manual for detail. Changing these bit results in changing of the startup

time

7.5.2. XOSC32K

Table 7.15 XOSC32K characteristics

Parameter Symbol Conditions Min | Typ. | Max | Unit
Oscillator Frequency fO32K — — |32.768| — kHz
I(E*it)ernal Feedback Resistor Rf . o 10 . MO
External Load Capacitance cL Assume equivalent series resistance . 125 . =
(*1) Rs is about 50 to 55 kQ ' P
Startup Time tSTART |— — — 1000 | ms
Frequency stabilization after {STBL . . . > ms

Boost disable.

*1:  The value is based on simulation result obtained with typical external components parameter.
The value of these parameters varies depending on the crystal resonator used.
It is recommended to refer the datasheet of the crystal resonator that you are going to use.
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7.5.3. SIOSC4M
Table 7.16 SIOSCA4M characteristics
Parameter Symbol Conditions Min Typ. Max Unit
Trimmed to default Voltage Mode
Oscillator Frequency [fSO4M (Mode A) 3.7 4.0 4.2 MHz
Trimmed to each Voltage Mode 3.86 4.0 4,14 | MHz
Startup Time tSTASO4AM  |— — — 6 cycle

*1:  When SIOSC4M is used for the source clock of the peripherals, take into consideration the
variation in frequency.

7.5.4. SIOSC32K

Table 7.17 SIOSC32K characteristics

Parameter Symbol Conditions Min Typ. Max Unit
Oscillator Frequency fSO32K — 29.982132.768|35.554| kHz
Startup Time tSTASO32K |— — — 500 Us
7.5.5. PLL

Table 7.18 PLL characteristics

Parameter Symbol Conditions Min Typ. Max Unit
ND =11 (*1) — 48 — MHz
Output Clock Frequency fCK ND =10 (*1) — 36 — MHz
ND =01 (*1) — 24 — MHz
Reference Input Frequency |fFN — — 12 — MHz
Lockup Time tLU — — — 100 Us
7.5.6. ADPLL

Table 7.19 ADPLL characteristics

Parameter Symbol Conditions Min Typ. Max Unit
Output Clock Frequency fCK — — 47972 — MHz
Reference Input Frequency |fFN — — 32768 — kHz

. Normal Mode — — 8000 ys
Lockup Time LU High-Speed Lockup Mode (*1) — — 2000 Us
Standby Return Time tSR — — — 2000 Us

*1: Please refer the PMU section of the reference manual to see how to enable High-Speed Lockup
Mode.
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7.6. Analog Characteristics

7.6.1. LVD
Table 7.20 LVD characteristics
Parameter Symbol Condition Min Typ. Max Unit
Brown-out Reset Detect Level |[VBOR Default setting 1.6 1.7 1.8 \%
7.6.2. BGR
Table 7.21 BGR characteristics
Parameter Symbol Condition Min Typ. Max Unit
BGR monitor output signal level | VBGR — — 1.24 — \%
7.6.3. DCDC
Table 7.22 DCDC characteristics
Parameter Symbol Condition Min Typ. Max Unit
Voltage Mode A — 1.2 — V
Output Voltage VOUT Voltage Mode B — 1.1 — \%
Voltage Mode C — 1.0 — V
7.6.4. LDOF
Table 7.23 LDOF characteristics
Parameter Symbol Condition Min Typ. Max Unit
Output Voltage VOUT — — 1.8 — V
7.6.5. LDOS
Table 7.24 LDOS characteristics
Parameter Symbol Condition Min Typ. Max Unit
Output Voltage VOUT Mode D — 0.9 — V
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7.6.6. 12-bit SAR ADC

Table 7.25 12-bit SAR ADC characteristics

Parameter Symbol Condition Min Typ. Max Unit
Resolution — — — 12 — Bit
Core Clock Frequency fCLK — — — 12 MHz
Conversion Time (*1) — Cycles in Core Clock — — 17 Cycles
Top Reference Voltage VREFH |— — — |AVDD33| V
Bottom Reference Voltage VREFL |— 0 — — V
Analog Input Range VIN Single-ended Voltage VREFL — VREFH V
Integral Nonlinearity INL — — +4 +12 LSB
Differential Nonlinearity DNL — — +2 +8 LSB
Offset Error OE — — 4 +16 LSB
Gain Error GE — — 2 +32 LSB
Operating Current (*2) IDD — — 1.0 — mA
Standby Current (*2) IDDS — — 0.1 — A

*1:  Required clock cycle of ADC core. Setup cycles of control logic are not included.
*2¢  The current of AVDD33 power supply.
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7.6.7. 24-bit AZ A/D converter

