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TOSHIBA CMOS Integrated Circuit Silicon Monolithic 

TC32168FTG 
 

5.8 GHz RF Transceiver for ETC including Modem/Wakeup 

1. Abstract 
TC32168FTG is a single-chip 5.8-GHz RF transceiver for ETC (Electronic Toll 
Collection) system. It is mainly used for OBU (On Board Unit) of automotive systems. 
Wakeup detector, Crystal oscillator, Mixer, IF amplifier, IF filter, RSSI (Received Signal 
Strength Indicator), ASK/OOK modulator/demodulator, Transmission band limiting filter, 
and PA are included in this IC. 
Less than 5 μA of the current consumption has been achieved in Sleep mode (only 
WAKEUP block is active). Also this IC supports a fast boot sequence for MLFF 
(Multi-Lane Free Flow) and a dual band reception waiting (a data reception at both 5830 
MHz and 5840 MHz). 

 

2. Application 
This IC can be used for ETC systems whose bit rate is 256 kbps or 512 kbps. 

 

3. Features 
• Low current consumption 
• Fast boot sequence (Refer to Electrical Characteristics for details.) 
• Small package: P-VQFN32-0505-0.50-002, 5.0 mm × 5.0 mm square 
• Including Wakeup function 
• Including Modem functions (Addition of CRC, Postamble, or Preamble is available.) 
 Modem mode: Data transmission through the internal modem 
 Direct mode: Data transmission or reception through INTRPT/DIO pin is available. 

• MLFF (Multi-Lane Free Flow) is supported. 
 Boot control from MCU through CE pin 
 Auto-wakeup function using an auto-boot sequence is selectable. 

• Including IF filter 
 High selection performance for a reception signal using the internal IF filter 

• IC control from dedicated pins 
 Fast boot sequence from Sleep mode using CE pin 
 Fast switching between TX (Transmission) and RX (Reception) using TXRX pin 
 Switching between TX and RX can be also done by using SPI (Serial Peripheral Interface) bus 

• IC control from SPI bus 
 Wakeup detection settings 
 Setting of a cycle number of the output pulses 
 Wakeup routine setting 

 Internal frequency settings (PLL frequency synchronizer); PLL = Phase Locked Loop 
 Transmission frequency setting 
 Reception frequency setting 

 Modem function setting 
 Switching between Modem mode and Direct mode 

 

 
Weight: 0.08g (Typ.) 

P-VQFN32-0505-0.50-002 
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4. Block Diagram 
 

Fractional PLL

TX
MIXERRF

REG

VCO
REG

C
O

N
TR

O
L

XOSC

DAC

VCO

PLL
REG

Double 
Multiplier

IF Filter

RSSI

RX
MIXER

Didital
REG

 CSN

 MOSI
 SPICLK

 MISO

 INTRPT/DIOFIFO
MODEM

Main Resisters

S
PI

I/F

CE WAKE_UP

XOSC_IN
XOSC_OUT

RF_IN

RFOUT2
RFOUT1

VRSSI

TXRX

VDD

PA

WAKEUP 
DET

PMU 
(Power Management Unit) 

WU
REG

IF block

WAKEUP block

 

Figure 4-1  Block Diagram 

 

Above figure is a schematic of this product. Some of the functional blocks and others in the block diagram may be omitted or simplified 
for explanatory purposes. 
In this figure, only the circuits in the gray shaded block operate in Sleep mode. 
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5. Pin Assignment 
 

GND_RF1

RF_IN

RFOUT1

GND_RF3

R
E

G
_V

C
O

_C

XOSC_IN

G
N

D
_P

LL

XOSC_OUT

REG_DIG_C

IF
_R

E
F

_C

D
E

T
_C

V
R

S
S

I

V
P

G
M

T
E

S
T

MISO

IN
T

R
P

T
/D

IO

R
E

G
_P

LL
_C

CSN

SPICLK

R
E

G
_R

F
_C

IREF_C

R
E

G
_W

U
_C

G
N

D
_V

C
O

2

V
D

D
DCFB

GND_RF2

W
A

K
E

_U
P

1 3 4 5 6 7 8

9

10

11

12

13

14

15

16

1718192021222324

25

26

27

28

29

30

31

32

T
X

R
X

C
E

G G

GG

GND_DIG

MOSI

RFOUT2

 

Figure 5-1  Pin Assignment (Top View) 

 
Note: The G pins at the four corners of this IC package are internally connected to the substrate of this IC. It is recommended that those 

pins are connected to the ground on the printed-circuit board. 
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6. Pin Description 
Table 6-1  Pin Description 

Pin No. Name I/O Description 

1 REG_RF_C — Connect a bypass capacitor for internal regulator stabilization. 

2 IF_REF_C — Connect a capacitor for IF filter circuit stabilization. 

3 VDD Power Supply Supply voltage input pin. 3.0 V (Typ.). Connect a bypass capacitor. 

4 DET_C — Connect a capacitor for ASK/OOK detector. 

5 VRSSI O RSSI output. 

6 VPGM — Connect to the ground directly (only for the test in Toshiba). 

7 TXRX I Select Transmission or Reception. "1": Transmission/”0”: Reception 

8 INTRPT/DIO I/O Select the pin function by SPI control. 
Use for an interrupt: Set Modem mode by SPI. 
Use for Data I/O: Set Direct mode by SPI. 

9 MISO O Master input/Slave output of SPI (Master In Slave Out). 

10 CSN I Enable of SPI communication. 
“0”: Communication enable. 
“1”: Communication stop. 

11 SPICLK I Clock of SPI. Input SPI clock for communication. 

12 MOSI I Master output/Slave input of SPI (Master Out Slave In). 

13 GND_DIG — Ground for digital blocks. Connect to GND. 

14 REG_DIG_C — Connect a bypass capacitor for internal regulator stabilization. 

15 XOSC_OUT O Connect a crystal oscillator. (When TCXO is used, this pin should be open.) 

16 XOSC_IN I Connect a crystal oscillator. (When TCXO is used, connect it to this pin via a capacitor.) 

17 TEST — Connect to the ground directly (only for the test in Toshiba). 

18 REG_PLL_C — Connect a bypass capacitor for internal regulator stabilization. 

19 GND_PLL — Ground for PLL. Connect to GND. 

20 GND_VCO — Ground for VCO. Connect to GND. 

21 REG_VCO_C — Connect a bypass capacitor for internal regulator stabilization. 

22 CE I “1” setting means Transmission/Reception is enabled. After the power is supplied, this pin 
should be set to “0”. And then set to “1”. (Refer to 7.11.2.) 

23 WAKE_UP O When 14-kHz Wakeup signal is detected, this pin outputs “1.” 
Also when the Wakeup function is re-set up, this pin outputs “1.” 

24 REG_WU_C — Connect a bypass capacitor for internal regulator stabilization. 

25 IREF_C — Connect an external capacitor for Wakeup detection. 
Note; The characteristics of this pin is affected by the value of the connected capacitor. Use 
a ceramic capacitor, and pay attention to condensation or dust to avoid the leak current. 

26 DCFB — Connect an external capacitor for Wakeup detection. 
Note; The characteristics of this pin is affected by the value of the connected capacitor. Use 
a ceramic capacitor, and pay attention to condensation or dust to avoid the leak current. 

27 GND_RF1 — Ground for RF blocks. Connect to GND. 

28 RF_IN I RF signal input. The input impedance is 50-Ω (Typ.). 

29 GND_RF2 — Ground for RF blocks. Connect to GND. 

30 RFOUT1 O RF signal output 1. Connect to a 50-Ω impedance signal line. 

31 RFOUT2 O RF signal output 2. Connect to a 50-Ω impedance signal line. 

32 GND_RF3 — Ground for RF blocks. Connect to GND. 

Note: In the table above, “1” means the supply voltage level and “0,” the ground level. 
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7. Functional Description 
7.1 Power Supply 

The power supply voltage of this product is in the range of 1.8 V to 3.6 V. 
VDD pin should be connected to not only the power supply but also a bypass capacitor to reduce noises. 
In this product, internal regulators deliver the voltage sources. 
In Figure 4-1, “REG” boxes represent the regulators. 
Circuits to control Wakeup operation (PMU, WAKEUP DET and WU REG in Figure 4-1) are always “ON” while the power is supplied. 
The other circuits are controlled by the power supply voltage from the internal regulators. 

7.2 RF Frequency 
This product has a fractional PLL. 
The internal oscillator consists of the fractional PLL, VCO, and the crystal oscillator circuit for PLL reference signal. 
The oscillation frequency can be set to the value in the range of 5725 MHz to 5875 MHz via SPI bus. 
 
(1) Reception frequency setting 
The difference between the reception frequency and the LOCAL frequency should be set to +/-5 MHz. 
Either Upper LOCAL or Lower LOCAL can be selected according to the application system or the radio surroundings. 
The frequency calculation is shown as follows: 
 

fOPR.RX = fLO +/-5 (MHz)  
NRX[D20,D0] = fLO (MHz) × 125 

= NRX[D20] × 220 + NRX[19] × 219 + ·••• + NRX[D2] × 22 + NRX[D1] × 21 + NRX[D0] × 20 
fOPR.RX is the reception frequency. fLO is the LOCAL frequency which is set by the register NRX[D20,D0] (= 04h[D15,D0] and 
05h[D4,D0]). 
The sign “+/-” depends on the selection of the Upper LOCAL or Lower LOCAL frequency. 
 

The initial value of the reception LOCAL frequency is 5835 MHz. 
If the reception local frequency is not set to the register, the PLL is locked to 5835 MHz and this IC can receive both Ch1 (5830 MHz) and 
Ch2 (5840 MHz) after CE pin becomes “1”.  
 
The register setting is necessary to receive another frequency signal. 
After a target frequency is set in NRX register, the register pll_reset (= 08h[D0]) should be set to “1” (refer to 8.9). Then the PLL locks at 
the frequency. 
After that, it is not necessary to write "0" to the register pll_reset (= 08h[D0]). 
 
(2) Transmission frequency setting 
For a transmission frequency, a target frequency should be directly set. 
 

fOPR.TX = fLO (MHz) 
NTX[D20,D0] = fLO (MHz) × 125 

= NTX[D20] × 220 + NTX[D19] × 219 +  ·••• + NTX[D2] × 22 + NTX[D1] × 21 + NTX[D0] × 20 
fOPR.TX is the transmission frequency. fLO is the internal frequency which is set by the register NTX[D20,D0] (= 06h[D15,D0] and 
07h[D4,D0]). 

 
The initial value of the transmission frequency is 5790 MHz. 
When the data reception changes to the data transmission, the PLL is locked to the transmission frequency. 
In order to change the transmission frequency, the register pll_reset should be set to “1”, after a target frequency is set to the register NTX. 
After that, it is not necessary to write "0" to the register pll_reset (= 08h[D0]). 

7.3 System Clock generation 
This product contains a crystal oscillator circuit. 32.768-MHz crystal oscillator should be used. 
Heavy load capacity of the crystal oscillator may be the cause of slower oscillation starting. So, the crystal oscillator should be selected 
after enough evaluation on the system. 
This datasheet shows the data values measured by using an evaluation board contained the crystal oscillator which is recommended by 
Toshiba. 
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7.4 Wakeup Operation 
PMU and WAKEUP DET blocks are used for Wakeup operation. 
PMU and WAKEUP DET are always “ON”. 
PMU controls the operation of this product. 
WAKEUP DET can detect a 14-kHz waveform in the 5.8-GHz frequency band. 
PMU and WAKEUP DET operate with the clock which is generated by an internal oscillator. So, no special oscillators for them are 
necessary. 

 

7.5 RF Demodulation 
A received signal is demodulated. 
In Modem mode, the signal is decoded by the FIFO modem and stored in a register. The data can be output from SPI bus. 
In Direct mode, the demodulated signal is output asynchronously from INTRPT/DIO pin. 
For the details of these Modem modes, refer to 7.7. 
RSSI outputs a voltage level corresponding to the dB level of the input signal. 

 

7.6 RF Modulation 
This product modulates the amplitude of the input signal and outputs the modulated signal from RFOUT 1 and RFOUT 2 pins as a 
high-frequency signal. 
In Modem mode, when data is input from SPI bus, the data can be coded by the FIFO modem. 
In Direct mode, when data is input from INTRPT/DIO pin, the data can be modulated. 
The data coding cannot be done in Direct mode. A transmission data should be input as it is. 
 
For details of these Modem modes, refer to 7.7. 
The detail settings for the ASK modulation waveform in this IC is set to a register via SPI bus. 
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7.7 MODEM 
This product has two Modem modes as follows. The Modem modes can be selected by the registers dio_sel and dio_en (refer to 8.4). In 
Figure 4-1, the Modem is shown as FIFOMODEM. 

 
(1) Modem Mode 

In this mode an internal Modem of this IC is used. Full functions of this IC can be used and no external modem devices are necessary. In 
this mode, data input and output are done via SPI bus. INTRPT/DIO pin is used for an interrupt. 

 
(2) Direct Mode 

When the internal modem functions in this IC are not necessary, Direct mode should be set. 
An external modem device should be prepared. 
In this mode, INTRPT/DIO pin is used for data input and output. 

 
The modem in this IC has following functions. 
Reception: 
(1) Bit synchronization by a preamble 
(2) FM0 decoding 
(3) Frame detection by a frame start mark 
(4) Abort detection 
(5) ZERO detection 
(6) Generation of the frame length of the second layer in the information frame by a frame end mark 
(7) Error detection by CRC16 
(8) Clock recovery 
(9) Determination of a non-standard bit length of a reception signal 

 
Transmission: 
(1) ZERO insertion 
(2) Addition of a frame start and a frame end marks 
(3) Addition of a preamble and a postamble 
(4) FM0 encoding 
(5) Frame check (CRC16) 

 

7.8 System Control and Data Communication 
The functions of this product are controlled by the combination of SPI bus and specified pin signals. 
The function of the chip enable is controlled by CE pin. 
If CE pin stays in “0,” the control via SPI bus is disabled. 
The settings via SPI bus should be done after the CE pin is set to “1.” 
The switching between the transmission and the reception is done by either the setting of TXRX pin or the register setting via SPI bus. 
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7.9 State Transition Diagram 
This product has mainly three states, Sleep, Reception (RX), and Transmission (TX). 
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Figure 7-1  State Transition Diagram of TC32168FTG 

 

7.10 State Description 
7.10.1 Power Off and Power On States 

In Power Off State, the power is not supplied to the OBU of ETC. 
All functions stop because no power is supplied. 
In Power On State, the power is supplied to the OBU of ETC. 
The power is supplied to this IC and it is initialized. 
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7.10.2 Power On State to Sleep State 
The MCU is waiting for the boot of itself. 
The boot sequence for the MCU is supposed as follows: At first MCU is reset and initialized. Then MCU’s pin assignment, I/O conditions 
and functions are set. Finally the MCU controls this IC. 
After this product is reset and initialized by the MCU, this product enters one of the states, Sleep, RX or TX. 
When this product is used on an OBU, Sleep state is recommended. 
 
