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IGMR angle sensor applications (ofineon

Chassis height

Wiper position Steering Angle

EPS motor
Throttle pos. Pedal position

=GR valve
Clutch actuator

Transmission actuator
Oil pumps

Hydraulic pumps

Electric brake
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EC-Motor Set-up (afineon.

Pinion EC-Motor
Gear

/

TLE5012
Motor control

Motor Postion Sensing .
unit

* Up to 15bit resolution
* Absolute position 0 -360

 Fast update rates
Sensor @ - Short signal delay times
*- | » Multiple interfaces are selectable

EC-Motor Pinion Gear Magnet
/

Sensor @
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iIGMR angle sensor basics —
Spin-Valve (infineon

= Detected 1988 by Peter Grinberg / Albert Fert

= Quantum mechanical effect

= Resistance of spacer layer depends on external Magnetic Field
Direction

» GMR is only sensitive to magnetic field direction
» Unambiguous 360° detection

_ (®mlm2) = (—)GMR :

S R 2

FL (e.g. CoFe)
NML (e.g. Cu)
RL (e.g. CoFe)

B )

AR AR (1-cos®,;.,)
R

resistance (a.u.)

GMR active
region

AAF (e.g. PtMn)
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24-Aug-11 Copyright © Infineon Technologies 2006. All rights reserved. Page 6



Infineon —
Infineon
Integrated angle sensors (afineon

4 N

Manufacturing / Development / Quality

Package

Magnetic
field
sensing

Data Package
. Interface
processing PG-DSO-8 Package

Only 6mm x7mm outline
dimensions

1,75mm max height

Lead free plating

(¥

Monolithic integration Sensing Element Standard technologies
-Sensor element and data processing Vertically integrated GMR bridge Scalable data processing capabilities from
IC in one piece of silicon. with direct vias to the active basic signal conditioning to complex

structures. calculation, calibration and surveillance

-Small chip and package size algorithms.

Small sensing element ~600um

R S G G el e diameter of sensing area EEPROM also possible

Combination with standard wafer Wide range of communication interfaces and
processes I/O protection circuits can be realized
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TLE5012

High-integrated digital angle-sensor

(infineon

TLE5012
Osc
VRA VRD
PLL
X SD-
GMR ADC
_)
(_
Y SD-
GMR ADC CCU 7
Cordic
Temp iDDC Fuses | [
| | |
-~ e Ny
Hall Switch Mode Incremental PWM SPI Protocol

B emulation of 3 Hall
switches for BLDC
6-step commutat.

® 3 channels A, B,
and index Z

Channel L,—\_,—‘

Channel B

/ ! }

Forward Direction Reverse

Change
Index J 1

Bfrom 12bit@250Hz
to 12bit@2kHz

OFF = Low level

tore

Upa ON = High level
Vdd B B
tpum
L

m 15bit absolute
angle information

M 16bit sin/cos signal

B selectable update
rate 21us — 171ps
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TLES5012 —
Prediction (nfineon

angle & Comments
Magnetic Without = Prediction reduces delay
field (rediction
direction
>
 fodel le lpd time
angle A

a(t+)=2-a()-a(t-1)

a3
a2
al
/
>
t-1 t t+1 time

TLES5012 Prediction
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TLE5012
Prediction

angle A
Magnetic With Without
field Prediction Prediction
direction
tadel
o
>
 fodel le lpd time
angle A
a(t+)=2-a()-a(t-1)
a3
a2
al
/
'
t-1 t t+1 time
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TLES5012 Prediction
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Comments

= Prediction reduces delay
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TLE5012
Prediction

(infineon
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TLE5012
Synchronization

Angle-Value

Frame-Sync
Sub-Counter

(infineon

0

Readout A Readout B
| Angle_1 | Angle_2 Angle_3
Angle Update-Time Angle Update-Time Angle Update-Time -
L g

| Readout
' Delay A_ |
S

Readout
Delay B




TLE5012
Auto-calibration

- Max. and Min. Values Collection
Max.Min.
collection
AUTOCAL
Parameter
Update

Update Update

Parameter Update
(Update of SYNCH, X_OFFSET, Y_OFFSET)

y Max. Min. Collection
Xmax Yrgax
Vx Vy =Selectable via AUTOCAL
(COS) \EIN) =Autocal model
(1LSB within t,,4 until new calculated

o : P i 20 values are achieved)
"~ Angle =Autocal mode2
(only 1LSB per parameter at one full
revolution)
=Autocal mode3
(1LSB within 11.25 until new calculated
values are achieved)

Xmin o
Ymin

TLES5012 Autocalibration
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Comments

Auto-calibration enables
online parameter
calculation

Starts calculation after
one full revolution

Reduces angle errors due
to misalignment,
temperature drift and LT
drift

Angle error £ 1

Example only for X_OFFSET with
Autocal Angel mode3
= fused X_OFFSET =420
= Start of Max. Min. Collection
= After more than 360
new X_OFFSET = 425

= Difference of 5 LSB; Update
finished after 56.25
(5*11,25)
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TLE5012

Auto-calibrations example

Autocalibration Mode 1

Autocalibration Mode 3

Fused Offsets
loaded into Registers
X_OFFSET= -710
Y_OFFSET = -668

Comments
= Autocalibration Mode 1

1LSB in tupd
= Autocalibration Mode 3
1LSB in 11.25

or

Max.Min. Target Parameters

collection

X_OFFSET= -729
Y_OFFSET = -682

Parameter Update

-680
-690
-700

Offset

-720
-730

-670 -

Autocalibration Parameter Update

-710 A

ﬁ
End of Update Routine\

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Autocal Mode Schedule
[tupd or 11.25°]

—— X_OFFSET —— Y_OFFSET

TLE5012 Autocalibration Example
Copyright © Infineon Technologies 2006. All rights reserved.
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TLE5012 e eon
w/0 Autocalibration (ofineon
Angle Error
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o= e e 30mT_acal 47mT_acal o= === 56mT_acal
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TLE5009 —
IGMR angle sensor (nfineon.

DC-Offset &

Key Features

» Giant Magneto Resistance (GMR)-
based principle

« 360 contactless angle measurement

« Compensated and pre-amplified output
signals

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

» Green package with lead-free (Pb-free)
plating
% _ ///\ \ / e _
:— 45 9\ 135 180 225 /270 315 360
i ’ - — — Common Mode Voltage (Single Ended) @~  ====- COS_N
IC1 M R == Differential Signal (X) = = = Common Mode Voltage (Differential)
. ——COS_P
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TLE5009

Angle error (calibrated at RT)

(infineon

Angle error /°

Angle error (single ended) vs. Temperature and Magnetic field
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TLE5009
Angle error (calibrated over temperature)

(infineon

Angle error/°

Angle error (single ended) vs. Temperature and Magnetic field
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Infineon

i

Summary

B Depending on system setup, different sensors are available.

B iGMR angle sensors deliver after power—-on the absolute angle
position of the rotor &> Higher efficiency within commutation.

B TLE5012 and also TLE5009 are perfect suited for electrical
commutated motors.

O High Update Rate

[0 Fast/parallel Interfaces

[0 Autocalibration Algorithm (implemented within TLE5012)
[ Prediction (implemented within TLE5012)

B Sensors have already integrated safety features to support
ASIL (IS026262)

M Additional external parts can be reduced by monolithic
integration = reduced costs
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