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1 Overview %ly d',’\ AN
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AEQ%aIified
Characteristic Supply Voltage | | Supply Current | | Sensitivity Range | | Interface Temperature
Programmable ||4.5~5.5V 6 mA £50mT SPC (Short -40°C to 125°C
Dual Die +100mT PWM Code)
Linear Hall +200mT Open Drain
Sensor Output
7 \7/ 7 /
MK
Figure 11 SMD package PG-TDS0O-8-2 for the TLE4998C8D Grade1
1.1 Features

Integration of two individual programmable Linear Hall sensor IC’s with SPC (Short PWM Code) protocol with
enhanced interface features based on SENT (Single Edge Nibble Transmission, defined by SAE J2716)
20-bit Digital Signal Processing (DSP)

Digital temperature and stress compensation

16-bit overall resolution

Operating automotive temperature range -40°C to 125°C

Minimal drift of output signal over temperature and lifetime

Programmable parameters stored in EEPROM with single-bit error correction:

— SPC protocol modes: synchronous transmission, dynamic range selection, ID selection mode
— SPC unit time

— Magnetic range and sensitivity (gain), polarity of the output slope

— Offset

— Bandwidth

— Clamping levels

— Customer temperature compensation coefficients for all common magnets

— Memory lock

Re-programmable until memory lock

Supply voltage 4.5-5.5 V (4.1-16 V extended range)

Operation between -200 mT and +200 mT within three ranges

Reverse-polarity and overvoltage protection for all pins

Output short-circuit protection

On-board diagnostics (overvoltage, EEPROM error, start up)

Output of internal magnetic field values and temperature

Programming and operation of multiple sensors with common power supply

Two-point calibration of magnetic transfer function without iteration steps

High immunity against mechanical stress, EMC, ESD

Table 1-1 Ordering Information
Product Name Marking Ordering Code Package
TLE4998C8D Grade1 tbd tbd PG-TDSO-8-2

Technical Product Description 7
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Overview
1.2 Target Applications

* Robust replacement of potentiometers: No mechanical abrasion, resistant to humidity, temperature, pollution
and vibration

» Linear and angular position sensing in automotive and industrial applications with highest accuracy
requirements

» Suited for ASIL applications such as pedal position, throttle position and steering torque sensing

» High-current sensing e.g. for battery management or motor control

1.3 Pin Configuration
Figure 1-2 shows the location of the Hall elements in the chip pin configuration of the package.

CENTER OF SENSITIVE AREA

Figure 1-2 Pin Configuration of PG-TDSO-8-2 package

Table 1-2 TLE4998C8D Grade1 Pin Definitions and Functions

Pin No. Symbol Function

1 TST Test pin (top die) (connection to GND is recommended)

2 Vob Supply voltage / programming interface (top die)

3 GND Ground (top die)

4 ouT Output / programming interface (top die)

5 ouT Output / programming interface (bottom die)

6 GND Ground (bottom die)

7 Vob Supply voltage / programming interface (bottom die)

8 TST Test pin (bottom die) (connection to GND is recommended)

Technical Product Description 8 Revision 1.0, 2014-05-21
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General

2 General

All further given descriptions are regarded to both implemented sensor IC’s, or otherwise noted.

21 Block Diagram
Figure 2-1 shows is a simplified block diagram.

EEPROM |l »| Interface [ Orst

spinning
HALL

Temp.
Sense

Stress

Sense GND

ROM —

Figure 2-1 Block Diagram of the TLE4998C8D Grade1 with the SPC interface

2.2 Functional Description

The linear Hall IC TLE4998C8D Grade1 has been designed specifically to meet the requirements of highly

accurate angle and position detection, as well as for current measurement applications. Especially the dual Die

version with electrical insulated sensor IC’s, mounted on top and bottom side of the lead frame will give

designs/designers a competitive advantage when stringent safety requirements in automotive applications have

to be met.

The sensor provides a digital SPC (Short PWM Code) signal, based on the standardized SENT (Single Edge

Nibble Transmission, SAE J2716) protocol. The SPC protocol allows transmissions initiated by the ECU. Two

further operation modes are available.