Table 7.26 24-bit AZ ADC characteristics

Parameter Symbol Condition Min Typ. Max Unit
Resolution — — — 24 — Bit
Core Clock Frequency fCLK — 3.8 4 4.2 MHz

CNT_MODE[1:0] =00 (*2) — — 4130 Cycles
Conversion Time (*1) L CNT MODEJ[1:0] =01 (*2) — — 1058
(Cycles in Core Clock) CNT_MODE[1:0] = 10 (*2) — — 546
CNT_MODE[1:0] = 11 (*2) — — 290
Top Reference Voltage VREFH |[— — — AVDD33 \%
Bottom Reference Voltage |VREFL |— 0 — — V
Analod Inout Confiquration | — CNT_MODEJ[11] =0 (*2) Differential Voltage
ginp 9 CNT MODE[11] = 1 (*2) Differential Current
Analog Input Voltage Range | VIN Voltage Input Mode 0.1 — | AVvDD33-0.1 \%
Input Impedance ZIN Voltage Input Mode 20 35 — MQ
I/V Conversion Resistance |Rf Current Input Mode 10k — 1M Q
CNT_MODE[1:0] =00 (*2) — 19 —
: : CNT_MODE[1:0] =01 (*2) — 18 — .
Effective Number of Bit ENOB CNT _MODE([1:0] = 10 (*2) — 175 — Bit
CNT_MODE[1:0] =11 (*2) — 17 —
Integral Nonlinearity INL \éﬂ?g&éngétll\./lg]d:ebo (*2) — 75 +256 LSB
Volta_ge Input Mode,

Offset Error OE CNT_MODE[1:0] = 00 (*2) — +10 +50 T\Y]
. Voltage Input Mode, o
Gain Error GE CNT MODEJ1:0] = 00 (*2) — 0.5 +1 YFS

Common mode Rejection Voltage Input Mode,
Ratio CMRR Ipc 10 120 Hz 60 85 o dB
Operating Current (*3) IDD — — 1.1 — mA
Standby Current (*3) IDDS — — 0.1 — LA

*1:  Required clock cycle of ADC core. Setup cycles of control logic are not included.

*2:  CNT_MODE is a control register of ADC24 block. Please see the ADC24 section of the

reference manual for detail.

*3:  The current of AVDD33 power supply.
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7.6.8. USB Full Speed IO

Table 7.27 USB FSIO characteristics

Parameter Symbol Conditions Min Typ. Max Unit
Differential Drivers Cross Over VCRS . 13 . 20 Vv
Voltage
Differential Input Sensitivity VDI — 200 — — mV
Differential Common Mode Range |VCM — 0.8 — 2.5 V
Single Ended Receiver Input VSER L 0.8 . 20 Vv
Range
Single Ended Receiver Hysteresis | VSHSYT |— 200 — — mV
Input Voltage Low VIL — 0.0 — 0.8 V
Input Voltage High VIH — 2.0 — — V
Output Voltage Low VOL — 0.0 — 0.3 \%
Output Voltage High VOH — 2.8 — | vDD33 USB V
. . . Rext = 1.5 kQ,
Full Speed Driver Rise Time TFR CL = 50 pF (*1) 4 — 20 ns
. . Rext = 1.5 kQ,
Full Speed Driver Fall Time TFF CL = 50 pF (*1) 4 — 20 ns
Full Speed Operating Current (*2) | ICCFS VDD33 USB =33V — 8.5 — mA
Suspended Supply Current (*2) ICCS VDD33 USB=3.3V — 25 — LA

*1:  Figure below illustrates external loading for Full Speed Driver Rise/Fall time.
*2¢  The current of VDD33_USB power supply.

RPU
MCU_USB_DP
1
(1 MAN—s
Rext i CL
— [ ] M

1
MCU USB DM  Rext ;7— cL

Rext=22Q

Figure 7.2 External Loading for Full Speed Driver Rise/Fall time
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7.7. AC Characteristics
7.7.1. RESET Input

Table 7.28 RESET input timing requirement
Parameter Symbol Condition Min Typ. Max Unit
MCU SYS RESET N assertion time tRST — 0.1 — — Us
tRST

\

Figure 7.3 RESET input timing

MCU_SYS_RESET_N

7.7.2. GPIO Input

Table 7.29 GPIO input timing requirement
Parameter Symbol Condition Min Typ. Max Unit
High level assertion time for wakeup (*1) |tHWU — 0.2 — — ps
Low level assertion time for wakeup (*1) [tLWU — 0.2 — — Us
*1:  Applied to GP1O30/27/26/25/24/7/6/5/4/3/2/1/0
tLWU

MCU_GPIOn 71 l‘ S( 7Z

Figure 7.4 GPIO input timing

Rev. 1.0
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7.7.3. SPI Interface

