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Application Scope, Product Name 

 

□ Application Scope 

This specification applies to High-Precision Programmable TMR Closed loop Current Sensor (hereinafter 

referred to as "this product"). 

 

□ Product Name 

The name of the product specified in this specification is HHS-TCM1110BABB-0010 and HHS-TCM1110BAAB-

0010. 
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0.  Notes on Using the Product 

□ Usage Notes 

Be sure to read this specification before using this product. 

□ Safety Precautions 

 Before using this product, please pay attention to caution and conduct safety design. 

□ Caution 

● When storing, please pay attention to storage conditions. In addition, storage for a long time in a magnetic 

field may affect the sensor characteristic, so please keep it in no magnetic field. 

● There is a danger that the package pin may be deformed and its sensor characteristic may change if it is 

stored under stress. When storing, please do not apply load to the package. 

● Please do not apply a load of 5N or more to the product top side (printed side). 

● Do not use or store in an environment (salt, acid, alkali etc.) accompanied by gas corrosion etc. 

● If soldering is corrected after mounting, there is a possibility of short circuit, performance degradation, and 

a decrease in life if heated excessively. （Separately prescribed） 

● When incorporating the printed circuit board with the chip mounted in the set, do not apply residual stress to 

the chip due to the overall distortion of the printed circuit board and the local distortion such as the screw 

tightening part. Attaching protective materials such as resin to fix the product may interfere with the 

performance specified in this application, so please avoid using it. If you are forced to use protective materials, 

please contact us. 

● When designing printed circuit boards, pay attention to product placement. Magnetic interference may be 

caused by the magnetic material (Fe, Ni, etc.) of the surrounding members and substrate, which may cause 

malfunction. 

● Please do not exceed the absolute maximum rating specified in this specification. If you place a magnet or 

magnetized object that exceeds the absolute maximum rating close to it, discard it. 

● Please do not use falling items. 

  

! 
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1  Introduction 

 

TCM1110 is the contactless magnetic-field current sensor for electrically isolated AC and DC field 

measurements. The Tunnel Magneto Resistance (TMR) sensing technology enables current measurements 

with high sensitivity and high accuracy. An integrated compensation coil, RShunt and TMR sensor bridge are 

interconnected to a closed-loop circuit. The output of the TCM1110 is an analog voltage or a digital signal 

proportional to the sensed magnetic field. 

The TCM1110 features offset and gain compensation over temperature, a memory with redundancy and lock 

function for the calibration data, and a serial interface for programming the memory. 

Regarding offset and gain compensation overtemperatute, calibration in the final assembly at 3_temperature 

is recommended. 

The programmability allows calibration by adjusting the output signal directly to the input signal (like current 

from an external bus bar). Individual customer adjustment of each sensor during the final manufacturing 

process is possible. With this calibration procedure, the tolerances of the sensor, the bus bar, and the 

mechanical positioning can be compensated in the final assembly. 

The calculation of the individual sensor characteristics is possible and the parameters are stored in the non-

volatile memory (NVM). 

The sensor is designed for harsh automotive applications and operates with a typical supply voltage of 5 V. 

The TCM1110 is assembled in a very small TSSOP16 package. 

 

 

Features 

– High-precision, linear closed-loop TMR technology 

– Non-intrusive, galvanically isolated contactless and coreless current sensing 

– Totalerror<1% over temperature  

– Programmable non-linearity compensation 

– Programmable adjustment and temperature compensation for gain and offset 

– Selectable current-limiting function of the compensation loop feedback current 

– Programmable quiescent output level 

– Programmable magnetic-field ranges 

– Programmable clamping threshold 
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– Digital 12/16-bit SENT and 13-bit analog output with programmable digital low-pass filter for 100Hz to 

5kHz bandwidth 

– SENT according to SAE J2716 Rev.4 

– Ratiometric analog output with selectable output inversion 

– SPI interface for debugging, test 

– Digital readout of temperature and magnetic-field information via digital interface 

– Biphase interface on OUT pin for programming and calibration 

– Operates from –40°C up to 150°C (Ta) 

– Operates from 4.5V up to 5.5V 

– Over-/undervoltage detection on VSUP 

– Overtemperature detection 

– Wire-break detection on VSUP and GND 

– Reverse-/overvoltage protection at VSUP 

– Magnetic-field-out-of-range detection 

– Short-current detection on OUT 

– Qualified according to AEC-Q100-Rev-H 

– MSL3 
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2  Ordering Information 

A device is available in a variety of delivery forms. They are distinguished by a specific ordering code. 

 

 

 

 

 

Table 1 : Ordering Code 

 

Package marking shown below is tentative (sample level). 

It will be updated in the final version. 

 

Figure 1 : Package marking 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Available ordering code Magnetic field range 

TCM1110-BAAB 7mT 

TCM1110-BABB 40mT 
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3  Functional Description 

3.1 General Function 

The TCM1110 is an integrated circuit which provides an output voltage or an output signal via SENT 

proportional to the magnetic field Hp which is generated by an external current Ip. The TMR-based magnetic 

sensor bridge directed parallel to sensor surface generates a voltage difference at the TMR-bridge output. 

When the direction of the primary current in the bus bar is orthogonal to the package pins, the magnetic-field 

component through the TMR bridge is generated in direction of these pins. 

 

Figure 2 : Magnetic-field sensitivity direction 

 

The TMR bridge is part of the internal closed-loop circuitry. The TMR output voltage is converted into a 

feedback current. The feedback current through the compensation coil is proportional to the external 

magnetic field (external current Ip) and generates a voltage over an internal shunt resistor. This analog signal 

is digitized, offset-, gain-, and temperature-compensated. 

Before digital SENT or analog DAC output, the DSP performs also programmable low-pass filtering, scaling, 

and clamping of the digital output data. 
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3.2 Block Diagram 

 

Figure 3 : Block Diagram  

3.3 Signal Path 

 

Figure 4 : Signal path 
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3.3.1  Sensor /Feedback Loop 

The closed-loop sensor frontend comprises TMR sensor bridge, signal amplifier, feed-back coil, and RShunt. The 

feed-back coil generates a magnetic compensation field dependent on the external magnetic field measured by 

the TMR sensor bridge. The feed-back coil amplifier can be adjusted with the coarse offset setting to reduce 

the coil current consumption at zero magnetic field. The sensor frontend output is the feedback coil current 

measured by the RShunt. 

3.3.2  Analog Frontend 

The functionality of the analog frontend is to measure the voltage over RShunt via an anti-alias filter amplifier. 

The gain of the anti-alias filter can be set to select different measurement range (magnetic-field range selection). 

The voltage is converted via a DS-ADC. 

The analog frontend contains a temperature sensor with an ADC.  

3.3.3  Digital signal processing 

The digital signal processing implements the signal conditioning such as gain and offset compensation, low-

pass filtering and scaling/clamping functions. The temperature sensor information is used to compensate gain 

and offset over the entire temperature range. The Look-Up Table (LUT) values, used for temperature 

compensation, are written during sensor calibration. 

The sensor calibration data are stored in a NVM which can be accessed by customer. 

 3.3.3.1  Gain and Offset Compensation 

Gain and offset compensation over temperature is realized by LUT. Gain and offset LUT consist of 9 fixed 

temperature customer-programmable calibration points. 

 3.3.3.2  Non-Linearity Compensation 

The non-linearity error can be compensated using a third-order polynomial coefficient stored in the NVM.  

 3.3.3.3  Gain and Offset Adjustment 

The gain and offset adjustment of the output signal can be used to scale the measured signal to the desired 

output range.  

 3.3.3.4  Low-Pass Filter 

A first-order IIR low-pass filter with programmable cut-off frequency from 100 Hz to 5 kHz is implemented. 
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 3.3.3.5  Clamping 

The customer is able to set a low and a high clamping level for the output signal. This is realized via the 

output clamping block with two 16bit NVM registers. The SENT output clamping can be configured  

– to 2n –8 or 1, respectively and the error bit is not set in the status nibble, where n is the resolution of the 

interface, 

– or to the corresponding register defined value. This setting is not SAE J2716 conform and the error bit is 

set in the status nibble. 

The clamping of the temperature value is only implemented for SENT. It is fixed to 1 and 2n –8 and does not 

influence the diagnostic bit for data clamping in the slow channel.  

 

 

3.4 Diagnostics 

The DIAGNOSITICS functionality enables the customer to identify certain failures detected by the sensor. 

TCM1110 performs certain self-tests during power-up of the sensor and also during normal operation. 

 

Register Register Bit name Description Analog OUT SENT out 
Default 

setting 

DIAGNO

STICS0 

DIAGNO

STICS1 

     

 Bit: 9 REG_CRC_ERR Reg CRC failure Low error band Error ind(0) ON 

 Bit: 8 LBIST_ERR LBIST failure Low error band Error ind(0) ON 

 Bit: 7 DSP_SAT_ERR DSP saturation failure Low error band Error ind(0) OFF 

 Bit: 6 DSP_PAR_ERR DSP registers parity failure Low error band Error ind(0) ON 

 Bit: 5 OTP_CRC_ERR OTP CRC failure Low error band Error ind(0) ON 

 Bit: 4 DATA_TO_ERR DS- or GP-ADC timeout Low error band Error ind(1) OFF 

 Bit: 3 GPADC_ERR GPADC failure Low error band Error ind(1) OFF 

 Bit: 2 RSHUNT_CM_ERR 
Rshunt common mode voltage 

out of range 

High error 

band 
Error ind(2) OFF 

 Bit: 1 
RSHUNT_DIFF_ER

R 

Rshunt differential voltage out 

of range 

High error 

band 
Error ind(2) OFF 

 Bit: 0 TMR_CM_ERR 
TMR bridge common mode 

voltage out of range 

High error 

band 
Error ind(3) OFF 



   
 

  

 

- 13 -  

 

 

 

 

 DIVISION PRODUCT NAME DATE. 

TDK MR Sensor Business 
Group 

TCM1110 2025.10.7 

PAGE 

Table 2 : Diagnostics   

 

 

 

 

 

 

 

 

Bit: 14  TMR_DIFF_ERR 
TMR bridge differential output 

voltage out of range 

High error 

band 
Error ind(3) OFF 

Bit: 13  CIC_PAR_ERR CIC registers parity failure Low error band Error ind(4) ON 

Bit: 12  
DSADC_OOR_80_

ERR 

DS ADC input overflow (analog 

80%) 
Low error band Error ind(4) OFF 

Bit: 11  DSADC_OOR_ERR DS ADC output overflow Low error band Error ind(4) OFF 

Bit: 10  OV_ERR VSUP overvoltage detection Low error band Error ind(7/6) ON 

Bit: 9  UV_ERR VSUP undervoltage detection Low error band Error ind(7/6) ON 

Bit: 8  MAGN_ERR Magnetic field out of range 
High error 

band 
Error ind(8) OFF 

Bit: 7  RED_TEMP_ERR 
Diagnostic temperature vs. 

temperature sensor failure 
Low error band Error ind(9) OFF 

Bit: 6  TEMP_OOR_ERR 
Scaled temperature out of 

range 
Low error band Error ind(9) OFF 

Bit: 5  REGH_UV 
HVDD regulator undervoltage 

(internal supply) 
HighZ HighZ ON 

Bit: 4  VDDS_UV 
VDDS regulator undervoltage 

(TMR bridge supply) 
Low error band Error ind(10) ON 

Bit: 3  REGVI_UV 
HVVI regulator undervoltage 

(coil driver supply) 
Low error band Error ind(10) ON 

Bit: 2  DIAG_BIAS_ERR 
Diagnostic bias current out of 

range 
Low error band Error ind(10) OFF 

Bit: 1  BIAS_ERR Bias current out of range Low error band Error ind(10) OFF 

Bit: 0  BANDGAP_ERR 
Diagnostic bandgap out of 

range 
Low error band Error ind(10) OFF 
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4  Specifications 

4.1 Outline Dimensions 

Typical value. 