* ‘“range selection” for dynamically switching of the measurement range during operation

+ “ID selection” to build a bus system with up to 4 IC’s on a single output line and a common supply, which can
be individually accessed by the ECU.

Each transmission sequence contains an adjustable number of nibbles representing the magnetic field, the

temperature value and a status information of the sensor. The interface is further described in Chapter 9.

The output stage is an open-drain driver pulling the output pin to low only. Therefore, the high level needs to be

obtained by an external pull-up resistor. This output type has the advantage that the receiver may use an even

lower supply voltage (e.g. 3.3 V). In this case the pull-up resistor must be connected to the given receiver supply.

Technical Product Description 9 Revision 1.0, 2014-05-21
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General

The IC is produced in BICMOS technology with high voltage capability and it also has reverse-polarity protection.

Digital signal processing using a 16-bit DSP architecture together with digital temperature and stress
compensation guarantees excellent stability over the whole temperature range and life time.

While the overall resolution is 16 bits, some internal stages work with resolutions up to 20 bits.

Technical Product Description 10 Revision 1.0, 2014-05-21
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General

2.3 Principle of Operation

A magnetic flux is measured by a Hall-effect cell

The output signal from the Hall-effect cell is converted from analog to digital signals

The chopped Hall-effect cell and continuous-time A/D conversion ensure a very low and stable magnetic offset
A programmable low-pass filter to reduce noise

The temperature is measured and A/D converted

Temperature compensation is done digitally using a second-order function

Digital processing of the output value is based on zero field and sensitivity value

The output value range can be clamped by digital limiters

The final output value is represented by the data nibbles of the SPC protocol

24 Further Notes

Product qualification is based on “AEC Q100 Rev. G” (Automotive Electronics Council - Stress test qualification
for integrated circuits).

2.5 Transfer Functions

The examples in Figure 2-2 show how different magnetic field ranges can be mapped to the desired output value
ranges.

* Polarity Mode:
— Bipolar: Magnetic fields can be measured in both orientations. The limit points do not necessarily have to
be symmetrical around the zero field point
— Unipolar: Only north- or south-oriented magnetic fields are measured
» Inversion: Both gain can be set to positive values, negative values or positive/negative values.

OUTy2 / OUTq2/ OUTy2 /
B (mT) ouT,, BT OUTss B (mT) OUTr
A
L R .- L S o5 20N pe
- 1 SQ 1N
S~ \ /
4 N =+ N\
SN N/
1 T ~ | \,
N / AN
-_-— - \ -, \
~ /
0 =0 0 0 0 0
- /
4 _ - 4 4 /
L~ 1 i /
i 1 1 7
/
+ 1 1/
50T 1001 -200 '{
\j \/ \/
Example 1: Example 2: Example 3:
- Bipolar - Unipolar - Bipolar
- Big offset - Inverted (neg. gain)
Figure 2-2 Examples of Operation
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Maximum Ratings

3 Maximum Ratings

All further given descriptions are regarded to each of the implemented sensors IC’s, or otherwise noted.

Table 3-1 Absolute Maximum Ratings

Parameter Symbol Values Unit Note / Test Condition
Min. |Typ. |Max.

Junction temperature T, -40 |- 140 °C -

Voltage on Vpp pin with respect to Voo -18 |- 18.35 \Y h2)

ground

Supply current @ overvoltage Vpp max. | lppoy - - 15 mA -

Reverse supply current @ Vpp min. loDrev -1 - 0 mA -

Voltage on output pin with respectto |Vt 19 |- 18.359 |V -

ground

Magnetic field Bumax - - 1 T -

ESD protection Vesp -2 - +2 kV According HBM

JESD22-A114-B%

—_
~

Higher voltage stress than absolute maximum rating, e.g. 150% in latch-up tests is not applicable. In such cases, R e
2100 Q for current limitation is required.

2) Max 1h, in operating temperature range.