Note: CE pin should be kept “0” for 600 μs or more before it is set to “1” to initialize this IC surely. For details, refer to 7.11.2. 
 

7.10.3 Sleep State 
Only the Wakeup detection blocks of this product (PMU, WAKEUP DET and WU REG) are active. 
The following instructions can execute: 
Wakeup sensitivity setting, the number of cycles to start up the Wakeup signal, and the selection of Normal Wakeup or Auto Wakeup. 
Other blocks of this IC are not supplied with power to reduce current consumption. 
The external MCU is supposed to be in an idle state (a call sleep state, a low power state, and others) and is waiting for Wakeup interrupt 
from this IC. 
The registers of PMU and WAKEUP DET keep their data during Sleep state. 
 

7.10.4 RX State 
This product can receive ASK or OOK modulated RF signal. 
It can receive FM0 encoded 512 or 256-kbps ASK or OOK modulated RF signal at 5.8-GHz frequency band. 
When TXRX pin is set to “0,” this IC becomes RX State. 
If using the register setting, the register TXRX_en (= 01h[D1]) shouod be set to “0” or the combination is done such as the register 
TXRX_en should be set to “1” and the register TXRX (= 01h[D0]), “0.” 
After that, this IC starts detecting the frame of the physical layer. 
When the frame of the physical layer is detected, the information frame without FCS (Frame Check Sequence) is stored in the register 
TRXFIFO (= 10h[D2047,D0]). And rx_ready interrupt is asserted to the external MCU. 
 
Note: The stored reception data in the register TRXFIFO should be read out. After the register becomes full with the reception data, a new 
reception data is overwritten and the previous data disappears. To avoid this, the register dettimer_dis (= 36h[D0]) is useful. It can control 
the flag error timer. The timer value is 2 ms. The stored data can be read during this 2 ms. 
Note: If the FIFO data has been overwritten unintentionally, the register clr_fifo (= 43h[D8]) should be set to “0” to clear the register 
TRXFIFO. 

 

7.10.5 TX State 
This product can transmit ASK or OOK modulated signal.  
It transmits FM0 encoded 512 or 256-kbps ASK or OOK modulated RF signal at 5.8-GHz frequency band. 
Maximum RF output level is +3 dBm (Typ.). 
When TXRX pin is set to “1,” this IC becomes TX State. 
If using the register setting, the register TXRX_en (= 01h[D1]) shouod be set to “0” or the combination is done such as the register 
TXRX_en should be set to “1” and the register TXRX (= 01h[D0]), “1.” 
After a transmission data is stored in the register TRXFIFO, the data transmission can start. 
After transmission completes, tx_done interrupt is asserted to MCU. 
 

7.10.6 Transition between RX State and TX State 
In order to transit between RX state and TX state, TXRX pin is used or the combination of the register TXRX and the register TXRX_en is 
used. The selection is done by the register (0hXX). 
When TXRX pin is used, the input data should be kept at least 1.3 μs to transit between TX state and RX state. Otherwise, the initialization 
of the PLL may not be done correctly and malfunction occurs. 
It should be considered that PLL lock-up time which is approximately 30 μs is not included in the interval. 
Appropriate frequencies should be set to the registers NRX and NTX just before the transition. 
Whenever the transition between TX state and RX state occurs, the register TRXFIFO is cleared automatically. 
 
Note: The signal durations described above depend on the frequency of the crystal oscillator. 
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7.11 Sequence Description 
The abstract of the sequences for TC32168FTG is described here to implement suitable control. For details of the sequences, refer to 7.12 
Flowchart Examples. 

7.11.1 Chip Select and Reset 
In the following cases, the chip enable and reset operations should be considered carefully. 
- Periodic refreshing to recover from a register error caused by the cosmic ray, external noises, and others. 
- Occurrence of unexpected operation in the system. 
- Notice of an error from the interrupt register. 
- No expected data can be acquired from the FIFO after receiving RF signal. Or reception failure occurs. 
 
Some resets, such as PLL reset, will be used in the control routine of ETC.  
It is also called the reset of Wakeup functon that the output setting of WAKE_UP pin is reset and this product enters Sleep state. 
The explanation of the chip enable and the reset of this IC is described in Table 7-1. 

Table 7-1 Chip Enable and Reset 

Item Description Use Condition Control 

Wakeup 
Reset 

Reset and initialization of  
Wakeup function. 
The initialization by this reset 
means to calibrate Wakeup 
detection timer to detect a 
14-kHz waveform.  

Wakeup function becomes available by 
this reset. That is, it is available in the 
following cases. 
- before entering Sleep state to prepare 
the next transmission. 
- after a fatal trouble occurs. 
- after a reception failure occurs. 

Mandatory. 
Set the register wk_clr (=1Bh[D8]) to "1" to 
change WAKE_UP pin output from "1" to 
"0." 
Recommended. 
Set the register wk_reg_wen (= 1Ch[D8]) 
to "1". After the reset, the data of the 
register wk_reg_wen automatically returns 
to "0" (the initial value). 
For initialization, set the register wkcal_en 
(= 1Ah[D8]) to "1" while Wakeup function’s  
reset is asserted. 
Set the registers w_s_set (=0Bh[D3,D0]), 
wk_num (=18h[D3,D0]), and autowk 
(=19h[D0]). Those register data are copied 
to registers in PMU and WAKEUP DET by 
setting the register wk_reg_wen to “1”. 
After copying the data, the register data in 
PMU and WAKEUP DET become valid. 

Chip 
Enable 

This IC enters Convergence 
state* after the power is 
suppled. 
To escape from the state, the 
chip enable function should be 
controlled with CE pin input. 

This chip enable shuold be asserted at 
the first connection of a battery (a 
voltage supply), after the ETC 
application system implementing this IC 
is manufactured. 

Keep CE pin to "0" for 600 μs or more after 
the power is supplied. Then, change CE 
pin from "0" to "1." 

ETC system should be reset after a 
fatal trouble occurs. 

Keep CE pin to "0" for 20 μs or more. 
Then, change CE pin from "0" to "1". 

Software 
Reset 

All registers and modems are 
reset. 
The registers are initialized. 

The software reset is asserted during 
transition from Power On state to 
Sleep/TX/RX state. 
It is also asserted at the following 
cases. 
- At the refreshing of registers. 
- When the MCU detects an error or an 
abnormal situation. 

Set the register RST (= 00h[D7]) to "1." 
After the reset, the data of the register 
RST automatically returns to "0" (the initial 
value). The modem can also be reset by 
CE pin operation. 

PLL 
Reset 

PLL circuit starts up and the PLL 
locks on the expected 
frequency. 

- At changing between RX state and TX 
state. 
- At changing RF frequency. 

Set the register PLL_RST (= 08h[D0]) to 
"1." PLL reset register is a trigger to 
initialize PLL circuit.  
After that, it is not necessary to write "0." 

Note: For details of Convergence state*, refer to 7.11.2. 
Note: The signal durations described in this table depend on the frequency of the crystal oscillator.  
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7.11.2 Operation after Power Supply 
The ETC application system including TC32168FTG and MCU as a controller executes a system start routine after the power is supplied. 
“System” means here the unit which consists of this product and MCU as a controller. 
At first, the reset should be asserted properly to both this IC and MCU to initialize them. 
After the power is supplied, the states of this IC and MCU are indefinite. (The reset and initialization in the start routine of MCU is called 
“Boot.”)  
The MCU should reset and initialize (boot) itself after the supply voltage reaches the operation voltage of this product. 
On the other hand, the state of PMU and WAKEUP DET in this IC is undefined (Sleep state, TX state, or RX state) after the power is 
supplied. MCU should set CE pin of this IC to “0” for 600 μs or more to determine the state of this IC. During the 600 μs duration this 
product is started up. Then this IC enters indefinite state temporarily. 
The indefinite state means that the logical state of PMU and WAKEUP DET is indefinite, and it continues until the reset and the 
initialization by register setting are done. 
Before the initialization is done by the register setting, MCU should wait 400 μs or more after the CE pin reset is deasserted.  
An example of the timing chart of the system start sequence is shown below. 
 

Supply 
Voltage

State of
TC32168FTG

State of 
MCU

State of 
CE pin

boot

uncertain 
stateconvergence state

Power 
Off

Power 
Off

VDD

0

VDD

0

RF 
enable

Not be 
determined

Duration depend 
on MCU

Power On and initalized

≥ 600 μs

≥ 400 μs

RX

Initialization by 
register settings

 

Figure 7-2  Example of a timing chart about System starting 

Note: Signal durations described in this figure depend on the frequency of the crystal oscillator. 
Note: Operations of this IC cannot be guaranteed without keeping time relationships between the signals expressed in the figure. 
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7.11.3 Wakeup Function 
This product has a Wakeup function to detect a 14-kHz waveform in 5.8-GHz frequency band. 
When a 14-kHz Wakeup signal is detected, WAKE_UP pin outputs “1” in Normal Wakeup mode. 
After WAKE_UP pin outputs “1,” this IC status should be checked via SPI bus, and then, the target settings should be done. 
This IC supports Auto Wakeup function for MLFF when this product is used for ETC. 
When Auto Wakeup function is selected, this IC can automatically start data reception after receiving 14-kHz Wakeup signal. And this IC 
can receive 5830 and 5840-MHz signal simultaneously without any external control. 
When the reception completes correctly, the data is stored in FIFO register and is kept there. 
If CE pin turns to “1,” the reception data is discarded.  
The setting which Wakeup sequence is used should be done to a register via SPI bus while CE pin is “1” as follows. 
To set Normal Wakeup, the register autowk (= 19h[D0]) should be set to “0” in the initialization of PMU and WAKEUP DET. 
If the register has not been written, the initial value is “0” which selects Normal Wakeup. 
To set Auto Wakeup, the register autowk (= 19h[D0]) should be set to “1” in the initialization of PMU and WAKEUP DET. 
Before entering Sleep state, Wakeup setting data should be transmitted (write-back) to the register for PMU and WAKEUP DET. The 
selected Wakeup function becomes valid. 

 
(1) Normal Wakeup 
This function is available only while CE pin is “0.” 
When Normal Wakeup is set, WAKE_UP pin outputs “1” when a 14-kHz Wakeup signal is detected. 
The signal should be a trigger for this IC to be controlled by MCU. The system start-up time is the sum of the start-up times of this IC and 
MCU in Normal Wakeup operation. 
 

Sleep

SleepState of
TC32168FTG

State of 
MCU

State of 
WAKE_UP pin

wakeup

wakeup

VDD

0

Active

≥ 400 μs

RX

State of 
RSU

Set GPIO of 
MCU Set registers

14 kHz wakeup 
signal Data Packet

 

Figure 7-3  Normal Wakeup 

Note: Signal durations described in this figure depend on the frequency of the crystal oscillator. 
 
  



TC32168FTG 

2016-08-31 17 

(2) Auto Wakeup 
When Auto Wakeup is set, WAKE_UP pin outputs “1” when a 14-kHz Wakeup signal is detected, regardless of CE pin value. 
This product becomes active and XOSC oscillation starts. 
This IC will automatically return to Auto Wakeup if CE pin stays “0” for 20 μs or more after WAKE_UP pin becomes “1.” 
This IC and MCU can start up in parallel in Auto Wakeup mode. 
So the total time of the start-up can be shortened.  
And the current consumption of the system can be reduced 

 

Sleep

SleepState of
TC32168FTG

State of 
MCU

State of 
WAKE_UP pin

wakeup

wakeup

VDD

0

Active

≥ 400 μs

RX

State of 
RSU 14 kHz wakeup signal

Set registers

RF 
enable

Set GPIO 
of MCU

Data Packet

 
Figure 7-4  Auto Wakeup 

Note: Communication between MCU and TC32168FTG should start after finishing those Wakeup durations. 
Note: Signal durations described in this figure depend on the frequency of the crystal oscillator. 
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7.11.4 Suspension 
When CE pin turns to “0,” this IC enters Sleep state regardless of the register settings. 
Before entering Sleep state or when staying in TX state or RX state, Wakeup function which is used in Sleep state should be set, then CE 
pin should be changed to “0.” 
This is called “write-back to Wakeup register.” If this write-back is omitted, the Wakeup function may not operate correctly at the next 
Wakeup signal input. 
The timing chart of Suspension is shown in Figure 7-5. 
Before MCU enters Sleep state, it should set the register wk_clr (= 1Bh[D8]) to “1.” 
Then, WAKE_UP pin outputs “0” for 40 μs or more. 
After that, CE pin should be set to “0.” 
 
Following reset and initialization of Wakeup function should be done during TX/RX state. 
- Set the register wk_reg_wen (= 1Ch[D8]) to "1." 
- Set the register wkcal_en (= 1Ah[D8]) to "1." 
- Set the register w_s_set (= 0Bh[D3,D0]) to the expected value for the application system. 
- Set the register wk_num (= 18h[D3,D0]) to the expected value for the application system. 
- Set the register autowk (= 19h[D0]) to the expected value according to the type of Wakeup (Normal/Auto). 
In addition, the reset and initialization of Wakeup function is useful at the occurrence of a reception failure. For the reset and initialization, 
also refer to Table 7-1. 
 
Note: If CE pin is set to “0” before WAKE_UP pin turns to “0”, WAKE_UP pin output keeps “1” during Sleep state. 

As a result, the operation of WAKE_UP pin will fail when the next reception starts. 
 

Note: In order not to fail the next reception, MCU should check the output of WAKE_UP pin before entering Idle state. 

Sleep

 idle
(or called sleep, low power, etc.) 

Supply 
Voltage

State of
TC32168FTG

State of 
MCU

State of 
CE pin

Power On

Run (TX or RX)

VDD

0

VDD

0

≥ 40 μs

Set regiter: wk_clr to 
clear (=  to “1”).

Set GPIO of MCU to 
disconnect

 

Figure 7-5  Sleep timing diagram 

Note: The reset and initialization of Wakeup function described in this section should also be executed, which is not shown in the figure. 
Note: Signal durations described in this figure depend on the frequency of the crystal oscillator. 
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7.11.5 Use of Modem in TX/RX 
This product has 4 combinations of Modem operations (Modem mode / Direct mode) and TX/RX states. 
 

(1) Modem Mode and RX State 
Modem mode is selected via SPI bus and RX state is also selected by TXRX pin or SPI setting. After completing to receive data, this 
IC stops data reception, INTRPT/DIO pin (used for an interrupt) becomes “1,” and an interrupt is generated. The type of the interrupt 
can be checked via SPI bus. The reception data can also be read out via SPI bus. When the interrupt completes, this IC re-starts data 
reception. 
If TXRX pin is “0” and the setting is the default one, RF frequency of 5830 MHz or 5840 MHz is automatically received. To receive 
another frequency signal, the setting of the reception internal frequency and PLL setting should be changed properly. 

