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1 Product Description

1.1 Overview

The TLE5012 is a 360° angle sensor that detects the orientation of a
magnetic field by measuring sine and cosine angle components with
monolithic integrated Giant Magneto Resistance (iGMR) elements.

Highly precise angle values are maintained at various temperatures
throughout the device’s lifetime using an internal autocalibration
algorithm.

Data communications are accomplished with a bi-directional
Synchronous Serial (SSC)-Interface that is Serial Peripheral Interface (SPI)-compatible.

The absolute angle value and other values are transmitted via SSC or via a Pulse-Width Modulation (PWM)
protocol. The sine and cosine raw values can also be read out. These raw signals are digitally processed internally
to calculate the angle orientation of the magnetic field (magnet).

The TLE5012 is a precalibrated sensor. The calibration parameters are stored in laser fuses. At start-up, the
values of the fuses are written into flip-flops, where these values can be changed by the application-specific
parameters. The TLE5012-E0318 and TLE5012-E0742 are especially configured in a Hall-Switch emulation mode
for motors with three or seven pole pairs.

Online diagnostic functions are provided to ensure reliable operation.

Product Type Marking Ordering Code Package

TLE5012 5012 SP000477068 PG-DSO-8
TLE5012-E0318 5012E03 SP000611246 PG-DS0O-8
TLE5012-E0742 5012E07 SP000611250 PG-DS0O-8

Final Data Sheet 8 V 1.0, 2010-11
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1.2 Features

GMR-based principle

Integrated magnetic field sensing for angle measurement

Fully calibrated 0 - 360° angle measurement with revolution counter and angle speed measurement
Two separate highly accurate single-bit SD-ADCs

15-bit representation of absolute angle value on the output (resolution of 0.01°)
16-bit representation of sine/cosine values on the interface

Max. 1.0° angle error over lifetime and temperature with activated auto-calibration
Bi-directional SSC Interface up to 8 Mbit/s

Supports Safety Integrity Level (SIL) with diagnostic functions and status information
Interfaces: SSC, PWM, Incremental Interface (lIF), Hall-Switch Mode (HSM)
0.25-um CMOS technology

Automotive qualified: -40°C to 150°C (junction temperature)

ESD > 4 kV (HBM)

RoHS-compliant (Pb-free package)

1.3 Typical Applications
The TLE5012 GMR-Based Angular Sensor is designed for angular position sensing in automotive applications,
such as:

Electrical commutated motor (e.g. used in Electric Power Steering (EPS))
Rotary switch

Steering angle

General angular sensing

Final Data Sheet 9 V 1.0, 2010-11
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2 Functional Description

2.1 General

The GMR sensor uses vertical integration. This means that the GMR-sensitive areas are integrated above the
logic portion of the TLE5012 device. These GMR elements change their resistance depending on the direction of
the magnetic field.

Four individual GMR elements are connected to one Wheatstone sensor bridge. These GMR elements sense one
of two components of the applied magnetic field:

+ X component, V, (cosine) or the

* Y component, V, (sine)

The advantage of a full-bridge structure is that the amplitude of the GMR signal is doubled and temperature effects
cancel out each other.

1 - 1 [~ 7 [ 1]

GMR Resistors

(o] @) I O O @)

ADCx+  ADCx- GND ADCy+ ADCy- Vop

O v 90°

- . I [ ]

Figure 1 Sensitive bridges of the GMR sensor

Note: In Figure 1, the arrows in the resistors represent the magnetic direction which is fixed in the Reference
Layer. If the external magnetic field is parallel to the direction of the Reference Layer, the resistance is
minimal. If they are anti-parallel, resistance is maximal.

The output signal of each bridge is only unambiguous over 180° between two maxima. Therefore two bridges are
oriented orthogonally to each other to measure 360°.

With the trigonometric function ARCTAN, the true 360° angle value can be calculated, based on the relationship
of X'and Y signals.

Because only the relative values influence the result, the absolute magnitude of the two signals is of minor
importance. Therefore, it is possible to compensate for most external influences on the amplitudes.