3) Ipp can exceed 10 mA when the voltage on OUT is pulled below -1 V (-5 V at room temperature).
4) Vpp =5V, open drain permanent low, for max. 10 minutes

5) 100 pF and 1.5 kQ

Technical Product Description 12 Revision 1.0, 2014-05-21
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4 Operating Range

The following operating conditions must not be exceeded in order to ensure correct operation of the TLE4998C8D
Grade1. All parameters described in the following sections refer to these operating conditions and each of the
implemented sensors IC’s if applicable or unless otherwise indicated.

Table 4-1 Operating Range
Parameter Symbol Values Unit |Note / Test Condition
Min. Typ. |Max.
Supply voltage Voo 4.5 - 5.5 Vv -
41" |- 1623) \% Extended range
Supply undervoltage Vobuy VDDpon“) - 4.1 \Y Extended range
Output pull-up voltage® |V, 0 - - 18.35 Y, -
Load resistance® R, 1 - -~ kQ -
Output current® lout 0 - 5 mA |-
Load capacitance® C. 1 - 8 nF -
Junction temperature® | T, -40 - 1407 °C

1) May have reduced EMC robustness
2) For supply voltages > 12 V, a series resistance Ry 2100 Q is recommended

3) The open drain switch off, due to overvoltage on the V line, can take place in the range of 16.65 V to 18.35 V, as defined
in Chapter 7.1 of the data sheet. The supply voltage range can be further extended until the overvoltage reset is taking
place, but the given accuracy specification in the product data sheet is only applicable until the output switch off occurs

4) Vpppon -~ POWer-on reset level, see Table 5-1

5) Output protocol characteristics depend on these parameters, R, must be according to max. output current
6) Ry < 150 KIW.

7) For reduced magnetic accuracy

Note: Keeping signal levels within the limits described in this table ensures operation without overload conditions.

Technical Product Description 13 Revision 1.0, 2014-05-21
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Electrical, Thermal and Magnetic Parameters

5 Electrical, Thermal and Magnetic Parameters

All further given descriptions are regarded to each of the implemented sensors IC’s, or otherwise noted.

Table 5-1 Electrical Characteristics
Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.
SPC transmission time | tgpc - - ms unit time 3 ps”
Supply current lop 3 6 8 mA -
Output current @ OUT | lgyren - 95 - mA Vour =5V, max. 10 minutes
shorted to supply lines
Thermal resistance PG- | Ry ja - 150 - KIW junction to air
TDSO-8-2 Rinic - 85 - K/w junction to case
Power-on time? tpon - 0.7 2 ms < 5% target out value
15 20 < +1% target out value
Power-on reset level® |V, 345 365 (387 |V at -40°C
3.36 3.55 3.77 \ at 25°C
3.157 |3.33?7 |3.54? |V at 125°C
Output impedance Zout 20 40 70 kQ 4)
Output fall time tean 2 3.5 5 us Vour 4.5V t0 0.5 Vo)
Output rise time tise - 20 - us Vour 0.5V to 4.5 v5®)
Output low saturation VouTsat - 0.3 0.6 \Y loutsink= © MA
voltage 0.2 0.4 louTein= 2.2 MA
Output noise (rms) OUT ice - 1 2.5 LSB,, |”
Insulation resistance Roies tbd kQ between Dies

1) Transmission time depends on the data values being sent and on internal RC oscillator frequency variation of £ 20%.
2) Response time to set up output data at power on when a constant field is applied. The first value given has a +5% error,

the second value has a +1% error. Measured with 640-Hz low-pass filter.

3) Power-on and power-off
4) Vpp=5V, Voy1=2.6V, open drain high state
5) For Vpp =5V, R =22KkW, C, =4.7 nF, at room temperature, not considering capacitor tolerance or influence of external

circuitry

6) Depends on External R_and C|, See Figure 5-1

7) Range 100 mT, Gain 2.23, internal LP filter 244 Hz, B=0 mT, T'=25 °C

Vour ? 4

Voo |
90% Voo 7

10% Voo

R, to Vpp assumed

Voutsat 7

A
v
—

tfa II‘ tri se

Figure 5-1 Output Characteristic

Technical Product Description 14 Revision 1.0, 2014-05-21
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Electrical, Thermal and Magnetic Parameters

Magnetic Parameters

Table 5-2 Magnetic Characteristics

Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.