 

 

                                                      Unit : mm 

 

Figure 5 : TSSOP16 Package 
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4.2 Pin Connections and Short Descriptions 

 

Pin No. Pin Name Type Short Description 

1 RESERVED1 – Shall be connected to GND 

2 VDDIO OUTPUT VDDIO regulator output 

3 MISO OUTPUT SPI serial data slave output 

4 MOSI INPUT SPI serial data slave input 

5 CSB INPUT SPI chip select, low active 

6 DVDD OUTPUT 
Digital supply regulator voltage, leave open in 

application 

7 SCK INPUT SPI serial clock input 

8 GP I/O 
GPIO for production test and evaluation, leave open in 

application 

9 RESERVED2 – Shall be connected to GND 

10 OUT OUTPUT Analog or SENT output 

11 GND1 GND Main ground 

12 VSUP SUPPLY Supply Voltage 

13 VDD OUTPUT Current feedback regulator voltage 

14 GND2 GND Current feedback regulator ground 

15 RESERVED – Leave open in application 

16 RESERVED – Leave open in application 

Table 4 : Pin configuration 
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4.3 Absolute Maximum Ratings 

Stresses beyond those listed in Table 5 “Absolute Maximum Ratings” may cause permanent damage to the 

device. This is a stress rating only. Functional operation of the device at these conditions is not implied. Exposure 

to absolute maximum rating conditions for extended periods will affect device reliability. 

This device contains circuitry to protect the inputs and outputs against damage due to high static voltages or 

electric fields; however, it is advised that normal precautions be taken to avoid application of any voltage higher 

than absolute maximum-rated voltages to this circuit. 

Symbol Parameter 
Pin 

No 
Min Max Unit Condition 

VESD 
1) ESD Protection 

10 -8 8 kV HBM2A, AEC-Q100-002 2) OUT, GND 

12 -4 4 kV 
HBM2A, AEC-Q100-002 2) VSUP, 

GND 

– -2 2 kV 
HBM2A, AEC-Q100-002 2) all other 

pins 

– -500 500 V CDM, AEC-Q100-011 

VOUT 
1) Output Voltage 10 

-0.3 18 V Analog, SENT output 

-6 18  Time duration <1h 

VSUP
 1) Supply Voltage 12 -18 18 V  

IOUT 
Continuous Output 

Current 
10 -10 10 mA Analog, SENT output 

TJ 
Junction Temperature 

Range 
– -50 170 °C  

Tstorage 

Transportation / 

Short-Term Storage 

Temperature 

– -40 150 °C 
Device only without packing 

material 

BX_max 

External Applied 

Magnetic 

Field in X-Direction 

– 

-80 

-50 

80 

50 
mT 

±40mT version 

±7mT version 

Magnetic flux in direction to be 

measured, parallel to sensor surface 

BY_max 

External Applied 

Magnetic 

Field in Y-Direction 

– -20 20 mT 
Magnetic flux 90° to direction to be 

measured, parallel to sensor surface 
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BZ_max 

External Applied 

Magnetic 

Field in Z-Direction 

– -100 100 mT Magnetic flux 90° to sensor surface 

1) Referenced to ground (GND) 

2) AEC-Q-100-002 (100 pF and 1.5 kΩ) 

Table 5 : Absolute Maximum ratings 

4.3.1  Storage and Shelf life 

Moisture level, storage level is JEDEC LEVEL3 equivalent. 

4.4 Recommended Operating Conditions 

Functional operation of the device beyond those indicated in the Table 6 “Recommended Operating 

Conditions/Characteristics” is not implied and may result in unpredictable behavior, reduce reliability and lifetime 

of the device.  

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

VSUP 
1) Supply Voltage 12 

4.5 

8.2 

5 

8.3 

5.5 

8.4 
V 

Normal Operation  

During Programming 

tVSUP_on VSUP ramp up time 12 0.01 - - ms  

IOUT 
Continuous Output 

Current Analog 
10 -1.2 - 1.2 mA Analog, SENT output 

IOUT 

Maximum Open 

Drain 

Output Current 

SENT 

10 

-35.0 

 

-1.1 

-32.0 

to 

-1.0 

-29.0 

 

-0.9 

mA 

SENT output open drain, 

programmable in 1 mA 

steps 

IOUT 

Maximum Push 

Current Source 

SENT 

10 

0.9 

 

3.6 

1.0 

to 

4.0 

1.1 

 

4.4 

mA 

Internal pull-up current 

source, programmable in 1 

mA steps 

NPRG 

Number of Memory 

Programming 

Cycles2) 

– - - 10 cycles 0°C < Tamb < 55°C 
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Ta 
Ambient 

temperature 
 -40 - 150 °C  

1) Referenced to ground (GND) 

2) It is not allowed to program only one single address within a ‘bank’ in the memory. 

In case of programming one single address the complete bank has to be programmed. 

Table 6 : Recommended Operating Conditions / Characteristics 

4.5 Characteristics 

Test and calibration (offset/gain) are done at below temperature. 

ASIC test : RT (25°C) 

Offset calibration / Offset error test : RT (25°C)  or LT (-40°C ) by using SPI interface 

Gain calibration / Gain error test and Magnetic test : LT (-40°C) by using SPI interface 

 

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

General 

ISUP Supply Current 12 

- 

- 

- 

- 

12 

13 mA 

At -40°C 

Magnetic flux 0 mT, 

IOUT is not included 

ISUP_total Supply Current 12 

- - 37 

mA 

At -40°C  

including feedback current to 

compensate magnetic flux, 

ISUP_fb 
Feedback Current 

Ratio 
12 

2.5 

0.3  

3.8 

0.48 

mT/mA 

At -40°C  

Feedback current to compensate 

1 mT magnetic flux with 

integrated coil, reference value 

±40 mT version 

±7 mT version 

Ifb_lim 
Feedback Current 

Limit 

 

 

9.1 

13.3 

17.4 

 

- 

- 

- 

 

10.1 

14.7 

19.4 

mA 

±40 mT version: Trimmed for: 

±20 mT 

±30 mT 

±40 mT 
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21.6 

 

9.1 

13.3 

17.4 

21.6 

- 

 

- 

- 

- 

- 

23.9 

 

10.1 

14.7 

19.4 

23.9 

±50 mT 

±7 mT version: Trimmed for: 

±3.5 mT 

±5.25 mT 

±7 mT 

±8.75 mT 

VDD 
Current Feedback 

Regulator Voltage 
13 3.79 4.0 4.36 V  

VDDIO 
SPI I/O Regulator 

Voltage 
2 3.8 4.0 4.2 V 

 

 

OUToff 
Output Offset 

Voltage1) 
10 - 50 - %VSUP Analog output: VSUP/2 

OUTrange 
Output Voltage 

Range max. 
10 6 - 94 %VSUP 

Analog output,  

default setting: 6-94% 

OUTclamp Output Clamping1) 10 

6 

7 

8 

... 

- 

94 

93 

92 

... 

%VSUP 
Analog output,  

default setting: 6-94% 

OUTcl_acc 

Output Clamping 

Accuracy 
10 -0.5 - 0.5 %VSUP Analog output 

OUTres
1) 

Resolution of 

Analog Output 
10 - ±0.61 - mV Analog output, 13 bits DAC 

OUTbw
2) 

Output Signal 

Bandwidth (-3 dB) 
10 0.1  5 kHz  

DNL 
Differential non-

linearity 
10 -1.65  1.65 LSB Measured at Full analog Out 

INL 
Integral non-

linearity 
10 -4  4 LSB Measured at Full analog Out 

tstartup
2) Power-Up Time 10 - - 1 ms 

From VSUP within range to 

output value valid or start of 

SENT frame, LPF disabled, 

initial Biphase window disabled. 

tstep
2) Step Response 10 - - 600 μs Analog and SENT output. Input 
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Time step 5 mT (90% input to 90% 

output settling, 5 kHz filter, 

SENT tick time 0.5 µs) 

tfd2) 
Device Fault 

Detection Time 

 - - 10 ms  

tprog
2) 

Programming 

Time via Biphase 
10 - - 0.86 s 

Average NVM programming time 

via Biphase at 100 kHz, with 2% 

bits require soaking 

Command write to sensor only 

Terr_abs
2) 

Total Absolute 

Error on 

Temperature 

Sensor 

 -5 - 5 °C  

Low Error 

Band 

Diagnostics 

Analog out 

 - - 4 %Vsup  

High 

Error 

Band 

Diagnostics 

Analog out 

 96 - - %Vsup 

 

 

 

Magnetic Characteristics (at Continuous Output Current = 0) 

|BFS|1) Absolute Value of 

Magnetic Full 

Scale 

Measurement 

Ranges1) 

 3.75 

5 

7.5 

10 

13.75 

0.656 

0.875 

1.313 

1.75 

2.406 

15 

20 

30 

40 

50 

2.625 

3.5 

5.25 

7 

8.75 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

mT ±40 mT version 

(default) 

 

±7 mT version 

(default) 
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Enoise_peak Noise Error Peak  10  

-0.17 

  

 

0.17 

 

%FS ±40 mT version: 

BFS = ±40 mT 

±7 mT version: 

BFS = ±7 mT 

3.3 sigma peak 

Eoff Offset Error 10  

-0.2 

 

 

- 

 

 

0.2 

 

%FS ±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT  

At 25 °C 

Eoff_temp
2) Offset Error Over 

Temperature  

RT to HT 

RT to LT 

10  

-0.25 

 

 

- 

 

 

0.25 

 

%FS ±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT  

Eoff_life
2) Offset Error Life 

Time Drift  

10  

-0.7 

 

 

- 

 

 

0.7 

 

%FS ±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT  

Erat_off Ratiometric Offset 

Error2) 

10 -

0.125 

-0.2 

-0.3 

 

- 

- 

- 

 

0.125 

0.2 

0.3 

%FS Analog output at 

VSUP = 5 V ±3% 

VSUP = 5 V ±6% 

VSUP = 5 V ±10% 

Ehyst Hysteresis Error 10 -0.1 

 

-0.2 

- 

 

- 

0.1 

 

0.2 

%FS At -40°C  

±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT (after apply 40mT) 

Egain Gain Error 10 -1 - 1 % At -40 °C  

Egain_temp
2) Gain Error over 

Temperature  

RT to HT 

RT to LT 

10 -0.4 - 0.4 % ±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT  

Egain_life
2) Gain Error Life 

Time drift 

10 -0.75 - 0.75 % ±40 mT version: 

BFS = ±40 mT 

7 mT version: 

BFS = ±7 mT  

Erat_gain Ratiometric Gain 10 -0.5 - 0.5 %FS Analog output at 

VSUP = 5 V ±10% 



   
 

  

 

- 22 -  

 

 

 

 

 DIVISION PRODUCT NAME DATE. 

TDK MR Sensor Business 
Group 

TCM1110 2025.10.7 

PAGE 

Error2) 

Enlin Non-Linearity 

Error  

10 -0.5 - 0.5 %FS W/o non-linearity error 

compensation 

 

TSSOP16 Package 

Rthja Thermal 

Resistance 

Junction to Air 

 
- 

- 

- 

- 

131 

91 

K/W 
with a 1s0p PCB with a 

2s2p PCB 

Rthjc Thermal 

Resistance 

Junction to Case 

 
- 

- 

- 

- 

26 

25 

K/W 
with a 1s0p PCB with a 

2s2p PCB 

1) Guarantee by simulation and modeling. 

2) Reliability test or characterization with package. 

