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Summary
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the design-in process of the device by several application and circuit examples. The document is illustrated with
diagrams and figures to underline the given information. Further the functional background of the
magnetoresistive effect (MR) will be explained.
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The magneto resistive effect

Magnetoresistive sensors (MR sensors) of NXP Semiconductors make use of the fact
that the electrical resistance of certain ferromagnetic alloys, such as permalloy, is
influenced by the external magnetic fields. This solid state magnetoresistive effect — or
anisotropic magnetoresistance (AMR) — is easily realized in thin film technology, allowing
the production of precise but also cost effective sensors.

The purpose of this paper is to provide the necessary background for system design with
NXP’s KMZ60 magnetoresistive angle sensor.

Advantages of MR technology

As the magnetoresistive effect is naturally an angular effect, its utilization for contactless
angle measurement systems fits perfectly. The underlying principle is simple: the
electrical resistance of the permalloy strip changes with the angle between the internal
magnetization vector in the strip and the vector of the electrical current flowing through it.
Consequently, to achieve accurate measurements, the only condition to be met is that
the internal magnetization vector of the permalloy must directly follow an external
magnetic field vector. This is ensured when using external field strength much higher
than the internal magnetization. As this strong external field saturates the sensor, the
actual field strength has no impact on the measurements. Only the direction of the field is
evaluated. This leads to the following advantages of the magnetoresistive angle
measurement systems:

- Independence of magnetic drift during life time

- Independence of magnetic drift with temperature

- Independence of mechanical assembly tolerances

- Independence of mechanical shifts caused by thermal stress

Additionally, MR based systems show the same advantages as all other contactless
measurement systems; they are free of wear and they can be completely encapsulated
by non magnetic material making the sensor modules robust regarding contamination
and mechanical destruction. All these advantages recommend magnetoresistive angle
measurement systems for application requiring very robust and precise but also cost-
effective solutions. This, for example, is the case in all automotive applications. All NXP
angle measurement sensors and systems cover the automotive requirements.

Angle measurement with MR technology

Magnetoresistive sensors (MR sensors) of NXP Semiconductors make use of the
magnetoresistive effect, the property of a current carrying magnetic material to change its
resistance in the presence of an external magnetic field. Fig. 1 shows a strip of
ferromagnetic material, called permalloy.
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Permalloy

Current |

Fig. 1: The magnetoresistive effect in permalloy.

Assume that, when no external magnetic field is present, the permalloy has an internal
magnetization vector M parallel to the current flow (o = 0). If an external magnetic field is
applied, parallel to the plane of the permalloy but perpendicular to the current flow, the
internal magnetization vector of the permalloy will rotate around an angle a. As a result,
the resistance R of the permalloy will change as a function of the rotation angle «, as
given by:

R =R, + AR, cos® « 1)
with a=0° =R,
a=90° =R,

R, and AR, are material constants. With the material used by NXP, AR| is in the order
of 2% to 3%. It is obvious from this quadratic equation that the resistance to magnetic
field relation is non-linear. It becomes also clear that the magnetoresistive effect is
naturally an angular effect recommending its utilization for angle measurement
applications. Here the external magnetic field carries the measurement information
between sensor and physical value to be measured.

Having this principle of operation in mind, it becomes clear that the precondition to
achieve accurate measurements is that the internal magnetization vector M must directly
follow the vector H of the external field. This can be achieved by applying an external
field H much higher than the internal field of approximately 3kA/m. When using the
KMZ60 for BLDC applications or angle measurement, it is recommended to provide an
external field of at least

H > 25kA/m )
In this case the two vectors M and H are virtually parallel to each other.

Normally, the external magnetic field is generated by permanent magnets, e. g.
samarium-cobalt (SmCo) types. Fig. 2 shows a basic set-up, where the angular position
of a rotating shaft is measured with the help of the permanent magnet fixed to it.
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Fig. 2: Basic arrangement of sensor and magnet for contact less angle measurement.

The magnetoresistive angle sensors of NXP Semiconductors are etched on a silicon
substrate, with four permalloy strips arranged in a Wheatstone bridge configuration which
are connected to the sensor supply voltage Vccs and to the sensor ground potential
GNDS. This is shown in Fig. 3.

in T Vees
R1 R2

e B I

i ! Vo
R3 R4

—l_ —l_ GNDS3

Fig. 3: Four permalloy strips in a Wheatstone bridge configuration.

According to the basic relationship given by Equation (1), the differential output signal
(+Vo, -Vo) of such a Wheatstone bridge is proportional to sin2a. This means that a
sensor comprising one Wheatstone bridge can measure an angular range of 90°. This is
visualized in Fig. 4.
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Fig. 4: Output signal from a single Wheatstone bridge sensor.

The limited angular range can be extended to 180° measurement range by using a two-
bridge arrangement combined with a signal evaluation explained below. Fig. 5 shows the
principle.

Angle range extention to 180°

Sensor A y | signal

N \ Angle a {*°

T T T I
-180 -135 -80 45 45 80 35 i

Fig. 5: Output signal from a double Wheatstone bridge sensor.

The two sensor bridges are positioned at an offset angle of 45° to each other. In this
arrangement, two output signals show an electrical phase shift of 90°. The two signals
are therefore proportional to sin2a. and cos2a., respectively. It can be proved easily that
these two signals now allow an evaluation of a 180° angular range.