Sensitivity sh 8.2 |- +245 LSB,,/mT | programmable?

Sensitivity drift AS -2 +2 % %) see Figure 5-2

Magnetic field range MFR +50 +100% [£200 mT programmable®

Integral nonlinearity INL - +0.05 0.1 %MFR 7

Magnetic offset Bos - +100  [+400 uT o)

Magnetic offset drift ABog |- +1 +5 uT/°C error band”)

Magnetic hysteresis Buvs - - 10 T in 100mT range

20 in 50mT range

—_

Defined as AOUT / AB.

)
2) Programmable in steps of 0.024%.
3) Forany 1%t and 2™ order polynomial, coefficient within definition in Chapter 8. Valid for characterization at 0 h.
4) This range is also used for temperature and offset pre-calibration of the IC.
5) Depending on offset and gain settings, the output may already be saturated at lower fields.
6) In operating temperature range and over lifetime.
7) Measured at £100 mT range.

Supply Undervoltage Range

Table 5-3 Electrical and Magnetic Characteristics in Supply Undervoltage Range™

Parameter Symbol Values Unit Note / Test Condition
Min. Typ. Max.

Sensitivity drift Sem - - +2.5/-7.5|% Error band

Magnetic offset drift ABgg - - +400 uT Error band

Integral nonlinearity INL - - 0.2 %MFR Error band

Output noise (rms) OUT pise | — - 37.5 LSB,, 50mT range, LP=1.39kHz,

Gain=1.5, B=0mT

1) The operation in supply undervoltage range is not intended for continuous operation, it has to be understood as an
extraordinary operation condition in order to cover the needs in safety relevant applications

5.1 Magnetic Field Direction Definition

Figure 5-2 shows the definition of the magnetic field direction. By standard the south pole field defines the positive
field values of the top die of TLE4998C8D Grade1.

Technical Product Description 15 Revision 1.0, 2014-05-21
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Top Die Branded Side

ST\

Bottom Die

Figure 5-2 Definition of magnetic field direction of the PG-TDSO-8-2

Without reconfiguration the bottom die measures the inverted field value of the top die. This leads to a
characteristics as shown in Figure 5-3.

Output A
signal Top Die Output
Signal
5>
Bottom Die
Output Signal

Figure 5-3 Example of the dual die output signaling

Technical Product Description 16 Revision 1.0, 2014-05-21
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6 Application Circuit
Figure 6-1shows the connection of two Linear Hall sensors to a micro controller.

(oI Sonsor | =
| Module I Voltage Supply Voltage Supply Module
: | Sensor uC
| |
| | VDD ucC
| i /\/7% Vdd
|
R R i
|
1470F = | 4998 T j_ CCint
: oo : 1nF
I 4.7nFT I GND T
| . I . VGenD
| |
| |
| | 1 CCin2
| | 2k2
' Voo I out2
| TLE _, | 50
| 47nF = 4998 Tﬂ o1

|
: GND | 1nF =—

4.7nF

| |
| . |
S ———

Figure 6-1 Application Circuit
Note: For calibration and programming, the interface has to be connected directly to the OUT pin.

The application circuit shown should be regarded as an example only. It will need to be adapted to meet the
requirements of other specific applications. Further information is given in Chapter 9.

Technical Product Description 17 Revision 1.0, 2014-05-21
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PG-TDSO0-8-2 Package Outlines

7 PG-TDSO-8-2 Package Outlines
A 5401 i
B |
g : [T [ [ [ } [ [ [ ] GAUGE PLANE
eV [T [
<|Z SEATING PLANE
8 il i B FOOTPRINT
:F :F :F :F -RECOMMENDATION-
‘ ‘ ‘ ‘ REFLOW SOLDERING
=
! 134 (8x) g
T =+ NS
- =+ |
i =+ 1
1) OUTER DIMENSION DOES NOT INCLUDE PROTRUSION OR INTRUSION OF 0.15 PER SIDE
Figure 7-1 PG-TDSO-8-2 (PG-TDSO-Plastic Green Thin Dual Small Outline), Package Dimensions
71 Distance Chip to package
Figure 7-2 shows the distance of the chip surface to the PG-TDSO-8-2 surface.
DISTANCE CHIP TO TOP SIDE OF IC
Figure 7-2 Distance of chip surface to package surface
7.2 Moisture Sensitivity Level (MSL)

The PG-TDSO-8-2 fulfills the MSL level 3 according to IPC/JEDEC J-STD-033B.1.