 
(2) Modem Mode and TX State 
Modem mode is selected via SPI bus and TX state is also selected by TXRX pin or SPI setting. For starting transmission, the 
transmission frequency should be set via SPI bus and the transmission data should be written to the transmission data register. 
5790-MHz RF signal is transmitted in the default setting in this IC. 
After completing to transmit data, this IC stops data transmission, INTRPT/DIO pin (used for an interrupt) becomes “1,” and an 
interrupt is generated. The type of the interrupt can be checked via SPI bus. It is recommended that the next transmission should be 
done after the generation of the interrupt is confirmed. After the next transmission data is written to the transmission data register, this 
IC can re-start transmitting.  

 
(3) Direct Mode and RX State 
Direct mode is selected via SPI bus and RX state is also selected by TXRX pin or SPI setting. This IC outputs a bit stream of the 
received ASK/OOK RF signal from INTRPT/DIO pin (used for DIO pin). A large amplitude of RF signal of ASK/OOK causes the 
output “1” from INTRPT/DIO pin, and a small amplitude of RF signal of ASK/OOK causes the output “0.” 
If TXRX pin is “0” and the setting is the default one, RF frequency of 5830 MHz or 5840 MHz is automatically received. To receive 
another frequency signal, the setting of the reception internal frequency and PLL setting should be changed properly. 
The bit rate of transmission RF output is a fixed value (512/256 kHz) or a divided value (an integer) of 512 kHz. 

 
(4) Direct Mode and TX State 
Direct mode is selected via SPI bus and TX state is also selected by TXRX pin or SPI setting. This IC can output RF signal. “1” input 
to INTRPT/DIO pin generates a large amplitude output of ASK/OOK RF signal, and “0” generates a small amplitude output of 
ASK/OOK RF signal. 
The bit error rate of the received RF signal can be measured in this mode. 
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7.11.6 Interrupt 
The signal of an interrupt is output from INTRPT/DIO pin. When an interrupt is asserted, the interrupt register should be read to identify 
the type of the interrupt. 
The interrupt signal is a level sense one, not an edge sense one. So MCU should detect a level sense interrupt. 
There are 10 interrupts asserted to MCU. 
When rx_ready, pre_err, flag_err, rxlen_err, fm0_err, crc_ng, rx_abort, or post_err interrupt is asserted, data reception re-starts with the 
preamble detection. When txlen_err or tx_done interrupt is asserted, MCU should clear these interrupts to transmit the next frame. 
The purpose of each interrupt is described as follows. For the register map, refer to 8.14. 
 
Note: Interrupt Mask 

Each interrupt is maskable separately. If an interrupt mask is set, the corresponding output of INTRPT/DIO pin is masked. An 
interrupt operation still executes even though the interrupt mask is set. For the register map, refer to 8.15. 

 
Note: Clearing of Interrupt 

Each interrupt can be cleared separately. The output of INTRPT/DIO pin becomes “0” after all asserted interrupts are cleared. The 
interrupt register should be checked to prepare the next interrupt. For the register map, refer to 8.16. 

 
Note: Interrupt Polarity 

The polarity of INTRPT/DIO output signal for the interrupts can be selected by the register int_inv. In this document, the assertion of 
an interrupt is assumed to "1" output of INTRPT/DIO pin. For the control of the interrupt polarity, refer to 8.17. 

 
 

Table 7-2  Interrupt types 

Item 
Register 
Address 

Description 

rx_ready 11h[D0] 
When the 2nd layer of the information frame is received correctly, rx_ready interrupt is asserted. MCU 
can read the 2nd layer of the information frame from TRXFIFO. 

tx_done 11h[D1] 
When the transmission of a frame completes, tx_done interrupt is asserted. tx_done interrupt should be 
cleared for MCU to transfer the next frame. 

pre_err 11h[D2] If no preambles are detected within 2 ms in RX state, pre_err interrupt is asserted. 

flag_err 11h[D3] If no frame start marks are detected within 2 ms in RX state, flag_err interrupt is asserted. 

rxlen_err 11h[D4] 
When the reception frame length is larger than the value in the register (Address: 17h), rxlen_err 
interrupt is asserted. 

fm0_err 11h[D5] If FM0 decoder error occurs during data reception, fm0_err interrupt is asserted. 
crc_ng 11h[D6] If the result of CRC check is incorrect, crc_ng interrupt is asserted. 

rx_abort 11h[D7] When an abort pattern is detected during frame reception, rx_abort interrupt is asserted. 

post_err 11h[D8] 
When the postamble detection option is active, this interrupt can be asserted. If no postambles are 
detected, post_err interrupt is asserted. The postamble is not detected in the default setting. 

txlen_err 11h[D9] 
If the transmission frame length is irregular, txlen_err interrupt is asserted. The irregular length means 
that the length is not the byte unit or the length is less than 2 bytes. 
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7.12 Flowchart Examples 
The flowcharts for MCU are described here. 
As an example, the flowcharts for China’s ETC system are described.  
Those examples use the initial register settings as much as possible. 
In the following flowcharts, only the registers necessary for explanation are described. 
For a different system, necessary registers may be different. The registers should be set according to Section 8 “Register Overview and 
Detail Description.” 
 
Note: Signal durations described in the following flowcharts depend on the frequency of the crystal oscillator. 
 

7.12.1 Power On State to TX State (Direct Mode) 
Direct mode is selected via SPI bus and TX state is also selected by TXRX pin or SPI setting. A modulated signal should be input to 
INTRPT/DIO pin (used for DIO pin). 
 

Power Off

Power On

Set Battery

Reset & Initialization
 of MCU

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more 
for this IC stabilization

Chip enable and 
set  to start TX.

Wait for 400 μs or more for 
releasing reset of FIFO MODEM.

TX

During assembly of ETC.

Those settings depend on the specification 
of the MCU.

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to low.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

Set CE pin of TC32168FTG to “H”.
Set TXRX pin of TC32168FTG to “H”.

Enter data to INTRPT/DIO pin via the 
external modem by controlling the MCU.

Set to output the receive data 
from INTRPT/DIO pin.

Set regiter: dio_sel & dio_en 
(= 02h[D1,D0]) to "1,0".

Set external modem 
device to operate. 

This setting depends on the specification of 
the MCU and modem device.

 

Figure 7-6  Flowchart of Power On state to TX state (Direct mode) 
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7.12.2 Power On State to RX State (Direct Mode) 
Direct mode is selected via SPI bus and RX state is also selected by TXRX pin or SPI setting. 
This IC outputs a bit stream of the received ASK/OOK signal from INTRPT/DIO pin (used for DIO pin). 
 

Power Off

Power On

Set Battery

Reset & Initialization
 of MCU

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more 
for this IC stabilization

Chip enable

Wait for 400 μs or more for 
releasing reset of FIFO MODEM.

RX

During assembly of ETC.

Those settings depend on the specification 
of the MCU.

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to low.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

Set CE pin of TC32168FTG to “H”.

Set to output the receive data 
from INTRPT/DIO pin.

Set regiter: dio_sel & dio_en 
(= 02h[D1,D0]) to "1,0".

Set external modem device to 
prepare demodulating. 

Prepare to start demodulating after interrupt. 
This setting depends on the specification of 
the MCU and modem device.

 

Figure 7-7  Flowchart of Power On state to RX state (Direct Mode) 
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7.12.3 Power On State to Sleep State to Prepare RX State (Normal/Auto Wakeup) 
A conventional sequence which sets up Sleep state to prepare RX state is described here. This IC has two ways to start receiving a signal, 
Normal Wakeup and Auto Wakeup. This flow contains both. (Refer to the following notes.) 
 

Power Off

Power On

Set Battery

Reset & Initialization
 of MCU

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more
for this IC stabilization

Chip enable

Wait for 400 μs or more for 
releasing reset of FIFO MODEM.

Initialization of 
PMU & WAKEUP DET

Wait for 120 μs or more for 
oscillator  calibration is finished.

Set WAKE_UP pin to “L” 
preparing for next RX.

Wait for 40 μs or more for 
WAKE_UP pin becomes “L”.

Set GPIO status of MCU to Sleep.

Set MCU to Idle
(or called sleep, low power, etc.)

Sleep

During assembly of ETC.

Those settings depend on the specification 
of the MCU.

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to low.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

Set CE pin of TC32168FTG to “H”.

This setting depends on the specification 
of the MCU.

Set following pin function at MCU.
Set TxRx(GPIO) to Hi-Z.
Set INTRPT(GPIO) to Hi-Z.
Set CE(GPIO) to low.
Set MISO(GPIO) to Hi-Z.
Set CSN(GPIO) to Hi-Z.
Set SPICLK(GPIO) to Hi-Z.
Set MOSI(GPIO) to Hi-Z.
Set WAKEUP(GPIO) to input direction
   and interrupt function.

Set register: wkcal_en (= 1Ah[D8]) to “1”.
Set register: wk_reg_wen (= 1Ch[D8]) to “1”.

Set regiter: wk_clr (= 1Bh[D8]) to “1”.

 

Figure 7-8  Power On state to Sleep state to prepare RX state (Normal or Auto Wakeup) 

Note: In order to start Auto Wakeup operation in RX state, it is necessary to set the register autowk (= 19h[D0]) to “1” at the initialization 
of PMU and WAKEUP DET. 

Note: “Hi-Z” means high impedance. This setting reduces leakage current. 
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7.12.4 Suspension 
When CE pin turns to “0,” this IC enters Sleep state. 
The register settings are ignored. 
The preparation of the next reception or transmission should be done before executing the suspension. 
 

RX or TX

Set WAKE_UP pin to “L” 
preparing for next RX.

Wait for 40 μs or more for 
WAKE_UP pin becomes “L”.

Set GPIO status of MCU for Sleep.

Set MCU to Idle
(or called sleep, low power, etc.)

Sleep

This setting depends on the specification 
of the MCU.

Set following pin function at MCU.
Set TxRx(GPIO) to Hi-Z.
Set INTRPT(GPIO) to Hi-Z.
Set CE(GPIO) to low.
Set MISO(GPIO) to Hi-Z.
Set CSN(GPIO) to Hi-Z.
Set SPICLK(GPIO) to Hi-Z.
Set MOSI(GPIO) to Hi-Z.
Set WAKEUP(GPIO) to input direction
   and interrupt function.

Set regiter: wk_clr (= 1Bh[D8]) to “1”.

 

Figure 7-9  TX/RX state to Sleep state 

Note: When Wakeup operation is changed, the register autowk (= 19h[D0]) should be updated here. 
Note: Before entering Sleep state, WAKEUP (GPIO) should be kept in an input to execute an interrupt surely. 

Otherwise, MCU cannot be started up by WAKE_UP pin output at the next reception. 
Note: “Hi-Z” means high impedance. This setting reduces leakage current. 
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7.12.5 Sleep State to RX State (Normal Wakeup) 
This product has a Wakeup function to detect a 14-kHz waveform in 5.8-GHz frequency band. 
When a detected signal matches the expected signal, WAKE_UP pin outputs “1.” 
There are two Wakeup operations, Normal Wakeup and Auto Wakeup. 
In Normal Wakeup, MCU starts up this device when it sets CE pin to "1." 
 

Sleep

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more 
for this IC stabilization

Initialization of 
PMU & WAKEUP DET

RX

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to high.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

Set register: wkcal_en (= 1Ah[D8]) to “1”.
Set register: wk_reg_wen (= 1Ch[D8]) to “1”.

MCU becomes active.

TC32168FTG 
detects a signal.

WAKE_UP pin of TC32168FTG 
outputs “H”. (Interrupt)

As TC32168FTG detects a 14 kHz 
Wakeup signal from RSU.

 

Figure 7-10  Transition from Sleep state to RX state by Normal Wakeup 

Note: In the previous Suspension state, WAKEUP (GPIO) should be kept in an input to execute an interrupt surely. 
Otherwise, MCU cannot be started up by this Normal Wakeup sequence. 
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7.12.6 Sleep state to RX state (Auto Wakeup) 
In Auto Wakeup sequence, this product becomes active automatically when a 14-kHz waveform in 5.8-GHz frequency band is detected and 
the detected signal matches the expected signal. 
MCU starts up when WAKE_UP pin becomes "1." 
 

Sleep

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more 
for this IC stabilization

Initialization of 
PMU & WAKEUP DET 

RX

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to high.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

Set register: wkcal_en (= 1Ah[D8]) to “1”.
Set register: wk_reg_wen (= 1Ch[D8]) to “1”.
Set register: autowk (= 19h[D0]) to “1”. 

MCU becomes active.

WAKE_UP pin of TC32168FTG 
outputs “H”. (Interrupt)

TC32168FTG 
detects a signal.

As TC32168FTG detects a 14 kHz 
Wakeup signal from RSU.

 

Figure 7-11  Transition from Sleep state to RX state by Auto Wakeup 

Note: In the previous Suspension state, WAKEUP (GPIO) should be kept in an input to execute an interrupt surely. 
Otherwise, MCU cannot be started up by this Auto Wakeup sequence. 
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7.12.7 Sleep State to TX State 
In the transition sequence from Sleep state to TX state, the MCU controls TC32168FTG and the application system. 

 

Sleep

Set GPIO of MCU to connect & 
communicate TC32168FTG.

Wait for 600 μs or more 
for this IC stabilization

Set following pin function at MCU.
Set TxRx(GPIO) to low.
Set INTRPT(GPIO) to input direction
        and interrupt function.
Set CE(GPIO) to high.
Set MISO(GPIO) to input direction.
Set CSN(GPIO) to high.
Set SPICLK(GPIO) to low.
Set MOSI(GPIO) to low.
Set WAKEUP(GPIO) to input direction.

MCU becomes active.

Set TX

TX

Set TXRX pin of TC32168FTG to “H”.

Enter data via SPI bus by 
controlling the MCU.

 

Figure 7-12  Transition from Sleep state to TX state controlled by MCU 
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7.12.8 RX State 
The following flow shows waiting for a signal, receiving the signal, detecting, and data transmission to MCU. 
 

RX

Read interrupt status

TX or Sleep

Read status data to need for this operation 
from register:11h[D9,D0] via SPI bus. 

Clear Interrupt Write status data to register: 13h[D9,D0] 
via SPI bus which are read from register: 
11h[D9,D0] . 

Check interrupt: 
rx_ready (= 11h[D0])

11h[D0]="0" 11h[D0]="1"

Read Byte Length 
of RX Data

Read byte length of RX data setting 
from register:1Dh[D8,D0] via SPI 
bus. 

Read FIFO Data

Read RX data from FIFO 
register:10h[D2047,D0] via SPI bus 
referring that byte length. The byte 
length of FIFO is shown above 
register:1Dh[D8,D0] . 

Check, analyze and 
utilize received data.

For the system operation

INTRPT/DIO pin of TC32168FTG 
outputs “H”. (Interrupt)

 

Figure 7-13  Signal wait and reception 
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7.12.9 RX State at BST Reception 
As a special case, the following flow shows waiting for a signal, receiving the signal, detecting, and data transmission to MCU in Beijing’s 
ETC system. 
 

