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Preface

Related Documents

® TC35680/TC35681 Hardware Application Note
TC35680/TC35681-002 Software Development Startup Guide
TC35680/TC35681 Register description
TC35680/TC35681-002 Command Document
TC35680/TC35681-002 Programming Guide
TC35680/TC35681-002 Known Issues
Bluetooth® Core Specification

Technical Terms and Abbreviations
The following technical terms and abbreviations are used in this document.

Terms or Abbreviations Description

Active mode Normal operating mode. The packet transmission and reception procedure of the Bluetooth®
connection and the other internal CPU activities are executed in this mode. Refer to Section 3.6.

Sleep mode One of the low power modes. The reference clock stops to save power. The Bluetooth®
connection is kept in this mode. Refer to Section 3.6.

Backup mode One of the low power modes. This mode consumes same or less power than the Sleep mode.
The power supply of the CPU stops as well as the reference clock. Refer to Section 3.6.

Complete mode One of the operating modes. A host operates this device using TCU commands (Control APl in
the GATT/SM layer). Refer to Section 3.4.

Deep Sleep mode One of the low power modes. This mode saves more power than the Backup mode. The Sleep
clock stops as well as the power supply of the CPU and the reference clock. Refer to Section
3.6.

HCI mode One of the operating modes. A host operates this device using HCl commands. Refer to Section
34.

PMU Power Management Unit. Integrated PMU controls the power save procedure of this device.
In order to save power, it switches the built-in DC/DC converter and the LDO regulator properly,
and also controls the output voltage at the same time. Refer to Section 3.1 and Section 3.6.

User-App mode One of the operating modes. A user application is executed by the built-in CPU in this device.
Refer to Section 3.4.

Auto-Advertising function Advertising packets are transmitted without software control in the Backup mode. This function
enables the packet transmission even in the low power mode.
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1. Function Outlines and Features

1.1. Function Outlines

TC35680FSG/TC35681FSG series (hereafter, TC35680/TC35681 series) are compliant with 2.4 GHz wireless communication
Bluetooth® Low Energy Ver.5.0 specification. Each device has an MCU based on Am® Cortex-MO® processor and integrates RF
analog circuit and baseband digital circuits. The following functions in the Bluetooth® core specifications are supported; the LE Long
Range feature, LE 2-Mbps feature, HCI (Host Control Interface) feature, Low Energy GATT Profile feature, and others.
The TC35680/TC35681 series line-up is as follows:

v' TC35680FSG (hereafter, TC35680): Flash memory is included to store user application program.

v' TC35681FSG (hereafter, TC35681): Flash memory is not included.

TC35680/TC35681 series support both controlled by an extemal CPU and standalone operation.
Table 1-1 shows the main application and features of each device.

Table 1-1 Applications and features of TC35680/TC35681 series

Product TC35680FSG TC35681FSG
* General-purpose (Note 1) | * General-purpose (Note 1)
Main application « Standalone « Standalone (Note 2)
* Host-controlled system
Flash memory Built-in None
No. 27 pin VDDIOFQ VSSD1
Minimum VBAT operation voltage 19V 18V (40to 105°C)
(VBATopr) 2.0V (40 to 120°C)
Ambient temperature -40°C to +85°C
Number of General-purpose /O 18
(GPIO)
Number of UART channels 2
(Note 3)
Number of I’C channels (Note 3) 2
Number of SPI channels (Note 3) 2
Number of AD Converter channels 5
(Note 3)
Number of PWM channels 4
(Note 3)
Sleep clock output function
(Note 3) Yes
QFN40
Package 5.0mm x 5.0 mm x 0.9 mm
0.4-mm pitch

Note 1: Except "UNINTENDED USE" described in “RESTRICTIONS ON PRODUCT USE”
Note 2: An external EEPROM is necessary in the standalone system.
Note 3: These pins are shared with the GPIO pins.
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1.2. Features
B Wireless communication function

>

Compliant with Bluetooth® Low Energy Ver.5.0 specification.

®  Built-in Bluetooth® baseband circuit

®  Built-in Bluetooth® RF circuit

»  Maximum output power: +8 dBm

»  Maximum RX sensitivity: -105.0 dBm (in case of Coded PHY and S = 8)

»  RSSl accuracy: +2 dB (in case of -90 to -10 dBm input)

HCI commands/Extended HCI commands (implemented in the mask ROM)

Control APl in GATT/SM layer (TCU commands: Toshiba Command Unit) (implemented in the mask ROM)

Auto-advertising feature
®  Output power setting feature

B Microcontroller unit

>
>

Built-in Arm® Cortex®-MO0 processor (Maximum operating frequency is 32 MHz.)
Built-in mask ROM

®  Boot loader

®  API for the hardware control

®  Bluetooth® wireless function API

®  Bluetooth® protocol stack

Built-in retention SRAM (User area is 76 KB out of total 144 KB.)
Built-in serial Flash memory (TC35680 only)

®  Memory capacity: 128 KB

®  Sectorsize: 4 KB

®  Endurance: 100,000 times

B Interface, AD converter, and Debug function

>
>

>

B Clock
>

>

General-purpose /O (GPIO) (18 pins)
General-purpose serial interfaces

®  UART interface (2 channels. Shared with the GPIO pins.)

»  HClImode: One channel is used as a host interface (9600 bps to 921.6 kbps)
»  User-App mode: 600 to 2000 kbps (Maximum baudrate may be 2000 kbps or less and depends on user-
application program.)

®  SPlinterface (2 channels. Shared with the GPIO pins.)
®  [’Cinterface (2 channels. Shared with the GPIO pins.)

»  TC35681 uses one channel as the interface to the EEPROM for User-App mode.
PWM interface (4 channels. Shared with the GPIO pins.)
®  Pulse generation function
®  “Rhythm function” (function to mask a pulse signal)
AD converter (ADC)
®  General-purpose voltage measurement (5 channels. Shared with the GPIO pins.)
®  Power supply voltage (VBAT) measurement (1 channel. Connected intemally.)
Interface for Emulator debug control
®  SWD (Serial Wire Debug): 2-wire system (1 channel)

Reference clock (32 MHz)

®  Built-in crystal oscillator with a frequency adjustment function
Sleep clock (32.768 kHz)

®  Built-in crystal oscillator with a frequency adjustment function
®  External clock input is supported.

®  Built-in silicon oscillator (SIOSC)

Sleep clock output function (Shared with the GPIO pins.)
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B Power supply

>

Power supply circuit
®  Support for wide range of the input power voltage
®  DC/DC converter and LDO regulator are integrated.
»  Built-in Power Management Unit for the low power consumption function.
®  Independent power pins for the I/O circuits (VDDIO)

B System function

>

>

2 system configurations are supported.
®  Host-controlled system (A host CPU controls this device.)
®  Standalone system (The operation of this device is controlled by its own CPU.)
3 operating modes are supported.
® HClmode
Control by HCI and Extended HCI commands
User application (firmware) programming
For radio certification tests in different countries and regions
For Bluetooth® qualification test
For other RF tests
® Complete mode
»  Control of this device by the TCU commands (Control commands in the GATT/SM layer)
®  User-App mode
»  Download function of a user application program to this device
<~ Download from the built-in Flash memory or host CPU (TC35680)
< Download from an external EEPROM or a host CPU (TC35681)
»  Execution of a user application program
Low power system feature
® 3 low power modes (Sleep, Backup, and Deep Sleep)
Support for Interrupts
Patch support
®  Patch function (maximum 4)
®  Auto-patch function
DMA support
®  Built-in 7-channel DMA controller (2 to 6 channels are available for a user.)

YV VYV V V

B Clock and Timer

>

RTC

®  RTC function with the accuracy of sleep clock frequency

®  Clock and Calendar function: YY/MM/DD hh:mm:ss (24-hour clock) and day of the week

®  Alam function: Alarm setting by hh:mm and either a date or a day, and an interrupt by the alarm generation
®  |Leap year function (the exceptional procedure for every 100 years is not supported.)

® RTCis working even in the Sleep and Backup modes.

Timer

®  BCTimer

»  3-channel hardware timer (One channel is dedicated to the system.)
»  16-bit counter which can be loaded automatically every 1 pys at minimum.
»  The count of the timer stops in low power mode.
®  GTimer
»  1-channel hardware timer
»  Built-in prescaler to divide the clock (1 to 1024 division). The minimum interval is 38 ns to 39 ps.
»  16-bit counter which can be loaded automatically.
»  The count of the timer stops in low power mode.
®  OS timer (1-second timer and 1-ms timer)
»  Timer controlled by the OS
®  Watchdog timer (WDT) function
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W Security
»  True Random Number Generator (TRNG)
®  Arandom number of 256 bits at maximum is generated by DRBG and ESG.
®  Compliant with NIST SP800-22 and BSI random number test.
»  Hardware encryption engine (AES128, only encryption)
B Package

»  TC35680FSG/TC35681FSG: QFN package [40 pins, 5 mm x 5 mm, 0.4-mm pitch, and 0.9-mm thickness]
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2. Pin Assignment

2.1. Pin Assignment of TC35680FSG (Top View)

E GPIO3

[ B | cpio4
[ B | GpPio9
[N | vopiora
[ 8| cpioto
[ & ] crio1s

[R] cpPiot4

[ 8| vbpio

N | sLpxoout

[R | sLPxoIN

GPIOO | 31 20 | VSSDC
SWDCLK | 32 19| LX
GPIO15 | 33 18 | VBAT
GPIO12 | 34 17 | SWDIO
GPIO11 | 35 FIN 16 | GPIO2
(VSSD)
GPIOS | 36 15 | VDDCORE2
GPIO6 | 37 14 | VDDCOREA1
GPIO7 | 38 13 | VSSX
GPIO8 | 39 12 | XOOUT
GPIO1 | 40 11 | XOIN
[ LG [ B LG L
© ~ X w = o 9o £ = o
S & w 8 ® T T 8 u o
5 &5 8 = > § * > g g
%]
o > r F
Figure 2-1 Pin assignment of TC35680FSG (Top view)
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[ 8] cPios

[ B ]| cpio4

[ B | cpPiog
[N] vssp1

[ B | epioto

[ & ] criots
[R] cpPiot4

[ R | vbbio

[ R ] sLpxoout
[R ]| sLPxOIN

GPIOO | 31 | [20| vssbc
SWDCLK | 32 | [19] x
GPIO15 | 33 | [18] vBAT
GPIO12 | 34 | [17 | swbio
GPIO11 | 35 | FIN [16 | GPIO2

GPIO5 | 36 | vespz) [ 15 | VDDCORE2

GPIO6 | 37 | [ 14 | VDDCORE1

GPIO7 | 38 ] [13] vssx

GPIO8 | 39 | [ 12| xoout

GPIOT | 40 | [11] xOIN

GPIO16 | — |
GPIO17 [~ ]
RESETX | |
TMODE | & |

VPGM | o ]
VSSRFIO | o |

RFIO | ~ ]

TRTEST1

VssA | = ]
o]
TRTEST2 | 3 |

Figure 2-2 Pin assignment of TC35681FSG (Top view)
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2.3. Function of Each Pin

The attribute, the status as output or input, and other functions of each pin are shown in Table 2-1.

The power supply pins are shown in Table 2-6.

Table 2-1 Function of each pin

Pin No. Attribute
Pin name QFN P?wer s.uppl-y group Description
Signal direction
Package
1/0 Type
RESETX 3 VDDIO Hardware reset input pin.
IN Low level asserts the reset.
Schmit trigger
XOIN 1 VDDCORE1 Input pin for the reference clock oscillation.
IN A 32-MHz crystal resonator with accuracy of + 50 ppm or less should
0osC be connected to the XOIN pin and the XOOUT pin.
The crystal oscillation circuit includes a variable capacitor (a capacitor
array) to adjust the oscillation frequency.
XOO0UT 12 VDDCORE1 Output (feedback) pin for the reference clock oscillation.
ouT
osC
SLPXOIN 21 VDDIO Input pin for the sleep clock oscillation by a crystal resonator.
IN A 32.768-kHz crystal resonator with accuracy of £ 500 ppm or less
0osC should be connected to the SLPXOIN pin and the SLPXOOUT pin.
The crystal oscillation circuit includes a variable capacitor (a capacitor]
array) to adjust the oscillation frequency.
When an extemal clock is used, the clock should be input to this pin.
SLPXOOUT 22 VDDIO Output (feedback) pin for the 32.768-kHz oscillation.
ouT
0SsC
RFIO 7 VDDCORE1 RF signal input and output pin.
IN/JOUT The impedance matching of 50 Q can be done by connecting a proper|
Analog capacitor between the RFIO pin and GND.
When this pin is connected to an antenna for communication, a series
capacitor should be connected, because the signal of this pin has a DC
bias. For the details, refer to the “Hardware Application Note” of this
device.
GPIOO0 31 VDDIO General-purpose /O pins.
GPIO15 33 INOUT Following functions can be set by software;
Pull-up/Pull-down v' Switch as input or output.
resistors v" Connection or disconnection of a pull-up and a pull-down
Schmitt trigger resistors (Note 1)
v" Selection of output drivability.
v' Setting of an interrupt.
The interrupt can also be used to wake up from the Deep Sleep mode
to the Active mode.
For details of the function assignment, the low power consumption
function, and the interrupt, refer to Section 2.4, Section 3.6, and Section
4.6, respectively.
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Pin No. Attribute
Pin name QFN Power supply group Description
Signal direction
Package
1/0 Type
GPIO1 40 VDDIO General-purpose I/O pins.
GPIO2 16 INOUT Following functions can be set by software;
GPIO5 36 Pull-up/Pull-down v" Switch as input or output.
GPIO6 37 resistors v' Connection or disconnection of a pull-up and a pull-down
GPIO7 38 Schmitt trigger resistors (Note 1)
GPIO8 39 v' Selection of output drivability.
GPIO11 35 v' Setting of an interrupt.
GPIO12 34 For details of the function assignment, the low power consumption
GPIO13 25 function, and the interrupt, refer to Section 2.4, Section 3.6, and Section
GPIO16 1 4.6, respectively.
GPIO17 2
GPIO3 30 VDDIO ADC input and general-purpose I/O pins.
GPIO4 29 INJOUT Following functions can be set by software;
GPIO9 28 Pull-up/Pull-down v' Switch of input or output.
GPIO10 26 resistors v/ Connection or disconnection of a pull-up and a pull-down
GPIO14 24 Schmitt trigger resistors (Note 1)
v' Selection of output drivability.
v' Setting of an interrupt.
v" ADC input
For the details of the function assignment, the low power consumption
function, the interrupt, and the ADC, refer to Section 2.4, Section 3.6,
Section 4.6, and Section 4.11, respectively.
SWDCLK 32 VDDIO SWD clock pin.
IN Input pin of the Serial Wire Debug clock.
Pull-up/Pull-down  |When the function is not used, this pin should be open.
resistors
Schmitt trigger
SWDIO 17 VDDIO SWD data pin or Operating mode switching pin.
INOUT Input or output data pin for the Serial Wire Debug.
Pull-up/Pull-down  |When the functions of this pin are not used, this pin should be open.
resistors This pin is also used to switch an operating mode. For the details off
Schmitt trigger switching the operation mode, refer to Section 3.4.
TMODE 4 VDDIO Test setting pin.
IN This pin is used for a manufacturing test. It should be connected to GND
Schmitt trigger when this device is used.
TRTESTA1 9 VDDCORE1 Test pins for analog.
TRTEST2 10 INOUT This pin is used for a manufacturing test. It should be connected to GND
Analog when this device is used.

Note 1: The values of the built-in pull-up and pull-down resistors vary widely; about 20 k< to 100 k<.
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2.4. List of Functions of GPIO Pins

Some GPIO pins are used as multiplexed function pins. They have multiple functions such as a serial interface and others as well
as a general-purpose I/O. The basic setting of the assignment of the function is done at boot timing by the built-in firmware program
in the mask ROM. After boot up, a user application or a proper command from the host CPU can set expected functions to the
corresponding GPIO pins.

Table 2-2 shows the status of each GPIO pin before the built-in firmware finishes the boot setting. And the functions which can be
assigned to each GPIO by a user application program are shown in the same table. Unused pins can be open. “Disable” in the table
means that both the input and output functions are disabled.

Some examples of the function setting are shown in Table 2-3.

Since it is not possible to assign one function to multiple GPIO pins simultaneously, care should be taken in function assignment for
GPIO pins.

For details of the GPIO function, refer also to Section 4.6.

Table 2-2 Multiple functions of GPIO

i 1/O function/Pin stat
Pin name .un o sals - Function 1 Function 2 Function 3 Function 4 ADC
(Function 0) | During reset | Boot setting
GPIO0 Disable/Hi-Z — — — — —
Input/Pull-up
GPIO1 Disable/ or
(Note 1) Pull-up Input/Pull-down
(Note 2)
GPIO2 Disable/Pull-up PWM1 output — — — —
PI-DOUT1 ADCA1
GPIO3 Disable/Hi-Z PWM2 output S — — . C
output input
SPI-DIN1 ADC2
GPIO4 Disable/Hi-Z PWMS3 output ) — — .
input input
GPIO5 Disable/Pull-up (Note 3) UART1-TX output | — — — —
GPIO6 Disable/Pull-up (Note 4) UART1-RXinput | — — — —
12C-SCL1 SPI-SCS1 UART1-RTSX
GPIO7 Disable/Pull-up (Note 5) . — ) —
input and output input and output | output
I2C-SDA1 SPI-SCLK1 UART1-CTSX
GPIO8 Disable/Pull-up (Note 5) . c — S . cTs —
input and output output input
GPIO9 Disable/Hi-Z 120-5CL2 — — — ADC3
input and output input
GPIO10 Disable/Hi-Z _IZC_SDAZ — — — ADCA'
input and output input
GPIO11 Disable/Pull-up _'2C'SC"2 SPIDoUT2 — —
input and output output
12C-SDA2 SPI-DIN2
GPIO12 Disable/Pull-up . ) — — —
input and output input
UART1-RTSX PWMO SPI-SCS2 UART2-RTSX
GPIO13 Disable/Pull-up ) —
output output input and output | output
GPIO14 Disable/HiZ PART1-CTSX SLEEPCLK SPI-SCLK2 pART2-CTSX ADC5
input output output input input
GPIO15 Disable/Hi-Z — — — — —
GPIO16 Disable/Pull-up UART2-TX output | — — — —
GPIO17 Disable/Pull-up UART2-RXinput | — — — —

Note 1: This pin is used to switch an operating mode at the reset deassertion.