Technical Product Description 18 Revision 1.0, 2014-05-21
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PG-TDS0-8-2 Package Marking

8 PG-TDSO-8-2 Package Marking

"RONTSIDE H H H H

(1L)

)
(0.7)

(4.02)

(0.5)

(0.8)
Q SN

= \

—
[w)

GREEN IDENTIFICATION lj U U
BACKSIDE H

DATECODE

LOTCODE

(2.2)
8x0.175)

(3.2)

(1.4

5)

0
)
)
‘JE\ |
| =
1 —
OO
=
\/\
[10.175

DATA MATRIX CODE

QUIET ZONE 3,75 x 2
OCR-A CODE

Figure 8-1 PG-TDSO-8-2 (PG-TDSO-Plastic Green Thin Dual Small Outline), Package Marking
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SPC Output Definition

9 SPC Output Definition

The sensor supports a SPC (Short PWM Code) protocol, which enhances the standardized SENT protocol (Single
Edge Nibble Transmission) defined by SAE J2716. SPC enables the use of enhanced protocol functionality due

to the ability to select between “synchronous”, “range selection” and “ID selection” protocol mode. The following
tables give an overview of relevant registers to chose the appropriate SPC mode.

Table 9-1 SPC Mode Registers

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Protocol register P 2 bit

ID register ID 2 bit R

1) The ID register is only actively used in ID selection mode.

Table 9-2 SPC Mode Selection

Mode Parameter PMSB Parameter PLSB Explanation
Synchronous 0 No effect Section 9.2.2
Dynamic range selection |1 0 Section 9.2.3
ID selection 1 1 Section 9.2.4
9.1 Basic SPC Protocol Definition

As in SENT, the time between two consecutive falling edges defines the value of a four bit nibble, thus
representing numbers between 0 and 15. The transmission time therefore depends on the transmitted data values.
The single edge is defined by a 3 unit time (UT) low pulse on the output, followed by the high time defined in the
protocol (nominal values, may vary by tolerance of internal RC oscillator, not including analog delay of the open
drain output and influence by external circuitry, unit time programming see Section 9.2). All values are multiples
of a unit time frame concept. A transfer consists of the following parts, depicted in Figure 9-1:

» Atrigger pulse by the master, which initiates the data transmission

» A synchronization period of 56 UT (in parallel, a new sample is calculated)

» A status nibble of 12-27 UT

+ Between 3 and 6 data nibbles of 12-27 UT each (number is programmable, see Table 9-4), representing the
Hall value and temperature information

*+ ACRC nibble of 12-27 UT

* An end pulse to terminate the SPC transmission.

o Master Sync Status Data Data Data
Line idle Trigger | frame I' Nibble ! Nibble 1 | Nibble 2 | Nibble 3
IPul'se |

ouT '
.
]

Data Data Data Data CRC End Pulse Available for

Nibble3 | Nibble 4* : Nibble 5% : Nibble 6* I Nibble ! | next sample

* Data Nibbles 4 to 6 are optional (programmable )

Figure 9-1 SPC Frame
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The CRC checksum includes the status nibble and the data nibbles and can be used to check the validity of the
decoded data. The sensor is available for the next sample 90 ps after the falling edge of the end pulse. The
sampling time (when values are taken for temperature compensation) is always defined as the beginning of the
synchronization period. During this period, the resulting data is always calculated from scratch.

The number of transmitted SPC nibbles is programmable to customize the amount of information sent by the
sensor. The frame contains a 16 bit Hall value and an 8bit temperature value in the full configuration.