Final Data Sheet 10 V1.0, 2010-11
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A 'Y Component (SIN)

» X Component (COS)

Vx(COS)

0° 90° 180° 270° 360°
Angle a

Vy (SIN)

Figure2  Theoretical output of the GMR sensor bridges
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2.2 Pin Configuration
8 7 6 o Center of Sensitive
Area
|
—_—_————
|
O |
1 2 3 4
Figure 3 Pin configuration (top view)
2.3 Pin Description
Table 1 Pin description
Pin No. Symbol In/Out Function
1 CLK I External Clock (selection of
interface)"
SCK I SSC Clock
CSQ I SSC Chip Select
DATA I/0 Interface DATA:
(DATA / IF_Index / HS3) SSC DATA,; IIF Index; Hall
Switch signal 3 2
5 IFA 0] Interface A:
(IIF_A/ HS1 / PWM) IIF phase A; Hall Switch signal
1; PWM 2
Voo - Supply voltage
GND - Ground
IFB 0] Interface B:
(IIF_B/HS2) IIF phase B; Hall Switch signal
22

1) Connected to Vpp --> Incremental Interface is used; connected to GND--> Interface in IF_MD is used; sampling within

Power-On Time; interface change within operation via SSC IF possible

2) Depends on external circuit of CLK and IF_MD setting

Final Data Sheet
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24 Block Diagram

TLE5012

VDD

CLK

Digital CSQ
Signal

Processing SSC Interface
Unit il

DATA

CCuU

Incremental IF IFA
o
HSM

IFB

— GND

Figure4  TLE5012 block diagram

25 Functional Block Description

2.5.1 Internal Power Supply
The internal stages of the TLE5012 have different voltage regulators.

*+ GMR Voltage Regulator VRG
» Analog Voltage Regulator VRA
» Digital Voltage Regulator VRD (derived from VRA)

These regulators are directly connected to the supply voltage Vpp.

2.5.2 Oscillator and PLL

The internal frequency oscillator feeds the Phase-Locked Loop (PLL). Therefore the external CLocK (CLK) can

also be used.

2.5.3 SD-ADCs

The SD-ADCs transform the analog GMR voltages and temperature voltage into the digital domain.

Final Data Sheet 13
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254 Digital Signal Processing Unit
The Digital Signal Processing Unit (DSPU) contains the:

+ Capture Compare Unit (CCU), which is used to generate the PWM signal

+ COordinate Rotation Dlgital Computer (CORDIC), which contains the trigonometric function for angle
calculation

» Fuses, which contain the calibration parameters

2.5.5 Interfaces
Different Interfaces can be selected:

+ SSC Interface

- PWM

* Incremental Interface
« Hall Switch Mode

2.5.6 Safety Features

The TLE5012 offers a multiplicity of safety features to support Safety Integrity Level (SIL). Sensors with this
performance are identified by the following logo:
o (10

SIL

Figure5 PRO-SIL™ Logo

Safety features are:

» Test vectors switchable to ADC input

* Inversion or combination of filter input streams

+ Data transmission check via 8-bit Cyclic Redundancy Check (CRC)
» Self-test routines

» Two independent active interfaces possible

» Overvoltage and undervoltage detection

Disclaimer
PRO-SIL™ is a Registered Trademark of Infineon Technologies AG.
The PRO-SIL™ Trademark designates Infineon products which contain SIL Supporting Features.

SIL Supporting Features are intended to support the overall System Design to reach the desired SIL (according
to IEC61508) or A-SIL (according to 1SO26262) level for the high efficiency Safety System.

SIL respectively A-SIL certification for such a system has to be reached on system level by the System
Responsible at an accredited Certification Authority.

SIL stands for Safety Integrity Level (according to IEC 61508)
A-SIL stands for Automotive-Safety Integrity Level (according to ISO 26262)

Final Data Sheet 14 V1.0, 2010-11
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3 Specifications
3.1 Application Circuit

The application circuits shown in Figure 6, Figure 7, Figure 8 and Figure 9 show the various communication
possibilities of the TLE5012.

TLE5012
< t Vpp (3.0 - 5.5V
100n |J bo ( )
—_ I 11kQ
VRA g2 VRD ciK T
PLL - :
X SD- Csa —— !
GMR ADC N o i
<SCK | ssc
Y Sio il DATA ) :
GMR i ADC < CH—F—1+—>
|
CCU v IFA (PWM) 1 g IPWM
- > »
SD- Cordic
Temp, ADC Fuses IFB LS, IFB could remain open or
| connected via 10 kQ resistor to
| GND.
| | | GND
*)recommended , e.g. 470 Q

Figure 6  Application circuit for TLE5012 with SSC and PWM Interface (using internal CLK)

Figure 6 shows a basic block diagram of the TLE5012 with PWM Interface. This interface is selectable by
connecting CLK to GND. In addition to the PWM, the SSC Interface could be used. Within the SSC Interface, the
PWM Mode is selectable between push-pull and open drain.