Note 2: “Input/Pull-up” in the User-App mode, and “Input/Pull-down” in the HCI mode or the Complete mode.

Note 3: “Disable/Pull-up” in the User-App mode, and “Output” in the HCI mode and the Complete mode. Function 1 is assigned.

Note 4: “Disable/Pull-up” in the User-App mode, and “Input/Pull-up” in the HCI mode and the Complete mode. Function 1 is assigned.
Note 5: When TC35681 is used, Function 1 is assigned in the User-App mode.
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2.4.1. Example of GPIO Function Setting

Table 2-3 shows examples of the GPIO function settings.

Table 2-3 Example of GPIO function setting (QFN package)

Function setting | Function setting1 | Function setting2 | Function setting 3 Function setting 4 Function setting 5
Application UART: 1 channel UART: 1 channel UART: 1 channel UART: 1 channel UART: 1 channel
(4-wire system) (4-wire system) (4-wire system) (4-wire system) (2-wire system)
UART: 1 channel | I°C: 1 channel [’C: 1 channel [’C: 1 channel [’C: 1 channel
(2-wire system) | ADC: 2 channels ADC: 2 channels SPI: 1 channel
SPI: 1 channel PWM: 3 channels | PWM: 3 channels ADC: 2 channels
ADC: 2 channels
PWM: 3 channels
GPIOO GPIOO GPIOO0 GPIOO GPIOO0 GPIOO0
GPIO1 GPIO1 GPIO1 GPIO1 GPIO1 GPIO1
GPIO2 PWM1 PWM1 PWM1 GPIO2 GPIO2
GPIO3 PWM2 PWM2 PWM2 SPI-DOUT1 GPIO3
GPIO4 PWM3 PWM3 PWM3 SPI-DIN1 GPIO4
GPIO5 UART1-TX UART1-TX UART1-TX UART1-TX UART1-TX
GPIO6 UART1-RX UART1-RX UART1-RX UART1-RX UART1-RX
GPIO7 UART1-RTSX UART1-RTSX 12C-SCL1 SPI-SCS1 12C-SCL1
GPIO8 UART1-CTSX UART1-CTSX 12C-SDA1 SPI-SCLK1 12C-SDA1
GPIO9 ADC3 ADC3 ADC3 ADC3 GPIO9
GPIO10 ADC4 ADC4 ADC4 ADC4 GPIO10
GPIO11 SPI-DOUT2 12C-SCL2 GPIO11 12C-SCL2 GPIO11
GPIO12 SPI-DIN2 12C-SDA2 GPIO12 12C-SDA2 GPIO12
GPIO13 SPI-SCS2 GPIO13 UART1-RTSX UART1-RTSX GPIO13
GPIO14 SPI-SCLK2 GPIO14 UART1-CTSX UART1-CTSX GPIO14
GPIO15 GPIO15 GPIO15 GPIO15 GPIO15 GPIO15
GPIO16 UART2-TX GPIO16 GPIO16 GPIO16 GPIO16
GPIO17 UART2-RX GPIO17 GPIO17 GPIO17 GPIO17
15 2018-09-13
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2.4.2. Limitation on Assignment of UART Function to GPIO

The UART which can be assigned to GPIO in TC35680/TC35681 is shown in Table 2-4. The GPIO’s which can be assigned to the

UART interface depend on an operating mode.

Table 2-4 GPIO assignment of 2 UART interfaces (QFN package)

Operating mode HCI mode/Complete mode User-App mode
UART1-TX GPIO5 is used. (Non-modifiable) GPIO5 can be used.
UART1-RX GPIOG6 is used. (Non-modifiable) GPIO6 can be used.
UART1-RTSX | Only GPIO7 can be used. Either GPIO7 or GPIO13 can be used. (Note 1)
UART1-CTSX | Only GPIO8 can be used. Either GPIO8 or GPIO14 can be used. (Note 1)
UART2-TX Not assigned GPIO16 can be used.
UART2-RX Not assigned GPIO17 can be used.
UART2-RTSX | Not assigned GPIO13 can be used. (Note 1)
UART2-CTSX | Not assigned GPIO14 can be used. (Note 1)

Note 1: GPIO13 cannot be assigned to both UART1-RTSX and UART2-RTSX at the same time.
GPIO14 cannot be assigned to both UART1-CTSX and UART2-CTSX at the same time.

2.4.3. Limitation on Assignment of I°C Function to GPIO

TC35681 uses GPIO7 and GPIO8 as the channel 1 of IC1 interface to an EEPROM which stores a user application program.

Another channel of the IC interface cannot be assigned in the start-up sequence.

Table 2-5 Assignment of 2 I’C interfaces

Product TC35680 TC35681
Operating mode Col—r|n(;)lleTeogneé de User-App mode Col—rL(;ller;eord;]eo/ de User-App mode
12C-SCL1 GPIO7 can be used. GPIO7 can be used. GPIO7 is used. (Non-modifiable)
I2C-SDA1 GPIO8 can be used. GPIO8 can be used. GPIO8 is used. (Non-modifiable)
I2C-SCL2 GPI09 and GPIO11 can be used. GPI09 and GPIO11 can be used.
I2C-SDA2 GP1010 and GPIO12 can be used. GP1010 and GPIO12 can be used.

16
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2.5. Power Supply Pins

The attribute and the normal operation voltage of each power supply pin are shown in Table 2-6.

Table 2-6 Power supply pin

Pin No. Attribute
Pin name QFN Type Description
Package VDD/GND
VDD/GND
VPGM 5 TEST Power supply pin for test.

— This pin should be connected to GND.

VBAT 18 VBAT Power supply pin for DC/DC converter/LDO regulator and the

VDD sleep circuit.

An external power supply should be connected to this pin to
operate the built-in DC/DC converter and LDO regulator.
LX 19 VBAT DC/DC converter output pin.

VDD When the DC/DC converter is used, the power is supplied to
VDDCORE1 and VDDCORE2 from this pin. An external coil
for the DC/DC converter should be connected.

For details, refer to Section 4.4.
Any other use is not possible.
VDDCORE1 14 — Power supply input pin for the analog circuit.

VDD The LX pin supplies power when the DC/DC converter is
used. And the VDDCORE?2 pin supplies power when the
transition to a low power mode is done or when the LDO is
used. This pin should be connected to the VDDCORE2 pin.
For details, refer to Section 4.4.

Any other use is not possible.
VDDCORE2 15 — A feedback input pin for the DC/DC converter. It is also a

VDD power supply pin for the analog and digital circuits, and the
output pin of the built-in LDO regulator, as well.

When the DC/DC converter is used, this pin is a feedback
input pin. A coil should be connected between this pin and the
LX pin. When the built-in LDO regulator is used, this pin is an
output pin of the regulator. The internal circuits connected to
VDDCORE1 and VDDCORE2 are supplied with the power.
For details, refer to Section 4.4.

Any other use is not possible.

VDDIO 23 VDDIO Power supply pin for I/O.

VDD The power of the proper voltage for the GPIO circuits should
be supplied. The voltage should not exceed the VBAT value.
For details, refer to Section 4.4.

Any other use is not possible.
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Pin No. Attribute
Pin name QFN Type Description
Package VDD/GND
VDD/GND
VDDIOFQ 27 VDDIOFQ (Only TC35680)
VDD This pin should be connected to an external capacitor for the
power supply of the built-in Flash memory (output).
This pin is connected to the power supply of the built-in Flash
memory. A load capacitor of 0.1 uF or more in the operation
temperature range should be connected for the LDO
regulator.
Any other use is not possible.
VSSD1 27 Digital (Only TC35681)
GND This pin should be connected to GND.
VSSA 8 Analog GND pin for the analog circuits.
GND This pin should be connected to GND.
VSSRFIO 6 Analog GND pin for RFIO.
GND This pin should be connected to GND.
VSSX 13 Analog GND pin for OSC.
GND This pin should be connected to GND.
VSSDC 20 Digital GND pin for the DC/DC converter.
GND This pin should be connected to GND.
VSSD FIN Digital Die pad GND (FIN).
VSSD2(Note1) GND This pin is shared with the GND of the digital circuits.
The die pad on the bottom of the package should be
connected to GND.

Note1:0nly TC35681

18 2018-09-13



TOSHIBA

TC35680FSG-002/TC35681FSG-002

3. Device Overview

3.1. Internal Block Diagram
The intemal block diagrams of TC35680 and TC35681 are shown in Figure 3-1 and Figure 3-2, respectively. An example of

connection of main components is shown in each figure, as well.

HOST
I/F
N
Il ....... II ....... |I ................ | l .......................... Baseband VBAT
T ,.4..“.S?|?‘?t9'7 .............................. ] Block |« 1.9 to
AR A L 7 36V
32kHz LL || Ma:;)gv;?rl;ent > LDO |«¢
X'tal [TT| ClockGen/ 2 Unit
Clock UART SPI rc PWM GPIO RTC Timer ADC
32 MH Management 2ch 2ch 2ch 4ch 6ch  |€—VDDCORE2
i € vBAT o1»| DC/DC |«
A A Rel 4 [ >
o o e o e o
= T 1 T 1 1% O
»( LDOF |«
RF PLL Mod Arm® Mask RAM TRNG Flash
0GEM 1| Cortex®-Mo ROM Memory |¢ |
RF Block
. J

Figure 3-1 Internal block diagram of TC35680 and an example of connection of main components

HOST External
IIF EEPROM
N
|| ....... Il ....... H ....... H ....... H ................................ . Baseband VBAT
e Selector © Block | »—-1.8t0
JUIpa T dY N7 36V
Power
32kHz | { | Management > LDO
X'tal [T|| ClockGen/ 2 Unit
Clock | UART | SPL Q1S 1 PAM gpio | RTC | Timer | A0° ]
32 MHz Management | 2¢h ch ch |l 4ch ch  [€-vppcoRre2 |
X'tal € vBAT o[> DC/IDC
Ref
¥ F A A% A&k KX AKX K K X% T,
e e R A R ¥y o [ 3
A\ A <
T y v i T i v
RF PLL Arm® Mask
Modem Cortex®-M0 ROM RAM TRNG
RF Block
\_ J

Figure 3-2 Internal block diagram of TC35681 and an example of connection of main components
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3.1.1. Power Supply System
TC35680/TC35681 integrate a DC/DC converter and multiple LDO regulators. Many circuits in the device are supplied with power
from step-down power supply. Power Management Unit (PMU) switches the power supplies dynamically and controls the output
voltage to optimize power efficiency according to low power modes.
The power dedicated to the digital interface can be supplied on the VDDIO pin. So system design or user application need not care
about the power control done by the PMU.
For details of the power supply system, refer also to Section 3.6 and Section 4.4.

3.1.2. Clock System

The frequency of the reference operation clock is 32 MHz. And the frequency of the sleep clock is 32.768 kHz. Each clock circuit has
its own clock divider, so each block including the CPU can be supplied with an optimized clock. For the setting parameters for each
block, refer to the function description in Chapter 4. For the details of the reference clock and the sleep clock, refer to Section 4.12
and Section 4.13, respectively.

The source of the sleep clock of TC35680/TC35681 can be selected from among the following three clock sources. At start-up, the
built-in silicon oscillator (hereafter, SIOSC) is used.

> SiOSC

»  Crystal resonator (A crystal oscillation circuit is used.)

»  Extemal sleep clock input

The frequency accuracy of the SIOSC is not compliant with the Bluetooth® connection. It cannot be used for the application which
executes the Bluetooth® connection. The SIOSC can be used for application which includes advertising only, and others.
For the details of the sleep clock, refer to Section 4.13.
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3.1.3. Hardware Start-up Sequence
The sequence of the start-up of the power supply and the reset deassertion are shown in Figure 3-3. For sequence of the start-up of

the built-in firmware, refer to Section 3.5. For details of the reset, refer to Section 4.5.

The VBAT power should be supplied first. The VDDIO power can be supplied simultaneously. The voltage of the VDDIO, however,
should not exceed the voltage of the VBAT. The reset should be deasserted after the voltage of the VBAT reaches the minimum
value of VBATopr in Section 5.2 and the voltage of the VDDIO also reaches the minimum value of VDDIOopr.

When the reset is deasserted, the crystal oscillator for the reference clock starts to operate.

And the SIOSC starts oscillating to supply the sleep clock.

The reference clock should become stable in 1.5 ms for a circuit of TC35680/TC35681. Itis needed that a stable time of the reference
clock keeps within1.5 ms

VBAT power supply ‘ :/ Minimum value of VBATopr at start-up (Section 5.2)

VDDIO power supply Never be VBAT < VDDIO.

Boot completion : Operation start

Reset signal
oo sona —Reset deassertion is necessary after VDDIO becomes stable.
Built-in LDO regulator and
DC/DC s
DC/DC converter G;e o ONo> ﬁ‘
LDO ot OI\TJ After the sleep clock is detected, PMU switches it.
reguiator (Temporal transition to the Sleep mode;
Boot start
Reference clock i m ﬁ
Oscillation Oscillation
Sleep clock
(SI0SC) K Oscillation

Figure 3-3 Hardware start-up sequence
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3.2. System Configuration and Operating Mode
TC35680/TC35681 support two system configurations and three operating modes, as shown in Figure 3-4.
®  System configuration
»  Configuration that this device is controlled by an external host CPU (Host-controlled system)
»  Configuration that this device is controlled by its own CPU using a user application program (Standalone system)

®  Operating mode

»  Controlled by HCI/Extended HCI commands in the Host-controlled system (HCI mode).

»  Controlled by TCU commands in the Host-controlled system (Complete mode).

»  Controlled by the built-in CPU in TC35680 or TC35681 using a user application program (User-App mode)
Following 3 methods are available to download a user application program;
v" Download from the built-in Flash memory (TC35680)
v" Download from an external EEPROM (TC35681)
v" Download via the UART interface (TC35680/TC35681)

For the details of the selection of the operating mode, refer to Section 3.4.

B HCI mode/Complete mode B User-App mode
Controlled by a host CPU. Controlled by a user application program in the built-in Flash ROM,

an external EEPROM, or a Host CPU.

HCl or TCU
Host CPU Commands TC35680/

TC35681

TC35680/TC35681

Built-in Flash
e )=

(TC35680)

UART

Extemal
EEPROM

Host CPU

(TC35681)

(TC35680/
TC35681)

Hesal B0

Usar-App

UART

GATT T O(ﬂ\mehn GAP
ATT SMP | | :
| : (5GP : | | L |
|
| Tntamal AT I | Internal HC1 |
| |
| LT AT I | Link laysr |
|
| F m!mm | | ARl |

Figure 3-4 Example of system configuration of TC35680/TC35681
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3.3. System Configuration
3.3.1. Standalone System
When the standalone system is configured, a user application program should be stored in the built-in Flash memory (TC35680) or
an external EEPROM (TC35681) in the User-App mode.
In the User-App mode, a boot loader in the mask ROM reads the user application program from the built-in Flash memory or an
external EEPROM and writes to the RAM in the standalone system, then the user application program is executed. An extemal CPU
is not necessary in the system. Then, the standalone operation is enabled.

3.3.2. Host-Controlled System
The host-controlled system can be configured by the following three methods;
v' Using the HCI mode.
v' Using the Complete mode.
v' Using the User-App mode.

The built-in firmware is used to configure the system in the HCI and the Complete modes.

In the User-App mode, a user application program is executed by the CPU in TC35680/TC35681. And in the system, the host can
operate together with it.
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3.4. Selection and Setting of Operating Mode
The following two methods are available to set an operating mode.
v/ Setting is done by the status of the GPIO1 and SWDIO pins at start-up
v/ Setting is done by the HCI_SET_MODE command after start-up in the HCl mode. (The Complete mode or the User-App
mode can be selected.)

Table 3-1 shows the application of each operating mode and its setting at start-up.

When the User-App mode is selected at start-up, it is not possible to switch directly to the HCI mode. A restart (a hardware reset
assertion) is necessary to switch from the User-App mode or the Complete mode to another operating mode.

Table 3-1 Application of each operating mode and its setting at start-up

, Setting at start-up _—
Operating mode GPIO1 SWDIO Application
User-App mode H — v' Execution of a user application program
HCI mode L H v RFtest
v" Radio Frequency (RF) Certification test
v' Bluetooth® Qualification test
v" Programming of a user application program (firmware)
v" Control by HCI/Extended HCI commands
Complete mode L H v" Device control by TCU commands
(Control commands in the GATT/SM layer)
Test mode L L This setting is prohibited.