Table 9-3 Frame Register

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Frame register F 2 bit -

Table 9-4 Frame Selection

Frame Type Parameter F Data Nibbles

16 bit Hall, 8 bit temperature 0 6 nibbles

16 bit Hall 1 4 nibbles

12 bit Hall, 8 bit temperature 2 5 nibbles

12 bit Hall 3 3 nibbles

The temperature is coded as an 8 bit value. The value is transferred in unsigned integer format and corresponds
to the range between -55 °C and +200 °C, so a transferred value of 55 corresponds to 0 °C. The temperature is
additional information and although it is not calibrated, may be used for a plausibility check, for example. Table 9-5
shows the mapping between junction temperature and the transmitted value in the SPC frame.

Table 9-5 Mapping of Temperature Value

Junction Temperature Typ. Decimal Value from Sensor Note

-55°C 0 Theoretical lower limit"
0°C 55 -

25°C 80 -

200 °C 255 Theoretical upper limit"

1) Theoretical range of temperature values, not operating temperature range.

The status nibble allows to check internal states and conditions of the sensor.

» Depending on the selected SPC mode, the first two bits of the status nibble contain either the selected
magnetic range or the ID of the sensor and allow therefore an easy interpretation of the received data.

» The third bit is set to 1 for the first transmission after the sensor returns from an overvoltage operation with
disabled open drain stage to regular operation (see Chapter 7).

+ The fourth bit is switched to 1 for the first data package transferred after a reset. This allows the detection of
low-voltage situations or EMC problems of the sensor.

Technical Product Description
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9.2 Unit Time Setup

The basic SPC protocol unit time granularity is defined as 3 us. Every timing is a multiple of this basic time unit.
To achieve more flexibility, trimming of the unit time can be used to:

» Allow a calibration trim within a timing error of less than 20% clock error (as given in SAE standard)
» Allow a modification of the unit time for small speed adjustments

This enables a setup of different unit times, even if the internal RC oscillator varies by £20%. Of course, timing
values that are too low could clash with timing requirements of the application and should therefore be avoided,
but in principle it is possible to adjust the timer unit for a more precise protocol timing. The output characteristic
depends on the external load, the wiring, as well on the pull-up voltage and the temperature. Furthermore,
sufficient driving capability of the sensor counterpart (ECU) is mandatory, in order to be able to maintain the herein
given master pulse requirements. All these parameters have considerable influence to find the proper unit time
setup.

Table 9-6 Pre-divider Setting

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Register size Prediv 4 bit Pre-divider"

Unit time tunT 2.0 3.88 |us Clkynr=8 MHZz?

1) Prediv default is decimal = 8 for 3 ys nominal SPC unit time.
2) RC oscillator frequency variation + 20%.

The nominal unit time is calculated by:

Fimar = (Prediv+16)/ Cl,

Clk,,r = 8MHz +20% o)

9.21 Master Pulse Requirements

An SPC transmission is initiated by a Master pulse on the OUT pin. To detect a low-level on the OUT pin, the
voltage must be below a threshold V. The sensor detects that the OUT line has been released as soon as Vy,,
is crossed. Figure 9-2 shows the timing definitions for the master pulse. The master low time ¢, as well as the
total trigger time ¢, are individual for the different SPC modes and are given in the subsequent sections.

Itis recommended to choose the typical master low time exactly between the minimum and the maximum possible
time: Zoiowtyp = (miow,min + fmiow.max) / 2- Although the allowed timing windows are larger for longer low times, the
master should use a crystal oscillator clock source to provide a high timing accuracy (approx. 1%). For improved
robustness, the master pulse can be adopted by the master once the effective unit time is known through the
sensor’s synchronisation period length. If the master low time exceeds the maximum low time, the sensor does
not respond and is available for a next triggering 30us after the master pulse crosses V. t4tot is the delay
between internal triggering of the falling edge in the sensor and the triggering of the ECU.
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Table 9-7 Master Pulse Parameters

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Falling edge threshold Vin 1.1 1.3 1.7 \ -

Rising edge threshold Viee 1.25 [143 |18 \Y -

Total trigger time b 10.8 |13 16.3 |UT  |Synchronous mode"?
466 |56 70 uTt Dyn. range mode "2
75 90 113 |UT ID selection mode M2