RX

Read interrupt status

TX or Sleep

Read status data to need for this operation 
from register:11h[D9,D0] via SPI bus. 

Clear Interrupt Write status data to register: 13h[D9,D0] 
via SPI bus which are read from register: 
11h[D9,D0] . 

Check interrupt: 
rx_ready (= 11h[D0])

11h[D0]="0" 11h[D0]="1"

Read Byte Length 
of RX Data

Read byte length of RX 
data setting from 
register:1Dh[D8,D0] via 
SPI bus. 

Read FIFO Data Read RX data from FIFO 
register:10h[D2047,D0] via SPI bus 
referring that byte length. The byte 
length of FIFO is shown above 
register:1Dh[D8,D0] . Check, analyze and 

utilize received data.

For the system operation

Read CRC result of both 
initial All “1” & All “0”.

Check CRC result: 
5Ch[D9,D8]

5Ch[D8]=”0" 5Ch[D9]=”0"

Write CRC 
Selection

Write data referring 
available CRC 
operation to 
register: 5Ch[D0] via 
SPI bus. 

Set all "0" CRC initial 
value for Tx/Rx CRC

Write data to register: 
2Ch[D3,D0] as 
(0,0,0,1) via SPI bus. 

Write CRC Selection
 (Optional)

This register setting is 
optional. Select one RX 
CRC (original crc) check 
result. 

INTRPT/DIO pin of TC32168FTG 
outputs “H”. (Interrupt)

 

Figure 7-14  Signal wait and reception for BST reception (CRC rejection sequence in Beijing ETC System) 

Note: rx_ready interrupt can check that the register crc_rslt_b (= 5Ch[D9]) is "1" or the register crc_rslt_a (= 5Ch[D8]) is "1." Both cases 
are loop back paths. So, before CRC result is checked, it is necessary to set that neither cases should occur. 

Note: For the detail of “Write of CRC Selection,” refer to 7.15. 
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7.12.10 Reception Frequency Change 
The following flow shows the sequence to change the reception frequency during RX state. 
 

RX

Reset PLL

Set register: NRX[D20,D0]
 (= 04h[D15,D0] & 05h[D4,D0]) 
via SPI bus. 

Set register: pll_reset (= 08h[D0]) to “1” 
via SPI bus. .

Set next RX frequency

Wait for 30 μs or more 
for PLL stabilization

 

Figure 7-15  Reception frequency change during RX state 

Note: The calculation of the reception frequency is shown in 7.2. 
Note: When the initial reception frequency is not used, the PLL should be reset by setting the register NRX via SPI bus before starting data 

reception. 
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7.12.11  TX state 
The following flow shows the sequence of data transmission and MCU checking. 

 

TX

Read interrupt status

RX or Sleep

Read status data to need for this operation 
from register:11h[D9,D0] via SPI bus. 

Clear Interrupt Write status data to register: 13h[D9,D0] 
via SPI bus which are read from register: 
11h[D9,D0] . 

Check interrupt: 
tx_done (= 11h[D1])

11h[D1]="0" 11h[D1]="1"

Check the completion of frame 
transmission.

For the system operation

INTRPT/DIO pin of TC32168FTG 
outputs “H”. (Interrupt)

Write the transmitting 
data to FIFO register

 

Figure 7-16  Sequence of data transmission and checking 
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7.12.12  Transmission Frequency Change 
The following flow shows the sequence to change the transmission frequency during TX state. 

 
 

TX

Reset PLL

Set register: NTX[D20,D0]
 (= 06h[D15,D0] & 07h[D4,D0]) 
via SPI bus. 

Set register: pll_reset (= 08h[D0]) to “1” 
via SPI bus. .

Set next TX frequency

Wait for 30 μs or more 
for PLL stabilization

 

Figure 7-17  Transmission frequency change during TX state 

Note: The calculation of the transmission frequency is shown in 7.2. 
Note: When the initial transmission frequency is not used, the PLL should be reset by setting the register NTX via SPI bus before starting 

data transmission. 
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7.12.13  RX State to TX State 
When the RF signal direction is changed, TXRX pin or SPI bus control is used. 
 

RX

Set TX by pin

Set TXRX pin of 
TC32168FTG to “H”.

Set next TX 
frequency

Set register: NTX[D20,D0]
 (= 06h[D15,D0] & 07h[D4,D0]) 
via SPI bus during RX. 
In this case, setting of PLL reset 
by register is not required.

Wait for 30 μs or more
for TX setting and stabilization

Set TX via SPI bus

Set register: TXRX_en to "1" 
and register: TXRX to "1".

TX
 

Figure 7-18  RX state to TX state 
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7.12.14  TX State to RX State 
When the RF signal direction is changed, TXRX pin or SPI bus control is used. 
 

TX

Set RX by pin

Set TXRX pin of 
TC32168FTG to “L”.

Set next RX 
frequency

Set register: NRX[D20,D0]
 (= 04h[D15,D0] & 05h[D4,D0]) 
via SPI bus during TX. 
In this case, setting of PLL reset 
by register is not required.

Wait for 30 μs or more 
for RX setting and stabilization

Set RX via SPI bus

Set register: TXRX_en to "1" 
and register: TXRX to "0".

RX
 

Figure 7-19  TX state to RX state 
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7.13 Sequential Reception of Downlink Frames 
When two downlink frames are transmitted subsequently with the minimum interval (10 μs), the read timing of the register for the 
reception data is shown as follows. 
 
Case1: 
Both the first frame and the subsequent frame are received. 
 

DATA frame end mark postamble

1st frame

frame start markpreamble

Interrupt
(rx_ready)

32 μs

10 μs
postamble

Register read timing (duration)
(RXdata_len, TRXFIFO)

subsequent frame

90 μs
210 μs

Overwrite TRXFIFO by subsequent frame
 

Figure 7-20  TRXFIFO timing for two frame reception 

The register RXdata_len (= 1Dh[D8.D0]) and the register TRXFIFO (= 10h[D2047.D0]) have to be read in the interval between rx_ready 
(= 11h[D0]) interrupt assertion and 90 μs after the head of the next transmission data (210 μs). 
 
Case2: 
Only the 1st frame is received. And TC32168FTG enters TX State. 
 

DATA frame end mark postamble

1st frame

frame start markpreamble

Interrupt
(rx_ready)

32 μs

10 μs
postamble

Register read timing (duration)
(RXdata_len, TRXFIFO)

subsequent frame

90 μs
210 μs

Overwrite TRXFIFO by subsequent frame
 

Figure 7-21  TRXFIFO timing for one frame reception 

The register RXdata_len and the register TRXFIFO have to be read in the interval between rx_ready interrupt assertion and 90 μs after the 
head of the next transmitted data (210 μs). When transiting to TX state, the register TRXFIFO is cleared. 

  



TC32168FTG 

2016-08-31 36 

7.14 Reception of CRC Error Frame 
Even though CRC result is not correct, MCU can read the received frame and the CRC result if the frame end mark is correct. 
Reading method is the same as the case of the correct CRC result. 

 

DATA frame end mark postamble

1st frame

frame start markpreamble

Interrupt
(crc_ng)

32 μs

10 μs
postamble

Register read timing (duration)
(RXdata_len, TRXFIFO, CRC_DATA)

subsequent frame

90 μs
210 μs

Overwrite TRXFIFO by subsequent frame
 

Figure 7-22  Reception of CRC error frame 

 

7.15 CRC Selection 
When the register sel_crc (= 5Ch[D0]) is set to "0" and the register crc_inv/lsb_msb/crc_pol/crc_ini (= 2Ch[D3,D0]) is set to (0,0,0,0), 
both CRC results whose initial values are all "1" and all "0" can be received. That means both CRC values are calculated simultaneously. 
"1" CRC check parameter can be set to the register crc_ini (= 2Ch[D3,D0]). And the other CRC check parameters are determined 
according to the CRC result whose initial value is all "1." 
The results of CRC calculation are stored to the registers crc_rslt_b and crc_rslt_a (= 5Ch[D9,D8]). Which CRC result should be used is 
decided after the registers crc_rslt_b and crc_rslt_a are read in rx_ready interrupt sequence. When the register crc_rslt_b is "0," the CRC 
frame whose initial value is all "0" is received. When the register crc_rslt_a is "0," the CRC frame whose initial value is all "1" is received. 
According to the CRC results, the register crc_ini (= 2Ch[D0]) should be set appropriately. When the register sel_crc is set to "1," only "1" 
CRC check is effective, and the parameters for CRC with the initial value of all "0" become invalid. So the result of the CRC whose initial 
value is all "0" becomes incorrect. After the CRC selection, the register sel_crc should be set to "1" to use only “1” CRC check. 
For the CRC selection, refer to Figure 7-23. 

All "0" initial value 
of CRC frame

Configured by 
register: crc_ini (=2Ch[D0])

Set by 
register: sel_crc (=5Ch[D0])

Value of 
register: crc_ng (=11h[D6])

0

1

“OR” 
logic

All "1" initial value 
of CRC frame

 

Figure 7-23  CRC selection 

Note: The contents in 7.13, 7.14 and 7.15 are useful to construct a system for Beijing's ETC. 
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7.16 Register Access for System Control 
7.16.1 SPI Control Data Format 

The conceptual diagrams of SPI control data format are shown as follows. The format consists of an address (8 bits) and a data (16 bits). 
The read or write is instructed in the value of the third bit. The bit "0" means data read and "1," data write. To separate each communication 
data, "1" duration which is 1-cycle or more length of SPI clock is inserted between the data. 

 
(1) SPI Write Access Format 

 

156 5 4W 3 2 1 0 914 13 12 11 10 6 5 4 3 2 1 08 7 156 5 4W 3 2 1 0 14 13 12 11 10

SPICLK

MOSI

CSN

address write data

W="1" as write operation. 

To separate each communications, The 
"H" duration of CSN pin should be longer 
than the 1 cycle length of SPI clock.

 

Figure 7-24  SPI write format 

 
(2) SPI Read Access Format 
 

6 5 4R 3 2 1 0 6 5 4W 3 2 1 0

15 914 13 12 11 10 6 5 4 3 2 1 08 7 15 14 13 12 11 10

SPICLK

MOSI

MISO

CSN

R="0" as read operation. 

address

read data To separate each communications, The 
"H" duration of CSN pin should be longer 
than the 1 cycle length of SPI clock.

 

Figure 7-25  SPI read format 

 
The conceptual diagrams of SPI FIFO data format are shown as follows. The format consists of an address (8 bits) and a data (2048 bits). 
The length of FIFO data is an 8-byte unit. The data length is 128 bytes or less. The instruction of read or write and the separating each 
communication data are the same as those of SPI control data format. The address of the SPI FIFO data format is fixed to 10h (TRXFIFO 
register). 
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(3) SPI FIFO Data Write Access Format 
 

SPICLK

MOSI

CSN

address FIFO data

"1" as write operation. 

To separate each communications, The 
"H" duration of CSN pin should be longer 
than the 1 cycle length of SPI clock.

2047 5 4 3 2 1 010 0 1 0 0 0 0 10 0 1 0 0 0………...

2046
2045
2044
2043
2042

2047
2046
2045
2044
2043
2042

The register address is pointed as 10h 
(TRXFIFO register). 

 

Figure 7-26  SPI FIFO data write format 

 
(4) SPI FIFO Data Read Access Format 
 

SPICLK

MOSI

MISO

CSN

"0" as read operation. 

address

read data To separate each communications, The 
"H" duration of CSN pin should be longer 
than the 1 cycle length of SPI clock.

00 0 1 0 0 0 0 00 0 1 0 0 0 0

5 4 3 2 1 0
2047 ………...

2046
2045
2044
2043
2042

2047
2046
2045
2044
2043
2042

The register address is pointed as 10h 
(TRXFIFO register). 

 

Figure 7-27  SPI FIFO data read format 
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7.16.2 SPI Signal Timing Specification 
The conceptual diagrams of TC32168FTG’s SPI signal timing specification is shown as follows. The figure shows the simplified operation 
for explanation. 
The interrelationship among the signal timings should be compliant to specified values. The frequency of SPICLK should be 8 MHz or less 
not to fail the communication between this IC and MCU. The gray areas in the following figure show no influence on the communication. 
 

Min 15 ns

Max 35 ns

CSN

SPICLK

MOSI

MISO

Min 5 ns Min 5 ns

Min 15 ns
Min 125 ns

Max 35 ns

tCKWHtCKWL

tCKD tCSWHtCSH

tMIDtMID

Figure 7-28  SPI signal timing specification 

 

Table 7-3 SPI signal timing 

Item Symbol Min Typ. Max Unit 

SPI CLK Frequency fSPI 0.05 8.0 8.192 MHz 

CLK ”H” Time tCKWH 5 — — ns 

CLK ”L” Time tCKWL 5 — — ns 

CLK Delay Time tCKD 15 — — ns 

CS “H” Time tCSWH 125 — — ns 

CS Hold Time tCSH 15 — — ns 

MISO Delay Time tMID — — 35 ns 

Note: The values above should be used for the time values of SPI bus. 
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8. Register Overview and Detail Description 
8.1 Register Overview 

The contents of Table 8-1 show the register overview in TC32168FTG for China's ETC application system. 
For the details, refer to the following sections. 

Table 8-1 Register Overview 

Sec. Address Function Name Used Bit R/W Description 

8.2 00h SWRST RST D7 W Software reset. 

8.3 01h TX RX Status TXRX_en D1 W Select transmission or reception 

8.4 02h DIO ENABLE 
dio_sel D1 R/W Select the function of INTRPT/DIO pin. 

dio_en D0 R/W Enable INTRPT/DIO pin. 

8.5 04h PLL_RX1 NRX [D15,D0] R/W Set the reception PLL frequency (LSB). 

8.6 05h PLL_RX2 NRX [D20,D16] R/W Set the reception PLL frequency (MSB). 

8.7 06h PLL_TX1 NTX [D15,D0] R/W Set the transmission PLL frequency (LSB). 

8.8 07h PLL_TX2 NTX [D20,D16] R/W Set the transmission PLL frequency (MSB). 

8.9 08h PLL_RST pll_reset D0 W Reset of PLL block. 

8.10 09h TX_Power_Control outctrl [D11,D0] R/W Control of transmission power. 

8.11 0Ah Analog_Settings 

bw D8 W Select IF filter band width. 

ook D7 W Select to use the anti-aliasing filter for modulation. 

ph D6 W Select RSSI peak hold operation. 

mr [D4,D0] W Set the modulation index. 

8.12 0Bh Analog_Settings_WU w_s_set [D3,D0] R/W Set Wakeup sensitivity. 