Note: The built-in firmware assigns the input function with the pull-up resistor ON to the GPIO1 pin at start-up. So, when the pin is open
at start-up, the User-App mode is selected. When the setting pins are pulled down with external resistors, respectively, the values
of the resistors should be sufficiently lower than the values of the intemnal pull-up resistors. 1 kQ, for example, is OK.
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3.4.1. HCI Mode
In the HCI mode, a host CPU controls TC35680/TC35681 using the HCI commands and the Extended HCI commands which are

stored in the built-in firmware. The host CPU is connected to TC35680/TC35681 with the UART interface. The HCI mode is used for
the following purposes;
»  TC35680/TC35681 are controlled using the HCl commands and the Extended HCl commands.
Bluetooth® Qualification test and Radio Frequency (RF) Certification test in different countries and regions.

>
»  Auser application program (firmware) is programmed to the built-in Flash memory.
»  RFtestis done.

>

The operating mode is changed by the HCl command.
The program for the HCI mode is stored in the mask ROM as a built-in firmware. So, in HCI mode, the TC35680/TC35681 do not
execute a user application program which is executed by the CPU of the TC35680/TC35681. After start-up, the GPIO5 pin (UART1-

TX) and the GPOO6 pin (UART1-RX) are assigned to the UART interface pins by the built-in firmware.

The initial setting of the UART interface in the HCI mode is shown in Table 3-2.

Table 3-2 Initial setting of UART interface in HCI mode

Baud rate 115.2 kbps
Parity bit None

Data length 8 bits

Stop bit 1 bit

Flow control None
Protocol HCI

3.4.2. Complete Mode

After start-up in the HCI mode, a proper command can switch to the Complete mode. Then a TCU command can be used to control
the system. The TCU command is a control API in the GATT/SM layer, and it is stored in the mask ROM.
The HCI_SET_MODE command is used to switch the HCI mode to the Complete mode.

3.4.3. User-App Mode
In the User-App mode, a user application program is executed by the CPU in TC35680/TC35681. The user application program can

use the Bluetooth® Low Energy protocol stack and a hardware control AP in the built-in firmware. In this document, the control
function that can be used in the User-App mode is described as “API”.
TC35680/TC35681 download a user application program with one of the following methods, and execute the program.
v" Download of the user application program which is stored in the built-in Flash memory (TC35680) or an external EEPROM
(TC35681) in the proper format
v" Download of a user application program from the host CPU via the UART interface

The storage memory of a user application program is the built-in Flash memory in TC35680 or an extemal EEROM for T35681.
TC35681 and the EEPROM should be connected with the I2C interface (GPIO7 and GPIO8).

A user application program cannot occupy all resources of the CPU. The built-in firmware also uses resources of the CPU. So user
should fully evaluate that a desired functions are executed as expected and the performance reaches the target level.
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3.5. Start-up Sequence
The boot loader and the built-in firmware in TC35680/TC35681 recognize the operating mode and complete the start-up procedure,

as shown in Figure 3-5.

The download procedure via the UART interface and the execution procedure are done by the HClI command after
TC35680/TC35681 start up in the HCI mode.

3.5.1. Details of Start-up Sequence
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(18)
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(20)

Reset is deasserted.

“enable” or “disable” setting of SWD in this device is checked.

When the result is “disable”, the SWD function is set to disabled.

When the result is “enable”, the SWD function is set to enabled.

The firmware start-up is executed.

The password for the SWD in the built-in Flash memory is checked.

When the password for the SWD is stored in the built-in Flash memory, an access to the built-in Flash memory and RAM
spaces are restricted.

When the password for the SWD is not stored in the built-in Flash memory, the SWD is set to being enabled.

The presence of the auto-patch programs are checked.

v" For the details of the auto-patch function, refer to Section 4.16.

When the auto-patch programs are present in the built-in Flash memory or the external EEPROM, the auto-patch
programs are adopted.

When the auto-patch programs have been adopted or when the auto-patch programs are not present, the status of the
GPIO1 pin is checked.

When the GPIO1 pin is Low, the status of the SWDIO pin is checked.

When the SWDIO pin is Low, this device enters a test mode. This setting is not usable.

When the SWDIO pin is High, this device starts up in the HCl mode.

When the GPIO1 pin is High, “Check word” in the user application program stored in the built-in Flash memory or the
external EEPROM is read.

A match between “Check word” and a preset value is checked.

When “Check word” does not match with the preset value, this device starts up in the HCI mode.

When “Check word” matches with the preset value, the user application program in the built-in Flash memory or the
external EEPROM is downloaded to TC35680/TC35681.

A checksum value stored in the built-in Flash memory or the extemal EEPROM is compared with the checksum value
which is calculated using the downloaded user application program.

When those checksum values matched, the built-in firmware executes the user application program.

When those checksum values did not match, the error occurs. The hardware reset is needed.

26 2018-09-13



TOSHIBA

TC35680FSG-002/TC35681FSG-002

( (1) Reset release )

(2) SWD option

Invalid

\ 4
|  (@swDdsabe | | @swpenabee

&
w

A
| (5) Beginning of Firmware boot-up |

(6) Password check Blank (0x0000- -+ or OxFFFF:--)

in Flash memory

Stored in Flash Memory
(7) Restrict access to builtin Flash v

memory and RAM (8) SWD enable
[

Auto patch programs are present in Flash
(9)Auto patch memory or external EEPROM

programs

ckin N (10) Execute auto patch
No patch prograrr:
L L: Test mode
(11) GPIO1 check > (12) SWDIO check
SRRSO oot koo \ H:HCl mode
See NVM control section in “Programming v
Guide” for detail. (13) Test mode
(15) Read "Check Word" in built-in :
Flash memory or external
EEPROM
Not OK
(16) Check word check >
(17) Load User-App from built-in
Flash memory or external
EEPROM to
TC35680/TC35681
Not OK
(18) Checksum check
\ 4 A 4
| (19) Start User-App | (20) Error (Hardware reset (14) HCI mode (Note 1)
is required to (UART)

recovery.)

(Note 1) Complete mode is available.

Figure 3-5 TC35680/TC35681 boot sequence
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3.6. Low Power System
TC35680/TC35681 support the following three low power modes to save power consumption.

»  Sleep
»  Backup
»  Deep Sleep

The power consumption decreases in the order of the Sleep, the Backup, and the Deep Sleep modes. The lowest power
consumption is realized in the Deep Sleep mode.

The low power consumption function are independent of the operation mode (the HCI mode, the Complete mode or the User-App
mode).

3.6.1. State Transition
Figure 3-6 shows the state transition diagram of TC35680/TC35681. There are three main states.
»  Active mode
»  Reset
»  Low power mode

The Active mode is a normal operating state. The Reset is the state when a hardware reset is asserted. The Low power mode is
either the Sleep, the Backup or the Deep Sleep state.

In this document, the transition from the Low power mode to the Active mode is defined as “Wake-up”. And the transition from the
Active mode to the Low power mode is defined as “Sleeping”.

The transition from the Active mode to the Low power mode can be done by Sleeping. The direct transition among the low power
states is not possible.

Boot Active
mode

Wake-up

Low power mode

Sleep Backup
State State

Deep Sleep
State

Reset

]

Reset

Figure 3-6 State transition diagram
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3.6.2. Available Functions in Each Low Power Mode
Available functions in each low power mode are shown in Table 3-3.

A suitable low power mode should be selected. For the details of the current consumption, refer to Section 5.3.

Table 3-3 Available functions

Function Active mode Sleep mode Backup mode Deep Sleep mode (Note 1)
Reference clock Oscillation Stop Stop Stop
Sleep clock Oscillation Oscillation Oscillation Stop
CPU power supply ON ON OFF OFF
CPU clock 16 MHz/32 MHz Stop Stop Stop
DC/DC converter: 1.2V LDO regulator: 0.85V LDO regulator; 0.85 V DC/DC converter: OFF
Built-in power supply (Commodity devices) or LDO regulator: OFF
LDO regulator: 1.2V
(Customized devices)
Whole data is retained. Whole or part of the data Whole or part of the data No data before entering this
before entering this mode is | before entering this mode is | mode is retained. (Note 2)
RAM retained. retained.
Or, no data is retained. Or, no data is retained.
(Note 2) (Note 2)
TC35680/TC35681 do not
Connection Available enter this mode during
communicating.
TC35680/TC35681 do not
Bluletooth® Scan Available Available enter this que during Not available
wireless scanning.
Advertise Available Available (Note3)
TC35680/TC35681 do not
Initiating Available enter this mode during
initiating.
Hardware reset Available Available Available Available
Except the ANYKEY wake-up, the GPIO0 wake-up and the | Except the GPIO0 wake-up
GPIO15 wake-up, other GPIO functions are not executed in | and the GPIO15 wake-up,
GPIO Available this mode. After a wake-up, the settings before entering this | other GPIQ fupctions are not
mode are resumed. executed in this mode.
Before entering this mode,
the status is retained.
This IC does not enter this mode during communication. In
this mode, any UART functions are not executed. Only
UART Available when the API described in the “Programming Guide” is used Deactivated.
to control the UART, the settings before entering this mode
are resumed.
This IC does not enter this mode during communication. In
Pl Available this mode, any SEI functions are n_ot exgcuted. Aftera Deactivated.
wake-up, the settings before entering this mode are
resumed.
This IC does not enter this mode during communication. In
[2c Available this mode, any I?C functions are not executed. After a wake- Deactivated.
up, the settings before entering this mode are resumed.
Before entering this mode, this PWM function should be
PWM Available stopped. After wake-up, the settings before entering this Deactivated.
mode are resumed.
This IC does not enter this mode during ADC is operated. In
ADC Available this mode, ADC functions are not executed. After wake-up, Deactivated.

the settings before entering this mode are resumed.
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Function Active mode Sleep mode Backup mode Deep Sleep mode (Note 1)
g:zlc?uli:sn together with a In this mode, TRNG functions are not executed. The
TRNG . 9 . random number seed before entering this mode is not Deactivated.
wireless communication is
resumed after a wake-up.
not recommended.)
Sleep cloc.k output Available In this mode, this functlo.n is ngt executed. After a wake-up, Deaciivated.
function the settings before entering this mode are resumed.
In this mode, functions of BCTIMER and GTIMER are not
BCTIMER and GTIMER Available executed. After a wake-up, the settings before entering this Deactivated.
mode are resumed and each counter is initialized.
OS timer . .
(1-second timer and Available Available Tt_us oS tlmer. does not. enter Deactivated.
. this mode during counting.
1-ms timer)
RTC Available Available Deactivated.
In this mode, WDT functions are not executed. After wake-
WDT Available up, the settings before entering this mode are resumed and Deactivated.
the counter is initialized.
In this mode, DMAC functions are not executed. Only when
i ®
DMAC Available the API .|s used to cF)ntroI the UART .or thg Bluetooth Deactivated.
connection, the settings before entering this mode are
resumed.
SWD Available Deactivated. Deactivated.
This IC does not enter this mode when the accessing to the
Built-in Flash memory Available built-in Flash memory is opened Deaciivated.

(Note 4)

(“SYS_API_QSPI_SrorageClose()” or
"SYS_API_QSPIDirectStorageClose() is not done)’”.

Note 1: The same procedure is necessary as the procedure for the return from the cold boot, after the Deep Sleep mode id switched

to the Active mode.

Note 2: The same procedure is necessary as the procedure for the return from the cold boot, when the RAM data has not been

retained before entering this mode.

Note 3: In the case that the auto-advertise function is used. For the details, refer to Section 4.3.
Note 4: Only for TC35680.
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3.6.3. Condition on Transition to Low Power Mode
The transiton to a low power mode is enabled by the HCI command “HCI_M2_BTL LOW_POWER_MODE” and API
“SYS_API_SetBlesglSleepCitri()". The several low power modes can be enabled.

When a multiple low power modes are enabled, TC35680/TC35681 can select among them the smallest power mode which meets
the conditions.

TC35680/TC35681 transition to a low power mode automatically when all the following conditions are met.

>

>
>
>

A\

Transition to one or more low power modes is enabled.

The other tasks which are controlled by the built-in firmware are in the idle state.

When GPIO0 or GPIO15 is set to a wake-up input, an appropriate signal is input to the pin.

Neither UART, SP, nor I°C interface transfers any data.

v' Ifthe UART is not transfering just using “uart1_Open()”, the transition to a low power mode can be done.

AD convertor is not operated.

The accessing to built-in Flash memory is closed. (“SYS_API_QSPI_SrorageClose()” or
“SYS_API_QSPIDirectStorageClose()” is done.)

Bluetooth®Advertising is not ongoing (the condition to transit to the Deep Sleep mode).

The Bluetooth® connection has not been established (the condition to transit to the Backup or the Deep Sleep mode).

The followings are the conditions to transit to a low power mode in the User-App mode.

>
>

The user application task waits for an event using the API1 “OS_API_WaitEventFIg()”.
Neither 1-second timer nor 1-ms timer operates (the condition to transit to the Backup or the Deep Sleep mode).
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3.6.4. Condition on Return from Low Power Mode

The low power mode of TC35680/TC35681 can be enabled to switch to the Active mode by the following condition.
v" One of the triggers in Table 3-4 occurs in the corresponding low power mode.

Even if TC35680/TC35681 is in the Low power mode, they temporarily retumn to the Active mode at the timing of the Bluetooth®

connection or the timing of Advertising or Scanning without the wake-up notification to the host CPU and user application. After
executing the communicating, they enter the Low power mode again.

Table 3-4 Wake-up and boot factors

Sleep mode

Backup mode

Deep Sleep mode

Reset mode

v'GPIOQ interrupt or GPIO15 interrupt

v' ANYKEY wake-up interrupt

v'RTC alarm

v Expiration of the counter of the
1-second timer or the 1-ms timer.

v' Reception of a packet from a remote
device.

v'Hardware reset deassertion.

v One hour elapses after the transition
to the Sleep mode. (Note 2)

v'GPIOQ interrupt or GPIO15 interrupt

v' ANYKEY wake-up interrupt

v'RTC alarm

v’ Connection request from a remote
device (Note 3)

v The number of the auto-advertising
becomes a set value. (Note 1)

v'Hardware reset deassertion

v GPIOOQ interrupt or GPIO15 interrupt
v Hardware reset deassertion

v'Hardware reset
deassertion

Note 1: When the Auto-Advertising function is set before the transition to the Backup mode, TC35680/TC35681 wake up themselves
after a set number of the Advertising packets are transmitted.

Note 2: If there is counter which can count more than one hour using the 1-second timer, TC35680/TC35681 wake up themselves
temporarily every hour in the Sleep mode. This wake-up notification isn't sent to the user application. The time interval cannot
be changed.

Note 3: In the case that the Auto-Advertising function is used. For the details, refer to Section 4.3.

3.6.5. Acquisition of Wake-up Factor and Return from Low Power Mode
The user application can acquire a wake-up factor by using the APl “SYS_API_GetWakeUpCauseValue()'. After the acquisition of
the wake-up factor, a proper procedure in the user software program should be done. For details of the wake-up factors and the API,
refer to the “Programming Guide”.
The procedure for wake-up in the Deep Sleep mode is the same as that of the cold boot. It can be recognized that the wake-up is
done at the Deep Sleep mode.

If the retention of the RAM data is not set before Sleeping, the data is lost at the wake-up in a low power mode.
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4. Functions

4.1. Bluetooth® Wireless Communication
For_certain_comer_cases, either the industry standard of its _implementation for Bluetooth® connection functions in
TC35680/TC35681 series has some known issue. The issues and their countermeasures are summarized in Known Issues
document which a user should refer to.
The Bluetooth® connection is performed by the hardware which is configured by an RF circuit and a baseband circuit as well as
the built-in firmware. The wireless communication can be realized by this device and the external components such as a crystal
resonator and other discrete devices.

4.1.1. Supported Functions
The list of the functions supported by TC35680/TC35681 is shown in Table 4-1.

TC35680/TC35681 of ROM version 002 operates as the Central or the Peripheral and they are connected to one device.

Table 4-1 List of supported functions

S Description Notes
spec. feature

v4.0 features Central Supported
Peripheral Supported
Multi point connections Not supported
Connection Update Supported
Random Address Supported
WhiteList Supported
Security Property (Just Works) Supported
Security Property (PassKey Entry) Supported
Security Property (OOB) Not supported
Security Property (Numeric Comparison) Supported
GATT-Client Supported
GATT-Server Supported
Broadcaster Supported
Observer Supported

v4.1 features Low Duty Cycle Directed Advertising Supported
32-bit UUID supportin LE Supported
LE L2CAP Connection Oriented Channel Support Not supported
LE Privacy v1.1 Not supported
Connection Parameter Request Procedure Supported
Extended Reject Indication Supported
Slave-initiated Features Exchange Supported
LE Ping Supported
Act as LE Master and LE Slave at the same time Not Supported
Act as LE Slave to more than one LE Master at the same time Not Supported

v4.2 features LE Data Packet Length Extension (Max payload length 255 bytes) Supported
LE Secure Connections Supported
Link Layer Privacy Supported
Link Layer Extended Scanner Filter Policies Supported

v5.0 features LE 2M PHY Supported
LE Coded PHY Supported
Channel Selection Algorithm #2 Supported
LE Extended Advertising(Max 1650 bytes) Supported
LE Extended Scanning(Max 1650 bytes) Supported
Stable Modulation Index - Transmitter Not supported
Stable Modulation Index - Receiver Not supported
LE Periodic Advertising Not supported
Minimum Number of Used Channels Procedure Supported
High Duty Cycle Non-Connectable Advertising Supported
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4.1.2. RF Function
The RF function in TC35680/TC35681 has the following features;

»  Built-in transmission and reception circuits

TC35680FSG-002/TC35681FSG-002

»  Built-in balun

»  Built-in RF switch circuit

»  Output power setting

»  =*2dB (typical) accuracy for the receive signal level

The impedance matching can be done by connecting a proper capacitor between the RFIO pin and GND. The signal of this pin has
a DC bias during communication. It is recommended that a series capacitor should be connected to cut the DC bias. For details,
refer to the design guide in the “Hardware Application Note” of this device.