Master delay time fmd tot 37 |58 |79 |us 3

1) UT = Programmed nominal SPC unit time

2) Trigger time in the sensor is fixed to the number of unit times described in the “typ.” column, but the effective trigger time
varies due to the sensor’s clock variation

3) ForVpp =5V, R =22KkW, C, =4.7 nF, ECU trigger level Vi gcy =2V

tmtr //
)
ouT
\ Vin - CU tri

r,max

Vint,max ———\‘— _EC %Jet/rgger

) Vth . mi
Vintmin ———-% pm
‘\.......
tmlow,min
- >
tmlow,max

Figure 9-2 SPC Master Pulse Timing

9.2.2 Synchronous Transmission

In the “synchronous” mode, the sensor (slave) starts to transfer a complete data frame only after a low pulse is
forced by the master on the OUT pin. This means that the data line is bidirectional - an open drain output of the
micro controller (master) sends the trigger pulse. The sensor then initiates a sync pulse and starts to calculate the
new output data value. After the synchronization period, the data follows in form of a standard SENT frame,
starting with the status, data and CRC nibbles. At the end, an end pulse allows the CRC nibble decoding and
indicates that the data line is idle again. The timing diagram in Figure 9-1 visualizes a synchronous transmission.

Table 9-8 Master Pulse Timing Requirements for Synchronous Mode

Parameter Symbol Values Unit |Note / Test Condition

Min. |Typ. |Max.

Master low time Lntow 15 |275 |4 uth |-
1) UT = Programmed nominal SPC unit time.
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Sensor T CPU
VDD |j
ouT T T_ Capcom-Unit
GND T T J_<— j:H Outpin (OD)
Figure 9-3 Bidirectional Communication in Synchronous Mode
9.2.3 Synchronous Transmission Including Range Selection

The low time duration of the master can be used to select the magnetic range of the sensor in SPC dynamic range
selection mode.

Table 9-9 Master Pulse Timing Requirements for Dynamic Range Mode

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Master low time Lrotow 15 [325 |5 UTY |Range = 200 mT (R=0)

9 12 15 uTt Range = 100 mT (R=1)
24 315 |39 uT Range = 50 mT (R=3)

1) UT = Programmed nominal SPC unit time.

The range information in the status bit can be used to determine whether the range has been properly identified.
Changing the range takes some time due to the settling time of internal circuitry. The first sample after a range
switch therefore still displays a value sampled with the old range setting and the second transmission after
changing the range displays the new range with reduced accuracy.

9.24 Synchronous Mode with ID Selection

This functionality is similar to the previous mode, but instead of switching the range of one sensor, one of up to
four sensors are selectable on a bus (bus mode, 1 master with up to 4 slaves). This allows parallel connection of
up to 4 sensors using only three lines (VDD, GND, OUT), as illustrated in Figure 9-4.

Sensor 1 T CPU
VDD

ouT Ij _L Capcom-Unit

GND J_<— EI Outpin (OD)

H
-

Sensor 2

VDD

ouT T L
GND L

Figure 9-4 Bidirectional Communication with ID Selection

Technical Product Description 24 Revision 1.0, 2014-05-21



@ineon
-

TLE4998C8D Grade1

SPC Output Definition

In this mode, the sensor starts to transfer complete packages only after receiving a master low pulse with an 1D
that is equivalent to the programmed value in its ID register. The mapping between master low time and ID is given
in Table 9-10. A proper addressing requires the different sensors on a same bus to be programmed with the same
nominal SPC unit time. Alternatively, the sensors can be trimmed using the pre-divider settings to further reduce
their relative unit time difference for more robustness.

Table 9-10 Master Pulse Timing Requirements for ID Selection Mode

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.