Table 7: Characteristics 
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4.6 Error Definition 

The total error consists of five independent errors: offset, gain, hysteresis, nonlinearity and noise error. Prior to 

magnetic characterization a ±BFS degaussing is required. 

Parameter Symbol Definition 

Offset error Eoff The offset error is the deviation of the measured sensor response at B = 0mT (OUToff1) 

after ±BFS degaussing from ideal offset (OUToff = Vsup/2), normalized to the target full 

scale output (OUTFS). 

Eoff[%FS] = 100 x (OUToff1 – OUToff) ÷ OUTFS

 

Gain error Egain The gain error is the deviation of the small signal gain (OUTg1 - OUTg2) ÷ (2 x BC) from 

the ideal gain (OUTFS/BFS), normalized to the ideal gain, where OUTg1 and OUTg2 are the 

sensor responses at B = +BC and B = -BC, OUTFS is the target full scale output and BFS 

is the maximum applied magnetic field respectively.  

Egain [%] = 100 x ( BFS ÷ BC x (OUTg1 - OUTg2) ÷ (2 x OUTFS) – 1) 
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Parameter Symbol Definition 

Hysteresis 

error 

Ehyst The hysteresis error is half the difference of the sensor response at B = 0 mT after 

applying +BFS (positive hysteresis) and the sensor response at B = 0 mT after 

applying -BFS (negative hysteresis), normalized to the target full scale output (OUTFS).  

Ehyst [%FS] = 100 x ( OUTh1 - OUTh2) ÷ (2 x OUTFS) 

 

Non-linearity 

error 

Enlin The non-linearity error is the maximum absolute deviation of the sensor output from 

the linear fitted (least square method) output values after offset and gain correction.  

  

Enlin [%FS] =100x Max deviation ÷ OUTFS 

Noise error Enoise The noise error is the peak (3.3 sigma) noise, relative to the full-scale output (OUTFS) 

at BFS magnetic input field.                                                            

Enoiset [%FS] = 100 x ( OUT2 – OUT1) / (2 ÷ OUTFS) 

 

Table 8: Error Definition 

t 

OUT2 

OUT1 

OUT 
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4.7 Offset and gain calibration : LUT 

The look-up table stores the calibration values for the gain and offset compensation over temperature. There 

are separate tables for gain and offset. Each table consists out of nine values distributed equally over the full 

temperature range of the temperature sensor (–45 to 200 °C). For every temperature Tn the compensation 

value Cn, with n {0, ..., 8}, is stored. The compensation values used for the calculation are selected by linear 

interpolation between the LUT points.. 

 

LUT : a2*x^2+a1*x+a0 (x is temperature) 

As mentioned in 4.5, calibration in factory is done at one temperature. a2 and a1 are not calculated.  

Default value in NVM is as below. 

Offset : a2 and a1 = 0, Gain : a2 and a1 is fixed value. 

Therefore, calibration in the final assembly at 3_temperature is needed. 

 

 

4.8 Open-circuit Detection 

At Ta = -40 °C to 150 °C, Typical Characteristics for VSUP = 5 V, Ta = 25 °C. 

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

VOUT_pull-up Analog output level at 

open GND line with 

external pull-up resistor 

- 96 - 100 %VSU

P 

RL = 200 kΩ at open GND 

VOUT_pull-up Analog output level at 

open VSUP line with 

external pull-up resistor 

- 92.5 - 100 %VSU

P 

RL = 200 kΩ at open VSUP 
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VOUT_pull-

down 

Analog output level at 

open GND line with 

external pull-down 

resistor 

- 0 - 25 %VSU

P 

RL = 200 kΩ at open GND 

VOUT_pull 

down 

Analog output level at 

open VSUP line with 

external pull-down 

resistor 

- 0 - 4 %VSU

P 

RL = 200 kΩ at open VSUP 

VOUT_pull-up Analog output level at 

open GND line with 

external pull-up resistor 

- 96 - 100 %VSU

P 

RL = 150 kΩ at open GND 

VOUT_pull-up Analog output level at 

open VSUP line with 

external pull-up resistor 

- 94.5 - 100 %VSU

P 

RL = 150 kΩ at open VSUP 

VOUT_pull-

down 

Analog output level at 

open GND line with 

external pull-down 

resistor 

- 0 - 20 %VSU

P 

RL = 150 kΩ at open GND 

VOUT_pull 

down 

Analog output level at 

open VSUP line with 

external pull-down 

resistor 

- 0 - 4 %VSU

P 

RL = 150 kΩ at open VSUP 

VOUT_pull-up Analog output level at 

open GND line with 

external pull-up resistor 

- 96 - 100 %VSU

P 

RL = 10 kΩ at open GND 

VOUT_pull-up Analog output level at 

open VSUP line with 

external pull-up resistor 

- 96 - 100 %VSU

P 

RL = 10 kΩ at open VSUP 

VOUT_pull-

down 

Analog output level at 

open GND line with 

external pull-down 

resistor 

 

- 0 - 4 %VSU

P 

RL = 10 kΩ at open GND 



   
 

  

 

- 27 -  

 

 

 

 

 DIVISION PRODUCT NAME DATE. 

TDK MR Sensor Business 
Group 

TCM1110 2025.10.7 

PAGE 

VOUT_pull 

down 

Analog output level at 

open VSUP line with 

external pull-down 

resistor 

- 0 - 4 %VSU

P 

RL = 10 kΩ at open VSUP 

Table 9 : Open-Circuit Detection 

 

4.9 Overvoltage and Undervoltage Detection 

At Ta = -40 °C to 150 °C. Typical Characteristics for VSUP = 5 V, Ta = 25 °C.  

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

VVSUP,UV Undervoltage 

Detection Level  

VVSUP 

- 3.9 4.2 4.4 V  

VVSUP,UVhyst Undervoltage 

Detection Level  

Hysteresis 1)  

VVSUP 

- 70 100 130 mV  

VVSUP,OV Overvoltage Detection 

Level  

VVSUP 

- 5.5 6.0 6.5 V  

Table 10 : Overvoltage and Undervoltage Detection 

4.10 Output Detection Window for Biphase Programming 

At Ta = -40 °C to 150 °C. Typical Characteristics for VSUP = 5 V, Ta = 25 °C.  

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

tOCD Over Current Detection 

De-glitching time 

- - 50 - μs  

IOCD Detectable Output 

Short Current  

- 3.4 - 17 mA  

Table 11 : Output Over Current Detection Parameter 
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4.11 Power-on Reset 

At Ta = -40 °C to 150 °C. Typical Characteristics for VSUP = 5 V, Ta = 25 °C.  

Symbol Parameter 
Pin 

No 
Min Typ. Max Unit Condition 

PORup Power-On Reset Voltage 

(up) 

11 3.4 3.55 3.7 V  

PORdown Power-On Reset Voltage 

(down) 

11 3.2 3.36 3.6 V  

PORhys Power-On Reset 

Hysteresis 

11 - 0.19 - V  

Table 12 : Power-On Reset 

 

4.12 Definition of Burn-in Mode 

The TCM1110 can be programmed to enter burn-in mode after start-up, replacing the normal operation mode. 

In this burn-in mode: All regulators are set to 110% nominal voltages (VSUP must be also increased). A current 

is injected into the feedback coil to mimic the presence of a magnetic field. 
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5  Sensor Interface 

The TCM1110 provides different interfaces for programming and communication purposes.  

The communication interfaces are: 

– Analog 

– SENT 

– Biphase 

– SPI 

For the out pins a mis-wiring protection of the selected communication interface (Analog or SENT) is 

available. In case of a short detection, the output pin is switched to High-Z mode. 

5.1 Interface Resolution 

The output resolution depends on the interface used. 

Symbol Parameter Typ. Unit 

SPI Resolution Unsigned 20 bit 

Biphase Resolution Unsigned 20 bit 

SENT H1/2/4 Resolution Unsigned 12 bit 

SENT H7/8 Resolution Unsigned 16 bit 

Analog OUT Resolution 1) 2) 13 bit 

1) Analog output = (SENT [15:3] x VSUP) ÷ 213. 

2) Analog output linearity guaranteed 10-90% VSUP corresponding to BFS. 

Table 13 : Output resolution valued 

5.2 Analog Output 

The analog output of TCM1110 comprises a 13 bits ratiometric DAC and a HV analog buffer. The HV analog 

buffer drives the OUT pin with the output signal DAC. It is a single ended output buffer supplied by VSUP and 

has a DC output voltage of VSUP / 2 for zero input magnetic field by default. The HV analog buffer has the 

following functionalities / states: 

– A power-down state in which the current consumption is minimized. The buffer will be in HiZ in this state. 

– A digital output signal (active-high) to detect a short circuit condition on the output pin (Biphase listen mode). 
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5.3 SENT Output 

TCM1110 complies with the SAE J2716 standard rev. 4 and supports the following frame formats: 

– H.1: Two 12-bit Fast Channels (3 nibble current amplitude and 3 nibble temperature information) 

– H.2: One 12-bit Fast Channel (3 nibble current amplitude) 

– H.4: Secure Single Sensors with 12-bit Fast Channel (3 nibble current amplitude) and12-bit Secure Sensor 

Information 

– H.7: One 16-bit and one 8-bit Fast Channel (4 nibble current amplitude and 2 nibble temperature 

information) 

– H.8: One 16-bit Fast Channel (4 nibble current amplitude, non standard) 

All different modes are customer selectable via NVM bits. 

 

5.3.1  6 Data Nibble Frame with Two Fast Channels (H.1 Format SAE J2716 rev.4) 

In this SENT mode the sensor transmits SENT frames with 6 data nibbles. 12-bit current amplitude information 

and 3 data nibbles with 12-bit temperature information. They are formatted according to Table 14. 

Pulse Remarks 

# Description 

1 Synchronization / Calibration It is mandatory to measure the synchronization / calibration period 

for calibration of the clock tick time ttick at the ECU 

2 4-bit Status & 

Communication Nibble 

Status [0]: 1 in case of a current error; otherwise 0 

Status [1]: 1 in case of a temperature error; otherwise 0 

Status [2:3]: Enhanced Serial Message 

3 4-bit Data Nibble MSN 1 Current amplitude value [11:8] 

4 4-bit Data Nibble MidN 1 Current amplitude value [7:4] 

5 4-bit Data Nibble LSN 1 Current amplitude value [3:0] 

6 4-bit Data Nibble LSN 2 Chip temperature value [3:0] 

7 4-bit Data Nibble MidN 2 Chip temperature value [7:4] 

8 4-bit Data Nibble MSN 2 Chip temperature value [11:8] 

9 4-bit CRC Nibble Enhanced CRC see SAE J2716 

10 Pause Pulse Optional. Customer configurable. 

Table 14 : Nibble Description for 6 Data Nibble Format with Two Fast Channels  
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5.3.2  3 Data Nibble Frame with One Fast Channels (H.2 Format SAE J2716 rev.4) 

In this SENT mode the sensor transmits SENT frames with 3 data nibbles containing 12-bit current amplitude. 

They are formatted according to Table 15. 

Pulse Remarks 

# Description 

1 Synchronization / Calibration It is mandatory to measure the synchronization / calibration period 

for calibration of the clock tick time ttick at the ECU 

2 4-bit Status & 

Communication Nibble 

Status [0]: 1 in case of an error; otherwise 0 

Status [1]: 0 

Status [2:3]: Enhanced Serial Message 

3 4-bit Data Nibble MSN 1 Current amplitude value [11:8] 

4 4-bit Data Nibble MidN 1 Current amplitude value [7:4] 

5 4-bit Data Nibble LSN 1 Current amplitude value [3:0] 

6 4-bit CRC Nibble Enhanced CRC see SAE J2716 

7 Pause Pulse Optional. Customer configurable. 

Table 15 : Nibble Description for 3 Data Nibble Format with one Fast Channels  

 

5.3.3  6 Data Nibble Frame with Secure Information (H.4 Format SAE J2716 rev.4) 

In this SENT mode the sensor transmits SENT frames with 3 data nibbles containing 12-bit current information 

as well as 3 data nibbles containing 12-bit secure sensor information. The secure sensor information consists 

of an 8-bit rolling counter and the inverted copy of the MSN of the transmitted current amplitude information. 