4.2. Output Power Setting
The output power can be selected from among +8, +7, +6, +4, 0, -6, and -20 dBm (typ.) using the HCI command or the API

“SYS_API_SetTransmitPowerlevel()”. The default value is +8 dBm.
This function can set a specific output power for a recipient device.
The RSSI has an accuracy of %2 dB (typ.) for the input signal strength in the range of -90 to -10 dBm.

4.3. Auto-advertise Function
The auto-advertise function repeatedly transfers an Advertising packet with very low power consumption (except for Extended
Advertising operation) in the Backup mode.
The auto-advertise function has the following features;
»  AnAdvertising packet is transmitted with a set interval time in the Backup mode.
»  The scan request and the connection request are accepted while this function is executed.
»  When the scan request is received, a preset scan response data is transmitted by the corresponding hardware.
»  When the connection request is received, TC35680/TC35681 wakes up from Backup mode and retum to Active mode.
Then the software procedure can be executed.
»  The interval time of the transmission and the transmission count of the Advertising packet can be set. After the set
count of Advertising packets have been transmitted, the CPU starts up.
v' This function is convenient for the CPU to execute a low frequency procedure such as detection of the low voltage
of a battery and others.

The advertisement count in the Backup mode can be set by the HCl command “HCI_M2_BTL_SET_BACKUP_AUTO_WAKEUP”
orthe API “SYS_API_SetDozel AdverisingCount()”. The set value is 0 to OxFFFFFFFF. When 0O is set, the advertising continues until
any other factor suspends it. The initial value is 0.

The following conditions are necessary to execute this function.
»  The conditions to enter the Backup mode are met.
»  Valid set of conditions to start the auto-advertise are configured and advertising starts.
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4.4. Power Supply

4.4.1. VBAT and VDDIO
TC35680/TC35681 have a main power supply VBAT and an I/O power supply VDDIO. VBAT and VDDIO can be supplied with one

power source or with individual power sources.
When the source of the VDDIO is different from the source of the VBAT, the voltage of the VDDIO should not exceed the voltage of
the VBAT. For each range of the operation voltage, refer to Section 5.2. For the example of the connection, refer to Chapter 6.

4.4.2. Voltage Step-Down DC/DC Converter and LDO Regulator
TC35680/TC35681 integrate a DC/DC converter and multiple LDO regulators. The DC/DC converter or the LDO regulator can be
selected as the power supply source in the normal operating mode (the Active mode). The selection is done at the shipment of a
device. So, it cannot be done by an extemal control in software. A commodity product uses the DC/DC converter. The LDO
regulator can be used by a customized product.
The DC/DC converter reduces the power consumption. It needs an external inductor. On the other hand, the LDO regulator needs
no inductors, which reduces some discrete components and the area of the board. The power source should be selected to
optimize the performance of the application system.
As a low power consumption function, the PMU switches automatically the power source between the DC/DC converter and the
LDO regulator to save power efficiently. And it changes the voltage of the source at the same time to reduce more power
consumption. When a user only sets a mode of a low power consumption function, the PMU controls the power source
automatically to save the power. For the details of the low power consumption function, refer to Section 3.6. And, for the details of
the output voltage, refer to Chapter 5.
Table 4-2 shows the output and input pins of the power supply when the DC/DC converter or the LDO regulator is used.

Table 4-2 Input and output pins of power supply

Pin name DC/DC converter operation LDO regulator operation
LX Output Hi-Z
VDDCORE1 Input Input
VDDCORE2 Input Output

When the output power of the RF wireless communication is 8 dBm, it is strongly recommended that a proper LC filter is connected
to the VDDCORE1 and VDDCOREZ2 pins, respectively, to reduce the noise which affects the RF characteristics. The details of the
connection of the LC filter, refer to Chapter 6 and the “Hardware Application Note”.
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45. Reset Interface
451. Feature

The reset interface has the following features;
»  Reference I/O power supply: VDDIO
»  Level sensitive asynchronous reset (Low level is active.)

After the power is supplied, the external reset signal should be deasserted (RESETX pin = High) when the VBAT reaches the
minimum value of the VBATopr shown in Section 5.2 and the VDDIO reaches the minimum value of the VDDIOopr. After the extemal
reset is deasserted, the crystal resonator of the reference clock starts oscillation. The internal reset is deasserted after the time interval
for the oscillation of a crystal resonator stability elapses (a built-in timer measures the interval).

The reset signal, RESETX should be asserted (Low level) for 1 us or more.

4.5.2. Connection Example
The reset signal can be generated by an RC time constant circuit or can be supplied by the device which generates a level sensitive

asynchronous reset signal. The RC time constant circuit can generate a delay signal for the start-up of the power supply.

“Reset in the User-App mode” in Figure 4-1 shows an example of this connection.

And “Reset by Host CPU” in Figure 4-1 shows an example of the connection of the device which generates a level sensitive
asynchronous reset signal. When a JTAG emulator is connected, the reset pin of the host CPU is connected to the reset pin of the
JTAG emulator using a wired-OR connection. The reset of this device is asserted by the low level output of either the host CPU or
the JTAG emulator.

B Resetin User-App mode
RC time constant circuit
L Reset Fm==—---------- '
| l < Power suppl
1 ! W
TC35680/ ! : i
TC35681 | % :
m Reset by Host CPU
VDDIO
JTAG emulator
TC35680/ Reset
TC35681 Wired-OR
Host CPU
Note: The circuits in the diagram of connection example are simplified and omit details.

Figure 4-1 Example of Reset signal connection
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4.6. General-purpose I/O (GPIO) Function
4.6.1. Feature
The GPIO pin has the following features;
v" Reference I/O power supply: VDDIO
Pin number: 18 for QFN package
General-purpose I/O function. The ON/OFF control of input and output can be done individually.
Reading input data and writing output data can be done for each pin or a group of several pins.

SSENEENIRN

Interrupt function is supported. The detection method can be selected from among the followings;
<~ Edge detection (a rising edge, a falling edge, and both edges)
< Level detection (High level and Low level)

v' Built-in programmable pull-up and pull-down resistors.
v" Output drive current can be selected (1 mA, 1.5 mA (initial), 2 mA, and 4 mA).
v' Before the transition to a low power mode, each GPIO holds the status of the I/O (I/O latch function).

The diagram of the GPIO pin which supports an ADC input signal is shown in Figure 4-2.

T T T T T T T

' |

' |

_ | ON/OFF [ |

Pull-up register control » !

' |

| Output control | |
Output signal ‘ *—9& : Z IC pin

Input signal I I

|

| Input control | |

R —t — :

Pull-down resister control :: ON/OFF ll_o I

|

' |

' |

| 77

S a4

Figure 4-2 Diagram of the GPIO which supports ADC input signal
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4.6.2. GPIO Pin Setting
The following settings of each GPIO pin can be done by software. And they are also held after this device enters a low power mode.
The setting method of the GPIO function is shown in Table 4-3.

v" Some GPIO pins have multiplexed functions. For details, refer to Section 2.4. The general-purpose I/O (GPIO)
function can be assigned by setting the function 0.

v' The input or output function can be assigned to a GPIO pin.

v" The input of each GPIO can be enabled or disabled. \WWhen another multiplexed function is used and it is an input
function, the input standby of the pin should be released because the input standby function fixes the internal input
signal to Low level.

v" The connection or disconnection of a built-in pull-up resistor can be selected. And the connection or disconnection of
a built-in pull-down resistor can be also selected. The initial value of each pin is shown in Table 2-3. The pull-up
resistor and the pull-down resistor should not be simultaneously connected to the same pin.

v" The pull-up resistor and the pull-down resistor are disconnected regardless of the settings when the pin is set to an
output one. When the output is disabled, the last settings are restored.

v' The drive current can be selected from these options: 1 mA, 1.5 mA, 2 mA, and 4 mA.

v" An extemal interrupt request can be accepted when the GDIO pin is set to an input one. The detection of the interrupt
request can be selected from an edge detection (a rising edge, a falling edge, or both edges) and a level detection
(High level or Low level) per pin. And no detection can be also selected.

Table 4-3 Setting method of GPIO

Setting method
Setting
HCl command API Register
HCI_M2_BTL_READ_MEMORY |SYS_API_SetGpioEn GPIO_OUT_EN (output setting)
Input or Output setting reads the data and GPIO_OUT_EN_WRAP (output
HCI_M2_BTL_WRITE_MEMORY setting)
Input standby sets the data. — PMU_IOSTANDBYX
Pull-up resistor and Pull-down SYS_API_SetGpioCfgReg GPIO_CFG
resistor settings
Drive current setting SYS_API_SetGpioCfgReg GPIO_CFG
Interrupt setting SYS_API_SetGpioCfgReg GPIO_CFG
Input data read — GPIO_MON and GPIO_MON_WRAP
Output data setting — GPIO_OUT and GPIO_OUT_WRAP

4.6.3. General-purpose Input Function
The general-purpose input of a GPIO pin is enabled when the function 0 in Table 2-2 is assigned to the pin and the input standby is
released according to the setting in Table 4-3. When the input standby is set, the general-purpose input is disabled. The intemal input
data is fixed to Low level. The input standby setting is held after this device enters a low power mode.
When a GPIO pin is used as a CMOS input, the fixed level of the extemal input signal should be High level or Low level. If the input
standby is set to the pin, the pin does not work as the CMOS input. When the pin is open or when the pin is used for the ADC function,
the input standby of the pin should be set.
When both the input standby and the output disable are set, the input and output of the GPIO pin are disabled (“Disable” state).
When, additionally, the built-in pull-up and pull-down resistors are disconnected, the pin becomes Hi-Z.
The connection or disconnection of the built-in pull-up and pull-down resistors is set by the AP or the corresponding register in Table
4-3.
The input data can be read using “Input data read” method described in Table 4-3.
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4.6.4. General-purpose Output Function
The general-purpose output of a GPIO pin is enabled by the API or the corresponding register in Table 4-3 when the function 0 in

Table 2-2 is assigned to the pin. The output data can be set to a GPIO pin, or to multiple pins at once, using the register described in
Table 4-3. The output settings of the pin and the output data are held even after this device enters a low power mode.

4.6.5. 1/O Latch Function
When TC35680/TC35681 enter a low power mode such as the Sleep mode, the Backup mode, or the Deep Sleep mode, the

devices latch the setting data of the GPIO pins which are described in Section 4.6.2.
This function is also done when another multiplexed function is set to the GPIO pin.
The latch data is initialized by the hardware reset.

4.6.6. Interrupt Function
4.6.6.1. Interrupt in Active Mode

Every GPIO pin can be set to receiving an extemnal interrupt request. The setting method and others are shown in Table 4-4.
One of the following detections of the interrupt request can be assigned to the pin.

»  Edge detection of the interrupt request (a rising edge, a falling edge, or both edges)

»  Level detection of the interrupt request (High level or Low level)

»  Interrupt disable (No detection)

The initial setting is “Interrupt disable”.
Proper API’s can set the interrupt and get the interrupt cause. It is unnecessary to control the corresponding register directly.
TC35680/TC35681 do not detect the interrupt request during a transition to low power mode.

Table 4-4 Getting interrupt cause, clearing, and Call-back function

Setting method
ltem
API Register

Interrupt setting SYS_API_SetGpioCfgReg GPIO_CFG
Getting interrupt cause The information of the generated GPIO interrupt is sent to

the argument in the call-back function which is registered

by a user. o

SYS_API_HwGpiolntHandlerInstall should be used.
Interrupt cause clear The factor is cleared automatically by the built-in firmware. —
Call-back function SYS_API_HwGpiolntHandlerInstall —
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4.6.6.2. Wake-up in Sleep Mode or Backup Mode

The ANYKEY wake-up function has some known issue. The issue and their countermeasures are summarized in Known Issues

which a user should refer to.

Every GPIO pin can receive a signal to wake up TC35680/TC35681 in the Sleep mode or the Backup mode (ANYKEY wake-up).
The ANYKEY wake-up function is available in the User-App mode (in the HCI mode, it is disabled).
Table 4-5 shows the interrupt setting, the getting interrupt cause, the interrupt cause clear, and the API of the call-back function for
ANYKEY wake-up.
The ANYKEY wake-up can be set by the HCI command or the API in Table 4-5, and one of the following detections of the interrupt
request can be assigned to the pin.

»  Edge detection of the interrupt request (a rising edge, a falling edge, or both edges)

»  Interrupt disable (No detection)

When the external wake-up request is detected before the transition to a low power mode, the wake-up sequence begins after the
transition completes.
It should be noted that the ANYKEY wake-up is detected when the ANYKEY wake-up is set in the following conditions;

»  The wake-up is set within 2 clock cycles (= 1/fsLeepcLk * 2) after the oscillation of the sleep clock becomes stable.
»  Therising edge detection is set while the external input is High to the pin.
»  Thefalling edge detection is set while the extemal input is Low to the pin.

When an ANYKEY wake-up interrupt is detected, the interval of 1/fs eepcLk or more is necessary to accept the next interrupt.

Table 4-5 Getting interrupt cause, clearing, and Call-back function for ANYKEY wake-up

ltem AP|
Interrupt setting SYS_API_SetWakelnt()
Getting interrupt cause SYS_API_GetWakeUpCauseValue()
Interrupt cause clear The cause is cleared automatically by the built-in firmware.
Call-back function SYS_API_SetCallbackPMUTimInt()

The GPIO0 or GPIO15 wake-up function described next is available in the Sleep mode, the Backup mode, and the Deep Sleep

mode.
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4.6.6.3. Wake-up in Deep Sleep Mode (GPIO0 and GPIO15 Wake-up)
Only the GPIO0 or GPIO15 pin can receive an external wake-up request in the Deep Sleep mode. Table 4-6 shows the interrupt
setting, the getting interrupt cause, the interrupt cause clear, and the API of the call-back function for GPIO0 or GPIO15 wake-up.
The wake-up function can be set to the GPIO0 or GPIO15 pin, respectively, by the API in Table 4-6, and one of the following
detections of the interrupt request can be assigned to the pin.
v" Level detection of the interrupt request (High level or Low level)
v' Detection disable

When the extemnal wake-up request is detected before the transition to a low power mode, the wake-up sequence begins after the
transition completes.

Table 4-6 Getting interrupt cause, clearing, and Call-back function for GPIO0 or GPIO15 wake-up

ltem AP

Interrupt setting SYS_API_SetDeepSleep()

Getting interrupt cause SYS_API_GetWakeUpCauseValue()
Interrupt cause clear None

Call-back function None
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4.7. UART Interface

4.7.1. Feature
The UART interface has the following features;

TC35680FSG-002/TC35681FSG-002

v" Reference I/O power supply: VDDIO

v" Full duplex and 2-wire start-stop synchronous data transfer (Reception data and Transmission data)

v" Full duplex and 4-wire start-stop synchronous data transfer (Reception data, Transmission data, Input flow control,
and Output flow control)

v’ 2-wire start-stop synchronous data transfer or 4-wire start-stop synchronous data transfer can be selected by a
setting.

v" Channel number: 2 for QFN package

v' Frame format:

<~ Data: 8 bits (LSB first)

< Parity: No parity, odd, and even

<~ Stop bit: 1 bit and 2 bits

< Flow control (optional): RTSX and CTSX

Programmable setting of Baud rate

<~ HCI mode and Complete mode: 9600 bps to 921.6 kbps

< User-App mode: 600 to 2000 kbps (Maximum baudrate may be 2000 kbps or less and depends on user-
application program.)

AN

<

Error detection function
< Reception timeout error
< Timeout setting (HCI mode: 5 ms (Initial value), Complete mode and User-App mode: 1.04 ms (when the baud
rate is 115.2 kbps))
<> Reception overrun error
< Reception framing error
v" Host wake-up function

TC35680/TC35681 transfer the commands, the status, and the data to/from a host CPU through a UART interface in the HCl mode
or the Complete mode.

In the mode, the built-in firmware assigns the UART1 function to the comresponding GPIOs as the host interface. (assigned as
function1) For the details, refer to Section 2.4 and Section 3.4.1.

In the User-App mode, 2 channels of the UART can be used. For the GPIO pin assignment, refer to Section 2.4.

In the HCI mode, the setting of baud rate and flow control can be configured.

The UART interface operates at the VDDIO power supply voltage. Because the power supply pin is shared with other hardware
interfaces, the voltage of the UART interface cannot be independently different.
The UART interface pins are shared with GPIO’s general-purpose I/O pins. The function assignment can be done by software.
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4.7.2. Connection Example (Host Interface in HCI Mode)
The UART interface can be connected with a UART interface on a host CPU.
Figure 4-3 shows an example of the connection with an extemal host CPU for the 2-wire start-stop synchronization data transfer
(Reception data and Transmission data). When the HCI mode is selected, the built-in firmware assigns the UART function to the
corresponding GPIO pins. Figure 4-4 shows the timing of the assignment when the UART function is assigned to the GPIO pins in
the HCI mode.