Final Data Sheet 15 V1.0, 2010-11
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TLE5012
h 100n T T T— Voo (3.0 - 5.5V)
—— | | |
VRA VRD | 1
CLK | | |
W j_ ) ey ey
g | a L
X SD- _csa 7 | ]
GMR ADC < ! | I
i _SCK : | :
h |
Y SD- e | |
DATA (HS3) | |
GMR ADC 1 ! L,
CcCu v IFA (HS1) l | -
>
SD- Cordic g I
Temp ADC Fuses IFB (HS2) Ly
| | | GND
*) recommended , e.g. 2.2 kQ e

Figure 7  Application circuit for TLE5012 with HS Mode (using internal CLK)

Figure 7 shows a basic block-diagram of the TLE5012 in the Hall Switch Mode. This interface is selectable by
connecting CLK to GND and CSQ to V. In addition to the HSM, the SSC Interface can be used by pulling CSQ
to GND. Within the SSC Interface, the HSM is selectable between push-pull and open drain.

TLE5012 Voo (3.0 - 5.5V) uC

A .

i 100 n ”
o T
VRA VRD |
CLK 1 i PLL

A

-
<
> SCK
: ———»
Y SD- <« .
GVMR g ADC LA >
- | I | »
CCuU v IFA (IIF_A) -
Cordic =
SD- >
Temp ADC Fuses IFB (IIF_B) -
| | | GND

*)recommended , e.g. 470 Q
**) connected to V' pp for use of internal CLK _—
***) connected to microcontroller for use of external CLK

Figure 8  Application circuit for TLE5012 with SSC Interface and IIF (using external CLK)

Figure 8 shows a basic block diagram of an angle sensor system using a TLE5012 and a microcontroller for rotor-
positioning applications. The interface configuration depicted is needed for high-speed applications such as
electrical commutated motor drives. It is possible to connect the TLE5012 to a microcontroller via the Incremental
Interface, and for safety reasons also via the SSC Interface.

Final Data Sheet 16 V1.0, 2010-11
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The TLE5012 Exxxx can be configured with PWM only (Figure 9). This is not possible with the Standard TLE5012

type.”
TLE5012
< — * Vpp (3.0 - 5.5V)
n
E B ;J'I 1kQ
VRA VRD . -:J

B |
X SD- _Csa :
GMR i@ ADC - I
SCK |
|

Y SD- 10 kQ | .

DATA DATA and IFB could
GMR ADC —-——— | open ora 20nnecgiuvi;en;gl T(Q
| | resistor to GND .
CCU v IFA (PWM) | 1 >
Cordic
|
| | | oo !
Figure 9  Application circuit for TLE5012 with only PWM Interface (using internal CLK)

1) For more information, please contact Infineon

Final Data Sheet
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3.2 Absolute Maximum Ratings

Table 2 Absolute maximum ratings

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.
Voltage on Vpp pin with respect to | Vpp -05 |- 6.5 \ Max. 40 h/lifetime
ground (Vgg)
Voltage on any pin with respectto |V -0.5 - 6.5 V Additionally Vpp + 0.5V may
ground (Vgg) not be exceeded
Junction temperature T, -40 - 150 °C
- - 150 °C For 1000 h not additive
Magnetic field induction B - - [125] |mT |Max.5min @ T, =25°C
- - |100] |[mT |Max.5h@ T,=25°C
Storage temperature Ter -40 - 150 °C | Without magnetic field

Attention: Stresses above the max. values listed here may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. Maximum ratings are absolute ratings; exceeding only one of these values may
cause irreversible damage to the device.

3.3 Operating Range

The following operating conditions must not be exceeded in order to ensure correct operation of the TLE5012. All
parameters specified in the following sections refer to these operating conditions, unless otherwise noted. Table 3
is valid for -40°C < T, < 150°C unless otherwise noted.

Table 3 Operating range

Parameter Symbol Values Unit | Note / Test Condition
Min. |Typ. |Max.
Supply voltage Voo 30 |50 |55 v Y
Output current (DATA-Pad) lo - - -25 mA |PAD_DRV =0x’, sink
current®?
- - -5 mA | PAD_DRV =10’, sink
current??
- - -0.4 mA |PAD_DRV =11, sink
current?®
Output current (IFA / IFB-Pad) lq - - -15 mA |PAD_DRV ='0x’, sink
current??
- - -5 mA |PAD_DRV ="1x’, sink
current??
Input voltage Vin -03 |- 55 \% Vpp + 0.3 V may not be
exceeded