They are formatted according to Table 16. 

Pulse Remarks 

# Description 

1 Synchronization / Calibration It is mandatory to measure the synchronization / calibration period 

for calibration of the clock tick time ttick at the ECU 

2 4-bit Status & 

Communication Nibble 

Status [0]: 1 in case of an error; otherwise 0 

Status [1]: 0 

Status [2:3]: Enhanced Serial Message 

3 4-bit Data Nibble MSN 1 Current amplitude value [11:8] 

4 4-bit Data Nibble MidN 1 Current amplitude value [7:4] 

5 4-bit Data Nibble LSN 1 Current amplitude value [3:0] 

6 4-bit Data Nibble MSN 2 Rolling counter MSN 
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7 4-bit Data Nibble MidN 2 Rolling counter LSN 

8 4-bit Data Nibble LSN 2 Inverted copy of data nibble MSN 1 

9 4-bit CRC Nibble Enhanced CRC see SAE J2716 

10 Pause Pulse Optional. Customer configurable. 

Table 16 : Nibble Description for 3 Data Nibble Format with secure information  

 

5.3.4  6 Data Nibble Frame with Two Fast Channels (H.7 Format SAE J2716 rev.4) 

In this SENT mode the sensor transmits SENT frames with 6 data nibbles. 4 data nibbles with 16-bit current 

amplitude and 2 data nibbles with 8-bit temperature information. They are formatted according to Table 17.  

Pulse Remarks 

# Description 

1 Synchronization / Calibration It is mandatory to measure the synchronization / calibration period 

for calibration of the clock tick time ttick at the ECU 

2 4-bit Status & 

Communication Nibble 

Status [0]: 1 in case of current error; otherwise 0 

Status [1]: 1 in case of a temperature error; otherwise 0 

Status [2:3]: Enhanced Serial Message 

3 4-bit Data Nibble MSN 1 Current amplitude value [15:12] 

4 4-bit Data Nibble MidM 1 Current amplitude value [11:8] 

5 4-bit Data Nibble MidL 1 Current amplitude value [7:4] 

6 4-bit Data Nibble LSN 1 Current amplitude value [3:0] 

7 4-bit Data Nibble LSN 2 Chip temperature value [3:0] 

8 4-bit Data Nibble MSN 2 Chip temperature value [7:4] 

9 4-bit CRC Nibble Enhanced CRC see SAE J2716 

10 Pause Pulse Optional. Customer configurable. 

Table 17 : Nibble Description for 3 Data Nibble Format with Two Fast Channels  
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5.3.5  4 Data Nibble Frame with One Fast Channel (H.8 Format SAE J2716 rev.4) 

In this SENT mode the sensor transmits SENT frames with 4 data nibbles containing 16-bit current amplitude. 

They are formatted according to Table 18.  

Pulse Remarks 

# Description 

1 Synchronization / Calibration It is mandatory to measure the synchronization / calibration period 

for calibration of the clock tick time ttick at the ECU 

2 4-bit Status & 

Communication Nibble 

Status [0]: 1 in case of current error; otherwise 0 

Status [1]: 0 

Status [2:3]: Enhanced Serial Message 

3 4-bit Data Nibble MSN 1 Current amplitude value [15:12] 

4 4-bit Data Nibble MidM 1 Current amplitude value [11:8] 

5 4-bit Data Nibble MidL 1 Current amplitude value [7:4] 

6 4-bit Data Nibble LSN 1 Current amplitude value [3:0] 

7 4-bit CRC Nibble 4-bit CRC Nibble 

8 Pause Pulse Pause Pulse 

Table 18 : Nibble Description for 4 Data Nibble Format with One Fast Channel  
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5.3.6  Error Diagnostic Reporting on Fast Channels 

The status bits are set to one in case of “sensor error indication” or “sensor functionality and processing error 

indication”.  

In addition the diagnostic can be reported through the payload of channel 1 and/or channel 2. Table 19 

shows the values that will be send in case of an internal error. 

Error Code Data width 

CH1 CH2 8 bit 12 bit 16 bit 

Sensor error indication 2n -5 N/A N/A 4091 65531 

Sensor functionality and processing error indication 2n -6 2n -6 250 4090 65530 

Data Clamping: high 2n -5 2n -8 248 4088 65528 

Data Clamping: low 1 1 1 1 1 

Table 19 : Error Codes transmitted on Fast Channel 1 and/or 2  

Note 

CH2 is only showing error code 2n -6 in case of a temperature error. All other errors will be 

indicated on CH 1 only. 

The transmission of error codes on Fast Channel 1 and/or Fast Channel 2 can be deactivated by a customer 

NVM bit. The sensor will then continue to transmit measurement data, but status error will be still set to 1. 
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5.3.7  Pause Pulse 

The pause pulse is present at the end of every frame as defined by the SAE J2716 standard. The TCM1110 

offers two options: pp (pause pulse) and ppc (pause pulse with constant frame length.) Alternatively the 

pause pulse can be deactivated for TCM1110 by a bit combination in the configuration memory (npp).  

pp : The length of the pause pulse is automatically adjusted by the chip internal SENT block in order to 

achieve a constant frame repetition rate independent from the message content. The length of the frame 

depends on the frame content and on the selected tick time. 

ppc : The length of the frame depends on the value of the customer register NV_CUST_SETUP_2. 

NV_CUST_SETUP_2 [2:0] 

 

000 001 010 011 100 101 110 111 

ticks PPC 205 1) 225 1) 250 1) 294 375 450 600 900 2) 

1) only allowed for 3 data nibbles 

2) only for 6 data nibble pause pulse length will be according SEA J2716 

Table 20 : PPC Length Setup 

5.3.8  CRC implementation 

TCM1110 supports the recommended enhanced 8-bit CRC implementation defined in SAE J2716. The old 

Legacy CRC is not supported. 

5.3.9  Clamping Configuration 

The high and low clamping values were defined in the NV-Memory registers NV_OUT_CMPHI and 

NV_OUT_CMPLO, respectively. 

If the output value clips the corresponding diagnosis bits OUT_CLMP_HI or OUT_CLMP_LOW were set. 

For clamping two configurations are available. 

1. SENT_CLIP = 0 

In case the high or low clamping level is reached, the output skips to either 2^n – 8 or 1, respectively. The 

error bit is not set in the status nibble in case of clipping. 

2. SENT_CLIP = 1 

The values clip to the corresponding values defined in NV_OUT_CMPHI and NV_OUT_CMPLO, respectively. As 

this is non SENT confirm, the error bit is set in the status nibble in this configuration. 
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5.3.10 Slow Channel: Enhanced Serial Message 

TCM1110 transmits the slow message according to the Enhanced Serial Message format as specified in the 

SENT standard SAE J2716 with the following setup: 

The configuration bit is always 0, representing 12-bit data and 8-bit message ID. 

5.3.11 Slow Channel: Serial Message Sequence 

The content of the serial message sequence is customer configurable. Details are shown in Table 21. Block 1 

will be transmitted always while blocks 2 to 5 can be activated by the customer. 

Block 

 

# 8-bit ID Item 12-bit data Comment 

1 

1 0x01 Error Codes see Table 24  

2 0x03 Sensor type see Table 24 Customer programmable 

3 0x05 Manufacture Code 0x007 Manufacturer Code 

4 0x06 Protocol revision 0x004 SAE J2716 rev. 4 

5 0x23 Temperature  12-bit internal reference 

temperature. 

2 

6 0x01 Error Codes see Table 24  

7 0x29 Micronas SN 8-bit MSB MIC_ID1 MSB Micronas Serial Number 

register 1. Right aligned 

8 0x2A Micronas SN 8-bit LSB MIC_ID1 LSB Micronas Serial Number 

register 1. Right aligned 

9 0x2B Micronas SN 8-bit MSB MIC_ID2 MSB Micronas Serial Number 

register 2. Right aligned 

10 0x2C Micronas SN 8-bit LSB MIC_ID2 LSB Micronas Serial Number 

register 2. Right aligned 

3 

11 0x01 Error Codes (see Table 24)  

 

 

 

12 0x07 Fast CH1 - X1 Fast Channel 1 characteristic X1 

13 0x08 Fast CH1 - X2 Fast Channel 1 characteristic X2 

14 0x09 Fast CH1 - Y1 Fast Channel 1 characteristic Y1 

15 0x0A Fast CH1 - Y2 Fast Channel 1 characteristic Y2 
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4 

16 0x01 Error Codes see Table 24 6-bit representation of ASCII 

characters specified in SENT 

SAE J2716 D.9 

17 0x90 OEM Code 1 ID ASCII character OEM codes 

18 0x91 OEM Code 2 ID ASCII character OEM codes 

19 0x92 OEM Code 3 ID ASCII character OEM codes 

20 0x93 OEM Code 4 ID ASCII character OEM codes 

5 

21 0x01 Error Codes see Table 24 

6-bit representation of ASCII 

characters specified in SENT SAE 

J2716 D.9 

22 0x94 OEM Codes 5 ID ASCII character OEM codes 

23 0x95 OEM Codes 6 ID ASCII character OEM codes 

24 0x96 OEM Codes 7 ID ASCII character OEM codes 

25 0x97 OEM Codes 8 ID ASCII character OEM codes 

Table 21 : Serial Message Sequence 

Bit Mnemonic Name Behavior 

1 
BLK2 Block 2 transmission enable 0 : not transmitted                                   

1 : transmitted 

2 
BLK3 Block 3 transmission enable 0 : not transmitted                                   

1 : transmitted 

3 
BLK45 Block 4 and 5 transmission 

enable 

0 : not transmitted                                   

1 : transmitted 

Table 22 : SENT_SC_BLOCKS Activation 

Bit Mnemonic Name Behavior 

 
SENT_SDF Send slow channel error ID 0 : At the beginning of every block                                   

1 : Every second slow channel message 

Table 23 : SENT_SDF Activation 
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5.3.12 Slow Channel: Serial Message Error code 

Diagnostic status codes are transmitted via the serial message. The 8-bit message ID for the diagnostic status 

code is 0x01. The 12-bit code within the 12-bit message can be defined by the device manufacturer in the 

range between 0x800 to 0xFFF. TCM1110 features the error codes described in Table 24. 

Bit 

Position 

Error type Comment 

0 OTP error Includes register CRC, and DSP self tests 

1 ADC conversion failure General ADC errors 

2 Feedback loop error  

3 TMR bridge error  

4 Current value error  

5 High or low clamping  

6 Overvoltage warning Configurable error code or SENT Low 

7 Undervoltage warning Configurable error code or SENT Low 

8 Overcurrent warning Interpreted as magnetic-field OOR 

9 Temperature sensor invalid  

10 Internal voltage regulator error Includes bias and bandgap references 

11 N/A This bit is always 1 

Table 24 : Serial Message Error Codes 
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5.3.13 Slow Channel: Sensor Types 

TCM1110 can transmit the sensor type information via the Slow Channel. The sensor type depends on the final 

customer application and is therefore customer programmable. Table 25 shows the transmitted 12-bit value 

depending on the selected frame format and sensor function.  