8.13 10h TRXFIFO txdata [D2047,D0] R/W Read/Write data of Transmission/Reception FIFO 

8.14 11h INTR_ST 

txlen_err D9 R Transmission frame length is invalid. 

post_err D8 R No postambles are detected. 

rx_abort D7 R Abort sequence is detected. 

crc_ng D6 R CRC check result is not correct. 

fm0dec_err D5 R FM0 decode error occurs. 

rxlen_err D4 R Reception frame length is invalid. 

flag_err D3 R No frame start marks are detected. 

pre_err D2 R No preambles are detected. 

tx_done D1 R Complete transmission of a frame. 

rx_ready D0 R Reception frame is received. 

8.15 12h INTR_MK 

txlen_err_mask D9 R/W 

Set an interrupt mask. 

post_err_mask D8 R/W 

rx_abort_mask D7 R/W 

crc_ng_mask D6 R/W 

fm0dec_err_mask D5 R/W 

rxlen_err_mask D4 R/W 

flag_err_mask D3 R/W 

pre_err_mask D2 R/W 

tx_done_mask D1 R/W 

rx_ready_mask D0 R/W 
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Sec. Address Function Name Used Bit R/W Description 

8.16 13h INTR_CLR 

txlen_err_clr D9 W 

Clear an interrupt. 

post_err_clr D8 W 

rx_abort_clr D7 W 

crc_ng_clr D6 W 

fm0dec_err_clr D5 W 

rxlen_err_clr D4 W 

flag_err_clr D3 W 

pre_err_clr D2 W 

tx_done_clr D1 W 

rx_ready_clr D0 W 

8.17 14h INTR_INV int_inv D0 R/W Invert the output of the interrupt pin. 

8.18 15h BIT_RATE txrate [D9,D8] R/W Set the transmission bit rate. 

8.18 15h BIT_RATE rxrate D0 R/W Set the reception bit rate. 

8.19 16h RAMP FIFO rmpup [D255,D128] R/W Set the ramp-up coefficient. 

8.19 16h RAMP FIFO rmpdwn [D127,D0] R/W Set the ramp-down coefficient. 

8.20 17h MAX_RXDATALEN rxlen [D8,D0] R/W Set the maximum reception data length. 

8.21 18h WK_DET_NUM wk_num [D3,D0] R/W Set the number of Wakeup detection cycles. 

8.22 19h WakeUP_REG_SETS autowk D0 R/W Select Wakeup operation. 

8.23 1Ah CAL_WakeUp wkcal_en D8 W Start calibration of Wakeup detection timer. 

8.24 1Bh WakeUP_CLR wk_clr D8 W Clear the output of WAKE_UP pin. 

8.25 1Ch Wakeup_reg_write wk_reg_wen D8 W Write data to Wakeup register. 

8.26 1Dh RXdata_len rxdatalen [D8,D0] R 
Byte number of the received data in the reception 
FIFO. 

8.27 2Ch CRC_INI 

crc_inv D3 R/W Invert CRC result. 

lsb_msb D2 R/W Select MSB first or LSB first for transmission data. 

crc_pol D1 R/W Select CRC generating polynomial. 

crc_ini D0 R/W Select the initial value of CRC shift register. 

8.28 36h RX_DET_TIMER_DIS dettimer_dis D0 R/W Control the reception detection timer. 

8.29 3Ch TEST SEL 
txbit_sel [D5,D4] R/W Generate the transmission data pattern for test. 

fir_sel [D2,D0] R/W Select the transmission data for test. 

8.30 3Dh WK_FREQ_SET 
wk_high_det [D11,D8] R/W 

Set Wakeup detection pulse frequency to 20 kHz or 
more. 

wk_low_det [D4,D0] R/W 
Set Wakeup detection pulse frequency to 10 kHz or 
less. 

8.31 3Eh WK_FREQ_SET_WEN wk_freq_wen D8 W Write a frequency data to Wakeup register. 

8.32 43h RX FIFO CLEAR rxfifocls D8 W Clear the reception FIFO register. 

8.33 56h XOSC_TRIM xosc_ctrim [D11,D8] R/W Trim the crystal oscillator circuit. 

8.34 5Ch SEL_RX_CRC 

crc_rslt_b D9 R Check the CRC result whose initial value is all "0." 

crc_rslt_a D8 R Check the CRC result whose initial value is all "1." 

sel_crc D0 R/W Select CRC operation. 

8.35 5Dh CRC_DATA crc_data [D15,D0] R Received CRC data. 
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8.2 00h; Software Reset 
 

Address Function Name R/W Initial Value. Description 

00h SWRST 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 RST W 0 

Reset operation during register write access. 

1: Reset 

0: No Operation <Initial value> 

When the register 00h[D7] is set to “1,” the software reset is asserted. 

So, this bit is automatically cleared. By this software reset, the main 

registers and the modem are reset, 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 — W 0 Don't care. (Recommended to set to “0.”) 

 
Note: PMU and WAKEUP DET are not reset by this software reset. 
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8.3 01h; TX/RX State Selection 
 

Address Function Name R/W Initial Value Description 

01h TX or RX State 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 TXRX_en W 0 

Select the way to switch between TX state and RX state. 

0: Setting by TXRX pin is enabled. <Initial value> 

1: Setting by the register 01h[D0] is enabled. 

D0 TXRX W 0 

TX state of RX state selection. 

0: RX state <Initial value> 

1: TX state 
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8.4 02h; Selection of Function of INTRPT/DIO Pin 
 

Address Function Name R/W Initial Value Description 

02h DIO ENABLE 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 dio_sel W 0 

Select the signal direction of INTRPT/DIO pin used for a digital I/O 

(the register dio_en is set to "1") in Direct mode. 

0: INTRPT/DIO pin is an output. 

1: INTRPT/DIO pin is an input. 

D0 dio_en W 0 

Select the function of INTRPT/DIO pin. 

0: INTRPT/DIO pin is used for an interrupt. <Initial Value> 

1: INTRPT/DIO pin is used for a data input/output pin. 
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8.5 04h; Reception PLL Frequency Setting (LSB) 
 

Address Function Name R/W Initial Value Description 

04h PLL_RX1 

D15 NRX[15] W 0 

Set the reception PLL frequency (LSB). 

Set the value of fLO MHz × 125. (fLO is the internal frequency.) 

Initial frequency: 5835 MHz 

(The initial value of the register is “211Fh.”) 

D14 NRX[14] W 0 

D13 NRX[13] W 1 

D12 NRX[12] W 0 

D11 NRX[11] W 0 

D10 NRX[10] W 0 

D9 NRX[9] W 0 

D8 NRX[8] W 1 

D7 NRX[7] W 0 

D6 NRX[6] W 0 

D5 NRX[5] W 0 

D4 NRX[4] W 1 

D3 NRX[3] W 1 

D2 NRX[2] W 1 

D1 NRX[1] W 1 

D0 NRX[0] W 1 

 
Note: Unless the register is set via SPI, the register data is set to the initial value. 
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8.6 05h; Reception PLL Frequency Setting (MSB) 
 

Address Function Name R/W Initial Value Description 

05h PLL_RX2 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 NRX[20] W 0 
Set the reception PLL frequency (MSB). 

Set the value of fLO MHz × 125. (fLO is the internal frequency.) 

Initial frequency: 5835 MHz 

(The initial value of the register is “000Bh.”) 

D3 NRX[19] W 1 

D2 NRX[18] W 0 

D1 NRX[17] W 1 

D0 NRX[16] W 1 

 
Note: Unless the register is set via SPI, the register data is set to the initial value. 
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8.7 06h; Transmission PLL Frequency Setting (LSB) 
 

Address Function Name R/W Initial Value Description 

06h PLL_TX1 

D15 NTX[15] W 0 

Set the transmission PLL frequency (LSB). 

Set the value of fLO MHz × 125. (fLO is the internal frequency.) 

Initial frequency: 5790 MHz 

(The initial value of the register is “0B26h.”) 

D14 NTX[14] W 0 

D13 NTX[13] W 0 

D12 NTX[12] W 0 

D11 NTX[11] W 1 

D10 NTX[10] W 0 

D9 NTX[9] W 1 

D8 NTX[8] W 1 

D7 NTX[7] W 0 

D6 NTX[6] W 0 

D5 NTX[5] W 1 

D4 NTX[4] W 0 

D3 NTX[3] W 0 

D2 NTX[2] W 1 

D1 NTX[1] W 1 

D0 NTX[0] W 0 

 
Note: Unless the register is set via SPI, the register data is set to the initial value. 
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8.8 07h; Transmission PLL Frequency Setting (MSB) 
 

Address Function Name R/W Initial Value Description 

07h PLL_TX2 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 NTX[20] W 0 
Set the transmission PLL frequency (MSB). 

Set the value of fLO MHz × 125. (fLO is the internal frequency.) 

Initial frequency: 5790 MHz 

(The initial value of the register is “000Bh.”) 

D3 NTX[19] W 1 

D2 NTX[18] W 0 

D1 NTX[17] W 1 

D0 NTX[16] W 1 

 
Note: Unless the register is set via SPI, the register data is set to the initial value. 
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8.9 08h; Reset for PLL Block 
 

Address Function Name R/W Initial Value Description 

08h PLL_RST 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 pll_reset W 0 

PLL reset and lock-up operations during register write access. 

PLL reset register is a trigger to initialize PLL circuit. It is not 

necessary to clear this bit after the reset operation completes. 

1: PLL circuit starts the lock-up. 

0: No Operation <Initial value> 

 
Note: When TC32168FTG starts from Sleep state or the transition between TX state and RX state occurs, the PLL reset is asserted 

automatically. 
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8.10 09h; Transmission Power Control 
 

Address Function Name R/W Initial Value Description 

09h TX_Power_Control 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 outctrl[11] W 0 

Output power control for transmission. 

Initial value: All "0" 

For the control level, refer to Table 8-2 and Section 13. 

D10 outctrl[10] W 0 

D9 outctrl[9] W 0 

D8 outctrl[8] W 0 

D7 outctrl[7] W 0 

D6 outctrl[6] W 0 

D5 outctrl[5] W 0 

D4 outctrl[4] W 0 

D3 outctrl[3] W 0 

D2 outctrl[2] W 0 

D1 outctrl[1] W 0 

D0 outctrl[0] W 0 

 
Note: For the relationship between the register value and the transmission output power, refer to the figure “TX Output Power vs. Register 

Control Setting” in Section 13. 
Note: The control input values of the register outctrl are shown in the following table. The setting of the values which are not shown in the 

Table 8-2 is prohibited. 
 

Table 8-2 Input value of Register outctrl 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Value of Register outctrl[D11,D0] 

111111111111 0xFFF 

011111111111 0x7FF 

001111111111 0x3FF 

000111111111 0x1FF 
000011111111 0x0FF 
000001111111 0x07F 
000000111111 0x03F 
000000011111 0x01F 

000000001111 0x00F 

000000000111 0x007 

000000000011 0x003 
000000000001 0x001 
000000000000 0x000 
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8.11 0Ah; Modulation and IF Filter Settings 
 

Address Function Name R/W Initial Value Description 

0Ah Analog_Settings 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 bw W 0 

Select IF filter band width. 

0: Normal  <Initial value> 

1: Narrow band width 

D7 ook W 0 

Enable to use the anti-aliasing filter. 

0: Use the anti-aliasing filter for ASK <Initial value> 

1: Bypath the filter for OOK 

D6 ph W 0 

Select RSSI peak hold function. 

0: Normal <Initial value>  This should be selected. 

1: Slow (for the system using less than 128-kbps data) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 mr[4] W 0 

Set Modulation index. 

Initial value: All "0" 

For Modulation index, refer to Section 13. 

D3 mr[3] W 0 

D2 mr[2] W 0 

D1 mr[1] W 0 

D0 mr[0] W 0 

 
Note: The register ook sets only using the anti-aliasing filter or not. To select the modulation (ASK/OOK), it is necessary that “Ramp 

Up/Down Coefficients” are set to the registers rmpup (=16h[D255,D128]) and rmpdwn (=16h[D127,D0]). For the Ramp Up/Down 
Coefficients, refer to 8.19. 

Note: For the relationship between the register value and the modulation index, refer to the figure, “Modulation Index vs. Register Setting 
Characterisitcs” in Section 13. 
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8.12 0Bh; Wakeup Sensitivity Setting 
This register data is copied to the register for PMU and WAKEUP DET by setting the register wk_reg_wen (= 1C[ D8]) to “1.” After 
copying the data, this register value becomes valid. 

 

Address Function Name R/W Initial Value Description 

0Bh Analog_Settings_WU 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 w_s_set[3] W 0 Set Wakeup sensitivity. 

Initial value: All "0" 

Set the register w_s_set to (0,1,0,1) at the 

operation. 

D2 w_s_set[2] W 0 

D1 w_s_set[1] W 0 

D0 w_s_set[0] W 0 
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8.13 10h; Read/Write Data of Transmission/Reception FIFO 
The selection of the transmission FIFO or the reception FIFO is determined by the selection of TX state or RX State, respectively. When 
the transition between TX state and RX state occurs, the data of the register TRXFIFO is cleared automatically. 

 

Address Function Name R/W Initial Value Description 

10h TRXFIFO 

D2047 txdata_2047 R/W 0 

 

Read data of the reception FIFO/Write data of the 

transmission FIFO. 

The length of FIFO data is in the units of 8 bytes. The 

maximum length is 256 bytes. The length is usually 128 

bytes or less. 

It should be set to the register rxlen (= 17h[D8,D0]). For 

the details of the register, refer to 8.20. 

 

Initial value: All “0” 

 

 

D2046 txdata_2046 R/W 0 

D2045 txdata_2045 R/W 0 

  
 

 

    

    

  
 

 

D10 txdata_10 R/W 0 

D9 txdata_9 R/W 0 

D8 txdata_8 R/W 0 

D7 txdata_7 R/W 0 

D6 txdata_6 R/W 0 

D5 txdata_5 R/W 0 

D4 txdata_4 R/W 0 

D3 txdata_3 R/W 0 

D2 txdata_2 R/W 0 

D1 txdata_1 R/W 0 

D0 txdata_0 R/W 0 

 
 

In this address, the 2048-bit 
continuous data area exists. 
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8.14 11h; Interrupts 
When an interrupt occurs, its status can be read by MCU via SPI bus. For the details of the interrupts, refer to 7.11.6. 

 

Address Function Name R/W Initial Value Description 

11h INTR_ST 

D15 — R 0 — 

D14 — R 0 — 

D13 — R 0 — 

D12 — R 0 — 

D11 — R 0 — 

D10 — R 0 — 

D9 txlen_err R 0 
Transmission frame length is invalid. 

0: No errors. / 1: The error occurs. 

D8 post_err R 0 
No postambles are detected. 

0: No errors. / 1: The error occurs. 

D7 rx_abort R 0 
Abort sequence is detected. 

0: No errors. / 1: The error occurs. 

D6 crc_ng R 0 
CRC check result is not correct. 

0: No errors. / 1: The error occurs. 

D5 fm0dec_err R 0 
FM0 decode error occurs. 

0: No errors. / 1: The error occurs. 