Master low time Lrotow 9 105 |12 utY |ID=0
19 21 23 uT ID=1
355 |38 40.5 |UT ID=2
615 [645 |67.5 |UT ID=3

1) UT = Programmed nominal SPC unit time.
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omitted if F[0] = 1*

omitted if F[1] = 1*

state state status information
10 RR/ID | startup condition in RR / of ID
01 RR/ID overvoltage in RR / of ID
00 RR/ID normal state in RR/ of ID

description
1" +/-50mT or ID #3
10 +/-100mT or ID #2
01 +/-100mT or ID #1
00 +/- 200mT or ID #0

TRIGGER SYNC STATUS H1 H2 H3 H4 T1 T2 CRC
L XL XX X J

CRC calculation
for all nibbles

seed value: 0101

polynomial : X*+X3 +X2+1

description 1

description 2 “ description

H1 H2 H3 H4 decimal: OUT,, decimal: OUT4¢ e T2 decimal: TEMPg
(= H1*256+H2"16 +H3 ) (= OUT12*16+H4 ) (=T1"6+T2)

T B e I I B R R B I B 4095 (FSR) 65535 (FSR) 1111 | 1111 200 °C
1111 | 1111 ) 111 | 1110 4095 65534 1111 | 1110 199 °C
1111 111 | 111 : 4095 : 1111 : :

1111 | 1111 | 1111 | 0000 4095 65520 1111 | 0000 185 °C
1111 | 1111 | 1110 | 1111 4094 65519 1110 | 1111 184 °C
1111 | 1111 | 1110 | 1110 4094 65518 : : :

1111 | 1111 | 1110 : 4094 : 0101 | 0000 25 °C
1111 | 1111 | 1110 | 0000 4094 65504 0100 | 1111 24 °C
1111 | 1111 ] 1101 | 1111 4093 65503 : : :

: : : : 0011 | 0111 0°C
0000 | 0000 [ 0010 | OOOO 2 32 0011 [ 0110 -1°C
0000 | 0000 [ 0001 [ 1111 1 31 : : :

0000 | 0000 | 0001 1 0000 | 0001 -54 °C
0000 | 0000 [ 0001 | 0OOO 1 16 0000 | 0000 -55 °C
0000 | 0000 [ 0OOO [ 1111 0 15
0000 | 0000 [ 00OO | 1110 0 14
0000 | 0000 | 0OOO : 0 : Abbreviations :
TRIGGER - trigger nibble
0000 | 0000 | 0000 | 000t 0 ! SYNC - synchronization nibble
0000 | 0000 [ 0000 | 0OOO 0 0 STATUS - status nibble
CRC - cyclic redundancy code nibble
FSR — full scale range
H1..4 — hall value
T1..2 — temperature value
OUT4, — 12 bit output value
OUT4— 16 bit output value
* The number of nibbles is programmed TEMPg — 8 bit temperature value
in the frame register F

Figure

9-5

Content of a SPC Data Frame (5-8 Nibbles)

Technical Product Description

26 Revision 1.0, 2014-05-21



S TLE4998C8D Grade1

SPC Output Definition

9.2.5 Checksum Nibble Details

The Checksum nibble is a 4-bit CRC of the data nibbles including the status nibble. The CRC is calculated using
a polynomial x* +x3 + x? + 1 with a seed value of 0101.

In the TLE4998C8D Grade1 it is implemented as a series of XOR and shift operations as shown in the following
flowchart:

CRC calculation

Pre-initialization: Nibble
next Nibble
GENERATOR = 1101 |:> ‘VAIl_UEl
& xor

SEED = 0101, use this
constant as old CRC
value at first call ‘ Sl%ED

|

<<1@ <«

VALUE xor

seeo | 0 4x

v
& xoronly if MSB =1
A

— (.?ENI?OL}Y

Figure 9-6 CRC Calculation

A micro controller implementation may use an XOR command plus a small 4-bit lookup table to calculate the CRC
for each nibble.

// Fast way for any uC with low memory and compute capabilities
char Data[8] = {...}; // contains the input data (status nibble, 6 data nibble, CRC)
// required variables and LUT
char CheckSum, i;
char CrcLookup[16] = {0, 13, 7, 10, 14, 3,9,4, 1,12, 6, 11, 15, 2, 8, 5};
CheckSum= 5; // initialize checksum with seed "0101"
for (i=0; i<7; i++) {
CheckSum = CheckSum ~ Datali];

CheckSum = CrcLookup[CheckSum];

b
; // finally check if Data[7] is equal to CheckSum

Figure 9-7 Example Code for CRC Generation
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