12-bit 

Value 

Definition Description 

0x03 

Channel 1/2 Sensor Type Selectable according D.4.1-1: 

– Current sensor 

• A.8, H.1: 0x0D1 

• A.8, H.2: 0x0D2 

• A.8, H.4: 0x0D4 

• A.8, H.7: 0x0D7 

• A.8, H.8: 0x0D8 

Not specified current sensor: 0x0D  

Table 25 : Selectable Sensor Types 

5.3.14 Start-Up Behavior 

The start-up behavior is customer configurable with two options: 

1. The device transmits zero messages until a valid information is available (SAE J2716 conform). 

2. The output remains recessive high. No transmission of SENT messages. The transmission of SENT 

messages starts after the initialization time of the sensor to ensure valid data after power-up. 

5.3.15 Message Timing 

The tick time is customer programmable and can be selected between 0.5µs and 4.25 µs in steps of 0.25 µs. 

The pause pulse length can either be a fixed value or vary to achieve a constant overall frame length. The 

total frame length is programmable between 205 and 900 ticks. 
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6  Application circuit 

It is recommended to use following application circuit. 

 

Figure 6 : Recommended application circuit for analog output with external pull-up resistor 

 

 

Figure 7 : Recommended application circuit for analog output with external pull-down resistor 
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Figure 8 : Recommended application circuit for SENT output 

 

 

Figure 9 : Recommended application circuit for SPI communication 
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Symbol Parameter Pin 

No 

Min Typ. Max Unit Remarks 

CVSUP External capacitor on VSUP to 

GND 

12 110 220 - nF Ceramic capacitor 

CVDDIO External capacitor on VDDIO to 

GND 

6 19.8 22 24.2 nF Ceramic capacitor 

CVDD External capacitor on VDD to 

GND2 

13 23.5 47 70.5 nF Ceramic capacitor 

COUT External capacitor on OUT pin 10 1.1 2.2 55 - 

COIn 

nF Ceramic capacitor 

(max. value including 

wiring capacitance) 

Analog output 

RESR ESR resistance of CVSUP , 

CVDDIO and COUT 

  0.1 0.2 Ω  

RL Load resistor at ECU on output 

channel 

10 4.6 10 200 kΩ Can be pull-up or 

pulldown resistor 

ROTau Filter resistor at ECU on analog 

out 

 4 5.1  kΩ Analog output 

COTau Filter capacitance at ECU on 

analog output 

  1000  nF Analog output 

COIn Load capacitance at ECU on 

analog output 

 1 10 52 nF Analog output 

CSENT Capacitance on SENT pin 10 1.1 2.2 3.3 nF SENT, fast TIC time 

CSIn Load capacitance at ECU on 

SENT channel 

  68 100 pF SENT output 

RSTx Pull-up resistor at SENT output 10 0.8 1 1.2 kΩ SENT output, optional 

RSRx Pull-up resistor at ECU on SENT 

channel 

 10  55 kΩ SENT output 

RSTau Filter resistor at ECU on SENT 

channel 

 448 560 672 Ω SENT output 

CSTau Filter capacitance at ECU on 

SENT channel 

 1.54 2.2 2.86 nF SENT output 

Table 26 : Recommended Application Circuit Values 
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Note: 

– It is important that the GND2 signal is routed separately to the common ground or ground plane. Fast 

transient currents may occur in this line and are compensated by CVDD. 

– As currents running under the package can be sensed by the TCM1110, it is important to keep this area 

clear of tracks. 

– It is recommended to design the PCB in such a way, that the mechanical stress on the sensor package is 

minimized in order to avoid measurement errors. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 : PCB layout 
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6.1 Ambient Temperature 

Due to the internal power dissipation, the temperature on the silicon chip (junction temperature TJ) is higher 

than the temperature outside the package (ambient temperature TA.) 

 

At static conditions and continuous operation, the following equation applies: 

 

For typical values, use the typical parameters. For worst case calculation, use the max. parameters for ISUP 

and Rthjx (x is representing the different Rth value, like junction to air Rthja ), and the max. value for VSUP from 

the application. 

For all sensors, the junction temperature TJ is specified. The maximum ambient temperature TAmax can be 

calculated as: 

 

Note: 

The calculated self-heating of the device is only valid for the Rth test boards. Depending on the application 

setup the final results in an application environment might deviate from these values. 
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7  Programming of the sensor 

The TCM1110 is equipped with an SPI and a Biphase interface. 

In Application Mode the sensor provides a ratio-metric analog voltage or digital SENT output. In Programming 

Mode it is possible to change the register settings of the sensor. 

After power-up, the sensor is by default operating in the Application Mode and needs an external trigger on the 

OUT pin to enable the Programming Mode. To enter the Programming Mode on start-up without extra trigger, 

a register can be set, switching the sensor in Biphase Listen Mode for a defined period (Biphase window). If 

this Biphase window is over, the sensor switches back to the Application Mode. 

7.1 Biphase interface 

The sensor is programmable via the output pin. The programming tool has make sure that the limit values must 

not be exceeded. 

Symbol Parameter Pin 

No 

Limit Values Unit Remarks 

Min Typ. Max 

VOUTL
1) 

Voltage for Output Low Level during 

Programming through Sensor OUT Pin 
10 0 - 

0.1 x 

VSUP 
V 

External pull-up 

>500 Ω 

VOUTH
1) 

Voltage for Output High Level during 

Programming through Sensor OUT Pin 
10 

0.8 x 

VSUP 
- VSUP V  

VINL
1) 

Voltage for Input Low Level during 

Programming through Sensor OUT Pin 
10 0 - 1.06 V  

VINH
1) 

Voltage for Input High Level during 

Programming through Sensor OUT 

Pin 

10 2.8 - VSUP V  

VSUPPRG 1) VSUP Voltage for NVM programming 12 8.2 8.3 8.4 V  

tbittime Biphase Bit Time 10 10 - 1000 µs  

tslew Slew Rate 2) 10 - - 5 V/µs 
External pull-up 

>500 Ω 

1) Referenced to GND. 

2) Depending on output load. Characterized on small sample size. 

Table 27 : Telegram Parameters 
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7.2 SPI – Serial Peripheral Interface 

The TCM1110 is also equipped with SPI for communication with the following characteristics: 

Parameter Value 

SPI mode 

Sensor act as slave 

MODE 0: CPOL = 0, CPHA = 0 

Active low chip select CSB 

4-wire SPI 

Data format Byte based with CRC8 protection on master and slave frames 

SPI speed Up to 10 MHz in application 

Table 28 : SPI Signaling 

The SPI timing is illustrated in the following Figure and Table. The voltage characteristics can be seen in 

Table29. 

 

 

 

 

 

 

 

 

Figure 11 : SPI timing 
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Parameter Description Min Typ. Max Unit 

t1 CSB to SCK hold time 25 - - ns 

t2 CSB to SCK setup time 25 - - ns 

t3 SCK high pulse width 50 - - ns 

t4 SCK low pulse width 50 - - ns 

t5 MOSI setup time 25 - - ns 

t6 MOSI hold time 25 - - ns 

t7 MISO rise and fall times at 50 pF, from 

falling edge SCK to [10% 90%] at MISO 

- - 200     

40 1) 

ns 

t8 CSB to MISO high impedance - - 25 ns 

t9 CSB high time 50 -  ns 

1) when applying external VDDIO and setting high MISO drive strength 

Table 29 : SPI timing Parameters 

Parameter Description Min Typ. Max unit Comment 

VVDDIO VDDIO voltage - 

4 

4 

- 

- 

5.5 

V Internal VDDIO supply 

Internal VDDIO supply 

VIH 
Input high level 0.8 x 

VVDDIO 

- - V  

VIL 
Input low level  - 1.0 V  

VOH Output high level VVDDIO – 

0.4 

- - V  

VOL 
Output low level 

- - 0.4 V  

Rpull-up 
Internal pull-up resistor 51 76 122 kΩ  

Rpull-down 
Internal pull-down 
resistor value 

60 106 211 kΩ  

Table 30 : SPI Voltage characteristics 
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8  Memory 

The following sections give an overview and detailed description of the internal memory.  

8.1 RAM registers 

The RAM has 128 16-bit registers but only the relevant registers are described. All registers are accessible via 

SPI and Biphase communication. The used registers can be divided into different parts:  

– Const. OTP registers. Parts of the constant OTP section are mirrored here. Their addresses range from 

0x00 to 0x0F.  

– OTP-MTP registers. The OTP-MTP registers mirror the current settings and calibration data stored in the 

OTP. Their addresses range from 0x10 to 0x4E.   

– Status registers. The status registers contain information about the current state of the chip, OTP and DSP. 

Their addresses range from 0x60 to 0x6D.  

– Lock register. The Biphase and master lock registers are located at address 0x7D and 0x7E.  

On start-up of the sensor the latest OTP registers are mirrored into the corresponding RAM registers. A detailed 

description of all RAM registers can be found in Table 31.  

All registers not described in this section are reserved for TDK-Micronas use and may not be altered. 

Note:  

To define how values are stored in the registers, this document uses a fixed-integer representation fi(s,w,f) 

with:  

– s: signed property (0 = unsigned, 1 = signed, two’s complement) 

– w: word length, total number of bits including the optional sign bit 

– f: fractional length, number of fractional bits. The fraction length can be greater than word length or 

negative. 

For example, a value stored as fi(1,8,5) can range from –4 (= 0x80) to 3.96875 (=0x7F). 

Address Bit Name Description R/W 

0x00 TRIM0 Reference trimming RW 

0x01 TRIM1 Trimming: diagnostic bandgap, TMR offset RW 

0x02 VI Coil Driver Configuration RW 

0x03 SENT_CLIM SENT current limit RW 

0x04 MICRONAS_ID[0] Micronas ID 0 RW 

0x05 MICRONAS_ID[1] Micronas ID 1 RW 

0x06 DIAG_THR_BANDGAP Bandgap Diagnostic Thresholds RW 

0x07 DIAG_THR_BIAS I_bias Diagnostic Thresholds RW 
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0x08 DIAG_THR_DIAG_BIAS Redundant I_bias Diagnostic Thresholds RW 

0x09 CONST_CRC CRC16 of OTP constant area RW 

0x0E OTP_LOCK_0 Current value of the LOCK bits R 

0x0F OTP_LOCK_1 Current value of the LOCK bits R 

0x10 DATA_PATH_CONFIG Data Path Configuration RW 

0x11 MISC_CONFIG Miscellaneous Configurations RW 

0x12 CURR_GAIN_LUT[0] Gain_comp fi(0,16,14) for -45 °C RW 

0x13 CURR_GAIN_LUT[1] Gain_comp fi(0,16,14) for -14.4 °C RW 

0x14 CURR_GAIN_LUT[2] Gain_comp fi(0,16,14) for 16.3 °C RW 

0x15 CURR_GAIN_LUT[3] Gain_comp fi(0,16,14) for 46.9 °C RW 

0x16 CURR_GAIN_LUT[4] Gain_comp fi(0,16,14) for 77.5 °C RW 

0x17 CURR_GAIN_LUT[5] Gain_comp fi(0,16,14) for 108.1 °C RW 

0x18 CURR_GAIN_LUT[6] Gain_comp fi(0,16,14) for 138.8 °C RW 

0x19 CURR_GAIN_LUT[7] Gain_comp fi(0,16,14) for 169.4 °C RW 

0x1A CURR_GAIN_LUT[8] Gain_comp fi(0,16,14) for 200 °C RW 

0x1B CURR_OFFSET_LUT[0] Offset_comp fi(1,16,15) for -45 °C RW 

0x1C CURR_OFFSET_LUT[1] Offset_comp fi(1,16,15) for -14.4 °C RW 

0x1D CURR_OFFSET_LUT[2] Offset_comp fi(1,16,15) for 16.3 °C RW 

0x1E CURR_OFFSET_LUT[3] Offset_comp fi(1,16,15) for 46.9 °C RW 

0x1F CURR_OFFSET_LUT[4] Offset_comp fi(1,16,15) for 77.5 °C RW 

0x20 CURR_OFFSET_LUT[5] Offset_comp fi(1,16,15) for 108.1 °C RW 

0x21 CURR_OFFSET_LUT[6] Offset_comp fi(1,16,15) for 138.8 °C RW 

0x22 CURR_OFFSET_LUT[7] Offset_comp fi(1,16,15) for 169.4 °C RW 

0x23 CURR_OFFSET_LUT[8] Offset_comp fi(1,16,15) for 200 °C RW 

0x24 TEMP_SCALE_S Linear temperature scale fi(0,16,14) RW 

0x25 TEMP_SCALE_Q Quadratic temperature scale fi(1,16,15) RW 

0x26 CURRENT_LINEARIZATIO

N 

Nonlinearity Compensation RW 

0x27 TEMP_SCALE_Y1 Temperature output offset fi(0,16,16) RW 

0x28 TEMP_SCALE_X1 Temperature input offset 1 fi(1,16,15) RW 

0x29 TEMP_SCALE_X2 Temperature input offset 2 fi(1,16,15) RW 

0x2A  K-factor of IIR low-pass filter fi(0,16,16) RW 
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_IIR_K_FACTOR 