D4 rxlen_err R 0 
Reception frame length is invalid. 

0: No errors. / 1: The error occurs. 

D3 flag_err R 0 
No frame start marks are detected. 

0: No errors. / 1: The error occurs. 

D2 pre_err R 0 
No preambles are detected. 

0: No errors. / 1: The error occurs. 

D1 tx_done R 0 
Transmission of a frame completes. 

0: No errors. / 1: The error occurs. 

D0 rx_ready R 0 
A frame is received. 

0: No errors. / 1: The error occurs. 

 
 

Note: The interrupt register should be cleared as soon as possible to wait for the next interrupt. Otherwise, the register is overwritten at the 
generation of the next interrupt, which cannot detect the interrupt. 
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8.15 12h; Interrupt Mask Setting 
 

Address Function Name R/W Initial Value Description 

12h INTR_MK 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 txlen_err_mask W 0 

Set an interrupt mask. 

0: Mask is not set for the interrupt.  <Initial value> 

1: Mask is set for the interrupt 

 

D8 post_err_mask W 0 

D7 rx_abort_mask W 0 

D6 crc_ng_mask W 0 

D5 fm0dec_err_mask W 0 

D4 rxlen_err_mask W 0 

D3 flag_err_mask W 0 

D2 pre_err_mask W 0 

D1 tx_done_mask W 0 

D0 rx_ready_mask W 0 

 
Note: When an interrupt mask is set, the corresponding output of INTRPT/DIO is masked. But the interrupt operation itself executes. 

The MCU which controls ETC system containing TC32168FTG can use the status of the interrupt via SPI bus. 
 
 



TC32168FTG 

2016-08-31 56 

8.16 13h; Interrupt Clearing 
When a bit in the register is set to “1”, the corresponding interrupt is cleared. 

 

Address Function Name R/W Initial Value Description 

13h INTR_CLR 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 txlen_err_clr W 0 

Selection to clear an interrupt. 

0: No operation = Not clear <Initial 

value> 

1: Clear 

D8 post_err_clr W 0 

D7 rx_abort_clr W 0 

D6 crc_ng_clr W 0 

D5 fm0dec_err_clr W 0 

D4 rxlen_err_clr W 0 

D3 flag_err_clr W 0 

D2 pre_err_clr W 0 

D1 tx_done_clr W 0 

D0 rx_ready_clr W 0 

 
Note: The interrupt register should be cleared as soon as possible to wait for the next interrupt. Otherwise, the register is overwritten at the 

generation of the next interrupt, which cannot detect the interrupt. 
Note: The output of INTRPT/DIO pin turns to “0” after all asserted interrupts are cleared. 
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8.17 14h; Inversion of Interrupt Pin Output 
 

Address Function Name R/W Initial Value Description 

14h INTR_INV 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 int_inv W 0 

Set the inversion of INTRPT/DIO pin output (used for an interrupt). 

0: “1” active at an interrupt assertion. <Initial value> 

1: “0” active at an interrupt assertion. 

 
Note: The output signal polarity of INTRPT/DIO pin at an interrupt assertion is set by this register. 
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8.18 15h; Transmission and Reception Bit Rate Settings 
 

Address Function Name R/W Initial Value Description 

15h BIT_RATE 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 txrate[1] W 0 
Transmission data rate setting. 

txrate[1:0] =  

 00: 512 kbps <Initial value> 

  01: 256 kbps 

  10: 128 kbps 

  11: 125 kbps 

D8 txrate[0] W 0 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 rxrate W 1 

Reception data rate setting. 

0: 512 kbps 

1: 256 kbps <Initial value> 
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8.19 16h; Ramp Up and Down Coefficient Setting 
The recommended ramp up and ramp down coefficients should be set to the proper registers at the start of the operation of the system. The 
coefficient values above have been optimized. 
It should be notified that the ramp up and the ramp down coefficients of ASK and OOK are different. In the table below, both coefficients 
are shown. When the modulation type is selected, such settigs should be also done as the ramp up and the ramp down coefficients and the 
enable or disable of the anti-aliasing filter. 
In this address, the 256-byte continuous data area exists. The modulated output signal of TC32168FTG is shaped by the ramp up and ramp 
down coefficients in this address, and the digital signal is converted to the analog one. The frequency of the step of the ramp up and the 
ramp down is 16.384 MHz. Each coefficient is set individually. The data write to the register is done in units of byte. 8-bit (= 1 byte) area is 
assigned to each coefficient, but the 3 bits of MSB of a write data should be fixed to (0,0,0) in advance. So each register is written with 
8-bit data, but the MSB 3 bits are ignored and only the lower 5 bits should be the actual data. 
Those registers can be read to confirm the written data. The registers are read in units of byte. The 3 bits of MSB return (0,0,0), and the 
lower 5 bits return the written data. So the written value can be checked. 

 

Address Function Name R/W Initial Value 
Description 

Recommended  
value for ASK 

Recommended  
value for OOK 

16h RAMP FIFO 

D255..248 rmpup[79:75] R/W 1F Set to “1F.” Set to “1F.” 
D247..240 rmpup[74:70] R/W 1F Set to “1F.” Set to “1F.” 
D239..232 rmpup[69:65] R/W 1E Set to “1F.” Set to “1F.” 
D231..224 rmpup[64:60] R/W 1C Set to “1F.” Set to “1F.” 
D223..216 rmpup[59:55] R/W 1A Set to “1F.” Set to “1F.” 
D215..208 rmpup[54:50] R/W 17 Set to “1F.” Set to “1F.” 
D207..200 rmpup[49:45] R/W 14 Set to “1F.” Set to “1F.” 
D199..192 rmpup[44:40] R/W 11 Set to “1F.” Set to “1F.” 
D191..184 rmpup[39:35] R/W 0E Set to “1F.” Set to “1F.” 
D183..176 rmpup[34:30] R/W 0B Set to “1B.” Set to “1F.” 
D175..168 rmpup[29:25] R/W 08 Set to “12.” Set to “1F.” 
D167..160 rmpup[24:20] R/W 05 Set to “0E.” Set to “1F.” 
D159..152 rmpup[19:15] R/W 03 Set to “08.” Set to “1F.” 
D151..144 rmpup[14:10] R/W 01 Set to “07.” Set to “1F.” 
D143..136 rmpup[9:5] R/W 00 Set to “03.” Set to “1F.” 
D135..128 rmpup[4:0] R/W 00 Set to “00.” Set to “1F.” 
D127..120 rmpdwn[79:75] R/W 00 Set to “00.” Set to “00.” 
D119..112 rmpdwn[74:70] R/W 00 Set to “00.” Set to “00.” 
D111..104 rmpdwn[69:65] R/W 01 Set to “00.” Set to “00.” 
D103..96 rmpdwn[64:60] R/W 03 Set to “00.” Set to “00.” 
D95..88 rmpdwn[59:55] R/W 05 Set to “00.” Set to “00.” 
D87..80 rmpdwn[54:50] R/W 08 Set to “00.” Set to “00.” 
D79..72 rmpdwn[49:45] R/W 0B Set to “00.” Set to “00.” 
D71..64 rmpdwn[44:40] R/W 0E Set to “00.” Set to “00.” 
D63..56 rmpdwn[39:35] R/W 11 Set to “00.” Set to “00.” 
D55..48 rmpdwn[34:30] R/W 14 Set to “03.” Set to “00.” 
D47..40 rmpdwn[29:25] R/W 17 Set to “07.” Set to “00.” 
D39..32 rmpdwn[24:20] R/W 1A Set to “08.” Set to “00.” 
D31..24 rmpdwn[19:15] R/W 1C Set to “0E.” Set to “00.” 
D23..16 rmpdwn[14:10] R/W 1E Set to “12.” Set to “00.” 
D15..8 rmpdwn[9:5] R/W 1F Set to “1B.” Set to “00.” 
D7..0 rmpdwn[4:0] R/W 1F Set to “1F.” Set to “00.” 
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Note: The followings are examples of the register data. 
1B = (0,0,0,1,1,0,1,1) 
07 = (0,0,0,0,0,1,1,1) 
The 3 bits of MSB are usually (0,0,0). 

Note: Actual modulated output waveform may not match the signal designed by the register setting due to the distortion in the modulation 
circuit. The waveform designed by the register setting should be tuned to be close to the desired modulation waveform carefully with 
monitoring the output waveform. For the designed waveform, refer to Figure 8-1. 

 

Register Address
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approximately 1.95µs
 (at initial TX data rate setting: 512 kbps) 

61.035µs

 

Figure 8-1  Waveform designed by Ramp up and Ramp down coefficient registers 

 



TC32168FTG 

2016-08-31 61 

8.20 17h; Maximum Reception Data Length Setting 
When a reception frame (a reception data length) is longer than this setting value, rx_len_err interrupt is asserted in the register rx_len_err 
(= 11h[D4]). 

 

Address Function Name R/W Initial Value Description 

17h MAX_RXDATALEN 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 rxlen[8] W 0 

Set the maximum reception data length. 

Initial value: 128 bytes 

Register rxlen = (0,1,0,0,0,0,0,0,0) 

D7 rxlen[7] W 1 

D6 rxlen[6] W 0 

D5 rxlen[5] W 0 

D4 rxlen[4] W 0 

D3 rxlen[3] W 0 

D2 rxlen[2] W 0 

D1 rxlen[1] W 0 

D0 rxlen[0] W 0 
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8.21 18h; Setting of Cycle Number of Wakeup Detection 
The initial value “3” means that WAKE_UP pin outputs “1” when the rising edge of the fourth cycle of 14-kHz Wakeup signal is detected. 
This register data is copied to the register for PMU and WAKEUP DET by setting the register wk_reg_wen (= 1C[D8]) to 
“1.” After copying the data, this register value becomes valid. 

 

Addr

ess 
Function Name R/W 

Initial 

Value 
Description 

18h 
WK_DET_

NUM 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 wk_num[3] W 0 
Set the cycle number of Wakeup detection. 

The number of the rectangular waves for Wakeup (= 14 kHz Wakeup signal, 
refer to Figure 7-3) is checked. When the number of received Wakeup signal 
becomes larger than the value in the register wk_num, the output of WAKE_UP 
pin changes from “0” to “1.” 
Initial value: 03 = (0,0,1,1) 

D2 wk_num[2] W 0 

D1 wk_num[1] W 1 

D0 wk_num[0] W 1 
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8.22 19h; Wakeup Operation Selection 
This register data is copied to the register for PMU and WAKEUP DET by setting the register wk_reg_wen (= 1C[D8]) to “1.” After 
copying the data, this register value becomes valid. 

 

Address Function Name R/W Initial Value Description 

19h WakeUP_REG_SETS 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 — W 0 Don't care. (Recommended to set to “0.”) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 autowk W 0 

Select Wakeup operation. 

0: Normal Wakeup operation <Initial value> 

1: Auto Wakeup operation 
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8.23 1Ah; Calibration Start of Wakeup Detection Timer 
The frequency of the internal oscillator for PMU and WAKEUP DET in one product is different from another one. In order to detect 
Wakeup signal correctly, it is necessary to calibrate the internal oscillator frequency. 
The calibration takes 120 μs at maximum. 

 
Address Function Name R/W Initial Value. Description 

1Ah CAL_WakeUp 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 wkcal_en W 0 

Start the calibration of Wakeup detection timer. 

It operates during register write access. 

0: No Operation <Initial value> 

1: Start the calibration of the internal oscillator for Wakeup 

waveform detection. 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 — W 0 Don't care. (Recommended to set to “0.”) 
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8.24 1Bh; Clearing of WAKE_UP Pin Output 
 

Address Function Name R/W Initial Value. Description 

1Bh WakeUP_CLR 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 wk_clr W 0 

Clear WAKE_UP pin output during register write access. 

0: No Operation <Initial value> 

1: Clear (Set WAKE_UP pin output from "1" to "0".) 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 — W 0 Don't care. (Recommended to set to “0.”) 

 
Note: This register should be set just before entering Sleep state. 
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8.25 1Ch; Data Write to Wakeup Register 
The registers for PMU and WAKEUP DET keep the copied data during Sleep state in TC32168FTG. When ETC system MCU starts 
booting, the resisters for PMU and WAKEUP DET are recommended to be refreshed by this register to keep Wakeup operation settings. 

 

Address Function Name R/W Initial Value Description 

1Ch Wakeup_reg_write 

D15 — W 0 Don't care. (Recommended to set to “0.”) 

D14 — W 0 Don't care. (Recommended to set to “0.”) 

D13 — W 0 Don't care. (Recommended to set to “0.”) 

D12 — W 0 Don't care. (Recommended to set to “0.”) 

D11 — W 0 Don't care. (Recommended to set to “0.”) 

D10 — W 0 Don't care. (Recommended to set to “0.”) 

D9 — W 0 Don't care. (Recommended to set to “0.”) 

D8 wk_reg_wen W 0 

The data of the registers w_s_set (= 0Bh[D3,D0]) / 

wk_num (= 18h[D3,D0]) / autowk (= 19h[D0]) are 

copied to the registers for PMU and WAKEUP DET 

during register write access. 

0: No Operation <Initial value> 

1: Copy operation 

D7 — W 0 Don't care. (Recommended to set to “0.”) 

D6 — W 0 Don't care. (Recommended to set to “0.”) 

D5 — W 0 Don't care. (Recommended to set to “0.”) 

D4 — W 0 Don't care. (Recommended to set to “0.”) 

D3 — W 0 Don't care. (Recommended to set to “0.”) 

D2 — W 0 Don't care. (Recommended to set to “0.”) 

D1 — W 0 Don't care. (Recommended to set to “0.”) 

D0 — W 0 Don't care. (Recommended to set to “0.”) 
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8.26 1Dh; Byte Length Setting of Reception Data 
After the interrupt is asserted by the register rx_ready (= 11h[D0]), the data length of the reception FIFO is written to this register. 
Before reading data in the reception FIFO, ETC system MCU should know the length of the reception frame. 

 

Address Function Name R/W Initial Value Description 

1Dh RXdata_len 

D15 — R 0 — 

D14 — R 0 — 

D13 — R 0 — 

D12 — R 0 — 

D11 — R 0 — 

D10 — R 0 — 

D9 — R 0 — 

D8 rxdatalen[8] R 0 

The byte length of the reception data in the reception FIFO can 

be checked. 

 

D7 rxdatalen[7] R 0 

D6 rxdatalen[6] R 0 

D5 rxdatalen[5] R 0 

D4 rxdatalen[4] R 0 

D3 rxdatalen[3] R 0 

D2 rxdatalen[2] R 0 

D1 rxdatalen[1] R 0 

D0 rxdatalen[0] R 0 
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8.27 2Ch; CRC Setting 
Those CRC parameters are applied to both the reception and the transmission. 
Those parameter values are not kept in Sleep state. 
This register setting is for Beijing's ETC system. 
Refer to 7.12.9 and 7.15. 

 

Address Function Name R/W Initial Value Description 

2Ch CRC_INI 

D15 — R/W 0 Set to “0.” 