Final Data Sheet 18 V1.0, 2010-11



@fineon
-

TLES5012

Specifications

Table 3 Operating range (cont'd)
Parameter Symbol Values Unit | Note / Test Condition
Min. |Typ. |Max.
Magnetic induction at T, = 25°C | Byy 30 - 50 mT |-40°C <T,<150°C
4)5
?) By 30 |- 60 mT |-40°C < T, < 100°C
Byy 30 - 70 mT |-40°C <T,<85°C
Expanded magnetic induction at | Byy 25 - 30 mT | Additional angle error of 0.1° ©
Tp=25°C*?
Angle range Ang 0 - 360 °
1) Directly blocked with 100-nF ceramic capacitor
2) Max. current to GND over open-drain output
3) AtVp,=5V
4) Values refer to an homogenous magnetic field (Byy) without vertical magnetic induction (B, = 0mT)

)}

)
) See Figure 10
) Oh

&2}

The field strength of a magnet can be selected within the colored area in Figure 10. By limitation of the junction
temperature, a higher magnetic field can be applied. In case of a maximum temperature T,=100°C a magnet with

up to 60mT at T,=25°C is allowed.

100
1518 e i
= & i
T 70
A
2 60 T
&
= N S
40 T E
[P N -
30 +0.1° angle error @ Oh I
-40 25 85 100 150
Temperature (°C)

Figure 10 Magnet performance (ambient temperature)

Note: The thermal resistances listed in Table 29 “Package parameters” on Page 61 must be used to calculate

the corresponding ambient temperature.

Final Data Sheet
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Calculation of the Junction Temperature
The total power dissipation P17 of the chip increases its temperature above the ambient temperature.

The power multiplied by the total thermal resistance Ry, (Junction to Ambient) leads to the final junction
temperature. Ry, is the sum of the addition of the values of the two components Junction to Case and Case to
Ambient.

+R (1)

thCA

Riya = Ryye
T, =T, +AT

AT =R, %X Por = Ryyu X Vpp X1 pp +Vour X1 oyr ) (loo, lour > 0, if direction is into IC)

Example (assuming no load on V)

Vyp =5V (2)
1,, =14mA

AT = 150{%} x (5[V]x0.014[a]+0[vA])=10.5K
For molded sensors, the calculation with Ry,,c is more appropriate.

3.4 Characteristics

3.4.1 Electrical Parameters

The indicated electrical parameters apply to the full operating range, unless otherwise specified. The typical values
correspond to a supply voltage Vpp = 5.0 V and 25 °C, unless individually specified. All other values correspond
to-40 °C < T, < 150°C.

Table 4 Electrical parameters

Parameter Symbol Values Unit | Note / Test Condition
Min. Typ. |Max.
Supply current lop - 14 16 mA
POR level Vpor 2.0 - 29 \Y Power-On Reset
POR hysteresis" Veorny |- 30 - mV
Pull-Up current lpy -10 - -225 pA csQ
-10 - -150 pA DATA
Pull-Down current lep 10 - 225 MA SCK
10 - 150 pA CLK, IFA, IFB
Power-on time toon - 5 7 ms Voo > Vopmin?

1) Not subject to production test - verified by design/characterization
2) Within “Power-On Time,” write access is not permitted

Final Data Sheet 20 V1.0, 2010-11
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Table 5 Electrical parameters for 4.5V < V, < 5.5V

Parameter Symbol Values Unit | Note / Test Condition

Min. Typ. |Max.

Input signal low level Vs - - 03Vpy |V
Input signal high level Vs 0.7 Vpp |- - \Y
Output signal low level Vois - - 1 \Y DATA; I =-25mA

(PAD_DRV="0x), I = - 5 mA
(PAD_DRV="10"), 4 = - 0.4 mA
(PAD_DRV="11)

- - 1 Vv IFA,IFB; Iq = - 15 mA
(PAD_DRV="0x), I = - 5 mA
(PAD_DRV="1x)

Table 6 Electrical parameters for 3.0V < V, < 3.6V

Parameter Symbol Values Unit | Note / Test Condition

Min. Typ. |Max.

Input signal low level Vi3 - - 0.2Vpy |V
Input signal high level Vs 0.8 Vpp |- - \Y
Output signal low level Vois - - 0.9 \Y DATA; Ig=-15mA

(PAD_DRV="0x), I = - 3 mA
(PAD_DRV="10"), I = - 0.24 mA
(PAD_DRV="11)

- - 0.9 Vv IFA,IFB; Iq = - 10 mA
(PAD_DRV="0x), I = - 3 mA
(PAD_DRV="1x)

3.4.2 ESD Protection

Table 7 ESD protection

Parameter Symbol |Values Unit |Notes
min. max.
ESD voltage Viam - 4.0 kV Human Body Model"
Vsom - +0.5 kV Socketed Device Model?

1) Human Body Model (HBM) according to AEC-Q100-002
2) Socketed Device Model (SDM) according to ESDA/ANSI/ESD SP5.3.2-2008
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3.4.3 GMR Parameters
All parameters apply over By, = 30mT and T, = 25°C, unless otherwise specified.