Table 7.30 SPI Interface Timing requirement

Parameter Symbol Condition Min Typ. Max Unit
SPI clock frequency fSPCLK |— — — 6 MHz
SPI input data setup time tSPS — 63.3 — — ns
SPI input data hold time tSPH — 0 — — ns
SPI output data delay time tSPD — — — 63.3 ns
1/fSPCLK
MCU_SPIMn_CLK S‘ 7Z S‘ 7Z
tSPS tSPH
MCU_SPIMn_MISO
tSPD tSPD
MCU_SPIMn_MOSI
(n=0, 1)
Figure 7.5 SPI Interface Timing
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7.7.4. I2C Interface

e Standard Speed (100 kHz)
Table 7.31 1°C Interface Standard Speed (100 kHz) Timing Requirement

Parameter Symbol Condition Min Typ. Max Unit
I°C clock frequency (*1)(*2) fl2CLK |— — — 100 kHz
I°C clock low time (*1)(*2) tI2ZLOW | — 4.7 — — ps
I°C clock high time (*1)(*2) tI2HIGH | — 4.0 — — ps
I°C clock/data rise time tI2TR — — — 1000 ns
I°C clock/data fall time t2TF [— — — [ 300 | ns
1°C data input setup time tI2DS — 250 — — ns
1°C data input hold time tI2DH — 0 — 3.45 us
capacitive load for each bus line Cb — — — 400 pF

e Fast Speed (400 kHz)
Table 7.32 I°C Interface Fast Speed (400 kHz) Timing Requirement

Parameter Symbol Condition Min Typ. Max Unit
I°C clock frequency (*1)(*2) fl2CLK  |— — — 400 kHz
I°C clock low time  (*1)(*2) tI2LOW | — 1.3 — — Hs
I°C clock high time (*1)(*2) tI2HIGH | — 0.6 — — ps
I°C clock/data rise time tI2TR — 20 — 300 ns
I°C clock/data fall time 12Tk |— (VDD2393"/ svy| — | 30 | ns
1°C data input setup time tI2DS — 100 — — ns
I°C data input hold time tI2DH  |— 0 — 0.9 us
capacitive load for each bus line Cb — — — 400 pF

*1:  Frequency of APB clock (FAPBO for 12C2 and fAPB1 for I2C0/I2C1) must be at least 4 MHz for
Standard mode operation. and at least 12 MHz for Fast mode operation.

*2:  Need to proper setting of I2C control register. Please see the I2C section of the reference
manual for detail.

tI2LOW tI2HIGH 1/f12CLK
MCU_l2Cn_CLK
tI2TF tI2TR tI2DS tI2DH
MCU_I2Cn_DATA F M
tI2TF %m%g

(n=0, 1, 2)
Figure 7.6 I°C Interface Timing

Most of the I2C timing requirements listed in above table needs appropriate setting of I2C control
registers. Please see the I2C section of the reference manual for detail.
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7.7.5. DEBUG Interface

o JTAG
Table 7.33 JTAG Interface Timing Requirement
Parameter Symbol Condition Min Typ. Max Unit
MCU_DBG_TCK frequency fTCK — 100 — — ns
DEBUG input data setup time tDBS — 20 — — ns
DEBUG input data hold time tDBH — 15 — — ns
DEBUG output data delay time tDBD — 4 — 30 ns
{TCK
MCU_DBG_TCK 3‘ 7Z 3‘ 7Z
tDBS tDBH
MCU_DBG_TDI
MCU_DBG_TMS
tDBD tDBD
MCU_DBG_TDO
Figure 7.7 JTAG Interface Timing
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e Serial Wire

Table 7.34 Serial Wire Interface Timing requirement

Parameter Symbol Condition Min Typ. Max Unit
MCU DBG TCK frequency fSWCK | — 100 — — ns
DEBUG input data setup time tDBS — 20 — — ns
DEBUG input data hold time tDBH — 15 — — ns
DEBUG output data delay time tDBD — 4 — 50 ns
tSWCK
MCU_DBG_TCK 3 Z 3 Z
(SWCLK) § ; § ;
tDBS tDBH
MCU_DBG_TMS
(SWDIO)
tDBD tDBD
MCU_DBG_TMS
(SWDIO)
Figure 7.8 Serial Wire Interface Timing
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8. Mechanical Characteristics
8.1. Package Drawings

P-LFBGA136-0807-0.50-001 Unit: mm
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Figure 8.1 Top View

/—[#10.20s]
ﬁr L d
| |

| |
Sy o, S W W S A

Lo

el
el
L |}
[

0.24£0,09
1.989 max

Figure 8.2 Side View
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P-LFBGA136-0807-0.50-001 Unit: mm
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Weight: 0.16 g (Typ.)
Figure 8.3 Bottom View

Note: Figure 8.1, Figure 8.2 and Figure 8.3 are for explanation. Please contact your TOSHIBA
sales representative for the dimensions that are not written on the figures.
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9. Revision History

Table 9.1 Revision History

Revision Date Description

0.1 2015-08-03 [Newly released.