T C 3 5 6 8 O / UART reception data (RX)
TC35681 UART transmission data (TX) -~ HOSTCPU
Figure 4-3 UART connection example
Reset
_____________ R AN —
UART transmission data i \ \< Output direction
1
I-\ ‘
UART reception data Yo . ! \< Input direction
Reset GPIO Configuration
UART Communication

Figure 4-4 Timing of assignment of UART function
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4.7.3. Frame Format
TC35680/TC35681 support the following formats;

Data bit length: 8 bits (LSB first)

AN

v Parity bit: No parity, odd, or even
v’ Stop bit length: 1 bit or 2 bits
v" Flowcontrol: RTSX and CTSX (optional)

An example of the UART data frame is shown in Figure 4-5.

UART transmission
flow control: CTSX :>\_ Q Q _/<:
AT i @ﬁumn@@@z@@ Q

data: TX
Start bit Stop bit
UART reception flow
control: RTSX Q Q
UART tion data: ———— e
o é )N Ase X X2 X3 X4 X5 X 6 Xmsey
Start bit Over-sampling: (x n)/bit Stop bit

Figure 4-5 Data frame

4.7.4. Flow Control Function
The hardware flow control is available when the GPIOs of TC35680/TC35681 are assigned to the UART interface of the 4-wire. The

signal directions are shown in Figure 4-6.
The flow control can be used to prevent from the overflow of the data buffers.

UART reception flow control (RTSX)

)

TC35680/ UART transmission flow control (CTSX)
TC35681 UART reception data (RX) HOST CPU

UART transmission data (TX)

A 4

Figure 4-6 Example of UART connection

When the CTSX (Clear to Send) input signal is High, TC35680/TC35681 complete the transmission of a current frame of data and
then stops. When the CTSX input is Low, the devices start to transmit data. If no transmission data is present, the transmission is not
done.

When the RTSX (Request to Send) output signal is High, it requests the host CPU to stop the data transmission.

When the RTSX output is Low, the data transmission from the host CPU is permitted.

The response time of the UART data transmission and reception to the flow control signals is the interval between 1-frame time
(minimum) and 4-frame time (maximum). It depends on the baud rate and the intemal procedure status of the frame.
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4.7.5. Baud Rate Setting
(1)  Setting by an HCI command (HCI mode)

The HCI command “HCI_M2_BTL_SET_BAUDRATE” can set the baud rate. For the details, refer to the “Command Document’”.
The baud rate can be set by the following command.
Extended HCI command: HCI_M2_BTL_SET_BAUDRATE

TC35680FSG-002/TC35681FSG-002

(2) Setting by API (only UART1) (User-App mode)
The baud rate of UART1 in TC35680/TC35681 can be set by the API “uart1_Set BaudRate()”. The current baud rate can be
checked by the API “uartl_Read_BaudRate()".
For details, refer to the “Programming Guide”.

(3) Setting by a register (User-App mode)
The UART clock in TC35680/TC35681 is generated by the reference clock (32 MHz). The baud rate can be set by the UARTx_IBRD
register, the UARTx_OVCR register, and the UARTx_FBRD register (x = 1 means UART1 and x = 2, UART2).

The typical values of actual and ideal baud rates in TC35680/TC35681, and the error values are shown in Table 4-7.
TC35680/TC35681 can receive the data of which baud rate error is within £2%. The baud rate error of the host CPU should be in
the range.

Table 4-7 Typical UART baud rate

Ideal baud rate | Actual baud rate | UARTx_IBRD | UARTx FBRD [ UARTx_OVCR
= y — Error [%]
[bps] [bps] register register register
600 600.01 0x115¢ — 0x25 0.01
1200 1200.12 0x08ae — 0x25 0.01
2400 2400.24 0x0457 — 0x25 0.01
4800 4801.92 0x01dc — 0x37 0.04
7200 7207.21 0x0172 — 0x25 0.1
9600 9603.84 0x00ee — 0x37 0.0400
14400 14414.41 0x00b9 — 0x25 0.1001
19200 19207.68 0x0077 — 0x37 0.0400
28800 28828.83 0x004a — 0x48 0.1001
38400 38415.37 0x0031 — Ox5a 0.0400
57600 57657.66 0x0025 — 0x48 0.1001
76800 76923.08 0x0020 — 0x36 0.1603
115200 115211.52 0x0011 0x17 0x49 0.0100
153600 153615.36 0x0011 0x17 0x25 0.0100
230400 230319.39 0x000b 0x25 0x25 -0.0350
307200 306954 .44 0x0008 0x2c 0x25 -0.0799
460800 460638.78 0x0005 0x16 0x36 -0.0350
921600 920863.31 0x0002 0x0b 0x49 -0.0799
1843200 1845045.05 0x0001 0x0a 0x48 0.1001
2000000 2000000 0x0001 — 0x49 0.0000

Note: x = 1 means UART1 and x = 2 means UART2

45 2018-09-13



TOSHIBA

TC35680FSG-002/TC35681FSG-002

4.7.6. UART Message Recognition Function (Spacing between Messages)
In order to recognize the boundary of a UART message, a message time space is inserted between the messages transferred

through the UART interface of TC35680/TC35681 in the Complete mode. In the message time space, no data is transferred on the
UART interface. One message consists of one or more frames which exist between two message spaces.

In the HCI mode, the data transfer can be done without the massage time space. But the maximum number of the continuous HCI
command is limited to 8.

The message configured by the frames and the boundary of the message are illustrated in Figure 4-7 (Transmission frame) and
Figure 4-8 (Reception frame). If the space of the neighboring frames is less than 12-frame length (an initial setting), the transmission
data or the reception data is processed as one message. If the space length is 12-frame length or more, the data is processed as
two messages.

The host CPU can recognize the message boundary by measuring the length of the message time space. For example, when the
baudrate is 115.2 kbps, the message time space of the neighboring frames should be (0.087 ms x 12) = 1.04 ms or more (0.087 ms
is one frame time length).

TC35680/TC35681 measure the time space of the neighboring frames using an intemal timer to recognize the boundary.
TC35680/TC35681 notify of the reception timeout error when the devices detect a message space time in a message. The default
time of the reception timeout is 12-frame length (1.04ms at 115.2-kbps baud rate) in the User-App mode. This time can be changed

For the reception timeout error, refer to Section 4.7.7.

UART transmission UART transmission
message message
1-frame time
UART transmission data | | | H] ___________ | | | '] | “““““
Less than 12-frame time » Less than 12 N
Less than 12-frametime 12 ormore frame time essthan 1sdrame ime

Figure 4-7 Transmission frame and Transmission message

UART reception message ART reception messag
1-frame time
UART receptiondata | | | | I:I _____________ | | | ) | | _________
Less than 12-fram time _ 12 ormore frame time ~ Less than 12-frame time
Less than 12-frame time

Figure 4-8 Reception frame and Reception message
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4.7.7. Error Detection Function
The UART interface in TC35680/TC35681 can detect 3 following errors;
v" Reception timeout error
v" Reception overrun error
v' Reception framing error

4.7.7.1. Reception Timeout Error
The availability of the timeout setting depends on an operating mode and a setting target interface. Table 4-8 shows the availability
of the timeout setting.

When the reception timeout is enabled, no data reception notifies the timeout error. The setting can be disabled.

Table 4-8 Availability of the timeout setting and the initial value

Operating mode HCl mode Complete mode User-App mode

Setting method HCl command HCl command API Register
Setting target Only UART1 Only UART1 Only UART1 (Note 2) | UART1 and UART2
Initial timeout setting Disabled. Enabled Disabled Disabled
Initial timeout value 5 ms (Note 1) 1.04 ms User setting value Initial vale of register
Reception Configurable Configurable Configurable Configurable

Note 1: The error occurs when the value exceeds 5 ms.
Note 2: Only UART1 can be set by the API in the User-App mode. When UART2 is used, the setting should be done by the register.

4.7.7.2. Reception Overrun Error
The reception overrun error occurs when the UART reception frame buffer in TC35680/TC35681 overflows. Normally, this overflow
error does not occur when the flow control described in Section 4.7.4 is used for data transfer.

4.7.7.3. Reception Framing Error

The reception framing error occurs when “0” is detected at the stop bit.
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4.7.8. Host Wake-up Function
TC35680/TC35681 can issue the signal to wake up the host CPU before they transmit a message through the UART interface.
This host wake-up function is disabled by default, but it can be assigned to a GPIO pin which is selected by a HCI command or
AP
The host wake-up time can be changed by a HCl command, API or register (the default is 10 ms).
This function is available in the Complete mode.

UART transmission message

UART transmission data

Host wake-up time
(Default: 10 ms)

Host wake-up \ /

Figure 4-9 Host wake-up
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4.8. SPI Interface
4.8.1. Feature

The serial peripheral interface has the following features;

TC35680FSG-002/TC35681FSG-002

v" Reference I/O power supply: VDDIO

v' Channel number: 2 for QFN package

v' SPlfunction

Chip select: 2 channels for QFN package

Chip select polarity: High active or Low active can be selected.

Serial clock of Master:  The clock polarity and the phase can be adjusted (selectable from among 4 combinations)
Serial clock frequency: 8 kHz to 16 MHz

Serial data transfer:  Both MSB first and LSB first are available.

e

The SPI interface operates at the VDDIO power supply voltage. Because the power supply pin is shared with other hardware
interfaces, the voltage of the SPI interface cannot be independently different.

4.8.2. Connection Example
The SPl interface can be connected to a serial EEPROM and a serial Flash memory.

The SPl interface has one chip select pin. Figure 4-10 shows an example of the connection with a serial Flash ROM through the SPI
interface of TC35680/TC35681.

Chip select (SPI-SCS) ~

Serial clock (SPI-SCLK) R ,
TC35680/ > Serial
TC35681 Wiite data (SPI-DOUT) Flash ROM

A 4

Read data (SPI-DIN)

Figure 4-10 Connection example of SPI interface to Serial Flash ROM
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4.8.3. Frame Format
When the SPI interface is connected to an extemal device, the first 8 bits (X7 to X0) specify an address and the mode of read or

write. The type of the command recognition code and the bit width of the address should match those of the external device. For the
details of the format, refer to a technical document of the external device.

Figure 4-11 shows an example where an 8-bit address is written and then its 8-bit data is read.
Figure 4-12 shows an example where an 8-bit address is written and then its 8-bit data is written.

Chip select

Serial clock 7_\_/—\_/—\___. N \—/'\_ __________ _/’\—/ \_
Write data ; xo( ---------------------------------------

Read data R

Figure 4-11 SPI format (Single Byte read)

Chip select /

T IVAVAC S A S S e AT
S 2 O 20/) ) 0 S ) 800 20 <) < B ) 0

Readdata =-4--=---==-------—-----o——— B e

Figure 4-12 SPI format (Single Byte write)
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4.8.4. SPI Clock

The SPI clock can be set by the SPI timing control register (SPI_TIMINGCONTROL).
The SPI clock frequency can be set by 1-bit “div” field, 2-bit “PRS” field, and 8-bit “BASE” filed in the SPI_TIMINGCONTROL register.
Table 4-9 shows the equation to calculate the SPI clock frequency.

Table 4-9 Equation to calculate SPI clock frequency

div field PRS field BASE field SPI clock frequency [MHZ]
0 (Initial value) | 00 (Initial value) | 1to 255 Reference clock frequency + (2PRS x BASE x 2)
and 01 (0: Setting is prohibited.)
02and 03 1: (Initial value) Reference clock frequency + {(2PRS x BASE x 2) + 2}
1 00 to 03 Reference clock frequency + (2FRS x BASE x 2)

Table 4-10 and Table 4-11 show the typical frequency for the SPI clock at 32 MHz of the reference clock frequency.

Table 4-10 SPI clock frequency (MHz) at div=0

BASE PRS
0 1 2 3

1 16.000 8.000 3.200 1.778
2 8.000 4.000 1.778 0.941
3 5.333 2.667 1.231 0.640
4 4.000 2.000 0.941 0.485
5 3.200 1.600 0.762 0.390
6 2.667 1.333 0.640 0.327
7 2.286 1.143 0.552 0.281
8 2.000 1.000 0.485 0.246
9 1.778 0.889 0.432 0.219
10 1.600 0.800 0.390 0.198
16 1.000 0.500 0.246 0.124
32 0.500 0.250 0.124 0.062
64 0.250 0.125 0.062 0.031
128 0.125 0.063 0.031 0.016
255 0.063 0.031 0.016 0.008
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Table 4-11 SPI clock frequency (MHz) at div =1

BASE PRS
0 1 2 3

1 16.000 8.000 4.000 2.000
2 8.000 4.000 2.000 1.000
3 5.333 2.667 1.333 0.667
4 4.000 2.000 1.000 0.500
5 3.200 1.600 0.800 0.400
6 2.667 1.333 0.667 0.333
7 2.286 1.143 0.571 0.286
8 2.000 1.000 0.500 0.250
9 1.778 0.889 0.444 0.222
10 1.600 0.800 0.400 0.200
16 1.000 0.500 0.250 0.125
32 0.500 0.250 0.125 0.063
64 0.250 0.125 0.063 0.031
128 0.125 0.063 0.031 0.016
255 0.063 0.031 0.016 0.008
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49. I°C Interface
491. Feature

The I2C interface has the following features;

TC35680FSG-002/TC35681FSG-002

v" Reference I/O power supply: VDDIO
v" Channel number: 2 for QFN package
V' IPC bus interface

< I2C bus master operation and slave operation (not support the multi master operation)

< Cross stretch is supported.

<~ Serial clock frequency: Standard mode (Max. 100 kHz) and Fast mode (Max. 400 kHz)
< Serial clock output mode: Open-drain output or CMOS output can be selected.

<~ Device address format: 7-bit address (10-bit address is not supported.)

The PC interface operates at the VDDIO power supply voltage. Because the power supply pin is shared with other hardware
interfaces, the voltage of the I°C interface cannot be independently different.

When TC35681 is used in the User-App mode, Channel 1 is occupied as an interface to the memory which stores a user application
program. For the details, refer to Section 3.4.3.
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4.9.2. Connection Example
Figure 4-13 and Figure 4-14 show examples of the connections with serial EEPROM'’s through the I°C interfaces. When two or

more EEPROM's are connected, the least three bits of the slave address should be different to identify each EEPROM.

When the I2C interface is used in the open-drain output mode, external resistors (Rext) should be connected to the serial clock line
and the data line, as shown in Figure 4-13.

On the other hand, when the I°C interface is used in the CMOS output mode, the pull-up resistor for the clock line is not necessary
because the TC35680/TC35681 always drive the clock line to High level or Low level. But the pull-up resistor (Rext) for the data line

should be connected.

VDDIO  VvDDIO
Rext Rext
Serial clock
—> .
Serial
TC35680/ EEPROM
TC3568 1 Serial data g
(Read or Write)
Serial
EEPROM

Figure 4-13 Example of the connection with serial EEPROM'’s through I°C interface (open-drain output mode)

VDDIO
Rext
Serial clock
—> .
Serial
TC35680/ EEPROM
TC35681 >
Serial data
(Read or Write)
Serial
EEPROM

Figure 4-14 Example of the connection with serial EEPROM's through I°C interface (CMOS output mode)
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4.9.3. Value of External Pull-up Resistor
A suitable value of the extemnal pull-up resistor for the 12C interface should be determined to execute a comect operation.
The maximum value (Rext_max) is defined by the equation (1), in which “tr” is the rising time of the serial clock and the serial data
signals specified in the I2C bus standard, and “Cb” is the I°C bus capacity.
On the other hand, the minimum value (Rext_min) is defined by the equation (2), in which “VDDIO”, “Vol_max”, and “lol” are the
supply voltage, the maximum value of the low level output voltage, and the low level output current, respectively. The pull-up resistor
value should be a value between the minimum and the maximum ones.

tr

Rext max = ———
0.8473 xCb

Q)

VDDIO-Vol_max

Rext_min = =~ 2)

The TC35680/TC35681 support the I°C bus standard mode (the maximum frequency of 100 kHz) and I°C bus fast mode (the
maximum frequency of 400 kHz). The rising time tr should be 1000 ns or less for the standard mode and 300 ns or less for the fast
mode. The Cb value varies depending on the PCB design and implementation. Table 4-12 and Table 4-13 show the Rext_max and
Rext_min values for the Cb of 20 pF.

Table 4-12 External Pull-up resistor value in I12C standard mode (1°C bus capacitance: 20 pF)

[’C bus frequency Max. 100 kHz
tr [ns] 1000
Cb [pF] 20
VDDIO [V] 1.8 3.0 3.6
Vol_max [V] 0.3 04 04
lol [mA] 1 2 4 1 2 4 1 2 4
Rext_min [kQ] 150 | 0.75 | 0.38 | 260 | 1.30 | 065 | 3.20 | 1.60 | 0.80
Rext_max [kQ] 59.01

Table 4-13 External Pull-up resistor value in 12C fast mode (I°C bus capacitance: 20 pF)

[’C bus frequency Max. 400 kHz
tr [ns] 300
Cb [pF] 20
VDDIO [V] 1.8 3.0 3.6
Vol_max [V] 0.3 04 04
lol [mA] 1 2 4 1 2 4 1 2 4
Rext_min [kQ] 150 | 0.75 | 0.38 | 260 | 1.30 [ 0.65 | 3.20 | 1.60 | 0.80
Rext_max [kQ)] 17.70
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4.9.4. Transfer Format
In the I2C format, every data is sent as MSB first.

And, every device which is connected to bus has a unique device recognition address (slave address). It has been determined in
accordance with the specifications of the connected device.