Table 8 Basic GMR parameters

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

X, Y output range RGppc - - +23230 |digits |

X, Y amplitude Ay, Ay 6000 |9500 |15781 digits
3922 |- 20620 digits |operating range

X, Y synchronism 2 k 87.5 |100 [112.49 %

X, Y offset ¥ Oy, Oy -2048 |0 +2047 digits

X, Y orthogonality error ) -11.25 |0 +11.24 °

X, Y without field X0 Yo -5000 |- +5000 digits | without magnet ¥

1) See Figure 11

2) k=100"(A/Ay)

3) Oy=(Ymax * Ymn) / 2; Ox = (Xyax + Xuin) / 2

4) Not subject to production test - verified by design/characterization

Figure 11  Offset and amplitude definition
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344 Angle Performance

After internal calculation the sensor has a remaining error, as shown in Table 11. The error value refers to B, =
OmT and the operating conditions given in Table 3 “Operating range” on Page 18.

The overall angle error represents the relative angle error. This error describes the deviation from the reference
line after zero angle definition.

Table 9 Angle performance

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

Overall Angle Error (with auto- | ag,, - 0.6" [1.0 ° including lifetime and

calibration) temperature drift?34

Overall Angle Error (without auto- | ag,, - 0.6" [1.6 ° including temperature

calibration) drift2®)%

1) At25°C,B=30mT

) Including hysteresis error, caused by revolution direction change.

) Only with calibrated GMR-compensation parameters of customer setup; Relative error after zero angle definition.
) Not subject to production test - verified by design/characterization
)

a b WON

Oh

Autocalibration

The autocalibration enables online parameter calculation and therefore reduces the angle error due to
temperature drift, lifetime drift, and misalignments.

The TLE5012 is a pre-calibrated sensor. After start-up, the parameters out of the laser fuses get loaded into flip-
flops. The TLE5012 needs more than a full revolution to generate new parameters. The update mode can be
chosen within the Interface Mode 2 register (AUTOCAL). The parameters are updated in a smooth way to avoid
an angle jump on the output. Therefore only one LSB will be changed within the choosen range or time. The
autocalibration is done continuously.

AUTOCAL Modes:

* 00: No autocalibration

* 01: Autocalibration Mode 1. Only one LSB to final values within the update time t,,4 (depending on FIR_MD
setting).

» 10: Autocalibration Mode 2. Only one LSB update over one full revolution. After update of one LSB, the
autocalibration will calculate the parameters again.

* 11: Autocalibration Mode 3. Only one LSB to final values within an angle range of 11.25°.

3.4.5 Signal Processing

The signal path of the TLE5012 is depicted in Figure 12. It consists of the GMR bridge, ADC, filter, and angle
calculation. Depending on the filter configuration, various total delay times are achieved. In addition to this delay
time, the delay time of the interface has to be considered. The delay time leads to an additional angle error at
higher speeds. By enabling the prediction, the signal delay time can be reduced (Figure 13). The prediction uses
the difference between current and last angle value and calculates the output value by adding this difference to
the current value. A linear prediction is thereby achieved.

at+1)=2-at)—at—-1) (3)
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Figure 12 TLE5012 signal path

At FIR_MD = 0 only raw values can be read out, due to the more time consuming angle calculation.

Table 10  Signal processing

Parameter Symbol Values Unit |Note / Test Condition
Min. |Typ. |Max.
Update rate at interface tupd - 213 |- VIS FIR_MD = 0 (only raw
values)"?
- 427 |- us FIR_MD =192
- 853 |- us FIR_MD = 2 (default)h?
- 1706 |- us FIR_MD = 3"2
Angle delay time® togel - 60 70 Us FIR_MD = 192
- 80 95 us FIR_MD =22
- 120  |140 us FIR_MD =3"2
Angle delay time with prediction® tadel - 20 30 us ::);I):{_MD =1; PREDICT =1
- 5 20 us !:)IZI)?_MD =2; PREDICT =1
- -40 -20 us ::)LI)?_MD =3; PREDICT =1
Angle noise Nangle - 011 |- ° FIR_MD = 0, (1 sigma)?
- 0.08 |- ° FIR_MD =1, (1 sigma)?
- 0.05 |- ° FIR_MD =2, (1 sigma)?
(default)
- 0.04 |- ° FIR_MD = 3, (1 sigma)?

1) Depends on internal oscillator frequency variation (Section 3.4.6)
2) Not subject to production test - verified by design/characterization
3) Valid at constant rotation speed
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Figure 13 Delay of sensor output
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