0x2B CURRENT_ADJ_GAIN Gain_adj value fi(1,16,13) RW 

0x2C CURRENT_ADJ_OFFSET Offset_adj value fi(1,16,15) RW 

0x2D HYST_CONFIG Hysteresis on the scaled temperature RW 

0x2E SENT_CONFIG SENT Configuration RW 

0x2F SENT_CONFIG_CONT SENT Configuration continued RW 

0x30 CLAMP_HI Upper clamping value RW 

0x31 CLAMP_LO Lower clamping value RW 

0x32 SENT_X1 SENT x1 characteristic RW 

0x33 SENT_X2 SENT x2 characteristic RW 

0x34 SENT_Y1 SENT y1 characteristic RW 

0x35 SENT_Y2 SENT y2 characteristic RW 

0x36 COMM_DIAG_CONFIG Communication configuration RW 

0x37 DIAGNOSTICS0_MASK Diagnostic Masking RW 

0x38 DIAGNOSTICS1_MASK Diagnostic Masking continued RW 

0x39 DIAG_THR_TEMP_OOR Temperature out of range threshold RW 

0x3A DIAG_THR_RED_TEMP Temperature plausibility threshold RW 

0x3B DIAG_THR_OV VSUP over voltage threshold RW 

0x3C DIAG_THR_DSADC_OOR DS-ADC output limit RW 

0x3D DIAG_THR_TMR_DIFF TMR differential voltage limit RW 

0x3E DIAG_THR_TMR_CM_UP TMR common voltage upper limit RW 

0x3F DIAG_THR_TMR_CM_LO TMR common voltage lower limit RW 

0x40 DIAG_THR_RSHUNT_DIFF Shunt differential voltage limit RW 

0x41 DIAG_THR_RSHUNT_CM_

UP 

Shunt common voltage upper limit RW 

0x42 DIAG_THR_RSHUNT_CM_L

O 

Shunt common voltage lower limit RW 

0x43 DIAG_THR_MAGN Current magnitude threshold RW 

0x44 OEM_CODE[0]  RW 

0x45 OEM_CODE[1]  RW 

0x46 OEM_CODE[2]  RW 
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0x47 OEM_CODE[3]  RW 

0x48 OEM_CODE[4]  RW 

0x49 OEM_CODE[5]  RW 

0x4A OEM_CODE[6]  RW 

0x4B OEM_CODE[7]  RW 

0x4C CHOP_CONFIG Chopper configuration RW 

0x4D SPARE REGISTER  RW 

0x4E MTP_CRC CRC16 value calculated on the MTP record data RW 

0x60 DIAGNOSTICS0_RAW Raw diagnostics 0 R 

 14 TMR_DIFF_ERR TMR bridge differential output voltage out of range  

 13 CIC_PAR_ERR CIC registers parity failure  

 12 DSADC_OOR_80_E

RR 

DS ADC overflow (analog 80%)  

 11 DSADC_OOR_ERR DS ADC overflow  

 10 OV_ERR VSUP overvoltage detection  

 09 UV_ERR VSUP undervoltage detection  

 08 MAGN_ERR Magnetic field out of range  

 07 RED_TEMP_ERR Temperature plausibility failure  

 06 TEMP_OOR_ERR Scaled temperature out of range  

 05 REGH_UV HVDD regulator undervoltage  

 04 VDDS_UV VDDS regulator undervoltage (TMR bridge supply)  

 03 REGVI_UV HVVI regulator undervoltage (coil driver supply)  

 02 DIAG_BIAS_ERR Diagnostic bias current out of range  

 01 BIAS_ERR Bias current out of range  
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 00 

 

BANDGAP_ERR Diagnostic bandgap out of range  

0x61 DIAGNOSTICS1_RAW Raw diagnostics 1 R 

 09 REG_CRC_ERR Reg CRC failure  

 08 LBIST_ERR LBIST failure  

 07 DSP_SAT_ERR DSP saturation failure  

 06 DSP_PAR_ERR DSP registers parity failure  

 05 OTP_CRC_ERR OTP CRC failure  

 04 DATA_TO_ERR Current and temperature value timeout  

 03 GPADC_ERR GPADC failure  

 02 RSHUNT_CM_ERR Rshunt common mode voltage out of range  

 01 RSHUNT_DIFF_ERR Rshunt differential voltage out of range  

 00 TMR_CM_ERR TMR bridge common mode voltage out of range  

0x62 DIAGNOSTICS0_LATCHED Latched diagnostics 0 RW 

 14 TMR_DIFF_ERR TMR bridge differential output voltage out of range  

 13 CIC_PAR_ERR CIC registers parity failure  

 12 DSADC_OOR_80_E

RR 

DS ADC overflow (analog 80%)  

 11 DSADC_OOR_ERR DS ADC overflow  

 10 OV_ERR VSUP overvoltage detection  

 09 UV_ERR VSUP undervoltage detection  

 08 MAGN_ERR Magnetic field out of range  

 07 RED_TEMP_ERR Temperature plausibility failure  

 06 TEMP_OOR_ERR Scaled temperature out of range  

 05 REGH_UV HVDD regulator undervoltage  
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 04 VDDS_UV VDDS regulator undervoltage (TMR bridge supply)  

 03 REGVI_UV HVVI regulator undervoltage (coil driver supply)  

 02 DIAG_BIAS_ERR Diagnostic bias current out of range  

 01 BIAS_ERR Bias current out of range  

 00 BANDGAP_ERR Diagnostic bandgap out of range  

0x63 DIAGNOSTICS1_LATCHED Latched diagnostics 1 RW 

 09 REG_CRC_ERR Reg CRC failure  

 08 LBIST_ERR LBIST failure  

 07 DSP_SAT_ERR DSP saturation failure  

 06 DSP_PAR_ERR DSP registers parity failure  

 05 OTP_CRC_ERR OTP CRC failure  

 04 DATA_TO_ERR Current and temperature value timeout  

 03 GPADC_ERR GPADC failure  

 02 RSHUNT_CM_ERR Rshunt common mode voltage out of range  

 01 RSHUNT_DIFF_ERR Rshunt differential voltage out of range  

 00 TMR_CM_ERR TMR bridge common mode voltage out of range  

0x64 MAIN_STATE Sensor main state R 

 09 MISW_LOW_LATCH

ED 

Latched GND miswiring detection  

 08 MISW_HIGH_LATCH

ED 

Latched VSUP miswiring detection  

 07 ANAOUT_SC_LATCH

ED 

Latched analog output short circuit detection  

 06 REG_CRC_ERR_SET

TINGS 

CRC error of settings area  

 05 REG_CRC_ERR_CO CRC error of constant area  



   
 

  

 

- 54 -  

 

 

 

 

 DIVISION PRODUCT NAME DATE. 

TDK MR Sensor Business 
Group 

TCM1110 2025.10.7 

PAGE 

NST 

 

04:03 COMM_STATE 

State of the com. sequencer FSM (finite state machine)  

 Code Encodes 

 0 INIT 

 1 BIPHASE_WINDOW 

 2 OUT_ACTIVE 

 3 BIPHASE_ACTIVE 

 

02:00 MAIN_SEQ_STATE 

State of the main sequencer FSM 

 Code Encodes 

 0 STARTUP 

 1 CHECK_REG_CRC 

 2 WAIT_VSUP_OK 

 3 ANA_INIT 

 4 DIG_INIT 

 5 MAIN 

 6 DEGAUSS 

0x65 GPADC_READOUT_SEL GP-ADC signal selection RW 

 

07:04 SEL1 

State of the com. sequencer FSM (finite state machine) 

 Code Encodes 

 0 BANDGAP 

 1 BIAS 

 2 DIAG_BIAS 

 3 VSUP 
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 4 TEMP 

 5 RSHUNT_DIFF 

 6 RSHUNT_CM 

 7 TMR_DIFF 

 8 TMR_CM 

 9 TEMP_RED 

 

03:00 SEL0 

Selection for register 0 

 Code Encodes 

 0 BANDGAP 

 1 BIAS 

 2 DIAG_BIAS 

 3 VSUP 

 4 TEMP 

 5 RSHUNT_DIFF 

 6 RSHUNT_CM 

 7 TMR_DIFF 

 8 TMR_CM 

 9 TEMP_RED 

0x66 ADC_READOUT_DATA0 GP-ADC result register 0 fi(1,16,15) R 

0x67 ADC_READOUT_DATA1 GP-ADC result register 1 fi(1,16,15) R 

0x68 ADC_READOUT_CURR_0_

MSB 

DS-ADC data[19:4] 16 MSBs of fi(1,20,19) R 

0x69 ADC_READOUT_CURR_1_

MSB 

DS-ADC data[19:4] 16 MSBs of fi(1,20,19) R 

0x6A ADC_READOUT_CURR_LSB DS-ADC data[3:0] 4 LSBs of fi(1,20,19) R 
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 07:04 VALUE_1 DS-ADC data[3:0] is updated when reading CURR_1_MSB  

 03:00 VALUE_0 DS-ADC data[3:0] is updated when reading CURR_0_MSB  

0x6B DSP_READOUT_TEMP_HYS

T 

Temperature value after hysteresis fi(0,16,16) R 

0x6C DSP_READOUT_CURR_MS

B 

20 bit output data[19:4] 16 MSBs of fi(0,20,20) R 

0x6D DSP_READOUT_CURR_LSB 20 bit output data[3:0] 4 LSBs of fi(0,20,20) R 

 03:00 VALUE data[3:0] is updated when reading CURR_MSB  

0x7D BIPHASE_LOCK Write to 0xC7CA to unlock Biphase RW 

0x7E MASTER_LOCK Write to 0xC7CA to unlock protected registers RW 

Table 31 : RAM register map 
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8.2 OTP registers 

The OTP has 2048 16-bit registers. For error detection the data is stored differentially in two registers in parallel. 

All registers are accessible via the RAM registers.  