0.2 2015-08-27 |Revised Table 7.20 LVD characteristic in Section 7.6.1.
Added a note in Section 7.5.3.

03 2015-11-16 Deleted a note in Table 7.20.

10 2016-01-15 Chgr)ged de_scrlptlon from chapter number to reference manual title.
Official version.
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RESTRICTIONS ON PRODUCT USE

o Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information in
this document, and related hardware, software and systems (collectively "Product") without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant
TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for Product
and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook™ and (b) the instructions for the
application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product design
or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or applications;
(b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams, programs,
algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for such designs
and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, medical equipment, equipment used for
automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or explosions,
safety devices, elevators and escalators, devices related to electric power, and equipment used in finance-related fields. IF YOU USE
PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your
TOSHIBA sales representative.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

¢ Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export laws
and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export
Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited except in
compliance with all applicable export laws and regulations.

o Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

2016-01-15 71/71 Rev. 1.0



	Abbreviations
	Notes
	Conventions in this document

	1. Summary
	1.1. Features

	2. Description
	3. Features
	3.1. Block Diagram
	3.2. MCU Summary
	3.2.1. Configuration Summary
	3.2.2. CPU Core
	3.2.3. Memories/Storage
	3.2.4. System
	3.2.5. Peripherals

	3.3. Bluetooth Low Energy summary
	3.3.1. Feature
	3.3.2. System Diagram

	3.4. Internal Flash Memory summary

	4. Operation
	4.1. Power Supply Overview
	4.2. Clock/Reset Overview
	4.2.1. MCU Clock Source
	4.2.2. BLE Clock Source

	4.3. MCU Power-up Sequence
	4.4. BLE Power-up Sequence
	4.5. MCU Power Management Summary
	4.6. BLE Power Management Summary
	4.7. Power-Mode Combination
	4.8. SPI Flash operation
	4.8.1. Block Diagram
	4.8.2. Flash Memory Control
	4.8.2.1. Flash Memory Operation
	4.8.2.2. Start-up Mode Setting for Flash Memory

	4.8.3. Internal Flash Memory Programming
	4.8.3.1. Flash Direct Access Mode (Internal Flash Programming Mode)
	4.8.3.2. Flash Memory Programming Mode
	4.8.3.3. Flash Memory Programming Procedure



	5. Package
	5.1. Internal structure of TZ1041MBG package
	5.2. Pin alignment (TOP View)
	5.3. Pin assignment table

	6. Terminal description
	6.1. Setting Multiple function I/O

	7. Electrical Specification
	7.1. Absolute Maximum Ratings
	7.1.1. MCU Absolute Maximum Ratings
	7.1.2. BLE Absolute Maximum Ratings

	7.2. Operating Ranges
	7.2.1. MCU Operating Ranges
	7.2.2. BLE Operating Ranges
	7.2.3. Internal Power Supply and Power Output
	7.2.4. Internal Clock Frequency

	7.3. Power Consumption
	7.3.1. MCU Power Consumption
	7.3.2. BLE Power Range

	7.4. DC Characteristics
	7.4.1. Schmitt Level Input / Multi-Drive Output / Programmable Pull-Up/Down IO pins
	7.4.2. Schmitt Level Input only pin
	7.4.3. 5 V Tolerant Schmitt Level only Input pin
	7.4.4. Output only pin
	7.4.5. BLE DC Characteristics

	7.5. Clock Source Characteristics
	7.5.1. XOSC12M
	7.5.2. XOSC32K
	7.5.3. SIOSC4M
	7.5.4. SIOSC32K
	7.5.5. PLL
	7.5.6. ADPLL

	7.6. Analog Characteristics
	7.6.1. LVD
	7.6.2. BGR
	7.6.3. DCDC
	7.6.4. LDOF
	7.6.5. LDOS
	7.6.6. 12-bit SAR ADC
	7.6.7. 24-bit ΔΣ A/D converter
	7.6.8. USB Full Speed IO

	7.7. AC Characteristics
	7.7.1. RESET Input
	7.7.2. GPIO Input
	7.7.3. SPI Interface
	7.7.4. I2C Interface
	7.7.5. DEBUG Interface


	8. Mechanical Characteristics
	8.1. Package Drawings

	9. Revision History
	RESTRICTIONS ON PRODUCT USE