D14 — R/W 0 Set to “0.” 

D13 — R/W 0 Set to “0.” 

D12 — R/W 0 Set to “0.” 

D11 — R/W 0 Set to “0.” 

D10 — R/W 0 Set to “0.” 

D9 — R/W 0 Set to “0.” 

D8 — R/W 0 Set to “0.” 

D7 — R/W 0 Set to “0.” 

D6 — R/W 0 Set to “0.” 

D5 — R/W 0 Set to “0.” 

D4 — R/W 0 Set to “0.” 

D3 crc_inv R/W 0 

Inverse CRC result. 

0: Inverse. 

1: Not inverse. 

D2 lsb_msb R/W 0 

Select the transmission way of MSB first or LSB first. 

(At reading the transmission FIFO or writing the reception FIFO) 

0: LSB first 

1: MSB first 

D1 crc_pol R/W 0 

Select CRC generating polynomial. 

0: X16 + X12 + X5 + X0 

1: X16 + X15 + X2+ X0 

D0 crc_ini R/W 0 

Select the initial value of CRC shift register. 

0: Initial value is all "1." 

1: Initial value is all "0." 
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8.28 36h; Reception Detection Timer Setting 
The FIFO data which are received and stored in the register TRXFIFO are cleared by the timeout (2 ms) of the frame start mark interrupt 
and the postamble detection interrupt. 
To avoid this, the register dettimer_dis should be set to “1.” 

Address Function Name R/W Initial Value Description 

36h RX_DET_TIMER_DIS 

D15 — R/W 0 — 

D14 — R/W 0 — 

D13 — R/W 0 — 

D12 — R/W 0 — 

D11 — R/W 0 — 

D10 — R/W 0 — 

D9 — R/W 0 — 

D8 — R/W 0 — 

D7 — R/W 0 — 

D6 — R/W 0 — 

D5 — R/W 0 — 

D4 — R/W 0 — 

D3 — R/W 0 — 

D2 — R/W 0 — 

D1 — R/W 0 — 

D0 dettimer_dis R/W 0 

Control the reception detection timer. 

Control the timer to disable the frame start mark 

interrupt and the postamble interrupt. When this 

register is set to “1,” those interrupts cannot be 

asserted after 2-ms duration defined by the timer 

has passed. 

0: Enable the timer. <Initial value> 

1: Disable the timer. 

The interrupt status can be read from the registers 

flag_err (= 11h[D3]) and post_err (= 11h[D8]). 

Refer to 8.14. 
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8.29 3Ch; Tests Selection 
 

Address Function Name R/W Initial Value Description 

3Ch TEST SEL 

D15 — W 0 Set to “0.” 

D14 — W 0 Set to “0.” 

D13 — W 0 Set to “0.” 

D12 — W 0 Set to “0.” 

D11 — W 0 Set to “0.” 

D10 — W 0 Set to “0.” 

D9 — W 0 Set to “0.” 

D8 — W 0 Set to “0.” 

D7 — W 0 Set to “0.” 

D6 — W 0 Set to “0.” 

D5 txbit_sel[1] W 0 Generate a transmission data pattern of FM0 

coding for test. Refer to Table 8-3. 

00: Disable the test operation  <Initial value> 
D4 txbit_sel[0] W 0 

D3 — W 0 Set to “0.” 

D2 fir_sel[2] W 0 Select a transmission data for test. Refer to Table 

8-3. 

000: Disable the test operation  <Initial value> 

D1 fir_sel[1] W 0 

D0 fir_sel[0] W 0 

 
The test data selection in the table above is shown in the Table 8-3. 
 

Table 8-3  Test operations for ASK at TX state 

Register: fir_sel Register: txbit_sel Generated transmission data pattern of RF ASK signal 

000 
00 

Disable the test operation  <Initial value> 
(Used for an actual ETC system.) 

11 PN9 in FM0 coding (Used for ACPR measurement.) 

001 don't care 
All "0" of ASK without FM0 coding (a continuous 
waveform) 

010 don't care 
All "1" of ASK without FM0 coding (a continuous 
waveform) 

101 don't care 
ASK signal has been FM0-modulated using the data input 
from INTRPT/DIO pin. 

011 / 110 / 111 don't care Prohibited. 

 
Note: To use the data input from INTRPT/DIO pin, both registers dio_en and dio_sel should be set to "1". For the pin usage, refer to 8.4. 
Note: The bit rate of the communication data is set in the register txrate (= 15h[D9,D8]). (Refer to 8.18.) 
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8.30 3Dh; Frequency Setting of Wakeup Detection 
The frequency tolerance of 14-kHz Wakeup signal is controlled by this register. 

 

Address Function Name R/W Initial Value Description 

3Dh WK_FREQ_SET 

D15 — W 0 Set to “0.” 

D14 — W 0 Set to “0.” 

D13 — W 0 Set to “0.” 

D12 — W 0 Set to “0.” 

D11 wk_high_det[3] W 0 
Set Wakeup detection pulse frequency to 20 kHz or 

more. 

Initial value: (0,1,0,1) 

D10 wk_high_det[2] W 1 

D9 wk_high_det[1] W 0 

D8 wk_high_det[0] W 1 

D7 — W 0 Set to “0.” 

D6 — W 0 Set to “0.” 

D5 — W 0 Set to “0.” 

D4 wk_low_det[4] W 1 

Set Wakeup detection pulse frequency to 10 kHz or 

less. 

Initial value: (1,1,1,1,0) 

D3 wk_low_det[3] W 1 

D2 wk_low_det[2] W 1 

D1 wk_low_det[1] W 1 

D0 wk_low_det[0] W 0 
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8.31 3Eh; Wakeup Frequency Register Control 
The registers for PMU and WAKEUP DET keep the copied data during Sleep state in TC32168FTG. 

Address Function Name R/W Initial Value Description 

3Eh WK_FREQ_SET_WEN 

D15 — W 0 Set to “0.” 

D14 — W 0 Set to “0.” 

D13 — W 0 Set to “0.” 

D12 — W 0 Set to “0.” 

D11 — W 0 Set to “0.” 

D10 — W 0 Set to “0.” 

D9 — W 0 Set to “0.” 

D8 wk_freq_wen W 0 

Write the frequency data to Wakeup register. 

The data in the registers wk_high_det (= 

3D[D11,D8]) and wk_low_det (= 3Dh(D4,D0]) are 

copied to the registers for PMU and WAKEUP 

DET during register write access. 

0: No Operation  <Initial value> 

1: Copy operation 

D7 — W 0 Set to “0.” 

D6 — W 0 Set to “0.” 

D5 — W 0 Set to “0.” 

D4 — W 0 Set to “0.” 

D3 — W 0 Set to “0.” 

D2 — W 0 Set to “0.” 

D1 — W 0 Set to “0.” 

D0 — W 0 Set to “0.” 
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8.32 43h; Reception FIFO Register Clearing 
This function is useful after the FIFO data has been overwritten in RX state. 
If this register is set to “1,” the data in the register TRXFIFO (= 10h[D2047,D0]) are cleared. 

 

Address Function Name R/W Initial Value. Description 

43h RX FIFO CLEAR 

D15 — W 0 Set to “0.” 

D14 — W 0 Set to “0.” 

D13 — W 0 Set to “0.” 

D12 — W 0 Set to “0.” 

D11 — W 0 Set to “0.” 

D10 — W 0 Set to “0.” 

D9 — W 0 Set to “0.” 

D8 rxfifocls W 0 

Clear the reception FIFO register during register write access. 

0: No Operation = Not clear <Initial value> 

1: Clear 

D7 — W 0 Set to “0.” 

D6 — W 0 Set to “0.” 

D5 — W 0 Set to “0.” 

D4 — W 0 Set to “0.” 

D3 — W 0 Set to “0.” 

D2 — W 0 Set to “0.” 

D1 — W 0 Set to “0.” 

D0 — W 0 Set to “0.” 

 
 



TC32168FTG 

2016-08-31 74 

8.33 56h; Crystal Oscillator Trimming 

Address Function Name R/W Initial Value Description 

56h XOSC_TRIM 

D15 — W 0 Set to “0.” 

D14 — W 0 Set to “0.” 

D13 — W 0 Set to “0.” 

D12 — W 0 Set to “0.” 

D11 xosc_ctrim[3] W 0 

Crystal oscillator trimming. 

Initial value: All “0” 

D10 xosc_ctrim[2] W 0 

D9 xosc_ctrim[1] W 0 

D8 xosc_ctrim[0] W 0 

D7 — W 0 Set to “0.” 

D6 — W 0 Set to “0.” 

D5 — W 0 Set to “0.” 

D4 — W 0 Set to “0.” 

D3 — W 0 Set to “0.” 

D2 — W 0 Set to “0.” 

D1 — W 0 Set to “0.” 

D0 — W 0 Set to “0.” 

Note: Toshiba measures the electrical data of TC32168FTG using the crystal oscillator “FCX-04-32.768MHz-J20997 (RIVER ELETEC 
CORPORATION).” 

Note: When this crystal oscillator is used, the recommended value of the register xosc_ctrim (= 56h[D11,D8]) is (0,0,0,1). 
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8.34 5Ch; Reception CRC Selection 
This register setting is used for Beijing's ETC system. 
For the details, refer to 7.15 and Figure 7-23. 

 

Address Function Name R/W Initial Value Description 

5Ch SEL_RX_CRC 

D15 — R/W 0 Set to “0.” 

D14 — R/W 0 Set to “0.” 

D13 — R/W 0 Set to “0.” 

D12 — R/W 0 Set to “0.” 

D11 — R/W 0 Set to “0.” 

D10 — R/W 0 Set to “0.” 

D9 crc_rslt_b R 0 
Check the result of the CRC whose initial value is all “0.” 

 0: Correct. / 1: Not correct. 

D8 crc_rslt_a R 0 
Check the result of the CRC whose initial value is all “1.” 

 0: Correct. / 1: Not correct. 

D7 — R/W 0 Set to “0.” 

D6 — R/W 0 Set to “0.” 

D5 — R/W 0 Set to “0.” 

D4 — R/W 0 Set to “0.” 

D3 — R/W 0 Set to “0.” 

D2 — R/W 0 Set to “0.” 

D1 — R/W 0 Set to “0.” 

D0 sel_crc R/W 0 

Select CRC operation. 

0: Logical OR is done for the result of the CRC whose initial   

value is all “0” and the result of the CRC whose initial value 

is all “1.” 

1: Select the result of the CRC whose initial value is all “1.”  

The logical OR value is not used. 

The CRC result is configured by the register crc_ini (= 

2Ch[D0]). 

The default setting of this register is consistent with China's 

ETC standard 
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8.35 5Dh; CRC Data Information 
The data of this register is used for Beijing's ETC system. 
For the details, refer to 7.15. 

 

Address Function Name R/W Initial Value Description 

5Dh CRC_DATA 

D15 crc_data[15] R 0 

Reception CRC data 

D14 crc_data[14] R 0 

D13 crc_data[13] R 0 

D12 crc_data[12] R 0 

D11 crc_data[11] R 0 

D10 crc_data[10] R 0 

D9 crc_data[9] R 0 

D8 crc_data[8] R 0 

D7 crc_data[7] R 0 

D6 crc_data[6] R 0 

D5 crc_data[5] R 0 

D4 crc_data[4] R 0 

D3 crc_data[3] R 0 

D2 crc_data[2] R 0 

D1 crc_data[1] R 0 

D0 crc_data[0] R 0 
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9. 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 device electrical characteristics may be irreparably altered, and the 
reliability and lifetime of the device can no longer be guaranteed. 
Moreover, the operations with exceeding the ratings may cause break down, damage, or degradation to any other equipment. 
Applications using the device should be designed such that each rating will never be exceeded in any operating conditions. 
Before using this product, and creating and designing a system, the precautions and the use conditions in this document should be referred 
to and complied with. 

Table 9-1  Absolute maximum ratings 

(Unless otherwise specified, Ta = 25°C and the referenced voltage is the ground.) 

Item Symbol / Pin Name Rating Unit 

Supply voltage VDD -0.2 to 6.0 V 

Input voltage (I/O pin) 
MOSI, SPICLK, CSN, 

INTRPT/DIO, TXRX, CE, 
and TEST 

-0.2 to 6.0 V 

Signal Input voltage RF_IN 10 dBm 

Power dissipation PD 250 mW 

Storage temperature range Tstg -40 to 125 °C 

10. Operation Range
The operation range indicates the conditions under which the basic operation is possible even when there is some fluctuation in the 
electrical characteristics of a product. 

Table 10-1  Operation Range 

(Unless otherwise specified, Ta = 25°C and the referenced voltage is the ground.) 

Item Symbol / Pin Name Rating Unit 

Supply voltage VDD 1.8 to 3.6 V 

Operation temperature range 
The specifications are not guaranteed. 

Ta -40 to 85 °C 

High level output current IOH; MISO, INTRPT/DIO, 
and WAKE_UP 0 to 10 μA 

Low level output current IOL; MISO, INTRPT/DIO, 
and WAKE_UP -10 to 0 μA 



TC32168FTG 

2016-08-31 78 

11. Electrical Characteristics 
Table 11-1  Electrical characteristics 

(Unless otherwise specified, VDD= 3.0 V, f = 5830 MHz, Ta = 25°C and the referenced voltage is the ground.) 
 

Item Symbol Test Condition Min Typ. Max Unit 

Current 
Current consumption in Sleep 1 
(Room temperature) 

IDDS1 VDD = 3.0 V and Ta = +25°C in Sleep state — 4.4 6 μA 

Current consumption in Sleep 2 
(High temperature) 

IDDS2 VDD = 3.0 V and Ta = +85°C in Sleep State — 4.9 10 μA 

Current consumption in RX state IDDR RX state, VDD = 3.0 V, and RF input level = 0 dBm, — 31 37 mA 

Current consumption in TX state IDDT 
TX State, VDD = 3.0 V, PN9, and FM0 modulation. 
Set the register: mr (= 0Ah[D4,D0]) to (0,0,0,0,0). 
Set the register: outctrl (= 09h[D11,D0]) to all "1." 

— 40 50 mA 

Pin Input (TXRX, INTRPT/DIO [as Input], CSN, SPICLK, MOSI, and CE) 

Input high voltage VIH — 
VDD  

× 0.8 
VDD 

VDD  

+ 0.2 
V 

Input low voltage VIL — -0.2 GND 0.3 V 
Leakage current 1 
(Input high voltage) 

IIH Pin input = VDD -3 0 3 μA 

Leakage current 2 
(Input low voltage) 

IIL Pin input = GND -3 0 3 μA 

Pin Output (INTRPT/DIO [as Output], MISO, and WAKE_UP) 

Output high voltage VOH — 
VDD  

× 0.8 
VDD — V 

Output low voltage VOL — -0.3 GND 0.3 V 
Drive current 1 
(Source current: Output high 
voltage) 

IOH The source current at "VOH ≥ VDD × 0.8." 200 — — μA 

Drive current 2 
(Sink current: Output low voltage) 

IOL The sink current at "VOL ≤ +0.3 V." — — 200 μA 

Crystal Oscillator 
Crystal oscillator frequency fXOSC — — 32.768 — MHz 

Crystal oscillator startup time tXOSC 

Startup time of the system clock from the switching of 
CE pin (L  H). 
Assumed the use of "FCX-04-32.768MHz-J20997" 
(RIVER ELETEC CORPORATION). 