Amaster device sends the START condition, a slave address, and R/'W bitfirst. Next, the slave device which has the slave address
sent by a master device retums a reception acknowledge bit (ACK: Acknowledge bit). When the master device received ACK, it
begins to transfer data depend on the transmitted RI'W bit.

During transferring data, the device which receives data retums an ACK or a reception Not Acknowledge bit (NACK: Not

Acknowledge bit) every time it receives one Byte data.

When the device which transmits data received an ACK, it transmits the next data. And when it received a NACK it stops to transmit
the next data and releases SDA to Hi-Z.

When all data are transferred, the master device generates the STOP condition in order to complete the transfer of I°C.

Figure 4-15 shows an example of the format when TC35680/TC35681 read two-Byte data with the serial memory. And Figure 4-16
shows an example of the format when TC35680/TC35681 write two-Byte data.

The gray texts and lines in these figures indicate that the signals are output by the serial memory.

For the read operation, after sending a slave address, TC35680/TC35681 send the First Byte address ([B7:B0]) of the reading data.
After this, TC35680/TC35681 generate re-START condition in order to change the transfer direction from a transmission to a
reception, they read data from the serial memory. TC35680/TC35681 return NACK to the serial memory after receiving 2" data. And
they generate the STOP condition. The read operation of I°C is completed.

For the write operation, after sending a slave address, TC35680/TC35681 send the First Byte address ([B7:B0]) of the writing data.
After this, they transmit the data to serial memory. TC35680/TC35681 receive an ACK from the serial memory and generate the
STOP condition. The write operation of I°C is completed.

START condition START condition STOP condition

@ TSN AN AN

I T q
1 | 1
1 1 !
1 | 1
1 | 1
1 | |
1 |
1 | 1
| 1
I \_ _1

NACK

SR ey S 0 L S s A

‘-1 MsB LSB MsB MSB LSB MSB LSB
Slave address 15t Byte address Slave address 1%t received data 2™ received data

Figure 4-15 I°C transfer format (read 2-byte data from serial memory)

START condition STOP condition

@ TN\ AN NV

i
1 i
SDA —ELE/EX: AO\ W ACK/EX X_BE\ACK/D_7Xj XE)B\ACK/D_7Xj XE)B\ACK /—

'-' MsB MSB LSB LSB LSB

Slave address 1%t Byte address 151 transmitted 2nd transmitted
data data

-r-——f——f—"—- —\

Figure 4-16 I°C transfer format (write 2-byte data to serial memory write)
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4.10. PWM Interface

4.10.1.

Feature

The PWM interface has the following features;

v

v
v
v

<\

\

AN N NN

Reference I/0 power supply: VDDIO
Pulse generation function
Channel number: 4 for QFN package
The clock source to generate pulses can be selected between a 16-MHz clock (2-division of the reference clock) and
a 32.768-kHz clock.
The following output frequencies can be selected using a clock divider.
< 8 Hzto 16.384 kHz (the 32.768-kHz clock is used. 12-bit divider: the maximum division is 1/4096.)
< 0.954 Hz to 8 MHz (the 16-MHz clock is used. 12-bit x 2 divider: the maximum division is 1/16777216)
A pulse output can be masked with a 50-ms unit width (as example) by a regular pattem signal whose period is one
second (Rhythm function).
An interrupt can be generated every 1 second of the rhythm pattem period.
The pulse can be reversed.
The duty ratio of the pulse output can be adjusted.
Each PWM output can be synchronized by the pulse output synchronization function.

TC35680/TC35681 have a PWM interface that can be used for the LED control, the buzzer control, and others.
The PWM interface operates at the VDDIO power supply voltage. Because the power supply pin is shared with other hardware

interfaces, the voltage of the PWM interface cannot be independently different.

4.10.2. Pulse Generation Function
Figure 4-17 shows a PWM pulse waveform.

The frequency of the pulse signal is adjusted by changing the cycle time. The ON/OFF ratio can be adjusted by changing the duty

ratio.

The frequency can be set to the value from 8 Hz to 16.384 kHz (in use of the 32.768-kHz clock), and from 0.954 Hz to 8 MHz (in use
of the 16-MHz clock).
The duty ratio can be set to the value from 0 % to 100 %.

Cycle time
o —

UL

>
Duty ratio

Figure 4-17 PWM pulse waveform
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4.10.3. Rhythm Function (Output Masking)
Figure 4-18 illustrates the outlines of the PWM rhythm function. TC35680/TC35681 integrate a rhythm counter whose clock source
cycle is 50 ms (as example). The counter is independent of the pulse generation function. A 20-bit register (Pattern register) is also
built in, and each bit of the register corresponds to the content of the rhythm counter which counts down every 50 ms. When a bit of
the Pattem register is 0, the corresponding PWM output is masked and fixed to O or 1. This function can generate a 1-scond periodic
waveform which is implemented to blink a LED or to sound a buzzer.

Interrupt
> o

:50 ms /
\

Rhytm counter X 19 X 18 X 17 X 16 X 15

PWM generation source clock

X o

Pattem register X 1

PWM output waveform

Note: If the value of (Cycle time of the rhythm pattern setting (50 ms) +
Pulse cycle time) is not an integer, the PWM output pulse
becomes narrow at the change timing of the Pattern register

Cycle time 50 ms value.
>
PWM generation source clock | | | | || | | | | || | | | |
Pattem register | 1 0 1 |

PWM output waveform | | | | | | | | | |

Figure 4-18 Output masking by PWM rhythm function
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4.11. ADC (AD Converter)
4.11.1. Feature

The TC35680/TC35681 integrates a 10/12-bit AD converter (ADC) that can be used for power supply voltage measurement and

measurement of General-purpose voltage such as an input voltage from an external sensor.

The ADC has the following features;
v" Reference I/O power supply: VDDIO
v" General-purpose voltage input pin count (shared with GPIO pins): 5 for QFN package
v" Power supply voltage measurement: 1 channel (ADCO) This pin is connect to VDDCORE2 (1.2-V voltage supply)

internally.

v' Maximum sampling rate: 1 MS/s (But the function which coverts an analog signal continuously is not supported)
v" 10-bit conversion or 12-bit conversion can be selected (default is 10 bits).

For the general-purpose voltage input, the channels except channel 0 which is connected to VDDCOREZ2 can be used.

These channels are shared with the GPIO pins. When the ADC function is assigned to one of the GPIO pins, the corresponding pin
should be set to input standby and the pull-up and pull-down resistors should be disconnected. For the details of the GPIO pins, refer
to Section 2.4. And for the setting method of the pin, refer to Section 4.6.2.

The ADC function is set by the GPADCC_CTRL register. One of the channels is selected by the GPADCC_SELAIN register to
convert the analog signal input from the channel. The result data can be read from the GPADCC_DATA register. The 10-bit
conversion result is set to 11-bit to 2-bit in GPADCC_DATA register when the data length of the conversion result is specified as 10
bits. And the 12-bit conversion result is set to 11-bit to 0-bit in GPADCC_DATA register when the data length of the conversion result
is specified as 12 bits.

All channel data cannot be read out at the same time. The conversion end can be detected using a corresponding interrupt or the
polling method. The maximum sampling rate depends on the CPU ultilization.

The pin of AD convertor for the measurement of General-purpose voltage should not be input the signal whose voltage is higher
than the voltage of the VDDIO.

4.11.2. Function
An analog signal in the range of 0 to VDDIO (V) can be input into an analog input channel of the general-purpose voltage
measurement. The reference voltage (VREFH) of the ADC is connected to VBAT intermnally, so the result of AD conversion is shown
as a relative value against the VBAT voltage as in the following equation.

Input voltage to a channel of ADC
VREFH (= VBAT voltage)

Result of AD conversion = 4095 x

ADCQO for the power supply voltage measurement is connected to VDDCORE?2 (1.2-V voltage supply) internally. The VBAT voltage
is shown by the channel O’s result of AD conversion.

1.2V
Result of AD conversion of channel 0

VBAT = 4095 X

The absolute voltage of the analog input signal for the general-purpose voltage measurement is calculated using the following
equation.

. Result of AD conversion of channel n
ADCn input voltage [V] =

2[v]

X
Result of AD conversion of channel 0

The concept of the voltage conversion is shown in Figure 4-19.
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\J

33V

VREFH(T)

VREFH (= VBAT)

Input voltage of

Conversion result of channel n
= 4095 x Input voltage of channel n / VREFH(T)

channeln

Input voltage of

Conversion result of channel 0

channel 0
(1.2V)

=4095 x 1.2/ VREFH(T)

Time T

» [t]

Figure 4-19 Conceptual diagram of the voltage conversion
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4.12. Reference Clock Interface
4.12.1. Feature
The reference clock interface has the following features;

v" Reference clock frequency: 32 MHz

v' Clock frequency accuracy: +50 ppm or less is necessary. (in operating environment)

v' Built-in 128-step variable capacitor (1.24 to 20.4 pF)

v" Load capacitance and equivalent series resistance of the crystal resonator
< Load capacitance: 6 pF
<~ Equal series resistance: 50 Q (recommended)

An external feedback resistor and extemal capacitors are unnecessary for the crystal oscillation circuit in TC35680/TC35681,
because the devices integrate the feedback resistor and a variable capacitor (1.24 to 20.4 pF) on the input and output pins of the
crystal resonator. A crystal resonator which has a load capacitance of 6 pF should be connected between the XOIN and XOOUT
pins, and the capacitance of the variable capacitor should be adjusted so that the frequency deviation does not exceed +50 ppm
under the use environment.

The recommended equivalent series resistance of the crystal resonator is 50 Q. The oscillation margin should be evaluated
sufficiently when a crystal resonator with a larger equivalent series resistance is used. And the interval time for the oscillation stability
should be 1.5 ms or less.

4.12.2. Adjustment of Oscillation Frequency of Reference Clock
The adjustment of the oscillation frequency is done by the modification of the capacitance of the variable capacitor. It is done by the
setting of the 7-bit XO_FREQ_TUNE field in the PMU_XOSC_TRIMIN register. When a value between 0x00 and Ox7F (2's
complement) is set, the capacitance of the variable capacitors on the input and output pins changes with a step of approximately
0.15 pF. Then, the value 0x40 gives the minimum frequency and 0x3F, the maximum frequency.
The value of XO_FREQ_TUNE is 0x00 just after the hardware reset is deasserted or while the cold boot is done. Itis set to Ox1A by
the built-in firmware after the oscillation becomes stable. Then the value can be modified by a software procedure.
For the details of the adjustment of the variable capacitor, refer to the “Hardware Application Note”.

4.12.3. Low Power Mode and Adjustment Value
The oscillation stops in a low power mode. When the wake-up is done in the Sleep mode or the Backup mode, the oscillation start
is controlled by the value in the XO_FREQ_TUNE field which is set before the transition to the low power mode. So the value is
different from the value in the XO_FREQ_TUNE field in the cold boot procedure. Then the interval time for oscillation stability is also
different. The time should not exceed 1.5 ms.
Table 4-14 shows the oscillation condition and the value in the XO_FREQ_TUNE field.

Table 4-14 Oscillation condition of the reference clock and XO_FREQ_TUNE value

Oscillation condition Value in XO_FREQ_TUNE
Just after hardware reset is deasserted or wake-up from | 0x00 (the initial value at start-up)
the Deep Sleep mode. 0x1A (the initial value after the oscillation
becomes stable)
Wake-up from the Sleep or Backup mode User setting value (Initial value is 0x1A)

61 2018-09-13



TOSHIBA

TC35680FSG-002/TC35681FSG-002

4.124. Connection of Crystal Resonator

TC35680/TC35681

| Oscillation control

Input signal

| Trimming control I

XOIN

3

-

XOOoUT

Figure 4-20 Connection of a crystal resonator
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4.13. Sleep Clock Interface
413.1. Feature

The sleep clock interface has the following features;

v" Selection source clock of sleep clock from among the following three clocks
< Crystal resonator
< Extemal oscillator
< Built-in silicon oscillator (SIOSC)

v" Frequency: 32.768 kHz

v" Frequency accuracy: £500 ppm or less (in operating environment)

v' Built-in 32-step variable capacitor (0 to 15.56 pF)

v" Load capacitance and equivalent series resistance of the crystal resonator
<~ Load capacitance: 4 pF
< Equivalent series resistance: 80 kQ (recommended)

The SiOSC oscillates at start-up. After the start-up, the clock source can be changed to the crystal resonator or an external oscillator.
The jitter of the oscillation of the SiIOSC is too large to comply with the Bluetooth® specification. So it is necessary that the clock
source is changed to the crystal resonator or an extemal oscillator for the Bluetooth® communication.

4.13.2. Selection of Sleep Clock Source
The sleep clock source of TC35680/TC35681 can be selected from among the three clocks. The command and the API to change
the source are shown in Table 4-15.
After start-up, the selection of the sleep clock source is done only once.

Table 4-15 Command and API to change a clock source

Operating mode Command and API
HCI mode HCI_M2_BTL_SET LOW_POWER_CLOCK
User-App mode SYS_API_SetBlesglSleepClock

4.13.3. Use of Crystal Resonator
An external feedback resistor and extemal capacitors are unnecessary for the crystal oscillation circuit in TC35680/TC35681,
because the devices integrate the feedback resistor and a variable capacitor (0 to 15.56 pF) on the input and output pins of the crystal
resonator. A crystal resonator which has a load capacitance of 4 pF should be connected between the SLPXOIN and SLPXOOUT
pins, and the capacitance of the variable capacitor should be adjusted so that the frequency deviation does not exceed +500 ppm
under the use environment.
The recommended equivalent series resistance of the crystal resonator is 80 kQ. The oscillation margin should be evaluated
sufficiently when a crystal resonator with a larger equivalent series resistance is used.
For the details of the adjustment of the variable capacitor, refer to the “Hardware Application Note”.
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4.13.4. Adjustment of Oscillation Frequency of Sleep Clock
The adjustment of the oscillation frequency is done by the modification of the capacitance of the variable capacitor. It is done by the
setting of the 5-bit FREQTUNE_OSC32K field in the PMU_OSC32K_TRIMIN register. When a value between 0x00 and Ox1F (2's
complement) is set, the capacitance of the variable capacitors on the input and output pins changes with a step of about 0.5 pF. Then,
the value OxOF gives the minimum frequency and 0x10, the maximum frequency.
The value in the FREQTUNE_OSC32K field is 0x00 just after the reset is deasserted or while the cold boot is done. Itis set to 0x18
after the oscillation becomes stable. Then the value can be modified by a software procedure.
The oscillation of the sleep clock stops at the transition to the Deep Sleep mode.

Table 4-16 Oscillation condition of Sleep clock and FREQTUNE_OSC32K field value

Oscillation condition Value in FREQTUNE_OSC32K field
J Just after hardware reset is deasserted or wake-up from the Deep 0x00 (the initial value at start-up)
Sleep mode. 0x18 (the initial value after the
oscillation becomes stable)

4.13.5. Connection of Crystal Resonator

E SLPXOIN

A

Input select

7 .
r==r-=a
ON/OFF | .
I B l !
) |
Input signal SELECTOR
|
|
—
|
|
|
|
|

Oscillation control

A

SLPXOOUT

Trimming control

i

Figure 4-21 Connection of Crystal resonator

4.13.6. Use of External Crystal Oscillator
An external clock should be supplied to the SLPXOIN pin after the clock source is assigned to “Direct Input mode” by the command
or the APl in Table 4-15. The voltage range of the supplied clock is 0 to VDDIO (V).
A clock should not be supplied to the SLPXOIN pin before “Input from external” is set. The SLPXOOUT pin should be open or be
connected to GND.
In order to supply the clock, the output of the external crystal oscillator should be controlled by the general-purpose output function
of GPIO after the clock change procedure is done.
The extemnal crystal oscillator can be used in Sleep mode and Backup mode. It cannot be used in Deep Sleep mode.
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4.13.7. Built-in Silicon Oscillator (SiIOSC)
TC35680/TC35681 integrates an oscillator “SIOSC” for the sleep clock. The SIOSC oscillates at start-up. The SiOSC's jitter of the
frequency, however, is larger than =500 ppm which is the specified value by the Bluetooth® specification.
When the Bluetooth® communication is done, the clock source should be changed to the crystal resonator or the external oscillator.
The change can be done by the command in the HCI mode or the APl in the User-App mode shown in Table 4-15. When, however,
an application is not timing-critical such as frequent transmission of an Advertising packet (Non connection), the SiOSC can be used
because the accuracy of the SiOSC is enough. The crystal resonator and the external oscillator are unnecessary.
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4.14. Sleep Clock Output Function
The sleep clock (32.768 kHz) can be issued from a GPIO pin. A corresponding API assigns the function to the GPIO14 pin. The
output of the sleep clock stops in a low power mode.
The API“SYS_API_SetGpioMux()” can control the clock output enable and the stop of the output.

4.15. TRNG (True Random Number Generator) Function
TC35680/TC35681 include the TRNG (True Random Number Generator) function controlled by an oscillator sampling method. This

function is composed of an ESG (Entropy Seed Generator) hardware and a DRBG (Deterministic Random Bit Generator) program
in the built-in firmware.
The 256-bit random numbers generated by the TRNG function comply with the NIST SP800-22 and the BSI test standards.

The ESG starts up every boot and stops after it generates a random number seed. There is no need to input any random number
seeds from outside, and, usually, the regeneration of the seed by the API control is not necessary, either. The random number seed
can be regenerated by the APl “SYS_AP|_ReseedRandData()".