Address Bit Name Description R/W Default 

0x00 CONST_HEADER Constant Area header RW 0x007F 

 06:00 TBL To Be Loaded. Four out of seven redundant  0x7F 

0x01 TRIM0 Reference trimming RW 1) 

 15:11 DIAG_IBIAS Diagnostic bias trimming  1) 

 10:05 CLK Clock trimming  1) 

 04:00 IBIAS Ibias trimming  1) 

0x02 TRIM1 
Trimming: diagnostic bandgap, TMR 

offset 
RW 1) 

 13:08 VDDS_OFFSET_TRIM TMR sensor coarse offset trim code  1) 

 07:04 DIAG_BG_STRIM Diagnostic bandgap gain trimming  1) 

 03:00 DIAG_BG_OTRIM Diagnostic bandgap offset trimming  1) 

0x03 VI 
Coil Driver Configuration 40mT RW 1) 

Coil Driver Configuration 7mT RW 1) 

 12:03 CLIM_TRIM Trimming of the current limit   1) 

 02 CLIM_OVERRIDE Turns off the current limit if High  0b0 

 

01:00 CLIM_COARSE 

Coarse setting of the current limit 

40mT 

 0b01 

 
Coarse setting of the current limit 

7mT 

 0b00 

 Code Encodes Description 

 0x0 17.2 mA 8.75 or 50 mT limit 

 0x1 13.8 mA 7 or 40 mT limit 
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 0x2 10.3 mA 5.25 or 30 mT limit 

 0x3 6.9 mA 3.5 or 20 mT limit 

0x04 CONST_SETTINGS const_settings.reserved RW 0x0000 

0x05 MICRONAS_ID[0] ID RW 1) 

0x06 MICRONAS_ID[1] ID RW 1) 

0x07 DIAG_THR_BANDGAP 
Redundant I_bias Diagnostic 

Thresholds 
RW 0x6A57 

 15:08 UPPER Upper threshold fi(1,8,7)  0x6A 

 07:00 LOWER Lower threshold fi(1,8,7)  0x57 

0x08 DIAG_THR_BIAS I_bias Thresholds RW 0x604D 

 15:08 UPPER Upper threshold fi(1,8,7)  0x60 

 07:00 LOWER Lower threshold fi(1,8,7)  0x4D 

0x09 DIAG_THR_DIAG_BIAS Diagnostic I_bias Thresholds RW 0x734D 

 15:08 UPPER Upper threshold fi(1,8,7)  0x73 

 07:00 LOWER Lower threshold fi(1,8,7)  0x4D 

0x0A~2D : CRC, lock, user_data 

0x2F~3F : CRC, lock, user_data 

0x40 MTP_HEADER MTP Area header RW 0x007F 

 06:00 TBL To Be Loaded. Four out of seven redundant  0x7F 

0x41 DATA_PATH_CONFIG Signal path configuration RW 0x0076 

 11 
REPLACE_BANDGAP_BY_IB

IAS 

Replace bandgap measurement by Ibias in GPADC 

sequence 
0b0 

 10 
IIR_NOISE_REDUCTION_E

N 

Enable noise reduction path in the MAC unit IIR 

configurable low-pass filter 
0b0 

 09 DSADC_CLOCK_INV DSADC (for current): clock inversion 0b0 

 

08:06 MAGN_RANGE 

Magnetic field coarse setting 0b001 

 Code Encodes Description 
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 0x0 137.50% 9.625 or 55 mT range 

 0x1 100% 7 or 40 mT range 

 0x2 75% 5.25 or 30 mT range 

 0x3 50% 3.5 or 20 mT range 

 0x4 37.50% 2.625 or 15 mT range 

 

05 TEMP_SEL 

Select which temperature sensor output is used for DSP 

calculations 
0b1 

 Code Encodes Description 

 0x0 TEMP Use default temperature sensor 

 0x1 RED_TEMP Use redundant temperature sensor 

 

04:01 RESOL 

Select which temperature sensor output is used for DSP 

calculations 
0xB 

 Code Encodes Description  

 0x0 0 1 µs, 11-bit 

 0x1 1 2 µs, 14-bit 

 0x2 2 3 µs, 15-bit 

 0x3 3 5 µs, 16-bit 

 0x4 4 9 µs, 16-bit (17-bit intern) 

 0x5 5 17 µs, 16-bit (18-bit intern) 

 0x6 6 33 µs, 16-bit (19-bit intern) 

 0x7 7 65 µs, 16-bit (20-bit intern) 

 0x8 8 2 µs, 12-bit 

 0x9 9 4 µs, 15-bit 

 0xA 10 6 µs, 16-bit 
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 0xB 11 10 µs, 16-bit (17-bit intern) 

 0xC 12 18 µs, 16-bit (18-bit intern) 

 0xD 13 34 µs, 16-bit (19-bit intern) 

 0xE 14 66 µs, 16-bit (20-bit intern) 

 0xF 15 65 µs, 16-bit (20-bit intern) 

 00 ADC_CLOCK_INV Invert the 16 MHz GP-ADC clock 0b0 

0x42 MISC_CONFIG Miscellaneous Configurations RW 0x10B0 

 12 CONNECT_VDDIO Enable internal VDDIO 0b1 

 11:09 BURN_IN_MODE Enable burn-in mode (triple mode redundant) 0b000 

 08:04 VI_GBW_TRIM Current feedback GBW trimming 0xB 

 03 VI_DISCONNECT_MILLER Disconnect coil driver miller 0b0 

 02 VI_SAFEMODE Coil driver safe mode 0b0 

 01 VI_SWITCH_INPUTS Current feedback input polarity 0b0 

 00 MISO_DS Drive strength of the MISO pad 0b0 

0x43 ~ 4B : mtp_settings[0].curr_gain_lut[0-8]  

0x4C ~ 54 : mtp_settings[0].curr_offset_lut[0-8] 

0x55 TEMP_SCALE_S Linear temperature scale fi(0,16,14) RW 1) 

0x56 TEMP_SCALE_Q 
Quadratic temperature scale 

fi(1,16,15) 
RW 1) 

0x57 CURRENT_LINEARIZATION Nonlinearity compensation RW 0x0000 

 15:08 A_3 Third-order coefficient fi(1,8,7) 0x00 

 07:00 A_2 Second-order coefficient fi(1,8,7) 0x00 

0x58 TEMP_SCALE_Y1 Temperature output offset fi(0,16,16) RW 1) 

0x59 TEMP_SCALE_X1 Temperature input offset 1 fi(1,16,15) RW 1) 

0x5A TEMP_SCALE_X2 Temperature input offset 2 fi(1,16,15) RW 1) 

0x5B CURRENT_IIR_K_FACTOR K-factor of IIR low-pass filter RW 0xA0EC 
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fi(0,16,16) 

0x5C CURRENT_ADJ_GAIN Gain_adj value fi(1,16,13) RW 0x1000 

0x5D CURRENT_ADJ_OFFSET Offset_adj value fi(1,16,15) RW 0x0000 

0x5E HYST_CONFIG 
Hysteresis on the scaled temperature 

value 
RW 0x2801 

 

02:00 HYSTERESIS 

Select the hysteresis value 0b001 

 Code Encodes Description 

 0x0 NO_HYST No Hysteresis 

 0x1 128_LSB 0.5 °C 

 0x2 192_LSB 0.7 °C 

 0x3 256_LSB 1.0 °C 

 0x4 512_LSB 1.9 °C 

 0x5 768_LSB 2.9 °C 

 0x6 1024_LSB 3.9 °C 

 0x7 2048_LSB 7.7 °C 

0x5F SENT_CONFIG SENT configuration RW 0x05D3 

 

13 ROLCNT 

Rolling counter configuration 0b0 

 Code Encodes Description 

 0x0 SAMPLE Increment at every new current sample 

 0x1 FRAME Increment at new frame 

 

12:11 PAUSE_PULSE 

Pause pulse configuration 0b00 

 Code Encodes Description 

 0x0 PPC Pause pulse with constant frame length 

 0x1 PP 
Pause pulse for synchronization to 

sampling 

 0x2 NPP No pause pulse 

 0x3 RESERVED RESERVED 

 10 STARTUP SENT start-up behavior for asynchronous mode 0b1 
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 Code Encodes Description 

 0x0 0 
Transmission of zero messages until valid 

information 

 0x1 1 No transmission until valid information 

 

09:07 NV_CUST_SETUP_2 

Determines total length of frame 0b011 

 Code Encodes Description 

 0x0 205 205 ticks 

 0x1 225 225 ticks 

 0x2 250 250 ticks 

 0x3 294 294 ticks 

 0x4 375 375 ticks 

 0x5 450 450 ticks 

 0x6 600 600 ticks 

 0x7 900 900 ticks 

 

06:03 TICK_TIME 

SENT tick time 0xA 

 Code Encodes Description 

 0x0 0.5 µs Tick time 0.5 µs 

 0x1 0.75 µs Tick time 0.75 µs 

 0x2 1 µs Tick time 1 µs 

 0x3 1.25 µs Tick time 1.25 µs 

 0x4 1.5 µs Tick time 1.5 µs 

 0x5 1.75 µs Tick time 1.75 µs 

 0x6 2 µs Tick time 2 µs 

 0x7 2.25 µs Tick time 2.25 µs 

 0x8 2.5 µs Tick time 2.5 µs 

 0x9 2.75 µs Tick time 2.75 µs 

 0xA 3 µs Tick time 3 µs 

 0xB 3.25 µs Tick time 3.25 µs 

 0xC 3.5 µs Tick time 3.5 µs 

 0xD 3.75 µs Tick time 3.75 µs 

 0xE 4 µs Tick time 4 µs 

 0xF 4.25 µs Tick time 4.25 µs 
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02:00 FORMAT 

SENT format 0b011 

 Code Encodes Description 

 0x0 H.1 Two 12-bit Fast channels 

 0x1 H.2 One 12-bit Fast channel 

 0x2 H.4 
12-bit Fast channel and 12-bit secure 

sensor info 

 0x3 H.7 One 16-bit and one 8-bit Fast channel 

 0x4 H.8 One 16-bit Fast channel 

0x60 SENT_CONFIG_CONT SENT configuration continued RW 0x4A61 

 14:13 SENT_PULLUP SENT driver pull-up source strength 0b10 

 12:08 SENT_DS SENT driver strength 0xA 

 07 DIS_STATUS_BITS When set, the status bits 0 and 1 are kept to 0 0b0 

 06 ERR_ON_CHANNEL_2 
In case of temperature error, transmit error code on 

Fast Channel 2 
0b1 

 05 ERR_ON_CHANNEL_1 In case of error, transmit error code on Fast Channel 1 0b1 

 

04 SENT_SDF 

Send slow channel error ID 0b0 

 Code Encodes Description 

 0x0 BLOCK at the beginning of every block 

 0x1 
MESSAG

E 

at every second slow channel message 

 03 BLK45 Block 4-5 transmission enable 0b0 

 02 BLK3 Block 3 transmission enable 0b0 

 01 BLK2 Block 2 transmission enable 0b0 

 

00 CLIP 

SENT / Analog clipping configuration 0b1 

 Code Encodes Description 

 0x0 0 Output clamps to 1 / GND or 2^n - 8 / VSUP 

 0x1 1 Output clips to programmed clamping values 
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0x61 CLAMP_HI upper clamping value RW 1) 

0x62 CLAMP_LO lower clamping value RW 1) 

0x63 SENT_X1 SENT X1 characteristic RW 0x0000 

 11:00 VALUE SENT format 0x0 

0x64 SENT_X2 SENT X2 characteristic RW 0x0000 

 11:00 VALUE SENT format 0x0 

0x65 SENT_Y1 SENT Y1 characteristic RW 0x0000 

 11:00 VALUE SENT format 0x0 

0x66 SENT_Y2 SENT Y2 characteristic RW 0x0000 

 11:00 VALUE SENT format 0x0 

0x67 COMM_DIAG_CONFIG Communication configuration RW 0x3F65 

 13 LBIST_EN Enable LBIST on MAC unit in between calculations 0b1 

 12:10 REG_CRC_EN Enable register CRC checker (triple mode redundant) 0b111 

 09 SENT_PU_EN SENT driver pull-up enable (when SENT is transmitting) 0b1 

 08 SENT_UVOV_PULL Pull SENT line low in case of VSUP UV/OV 0b1 

 07 USE_LATCHED_DIAG 
Use latched version of diagnostics for reporting on OUT 

line 
0b0 

 