— — 500 μs 

Load capacitance CL 
Load capacitance to keep the startup time which is 
500 μs or less. (Refer to Section 12.) 

6 — 7 pF 

SPI Bus 
SPI operating frequency range fSPI Clock frequency to transfer data, 0.05 8 8.192 MHz 

Frequency Synthesizer 
Available frequency range fVFO fVFO = fVCO × 2 (fVCO = VCO frequency) 5725 5835 5875 MHz 

Frequency switching time tLOCK 

fLOCK ≤ +/-100 kHz, 
Duration from the change (setting to “1”) of the 
register pll_reset to the completion of PLL frequency 
locking. 

— 25 30 μs 

Frequency step fSTEP Minimum frequency step of PLL — 5 — MHz 
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Item Symbol Test Condition Min Typ. Max Unit 

Wakeup 
Operating frequency range fOPRWU At RF_IN pin 5775 5830 5845 MHz 

Frequency range of Wakeup 
pulse 

fPRWU 
At RF_IN pin, 
Pulse frequency to enter Wakeup state surely. 

(10.4) 14 (15.7) kHz 

Wakeup sensitivity 1 WU sens1 
Ta = +25°C and Modulation index = 1.00. 
Set the register w_s_set (= 0Bh[D3,D0]) to (0,1,0,1). 

-51 -49 -46 dBm 

Wakeup sensitivity 2 WU sens2 
Ta = +85°C and Modulation index = 1.00. 
Set the register w_s_set to (0,1,0,1). 

-50 -48 -45 dBm 

Wakeup maximum input level 1 WU max1 
Ta = +25°C and Modulation index = 0.75, 
Set the register w_s_set to (0,1,0,1). 

2 7 — dBm 

Wakeup maximum input level 2 WU max2 
Ta = +85°C and Modulation index = 0.75, 
Set the register w_s_set to (0,1,0,1). 

2 8 — dBm 

Data Reception 

Reception operating frequency 
range 

fOPR.RX 
Frequency at RF_IN pin. 
Set the internal frequency to the reception frequency 
+/-5 MHz. 

5725 5830 5875 MHz 

Reception sensitivity 1 RX sens1 

IF filter = Normal, 
Reception BER = 10 × 10-6, Ta = +25°C, 
Internal frequency = 5835 MHz,  
and Modulation index = 0.80 

(-66) -64.5 -60 dBm 

Reception sensitivity 2 RX sens2 

IF filter = Normal, 
Reception BER = 10 × 10-6, Ta = +85°C, 
Internal frequency = 5835 MHz,  
and Modulation index = 0.80 

(-62) -61 -58 dBm 

Reception maximum input level 1 RX max1 

IF filter = Normal, 
Reception BER = 10 × 10-6, Ta = +25°C, 
Internal frequency = 5835 MHz,  
and Modulation index = 0.80 

-9 -5 (-4) dBm 

Reception maximum input level 2 RX max2 

IF filter = Normal, 
Reception BER = 10 × 10-6, Ta = -40 °C, 
Internal frequency = 5835 MHz,  
and Modulation index = 0.80 

-10 -6 (-5) dBm 

Leakage Power 1 POFF-OUT At RFOUT2 pin in RX state. — -62 -59 dBm 
Leakage Power 2 POFF-IN At RF_IN pin in RX state. — -60 -50 dBm 
RSSI output voltage 1 VRSSI1 RF input level = -60 dBm at RF_IN pin. CW 0.52 0.60 0.66 V 
RSSI output voltage 2 VRSSI2 RF input level = -40 dBm at RF_IN pin. CW 0.80 0.85 0.90 V 
RSSI output voltage 3 VRSSI3 RF input level = -20 dBm at RF_IN pin. CW 1.06 1.12 1.18 V 
RSSI output voltage 4 VRSSI4 RF input level = 0 dBm at RF_IN pin. CW 1.10 1.17 1.24 V 

RSSI  linearity LRSSI Average slope of RSSI between VRSSI3 and VRSSI2. 11 14 17 mV/dBm 

VRSSI current performance IRSSI 
When the RSSI output voltage is 0.75 V and RSSI pin 
has no loads. The swings exceeding RSSI output 
voltage is +/-50 mV or less. 

-45 0 45 μA 
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Item Symbol Test Condition Min Typ. Max Unit 

Data Transmission 
Transmission operating frequency 
range 

fOPR.TX fOPR.TX = fVFO (fVCO = VCO frequency) 5725 5790 5875 MHz 

Maximum RF output power 1 POUTMAXS1 

Single output of RFOUT2 pin. 
Set the maximum output power (Set the register 
outctrl (= 09h[D11,D0]) to all "1."). CW. 
Ta = + 25°C and Transmission frequency = 5790 
MHz, 

0 2 — dBm 

Maximum RF output power 2 POUTMAXS2 

Single output of RFOUT2 pin. 
Set the maximum output power (Set the register 
outctrl (= 09h[D11,D0]) to all "1."). CW. 
Ta = + 85°C and Transmission frequency = 5790 
MHz, 

-2 0 — dBm 

Maximum RF output power 3 POUTMAXD3 

Simultaneous outputs of RFOUT1 and 2 pins. 
Set the maximum output power (Set the register 
outctrl to all "1."). CW. 
Ta = + 25°C and Transmission frequency = 5790 
MHz, 

3 5 — dBm 

Maximum RF output power 4 POUTMAXD4 

Simultaneous outputs of RFOUT1 and 2 pins. 
Set the maximum output power (Set the register 
outctrl to all "1."). CW. 
Ta = + 85°C and Transmission frequency = 5790 
MHz, 

1 3 — dBm 

Minimum RF output power 1 POUTMINS1 

Single output of RFOUT2 pin. 
Set the minimum output power (Set the register 
outctrl (= 09h[D11,D0]) to all "0."). CW. 
Ta = + 25°C and Transmission frequency = 5790 
MHz, 

— -6 -5 dBm 

Minimum RF output power 2 POUTMINS2 

Single output of RFOUT2 pin. 
Set the minimum output power (Set the register 
outctrl (= 09h[D11,D0]) to all "0."). CW. 
Ta = + 85°C and Transmission frequency = 5790 
MHz, 

— -7 -6 dBm 

Minimum RF output power 3 POUTMIND3 

Simultaneous outputs of RFOUT1 and 2 pins. 
Set the minimum output power (Set the register 
outctrl to all "0."). CW. 
Ta = + 25°C and Transmission frequency = 5790 
MHz, 

— -3 -2 dBm 

Minimum RF output power 4 POUTMIND4 

Simultaneous outputs of RFOUT1 and 2 pins. 
Set the minimum output power (Set the register 
outctrl to all "0."). CW. 
Ta = + 85°C and Transmission frequency = 5790 
MHz, 

— -4 -3 dBm 

Modulation rate frequency 1 fMOD1 
Transmission data rate setting = 512 kbps (Set the 
register txrate (= 15h[D9,D8]) to (0,0).). 
Set the recommended ramp up/down coefficients.  

— 512 — kHz 

Modulation rate frequency 2 fMOD2 
Transmission data rate setting = 256 kbps (Set the 
register txrate to (0,1).).  
Set the recommended ramp up/down coefficients. 

— 256 — kHz 

Occupied band width OBW 

Transmission data rate setting = 512 kbps (Set the 
register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients. 
99 % occupied frequency band. 

— 1.4 2.2 MHz 

Adjacent channel power ratio ACPR 

Transmission data rate setting = 512 kbps (Set the 
register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients. 
Frequency offset = +/-10 MHz. Set the register mr (= 

— -45 -40 dBc 
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Item Symbol Test Condition Min Typ. Max Unit 

0Ah[D4,D0]) to (0,0,0,0,0). 

Transmission eye pattern 
(Time ratio) 

EYE T 
Time axis. Transmission data rate setting = 512 kbps 
(Set the register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients. 

80 97 100 % 

Transmission eye pattern 
(Amplitude ratio) 

EYE A 
Amplitude axis. Transmission data rate setting = 512 
kbps (Set the register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients. 

80 97 100 % 

Modulation index 1 
MOD 

INDEX1 

Transmission data rate setting = 512 kbps (Set the 
register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients. 
Set the register mr to (0,0,1,0,1). (Set Modulation 
index to 0.85.) 

0.80 0.85 0.90 — 

Modulation index 2 
MOD 

INDEX2 

Transmission data rate setting = 512 kbps (Set the 
register txrate to (0,0).). 
Set ASK recommended ramp up/down coefficients..  
Set the register mr  to (0,1,0,0,1). (Set Modulation 
index to 0.70.) 

0.65 0.70 0.75 — 

Modulation index 3 
MOD 

INDEX3 

Transmission data rate setting = 512 kbps (Set the 
register txrate to (0,0).). 
Set OOK. (Set the register ook (= 0Ah[D7]) to "1.") 
Set OOK recommended ramp up/down coefficients. 

0.95 0.98 1.00 — 

Spurious level 1 Spr.1 

Spurious frequency = Transmission frequency 
+/-32.768 MHz (32.768 MHz = XOSC frequency). 
Set the maximum output power. (Set the register 
outctrl to all "1."). CW. At RFOUT2 pin. 
Set the register mr to (0,0,0,0,0). 

— -80 -60 dBc 

Spurious level 2 Spr.2 

Spurious frequency = Transmission frequency 
+/-16.384 MHz (16.384 MHz is used for the phase 
competition.) 
Set the maximum output power. (Set the register 
outctrl to all "1."). CW. At RFOUT2 pin. 
Set the register mr to (0,0,0,0,0). 

— -60 -52 dBc 

Spurious level 3 Spr.3 

Spurious frequency = Transmission frequency/2 (Half 
of Transmission frequency = VCO frequency). 
Set the maximum output power. (Set the register 
outctrl to all "1."). CW. At RFOUT2 pin. 
Set the register mr to (0,0,0,0,0). 

— -60 -52 dBc 

Spurious level 4 Spr.4 

Spurious frequency = Transmission frequency × 1.5 
(It is the third harmonic of VCO frequency.) 
Set the maximum output power. (Set the register 
outctrl to all "1."). CW. At RFOUT2 pin. Set the 
register mr to (0,0,0,0,0). 

— -64 -58 dBc 

Spurious level 5 Spr.5 

Frequency components other than the above. 
Set the maximum output power. (Set the register 
outctrl to all "1."). CW. At RFOUT2 pin. 
Set the register mr to (0,0,0,0,0). 

— -25 -15 dBm 

 
Note: “—” = Not specified 
Note: CW is “Continuous Wave.” 
Note: The values enclosed in parentheses are reference data. 
Note: The value of fVFO is equal to that of fLO (the internal frequency). 
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12. Typical Measurement Circuit 
The components illustrated in the following test circuit are used only to check the characteristics of this product. Toshiba does not 
guarantee that these components will prevent malfunction or failure in a particular application system. 
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Figure 12-1  Typical Measurement Circuit of TC32168FTG 
 
Note: In this circuit, the crystal oscillator “FCX-04-32.768MHz-J20997 (RIVER ELETEC CORPORATION)” is supposed to be used. 
Note: The selection of Transmission or Reception is controlled by SW1. In the figure, Reception is selected. 
Note: The operation of the chip enable is controlled by SW2. For the setting of SW2, refer to the flowcharts in 7.12. 
Note: G pins at the four corners of this package are connected to the substrate of this IC internally. Those pins are recommended to be 

connected to GND on a printed-circuit board. 
Note; The characteristics of IREF_C and DCFB pins are affected by the values of the connecting capacitors, respectively. A ceramic 

capacitor should be connected to each pin. Pay attention to condensation or dust to avoid the leak current. 
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When TCXO or an external signal generator is used, refer to Figure 12-2. The output of TCXO should be connected to XOSC_IN pin via a 
capacitor to cut DC voltage component, as shown in (a). And XOSC_OUT pin should be open. To use TCXO, any settings by SPI bus or 
specific pins are not necessary. It is not necessary to check its drive performance and impedance, either. 
When an external signal generator is used, a 50-Ω impedance line should be connected to the capacitor to cut DC voltage component, as 
shown in (b). XOSC_OUT pin should be open. 
The frequency accuracy of either TCXO or an external signal generator depends on its own characteristics. 
 

 
(a)                                             (b)    

Figure 12-2  Measurement Circuit using TCXO or External signal generator 
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13. Reference Data
The temperature characteristics are acquired using Toshiba evaluation board “TC32168FTG ver1.0 hyoka.” The crystal oscillator 
“FCX-04-32.768MHz-J20997 (RIVER ELETEC CORPORATION)” is used in those measurements. The operation is not guaranteed out of 
the ranges shown in the electrical characteristics  
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14. Example of Evaluation Circuit
Toshiba does not guarantee the operation of this evaluation circuit. When a production design is done, the design and the designed product 
should be evaluated carefully. 
No licenses to any industrial property rights are granted by this document. 
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Figure 14-1  Example of Evaluation Circuit 

Note: In this circuit, the crystal oscillator "FCX-04-32.768MHz-J20997 (RIVER ELETEC CORPORATION)" is supposed to be used. 
Note: G pins at the four corners of this package are connected to the substrate of this IC internally. Those pins are recommended to be 

connected to GND on a printed-circuit board. 
Note: In the circuit above, “Balun” converts balanced signal to unbalanced one. An appropriate Balun should be selected and checked 

according to the antenna or other RF circuit elements. 
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15. Application Circuit (Reference) 
This is an example of an ETC system using TC32168FTG. Toshiba does not guarantee this application circuit example as a 
production design. When a production design is done, the design and the designed product should be evaluated carefully. 
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Figure 15-1  Example of ETC system using TC32168FTG 

 
Note: In the figure, the system clock frequency of MCU is not specified. An appropriate frequency should be adopted for the system 

according to its specifications. 
 
 



TC32168FTG 

2016-08-31 89 

16. Package Figure 
16.1 Package Dimensions 
 

Package Type: P-VQFN32-0505-0.50-002 
                                                                                    “Unit: mm” 

 

Weight: 0.08g (Typ.) 

Figure 16-1  Package dimensions 

 
These drawings are used for explanation. About undescribed or detailed information of the package, please contact Toshiba sales. 
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16.2 Marking 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16-2  Marking 
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RESTRICTIONS ON PRODUCT USE 
• Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the 

information in this document, and related hardware, software and systems (collectively "Product") without notice. 

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

• 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. 

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

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

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

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

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

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

• 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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