The random number seed should not be regenerated during wireless communication, otherwise the ESG operation noise may
degrade the wireless performance.

The DRBG scrambles the random number seed to generate 256-bit length random numbers. Even during wireless communication,
it does not affect the wireless communication performance. 8- to 256-bit length random numbers can be acquired by the API
“SYS_API_GetRandData()". The DRBG can repeat to generate the random numbers using the random number seed obtained at
the boot. There is no need to regenerate the seed after a random number is acquired.

TC35680/TC35681
Entropy (512 bits
Py ); DRBG
ESG g (software) Random Number
(hardware) Nonce (256 bits) SHA255 (256 bits)

Figure 4-22 Configuration of TRNG
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4.16. Auto-patch Function
TC35680/TC35681 provides an auto-patch function which is executed by the built-in firmware in the boot-up sequence.
The auto-patch programs should be stored in the built-in Flash memory or an extermal EEPROM together with a user application
program. This function is available in the User-App mode (TC35680 and TC35681) and the HCI mode (TC35680 only). TC35681 in
the HCI mode can be patched by the HCl command.
Table 4-17 shows the availability of the auto-patch function in each operating mode.

Table 4-17 Availability of the auto-patch function

Operating mode HCl mode Complete mode User-App mode
TC35680 Yes Yes Yes
TC35681 No No Yes

The auto-patch function is executed by the built-in firmware in the following cases;
v" During assertion of the hardware reset
v" During assertion of the software reset
v" During assertion of the reset by the watchdog timer
v" Retum procedure from the Deep Sleep mode

To activate the auto-patch function, the entry of the auto patch program should be done to a corresponding address in the built-in
Flash memory. A desired value can be written in the RAM or a register at start-up before a host CPU or a user application program
acquires the permission to control TC35680/TC35681.

This function is effective when a desired value should be written to the register for the adjustment of the clock frequency of the
oscillator before the system is started up, and others.

4.17. Patch Function

The patch function is effective for repairing or improving the built-in firmware.

Itis available in the HCI mode, the Complete mode, and the User-App mode. This function enables the modification of data in desired
addresses in the memory space including the mask ROM. The size of the modification data is 32 Bytes.

We provides the patch programs in the source code. A necessary patch program should be selected and embedded to the proper
locations in a user application program. The TC35680/TC35681 support 4 patch programs at maximum. The auto-patch programs
are not included in this number.

4.18. CPU
The Arm® Cortex®-MO0 processor is embedded in TC35680/TC35681.

The CPU in TC35680/TC35681 uses the reference clock. The clock frequency is 32 MHz at start-up.
API “SYS_API_ChangeSystemClock()” can select the clock frequency of 16 MHz or 32 MHz dynamically.
The 16MHz clock can be used only when the Bluetooth® connection of the advertising function does not operate.
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5. Electrical Characteristics (TC35680FSG/TC35681FSG)
5.1. Absolute Maximum Ratings
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 electrical characteristics of the device
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 break-down, damage and/or degradation to any other equipment. Applications using the device should
be designed such that each absolute maximum rating will never be exceeded in any operating conditions.

Table 5-1 Absolute maximum ratings (VSSA = VSSRFIO = VSSDC = VSSD =VSSX =0V)

Rating
ltem Symbol - Unit
Min. Max.
Power supply voltage VBAT and VDDIO (Note 1) -0.3 +3.9 \%
o VIN VDDIO +0.3
1/O pin input voltage -0.3 \%
(Note 2)

1/O pin input current IIN -10 +10 mA
Input power RFIO — +10 dBm

Storage temperature Tstg -40 +125 °C

Note 1: Do not connect the VBAT pin to GND while the VDDIO pin is supplied with power. The current flow from the VDDIO pin to
the VBAT pin in the device may cause damage, break-down, and/or degradation.
Please make sure that the VDDIO voltage should never exceed the VBAT voltage.

Note 2: VDDIO + 0.3 V should never exceed 3.9 V.
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5.2. Operating Condition (Design Target Value)
The operating conditions are the conditions where this product can operate correctly with good quality. Malfunction may occur
when even one of the conditions is not kept during operation. Please keep all specified conditions when an application equipment
using this product is designed to avoid unexpected or poor results.

Table 5-2 Operation range (VSSA = VSSRFIO = VSSDC =VSSD =VSSX =0V)

Symbol Rating )
ftem (Pin name or Condition) Min. Typ. Max. Unit
VBATopr 19
(TC35680) )
VBAT operation VBATopr
voltage (TC35681: Ta max. 105 °C) 18 30 36 v
VBATopr 20
(TC35681: Ta max. 120 °C) )
Power VDDIO operation
voltage VDDIOopr 18 3.0 3.6 V
supply
(Note 1)
voltage
VDDIOFQ output
voltage VDDIOFQ (Note 2) — 1.7 — \%
(Note 1) (Note 2)
VDDCORE VDDCOR!E1NDDCORE2 . 12 . v
voltage (Active mode)
J VDDCORE1/VDDCORE2
(Note 1) — 0.85 — \Y,
(Low power mode)
RF frequency Fc 2400 — 2483.5 MHz
Input frequenc Reference clock Fck 31.9984 32.00000 32.00160 MHz
putirequency Sleep clock fslck 32751616 | 32768000 | 32784384 | kHz
. Ta (TC35680) +85 .
+
Ambient temperature Ta (TC35681) -40 25 120 C

Note 1: For the examples of recommended connections of the power supply pins, refer to the “Hardware Application Note”.

Note 2: The VDDIOFQ pin is an intemal LDO regulator output. So do not connect an extemal power supply. Please connect an
external by-pass capacitor to this pin (for TC35680).
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5.3. DC Characteristics
5.3.1. Current Consumption (Design Target Value)

Table 5-3 shows a list of the current consumption values. Each value is an average operating value with a recommended connection

of each power supply pin. For the measured values, the measurement is done under our company’s evaluation environment.

The current consumption characteristics are based on the following conditions, unless specified otherwise.
v' Ambient temperature (Ta): 25°C

AN NN

CPU clock frequency: 32 MHz
Sleep clock frequency: 32.768 kHz, using a crystal resonator

Table 54 shows a list of DC characteristic values for each pin

Power supply source in the normal operating mode: DC/DC convertor
VBAT =VDDIO=3.0V
VSSA=VSSRFIO =VSSDC =VSSD =VSSX=0V

Table 5-3 Current consumption

" Measured pin Rating .
Unit
ltem Symbol Condition (Note 1) Min. Typ. . ni
Current consumption of | 1DDoi Bluetooth® wireless: not used VBAT . 12 . mA
the digital circuits at (Active1) Built-in Flash memory: not used |
operation IDDo AllGPIO is Hi-Z VDDIO — 03 — WA
C 'DDro Reading — 3.8 —
Digital circuit current (Read)
consumption of the built- IDDwr .
in Flash memory (Write) Programming 162
(Note 2) IDDer )
(Erase) Erasing — 16.2 —
125 kbps 52
Data reception current IDDrx 500 kbps 52
consumption (Active2) 1 Mbps 5.1
2 Mbps 5.6
1 Mbps — 52 —
= mA
Output Power =0 dBm 2 Mbps — 54 —
125 kbps — —
500 kbps — 1.3 —
Output P =+8dB
utput Power m 1 Mbps — —
Data transmission IDDrx 2 Mbps — 115 —
current consumption | (Active3) | Output Power = +8 dBm VBAT
Frequency of reference 1 Mbps — 11.0 —
clock = 16 MHz
Output Power = +8 dBm
Power supply source: LDO 1 Mbps — 26.0 —
regulator
Low power mode - Common condition: The oscillation of the o
po reference clock is stopped.
Current consumption in Power supply of CPU: on
Low power mode IDDS1 The oscillation of the sleep clock is operated. — 25 —
(Sleep mode) Whole of the data is retained.
Current consumption in Power supply of CPU: off MA
Low power mode IDDS2 The oscillation of the sleep clock is operated. — 25 —
(Backup mode) Whole of the data is retained.
Current consumption in Power supply of CPU: off
Low power mode IDDS The oscillation of the sleep clock is stopped. — 0.05 —
(Deep Sleep mode) No data is retained.
Note 1: The operating current consumption of a GPIO circuit depends on a load capacitance of its pin.
Note 2: Only for TC35680.
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Table 5-4 DC characteristics (VSSA = VSSRFIO = VSSDC = VSSD = VSSX =0V)

Condition Measured Rating
ltem Symbol Other pin ) Unit
I/F voltage condition (Note) Min. Typ. Max.
High level
input VIH — LVCMOS VDDIO 0.8 x VDDIO — —
system
voltage v
Low level
input VIL — LVCMOS VbDIo — — 0.2 x VDDIO
system
voltage
High level Pull-down 10 — 10
- resistor OFF
input IIH Buldown
t = ) _
curren VDDIO = Input resistor ON VDDIO 10 200
voltage to each MA
Low level in Pull-up system 10 . 10
O_W ceve P resistor OFF
input lIL Pul-up
current resistor ON -200 — -10
High level
output VOH — IOH=1mA VDDIO VDDIO - 0.6 — — \Y
system
voltage
Low level
output VOL — IOL=1mA VDDIO — — 04 \Y
system
voltage

Note: For the details of the power system pins, refer to Table 2-6 in which the power system of each function pin is shown.
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5.4. Built-in Regulator Characteristics

Table 5-5 Built-in regulator characteristics (VBATopr: Min. to 3.6 V and VSSA = VSSRFIO = VSSDC = VSSD = VSSX=0V)

. . Rating ;
It bol | P Condit t
em Symbo in name or Condition M Tvp. Vx| Uni

12
Output voltage | Vout1 VDDCORE2 ~ |oss(Notet)| — v

Note 1: The output voltage in a low power mode.

Table 5-6 Built-in regulator characteristics (VBATopr: Min. to 3.6 V and VSSA = VSSRFIO = VSSDC = VSSD = VSSX=0V)

Rati
Item Symbol Pin name or Condition Vi, ';'IFT-Q NViox Unit
Output voltage Vout2 VDDIOFQ — 1.7 — V
5.5. ADC Characteristics

Table 5-7 ADC characteristics (VBATopr: Min. to 3.6 V and VSSA = VSSRFIO =VSSDC =VSSD =VSSX =0V)

o Rating .
Item Symbol Condition Vi, Typ. Vo, Unit
TC35680 1.9
Analog reference voltage | VREFH TC35681 18 3.0 3.6
Analog input voltage VAIN — VSSD — VREFH
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5.6. RF Characteristics (Design Target Values)

The RF characteristics are based on the following conditions, unless otherwise specified.

v Ta=25°C

v VBAT=3.0V

v" XOIN = 32 MHz (The frequency accuracy should be adjusted to +2 ppm at room temperature)
v' PAOUT=8dBm

Table 5-8 shows the RF transmission characteristics which are compliant with the Bluetooth® Core Specification Version 5.0
standard. Table 5-9 shows the RF reception characteristics. Some values in those tables are design target values.

Table 5-8 RF transmission characteristics

Modulation » Rating ]
ltem Packet . Channel Condition - - - Unit
condition Min. | Min. | Min.
Pavg+
0,12, Peak (Ppk) — 04
Output Power 255 octets PRBS9 19.39 3dB dBm
’ average (Pavg) — 8 —
-4 MHz — 49 -30
-3MHz — 41 -30
In-band Emissions 0,12, -2 MHz — -40 -20
255 octets PRBS9 dBm
Uncoded data at 1 Ms/s 19, 39 2 MHz — -40 -20
3 MHz — 41 -30
4 MHz — 49 -30
-6 MHz — -52 -30
-5 MHz — 49 -20
In-band Emissions 0,12, 4 MHz — -50 -20
255 octets PRBS9 dBm
at2 Ms/s 19,39 4 MHz — -50 -20
5MHz — -50 -20
6 MHz — -52 -30
11110000 Aflavg 225 | 244 275 kHz
Modulation Characteristics 0,12,
255 octets 10101010 Af2max 185 | 204 — kHz
Uncoded data at 1 Ms/s 19, 39
— Af2avg/Aflavg 038 0.90 — Ratio
11110000 Aflavg 450 | 482 550 kHz
Modulation Characteristics 0,12,
255 octets 10101010 Af2max 370 | 415 — kHz
at2 Ms/s 19,39
— Af2avg/Af1avg 0.8 0.90 — Ratio
Carrier frequency offset 255 octets 10101010 average -150 4 150 kHz
Carrier frequency drift 255 octets 10101010 0,12, worst — 4 50 kHz
Carrier frequency drift Rate 19, 39
255 octets 11110000 Absolute maximum — 6 19.2 | kHz/48 ps
LE Coded (S=8)
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Table 5-9 RF reception characteristics

Test item Condition 1 Packet Modulation condition  [Channel Condition 2 - Ra?lng Unit
Min. Min. Max.
2 Mbps — -93.2 —
1 Mbps — -95.6 —
500 kb
37 . 0,12, ps i 1012 N
octets 19,39 [ (Coded PHY, S=2)
125 kbps 105.2
= 0 — - . —
o PER=308% (Coded PHY, S =8)
Rx Sensitivity at 1500 packets dBm
o 2 Mbps — -91.3 —
with dirty
1 Mbps — -93.8 —
500 kbps
255 . 0,12, P! _ 1000 _
octets 19,39 | (Coded PHY, S =2)
125 kbps
— -105.1 —
(Coded PHY, S =8)
-7 MHz — 42 —
-6 MHz — -32 -32
-5 MHz — -27 -26
Wanted signal: -4 MHz — 29 -30
-3 MHz — -29 -32
C/l and Receiver| Bluetooth LE 2 MHz — 26 35
Selectivity modulation PRBS9 0,2,
PER =30.8 % 255 -1 MHz — -3 -2
Performance, 12,19, dB
at 1500 packets octets 0 MHz — 8 8
uncoded data at Interferer: 37,39 1 MHz — P) P
1 Ms/s
Bluetooth LE 2 MHz _ 25 30
Modulation PRBS15 3 MHz — -33 -38
4 MHz — -39 -40
5MHz — 40 44
6 MHz — 41 —
-14 MHz — 43 -15
-12 MHz — -35 —
Wanted signal: -10 MHz — -30 —
-8 MHz — -32 —
C/l and Receiver| Bluetooth LE 6 MHz — 36 15
Selectivity modulation PRBS9 0,2,
PER=30.8% 255 -4 MHz — -30 _
Performance, 2,19, dB
at 1500 packets octets -2 MHz — -7 15
uncoded data at Interferer: 37,39 0 MHz — 5 2
2 Ms/s
Bluetooth LE 2 MHz — 8 15
Modulation PRBS15 4 MHz — -29 -17
6 MHz — -37 —
8 MHz — -39 27
-7 MHz — -52 -31
-6 MHz — -36 -19
-5 MHz — -30 -13
Wanted signal: -4 MHz — -33 -19
Bluetooth LE -3 MHz — -36 =31
C/l and Receiver| modulation PRBS9 0.2, -2 MHz — -34 -21
Selectivity PER =30.8 % 255 12 19 -1 MHz — -5 11 4B
Performance, LE|  at 1500 packets octets T 0 MHz — 6 17
Coded (S=2) Interferer. 37,39 1 MHz — 5 11
Bluetooth LE 2 MHz _ 230 21
Modulation PRBS15 3 MHz — -37 -31
4 MHz — 43 -31
5 MHz — -49 -31
6 MHz — -51 -31
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Test item Condition 1 Packet Modulation condition  [Channell Condition 2 - RaFlng Unit
Min. Min. Max.
-7 MHz — -52 -36
-6 MHz — 40 -24
-5 MHz — -29 -18
Wanted signal: -4 MHz — -36 24
C/l and Receiver, Bluetooth LE -3 MHz - 42 -36
Selectivity modulation PRBS9 0,2, -2 MHz — -36 26
Perf LE PER=30.8% 255 12,19 -1 MHz — -10 6 4B
eriormance, at 1500 packets octets C 0 MHz — 5 12
Coded Interferer: 37,39 1 MHz — ) 6
(S=8) Bluetooth LE 2 MHz — 32 26
Modulation PRBS15 3MHz — -37 -36
4 MHz — -51 -36
5MHz — -52 -36
6 MHz — -52 -36
Wanted signal: 30 to 2000 MHz 30 — —
Bluetooth LE
Blocking PER=308% 255 ) 2003 to 2399 MHz -35 —_ —_
modulation PRBS9 12 dBm
Performance at 1500 packets octets 2484 to 2997 MHz -35 — —
Interferer:
Unmodulated carrier 3000 Mto 12.75 GHz -30 — —
Wanted signal:
Bluetooth LE modulation|
PRBS9, -64 dBm
Intermodulation Interferer #1:
255 0,12,
Performance, 1500 packets Bluetooth LE modulation| n=3 30.8 0 — %
octets 19, 39
1 Ms/s PRBS15, -50 dBm
Interferer #2:
Unmodulated carmier,
-50 dBm
fWanted signal:
Bluetooth LE modulation
PRBS9, -64 dBm
Intermodulation Interferer #1:
255 0,12,
Performance, 1500 packets Bluetooth LE modulation n=3 30.8 0 — %
octets 19,39
2 Ms/s PRBS1, -50 dBm
Interferer #2:
Unmodulated carmier,
-50 dBm
Maximum input 255 0,12,
. PER PRBS9 -10dBm 30.8 0 — %
signal level octets 19, 39
PER Report 255 0,12,
‘po PER PRBS9 -30dBm 50 50 65.4 %
Integrity octets 19, 39

Note: To the C/I characteristic and the blocking characteristic, the relaxed specifications of the certification test of Bluetooth®

specification may be applied.
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5.7. AC Characteristics (Design Target Values)
5.7.1. UART Interface

Table 5-10 AC characteristics of UART interface

Rating
Symbol It Unit
ymoo em Min. Typ. Max n
tCLDTDLY CTSX falling edge to data transmission start 192 — — ns
tCHDTDLY | CTSXrising edge to data transmission completion | — — 2 Byte
tRLDTDLY RTSX falling edge to data reception start 0 — — ns
tRHDTDLY | RTSXrising edge to data reception completion — — 8 Byte
__ tCLDTDLY tCHDTDLY
CTSX ——
XD
T _{TXDIV
:>\START A Bmo X B X Bm2 X B3 X mm4 X Brs X mme X _mi7 Y stop X
__ tRLDTDLY tRHDTDLY
RTSX ~—
RXD

:>\START/< a0 X BTt X B2 BIT3

B4 X Brs X Bt X Btz ) stop \<:

Figure 5-1 Timing chart of UART interface
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5.7.2. I2C Interface
5.7.2.1. Standard Mode

Table 5-11 AC characteristics of I°C interface (Standard mode)

Rating .
Symbol ltem Vi, Typ. Vo Unit
tDATS Data setup time 250 — — ns
tDATH Data hold time 300 — — ns
tDATVD | Data validity period — — 3450 ns
tACKVD | ACK validity period — — 3450 ns
tSTAS Restart condition setup time 4700 — — ns
tSTAH Restart condition hold time 4000 — — ns
tSTOS Stop condition setup time 4000 — — ns
Bus release interval ime between Stop
tBUF condition and Start condition 4700 B B ns
tr Rising time — — 1000 ns
tf Falling time — — 300 ns
tHIGH Serial clock High period 4000 — — ns
tLOW Serial clock Low period 4700 — — ns
Cb Bus load capacitance — — 400 pF
S: START condition
Sr: Repeated START Condition
tf tr DATS P: STOP condition
‘._
SDA 70% * f f §< *
30% T T H [ T
ff DATH tr HIGH [0 v
-Hlje— -
scL ) 3 ﬂ ?l?\
)%
tSTAH 4
H 1/SCL tLoOw
----- s 1% clock 2™ clock 3" clock 9" clock

i BUF

L tSTAS tSTAH
‘.