06:05 WINDOW_DUR 

Biphase window duration 0b11 

 Code Encodes Description 

 0x0 5 5 ms 

 0x1 10 10 ms 

 0x2 50 50 ms 

 0x3 100 100 ms 

 

04:03 COL_DET_THR 

Collision detection time threshold (for SENT output) 0b00 

 Code Encodes Description 

 0x0 125 * 2^0 125 µs 
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 0x1 125 * 2^1 250 µs 

 0x2 125 * 2^2 500 µs 

 0x3 125 * 2^3 1 ms 

 02 COL_DET_EN 
Enable collision detection (short-circuit detection for 

analog output) 
0b1 

 01 WINDOW_EN Enable transition to Biphase window after INIT phase 0b0 

 

00 OUT_SEL 

Output selection: SENT – ANALOG 0b1 

 Code Encodes Description 

 0x0 SENT SENT activated 

 0x1 ANA Analog output activated 

0x68 DIAGNOSTICS0_MASK Diagnostic masking RW 0x59C7 

 14 TMR_DIFF_ERR TMR bridge differential output voltage out of range 0b1 

 13 CIC_PAR_ERR CIC registers parity failure 0b0 

 12 DSADC_OOR_80_ERR DS ADC overflow (analog 80%) 0b1 

 11 DSADC_OOR_ERR DS ADC overflow 0b1 

 10 OV_ERR VSUP overvoltage detection 0b0 

 09 UV_ERR VSUP undervoltage detection 0b0 

 08 MAGN_ERR Magnetic field out of range 0b1 

 07 RED_TEMP_ERR Diagnostic temperature vs. temperature sensor failure 0b1 

 06 TEMP_OOR_ERR Scaled temperature out of range 0b1 

 05 REGH_UV HVDD regulator undervoltage 0b0 

 04 VDDS_UV VDDS regulator undervoltage (TMR bridge supply) 0b0 

 03 REGVI_UV HVVI regulator undervoltage (coil driver supply) 0b0 

 02 DIAG_BIAS_ERR Diagnostic bias current out of range 0b1 
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 01 BIAS_ERR Bias current out of range 0b1 

 00 BANDGAP_ERR Diagnostic bandgap out of range 0b1 

0x69 DIAGNOSTICS1_MASK Diagnostic masking continued RW 0x009F 

 08 LBIST_ERR LBIST failure 0b0 

 07 DSP_SAT_ERR DSP saturation failure 0b1 

 06 DSP_PAR_ERR DSP registers parity failure 0b0 

 05 OTP_CRC_ERR OTP CRC failure 0b0 

 04 DATA_TO_ERR Current and temperature value timeout 0b1 

 03 GPADC_ERR GPADC failure 0b1 

 02 RSHUNT_CM_ERR Rshunt common mode voltage out of range 0b1 

 01 RSHUNT_DIFF_ERR Rshunt differential voltage out of range 0b1 

 00 TMR_CM_ERR TMR bridge common mode voltage out of range 0b1 

0x6A DIAG_THR_TEMP_OOR Temperature out of range threshold RW 0xFF00 

 15:08 UPPER 
Upper threshold, related to scaled temperature 8 MSBs, 

fi(0,8,8) 
0xFF 

 07:00 LOWER 
Lower threshold, related to scaled temperature 8 MSBs, 

fi(0,8,8) 
0x0 

0x6B DIAG_THR_RED_TEMP Temperature plausibility threshold RW 0x0017 

 11:00 THR 
Absolute difference of temp. sensors must be in [-THR, 

THR], fi(1,12,11) 
0x17 

0x6C DIAG_THR_OV VSUP over voltage threshold RW 0x01C7 

 15:08 UPPER Threshold related to GPADC data 12 MSBs, fi(1,12,11) 0x1C7 

0x6D DIAG_THR_DSADC_OOR DS-ADC output limit RW 0x06CC 

 11:00 THR 
Absolute CIC output must be in [-THR, THR], 

fi(1,12,11) 
0x6CC 

0x6E DIAG_THR_TMR_DIFF TMR differential voltage limit RW 0x0098 

 11:00 THR Absolute GPADC data must be in [-THR, THR], 0x98 
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fi(1,12,11) 

0x6F DIAG_THR_TMR_CM_UP TMR common voltage upper limit RW 0x01A2 

 11:00 THR Threshold related to GPADC data 12 MSBs, fi(1,12,11) 0x1A2 

0x70 DIAG_THR_TMR_CM_LO TMR common voltage lower limit RW 0x0F44 

 11:00 THR Threshold related to GPADC data 12 MSBs, fi(1,12,11) 0xF44 

0x71 DIAG_THR_RSHUNT_DIFF Shunt differential voltage limit RW 0x04BC 

 11:00 THR 
Absolute GPADC data must be in [-THR, THR], 

fi(1,12,11) 

0x4BC 

0x72 DIAG_THR_RSHUNT_CM_UP Shunt common voltage upper limit RW 0x0098 

 11:00 THR Threshold related to GPADC data 12 MSBs, fi(1,12,11) 0x98 

0x73 DIAG_THR_RSHUNT_CM_LO Shunt common voltage lower limit RW 0x0F68 

 11:00 THR Threshold related to GPADC data 12 MSBs, fi(1,12,11) 0xF68 

0x74 DIAG_THR_MAGN Current magnitude threshold RW 0x06CC 

 11:00 THR 
Absolute current before adjustment must be in [-THR, 

THR], fi(1,12,11) 
0x6CC 

0x75 ~ 7C : OEM_CODE 

0x7D CHOP_CONFIG Chopping configuration RW 0x007F 

 07 ANAOUT_PP_FORCE_RST Output blocks ping-pong reset 0b0 

 06 DSADC_CHOP_GAIN_EN Enable DS-ADC gain chopping 0b1 

 05 DSADC_CHOP_OFFSET_EN Enable DS-ADC offset chopping 0b1 

 04 VI_CHOP_CLK_EN VI chopping 0b1 

 03 AAF_CHOP_CLK_EN AAF chopping 0b1 

 02 HVBUF_CHOP_CLK_EN Ping-pong of HV buffer input stage 0b1 

 01 DAC_DEM_CLK_EN Dynamic Element matching of DAC current sources 0b1 

 00 DAC_CHOP_CLK_EN I/V converter DAC chopping 0b1 

0x7E MTP_SPARE Spare registers RW 0x0000 

 09:06 SPARE_HVDD Spares for HVDD domain 0x0 
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 04:00 SPARE_AVDD Spares for AVDD domain 0x0 

0x7F MTP_CRC 
CRC16 value calculated on the MTP 

record data 
RW 1) 

1) Programmed during TDK test 

Table 32 : OTP register map 

 

8.3 OTP write 

– LOCK bits and for HEADER bits have no redundant counter part.  

– Other bits have differential counterpart in redundant address. 

The OTP write procedure is step by step described based on the soaking state diagram:  

1. Generate OTP content  

2. Device setup  

3. Perform OTP write  

4. Device setup for marginal read 1  

5. Identify bits that require soaking via marginal read 1  

6. Create soak data map  

7. Device setup for SOAK WRITE  

8. Perform SOAK OTP write  

9. Device setup for marginal read 2  

10. Identify bits that require soaking via marginal read 2  

11. Update device settings 
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OTP write procedure: soak algorithm 

 

 

(1) Generate OTP content •Eg: Constant area 

 

 

• Header and lock bits have no value in redundant address (single ended registers): • b_data = data • Other 

data have differential counterpart in redundant address (differential registers): • base address: b_data = ~data 

• redundant address: r_data = data 

 

 

 

 

 

(2) Device setup:  

1. Ramp up VSUP to 8.3V  

2. Write C7CA @ address 7E (unlock the main register space)  

3. Write 6320 @ address 56 (Enable HV OTP write voltage; Write pulse width = 120us)  

4. Write 1900 @ address 57 (Set OTP MR value to single ended)  

5. Write 0004 @ address 58 (Set VRR to VRR0 = 3.0V)  

6. Write 0000 @ address 59 (Set number of soaking cycles to 0) 
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(3) Perform OTP write:  

•Base address write operation:  

1. Write b_data @ address 5D (Write base data word)  

2. Write 2XXX @ address 5C (Launch OTP_WRITE_WORD at proper base address)  

3. Read address 5F (Poll OTP status busy)  

•Redundant address write operation:  

1. Write r_data @ address 5D (Write redundant data word)  

2. Write 2XXX +1024 @ address 5C (Launch OTP_WRITE_WORD at proper redundant address)  

3. Read address 5F (Poll OTP status busy) 

 

(4) Device setup for marginal read 1:  

1. Write 0900 @ address 57 (Set tRP = 125ns, set MR value for single ended read operation)  

2. Write 0008 @ address 58 (Set VRR to VRR1 = 1.8V)  

 

(5) Identify bits that require soaking via marginal read 1:  

•Base address read operation:  

1. Write 1XXX @ address 5C (Launch OTP_READ_WORD at proper base address)  

2. Value obtained @ address 5E = b_data  

•Redundant address read operation:  

1. Write 1XXX + 1024 @ address 5C (Launch OTP_READ_WORD at proper redundant address)  

2. Value obtained @ address 5E = r_data 

 

(6) Create soak data map based on incorrect written bits: Identify bit location and addresses of bits that read 

‘0’ but should be ‘1’, eg: constant area 
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(7) Device setup for soaking  

1. Write 6C80 @ address 56 (Enable HV OTP write voltage; Write pulse width = 400us)  

2. Write 0004 @ address 58 (Set VRR to VRR0 = 3.0V)  

 

(8) Perform soaking:  

•Base address write operation  

1. Write sb_data @ address 5D (Write soak base data word)  

2. Write 2XXX @ address 5C (Launch OTP_WRITE_WORD at proper base address)  

3. Read address 5F (Poll OTP status busy)  

•Redundant address write operation:  

1. Write sr_data @ address 5D (Write soak redundant data word)  

2. Write 2XXX + 1024 @ address 5C (Launch OTP_WRITE_WORD at proper redundant address)  

3. Read address 5F (Poll OTP status busy) 

 

(9) Device setup for marginal read 2:  

1. Write 000F @ address 58 (Set VRR to VRR2 = 2.2V)  

 

(10) Identify bits that require soaking via marginal read 2:  

•Same procedure as for marginal read 1 (step 5)  

Repeat steps (4) to (10) as long as the number of soaking retries < 10  
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(11) Update device settings:  

1. Ramp down VSUP to 5V  

2. Write 7040 @ address 5C (Launch OTP_INITIALIZE)  

3. Read address 5F (Poll OTP status busy)  

4. Write 0000 @ address 7E (Lock main register space) 
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9  Packing Information 

9.1 Taping 

 

9.2 Product storage method 

 

Figure 12 : Product storage method 

9.3 Carrier tape 

material：Polystyrene + carbon, Surface resistance：1×107Ω/10cm, Color: black 

 

Figure 13 : Carrier tape 
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9.4 Peel strength of cover tape 

 

Figure 14 : Peel strength 

9.5 Reel specifications 

material：Polystyrene, Surface resistance：1×107Ω/10cm, Color: black 

 

Figure 15 : Specification of reel 

 

 

10  Changes 

Revision Date Description Person 

0.0 2024.12 New release version D. Miyauchi 

0.1 2025.10 
Offset calibration and test temperature modification :  

from “RT” to “RT or LT”. 
D. Miyauchi 

 

 