_.I RN i tSTOS 1-4‘
SCL 70% J
30% ]Z

Sr 9" clock P S

Figure 5-2 Timing chart of I1°C interface (Standard mode)
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5.7.2.2. Fast mode
Table 5-12 AC characteristics of I°C interface (Fast mode)
Rating .
Symbol It Unit
ymbo em Min. Typ. Max. "
tDATS Data setup time 100 — — ns
tDATH Data hold time 300 — — ns
tDATVD | Data validity period — — 900 ns
tACKVD | ACK validity period — — 900 ns
tSTAS Restart condition setup time 600 — — ns
tSTAH Restart condition hold time 600 — — ns
tSTOS Stop condition setup time 600 — — ns
Bus release interval ime between Stop
BUF condition and Start condition 1300 B B ns
tr Rising time 20+0.1Cb — 300 ns
tf Falling time 20+0.1Cb — 300 ns
tSP Removable spike pulse width 0 — 50 ns
tHIGH Serial clock High period — 1423 — ns
tLOW Serial clock Low period — 1423 — ns
Cb Bus load capacitance — — 400 pF
S : START condition
" . Sr : Repeated START Condition
. A DATS P : STOP condition
SDA o i (O *
30% T “' 1) *
i "lﬁ‘— ‘32"" 5 r HICH 1ipaTVD
scCL j’% ﬂ Y |
€ %
tSTAH b
H 1/fSCL tLOW
----- é - 1% clock 2" clock 3" clock 9" clock
m|:" tBUF
SDA 70%1 : ‘
L tST
_1 tsTOS|¢
SCL ]Z XS

9" clock

Figure 5-3 Timing chart of I’C interface (Fast mode)
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5.7.3. SPlInterface

Table 5-13 AC characteristics of SPI interface

Symbol Item Rafing Unit
Min. Typ. Max.

tSPICLKCYC SPI clock cycle 125 — — ns
tSPICLKHPW SPI clock High pulse width 62 — — ns
tSPICLKLPW SPI clock Low pulse width 62 — — ns
tSPICSS SPI chip select setup time 31 — — ns
tSPICSH SPI chip select hold time 62 — — ns
tSPIW SPI transfer idle pulse width 62 — — ns
tSPIAS SPI address setup time 31 — — ns
tSPIAH SPI address hold time 62 — — ns
tSPIDS SPI data setup time 31 — — ns
tSPIDH SPI data hold time 62 — — ns

< tSPICLKCYC

—> < tSPICLKHPW

| & tspicss = e‘ e tSPlCLKLPj\{V - < tSPICSH
sos] <
—> <~ tSPIAS tSPIDS —>  <— tSPIIW
our | h7 L s [ s | we [as [/ mo Lo Jore [ or | oo | s
—i & tSPIAH I ” —i & tSPIDH
Read
> tSPICLKCYC > i tSPICLKHPW
| & tspicss 4 .e?. I > i< tSPICSH
sos ] tSPIGLKLPW {
—> <~ tSPIAS tSPIDS —>  <— tSPIIW
ow  wr L me [as J wm [ae [ w0 XD15XD14><I{)< o X o s
—i & tSPIAH I J > & tSPIDH

Figure 5-4 Timing chart of SPI interface
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5.8. Characteristics of Flash Memory (Only TC35680)

Table 5-14 Characteristics of Flash memory (VBATopr: Min. to 3.6 V and VSSA = VSSRFIO = VSSDC = VSSD = VSSX=0V)

ltem Symbol Condition Min. R?;Eg NVax. Unit
Number of.erase and o Ta=25°C 10° o o Cydle
programming cycles
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6. System Configuration Example
System configuration diagrams are shown in following subsections.

6.1. Configuration Example for User-App Mode (TC35680)

p77 é
VDD VDD 1 . g
xoIN-2 g 3
18 oy 5§
| BAT_1 VBAT 12 el o
VDD XO0uT S5
% ~ ™ ©
Iy
X 8
T 2 \ooio 5
o
I
=X
w
=
S
sLPxooUTHZ 2 fx2
nr =
sLPxoiN2! o
« MLZ1608N100L
S (ToK) X 32.768 kHz
X
T — Y ——
L 1 10 uH ST2012SB32768Z0HRZBB
,;l; VDD
3.3nH
200 > |VDDCORE2
14 \VDDCORET ReseTX |2 sV
u:‘- !
Oi 21 \ppioFa ;
o
&
x
! 4_{ TmoDE
s |
5 VPGM | Debug connector ‘
|
13 O O I
VSSX 00 |
| (oNe; ‘
2 1ysspc SWDIO ;; % 0 O
SWDCLK O O O+ [
FIN ‘ |
Coaxial Connecter Vssb
[ 1 77 VDD [ ‘
| |
| ly_q |
it ‘ epioo | ‘
| P01 |22 O 5
I . TBEF ; " O o o |
I |_I_ RFIO z:gz 30 ‘ é 1kQ \
5 29
: ‘ = GPI04 I r ‘
| I ; GPIO5 23 O ‘
| Up to 3 components are | GPI06 38 g UART1-TX I
| required for the antenna | ‘ 6 |\ssrFio ePIo7 | —
matching network. | GPI08 2% I —O | UART1-RX
The number of components | GPIO9 | O |
depends on the antenna type.l I 8 VSSA GPIOT0 26
| == E3 ‘ ‘
L J 9 GPIO1 — |
TRTESTH GPIO12 [ e
0 GPIO13 [—
TRTEST2 GPIO14 —
GPIO15 =
7 GPIO16 [—
GPIO17 I | For developing &
1 evaluating

Figure 6-1 Example circuit for system configuration for TC35680FSG (User-App mode)

81 2018-09-13



TOSHIBA

TC35680FSG-002/TC35681FSG-002

6.2. Configuration Example for HCI Mode (TC35680)

This example uses the UART interface to connect a host CPU.

VDD VDD
18
-| BAT 1
- VDD
o~ %
x
z
L
['q
0
T2
b
5
3
a
e
L
2 MLZ1608N100L
l (TDK)
3.3nH
il 15

0.1yF

I
X5R
N =

[y 4
E
S
5
13
20
FIN
_Coaxial Connecter
\ 1 r
|
______ |
18 pF

r—-
|
|
|
|
|
|

| Up to 3 components are

| required for the antenna |
matching network. |

| The number of components |

| depends on the antenna type. | N

VBAT

VDDIO

VDDCORE2

VDDCORE1

VDDIOFQ

TMODE

VPGM

VSSX

VSSDC

VSSD

RFIO

VSSRFIO

VSSA

TRTEST1

TRTEST2

XOIN

XOOUT]

SLPXOOUT

SLPXOIN

GPIO0
GPIO15
RESETX

GPI0O5
GP106

SWDIO
SWDCLK

GPIO1
GPI02
GPI03
GPIO4
GPIO7
GPI08
GPIO9
GPIO10
GPIO11
GPI012
GPIO13
GPIO14
GPIO16
GPIO17

L 5
N
I
i o Y-
% 2g
[n]] S8
12 8 2
j? 175
g
2 2.
[
21 1 .=
x1
32.768 kHz
ST2012SB32768Z0HRZBB
31 [ WakeUPo ]|
33 I WakeUP1 I
2 RESETX
HOST I/F
3 ° [oarT TX]
°
< . — [T RX]
!
17
32
%
1
30
29
S
39
23
%
5
e
%
24
1
2

‘7ﬁ
L]

For developing &
evaluating

Figure 6-2 Example circuit for system configuration for TC35680FSG (HCI mode)
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6.3. Connection Example for User-App Mode (TC35681 downloads a user application
program from an external EEPROM)

VDD VDD
Lr é
18 - < 1]
=| BAT 1 VBAT xomp2 5
VDD % a
o Oy |28
~ ] 12 X |28
X 23 XOO0UT| S9
ry VDDIO ‘;‘J7 ° 8%
- ]
% g
=X 22 2 ©
= SLPXOOUT X2
= (=]
r sLPxoINZ L x1 DD
MLZ1608N100L
o (TDK) 32.768 kHz
g — 19 |1x ST2012SB32768Z0HSZB1
L 10 pH 3
v’;l; RESETX .
3.3nH
N 15 |VDDCORE2
14 1 VDDCORE
w Debug connector _}
T \
4 | rmopE 17 ‘
SWDIO[—> |
s SWDCLK
VPGM ‘
13 ‘
31
VesX GPioo - — |
40 |
20 GPIO1
VSSDC 6
GPIO2 e ‘
27 30
VSSD1 GPIO3 f—— ‘ |
29 |
N GPI04 |
Coaxial Connecter vesb2 aplos-£ UART1-TX ‘
1 r 1
I GPI06 O UART1-RX |
- |
i —
| 18 pF VDD VDD
| RFi0 W
| [ g Le
a s So EEPROM
I ; - e e
| ‘ . 5 fsoa  onp
| Up to 3 components are |
| required for the antenna 6 38 6 3
|ma(ch|ng network. 1 VSSRFIO GPIO7 ) SCL A2
The number of components I GPlo8 28
depends on the antenna type. | 8 GPIO9 Zlwp a1 2
| | 1 VSSA 26 VDD
L b GPIO10 [—=
———————— 8 1
9
TRTEST GPION [ ¥u— vce A0
GPIO12 ES
10 aPiots |2 S
TRTEST2 2 °
GPIO14 [— r
GPIO15 [~
r GPIO16 [—
GPio17 I For developing &

. evaluating

Figure 6-3 Example circuit for system configuration for TC35681FSG (User-App mode)
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6.4. Connection Example for User-App Mode (TC35681 downloads a user application

program from a host)
Refer to 6.5 “Connection Example for HCI Mode”.
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6.5. Connection Example for HCI Mode (TC35681)

This example uses the UART interface to connect a host CPU.

Ly 5
N
VDD VDD - 2
- S
xom4 ig
18 % 28
_ VBAT [[n]] S8
BAT_1 VD 12 X |2
XOOUT| NS
4 o~ ® “ o
o~ Q §
T VDDIO 5
o
n
X
w
-|— =
S
sLpxoouT 2 2 fx2
x 10 uH 19 5
X X =
T 21 1
= MLZ1608N100L SLPXOIN x1
- (TDK)
3.3nH 32.768 kHz
o 15 ST2012SB32768Z0HSZB1
Y VDDCORE2
opioop2L [war0]
14 1 VDDCORE apiots 2 [ Wakeup1]
=R ResETX RESETX
Oi HOST I/F
36 [OART 7]
4| +vopE GPIO5 - L M UART
GP106 . [UART RX ]
5 q
VPGM
B 1vssx ‘777777777
|
2 fysspe 9 O I
27 - o
VSSD1 ‘ O
|
FIN ‘
Coaxial Connecter VSSb2 A ‘
- == O O
| T ‘ 00
‘ . 00 |
| swoiof—~ o, O O0+—o |
f——t———— = | SWDCLK o, O O ‘
| |
| 18 pF 7 epio1 |- Debug connector |
! I—I— RFIO epioz| 18 | |
30
| ‘ = GPIo3|— ‘
| I ; GPIO4—
| | ePIO7|— IJ; |
| Up to 3 components are GP108
required for the antenna | 6 VSSRFIO GPIO9 28
matching network. | 26
The number of components | | 8 GPI010 35
| depends on the antenna type. | — | VSSA GPIO11 %
| | . GPIO12[—=
TRTEST1 GPIO13[—>
GPI014
10 GPIO16 [
TRTEST2 2
GPI017
ua - )
| | For developing &
. evaluating

Figure 6-4 Example circuit for system configuration for TC35681FSG (HCI mode)
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6.6. External Circuit Configuration for LDO Regulator (Common to TC35680 and TC35681)
The selection of the DC/DC converter or the LDO regulator is done by the setting at shipment. The LDO regulator is generally not

selected for a standard product.

When the LDO regulator is used, a 0.1-uF capacitor, a 1-uF capacitor, and a 3.3-nH inductor are recommended to be connected
with the VDDCORE1 pin and the VDDCOREZ2 pin, as shown in Figure 6-5.

The LX pin becomes Hi-Z when the LDO regulator is used. The pin can be open without any inductors.

a4
%
[T
El 19
il "
33nH
~ 5 |\VDDCORE2
14 | \DDCORE1
[T
177

0.1
3

Figure 6-5 Circuit for LDO regulator
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7. Package
7.1. Package Outline of TC35680FSG/TC35681FSG (P-VQFN40-0505-0.40-005/F01)

Unit: mm

8x 0351993
SETYP T
) I ;
© TIoooooay
“ 0B T !
| B~ = i
T— B
A = ‘ = o
C __:____'____:__
i [ O z
= = ‘ O 3
) -] =
| - I O |
il = ‘ 20
qoonnonann |
’ 2 0.35+0.05
0./TYP |l 0.240.05[ [ 0.1 @[S]AB]
o T Y10 o050l e
\.J,u'_:kM/ !

Weight: 0.068 g (typ.)
Figure 7-1 Package outline (P-VQFN40-0505-0.40-005/F01)
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7.2. Marking

7.2.1. Marking of TC35680FSG
Figure 7-2 shows a marking of the TC35680FSG.

ROM Code

Year of Manufacture
(Last two digits of the year)

Pin Mark#1

—

<

7 002X~

680FSG-
YYWWXXX-

<«

»‘ Country/Region of origin

v

Figure 7-2 Marking (TC35680FSG)

7.2.2. Marking of TC35681FSG
Figure 7-3 shows a marking of the TC35681FSG.

ROM Code

Year of Manufacture
(Last two digits of the year)

Pin Mark#1

—

<

7 002X~

681FSG-
YYWWXXX-

<«

»‘ Country/Region of origin

\ 4

Figure 7-3 Marking (TC35681FSG)

Intermal Use Code

Device Name or Abbreviation

Intemal Use Code

Manufacturing Week Number
(The first week of a year is the week that
contains the first Thursday of the year.)

Intermal Use Code

Device Name or Abbreviation

Intemal Use Code

Manufacturing Week Number
(The first week of a year is the week that
contains the first Thursday of the year.)
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8. List of Products

The line-up of the TC35680/TC35681 series is shown in Table 8-1.

Table 8-1 Product line-up

Product Description

TC35680FSG-002(ELG Aunique BD address is added. DC/DC converter is used. SWD can be set. (Note 1)
Minimum Order Quantity (MOQ) 2,000 units

TC35680FSG-002(E1C Aunique BD address is added. DC/DC converter is used. SWD can be set. (Note 1)
MOQ 100 units

TC35681FSG-002(ELC Aunique BD address is added. DC/DC converter is used. SWD enabled.
MOQ 2,000 units

TC35681FSG-002(E1C Aunique BD address is added. DC/DC converter is used. SWD enabled.
MOQ 100 units

Note 1: When an SWD password is not set, the SWD function is not available. And even when the SWD password is set, the SWD
function cannot be used until a password which is identical to the SWD password is set.
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9. Revision History

Revision

Date

Description

1.0

2018-09-13

First release
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.
e  TOSHIBA reserves the right to make changes to the information in this document and related 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
pemission, reproduction is pemmissible 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, lifesaving and/or life supporting 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, and devices related to
power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact us via our website.

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

e 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  Theinformation 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 ABSENTAWRITTEN 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.

e 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.

e  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.
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