Even in this arrangement, the sighal amplitudes will change with the temperature.
However, both bridges are processed in the same thin film process steps on the same
substrate and they will therefore show very similar characteristics. The KMZ60 angle
sensor has a temperature compensation implemented which can be used to compensate
the effect of decreasing amplitudes at increasing ambient temperature. This will be
explained in more detail in chapter 3.3.1.

Assuming that both output signals have no offsets or offsets have been compensated
previously, the output signals can be described mathematically as follows:
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X(a,T) =X, (T)sin 2« (3)
Y(a,T)=Y,(T)cos 2« 4)

Assuming further that the amplitudes of both signals are really identical (Xo,=Y,), because
the sensor is integrated on one chip and both bridges are supplied by the same voltage,
the unknown angle a can be determined without any error from the signals X and Y as
given by Equation (5): 1 X
o =—arctan(—)

2 Y (5)
Of course, due to the non-ideal manufacturing process, a real sensor will not show the
ideal behavior assumed above because it is affected by offsets and gain error. These
effects are discussed in chapter 4.1.

2. Angle sensor KMZ60

DOC-140793

2.1

Introduction

The KMZ60 is a magnetic angle sensor system. The magneto-resistive sensor bridges
and the integrated analogue signal amplifier are combined in one single SO8 package.

This angular measurement sensor provides two sinusoidal ratiometric analogue output
signals, with a phase shift of 90 degree. The KMZ60 can be used in a temperature
compensated operational mode as well as in a hon-compensated mode by enabling or
disabling the TCC_EN Pin.

Table 1.  Pinning information KMZ60

Pin  Symbol Description Simplified package outline
1 TCC_EN Enable TC compensation
2 VOUT1 Cosine channel output 8|:| H H H5
3 GND Ground
4 VOUT2 Sine channel output ’ H H H H4
5 VTEMP Temperature reference
output
6 GND Ground
7 Vee Supply voltage

8 POWERDOWN_EN Enable power-down
mode

The KMZ60 must be connected to a supply voltage (Vcc) between 2.7V and 5.5V at pin 7
and connected to ground (GND) at pin 3 and pin 6. The angle of the rotating magnetic
field is measured by the KMZ60 and converted into a sinusoidal and cosine output signal
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which are available at pin 2 (cosine) and pin 4 (sinusoidal) as shown in Fig. 6. To enable
the temperature compensation (TC, for detailed information see chapter 3.3.1) TCC_EN
(pin 1) must be connected to Vcc. To disable the temperature compensation TCC_EN
(pinl) must be connected to GND. Pin 1 must be either connected to V¢c or GND. It is
strongly forbidden to let pin 1 unconnected due to EMC reasons. Nevertheless the
TCC_EN pin has for safety reasons an internal pull-up circuit. Therefore the device will
be in temperature compensated mode in the case of an open connection at pin 1.

Additionally to the magnetic field angle information the KMZ60 provides a temperature
dependent output signal VTEMP at pin 5. The output voltage depends on the internal
junction temperature of the KMZ60 ASIC. The VTEMP output voltage is available in both
operational modes (enabled/disabled TC).

In the case that signals provided by the KMZ60 are not needed the device can be set into
power down mode by connecting POWERDOWN_EN pin 8 to V¢ supply. The minimum

voltage level to set the device into power down mode is Vcc-0.6V. If power down mode is
not needed pin 8 must be connected to GND.

For a detailed description of the electrical circuit diagram see chapter 3. Fig. 6 shows the
output signals of VOUT1 and VOUT2. For illustration both output signals are affected by
an offset VOoffl and VOoff2.

93%
VDD

Vout1+VOoffl

I
50% VDD

Vout2-VOoff2

7%
VDD

0 90 180 270 360
[deg]

Fig. 6: KMZ60 output signal

The output signal is valid between the output minimum limit of 7% V¢ and maximum

2.2 Application area

The KMZ60 magnetic field angle sensor is designed for brushless DC motor applications
as well as for angle measurement setup. The following section gives an introduction to
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the main application areas. Of course there are more applications thinkable which are not
mentioned here, but the basic system setup will be similar to the explained examples.

2.2.1 Brushless DC Motor application

As mentioned before, the KMZ60 is designed for BLDC application for rotational speeds
up to 25.000 rpm. The basic BLDC setup is shown in Fig. 7.

Permanent Magnet
I on Shaft

KMZ60

BLDC Motor

uC I>

ECU Power Electronic Stator Coils

Fig. 7: Basic BLDC motor setup with KMZ60.

The two output signals of the KMZ60 are connected to an analogue-digital converter in
an engine control unit (ECU) where the angle calculation from the two signals is made as
explained in chapter 1.1.2. Based on the measured and calculated position of the rotor of
the BLDC motor measured by the KMZ60 the relating coils are activated and the BLDC
motor starts to rotate. The major advantage of the KMZ60 sensor used in a BLDC
application is the availability of a continuous signal with high accuracy. This allows a
sinusoidal commutation of a BLDC motor with the following advantages:

- Lower current consumption due to precise commutation information.

- Lower noise due to lower vibration of the motor axis based on a prices
commutation.

- Smaller motor designs with high output torque due to better effectiveness of
BLDC motors with sinusoidal commutation.

Due to the physical constrains of the MR technology explained in chapter 1.1.2 the
KMZ60 has a valid measurement range of 180°. Therefore the BLDC application areas
for the KMZ60 are motors with an even number of pole pairs. For an odd number of pole
pairs the rotor position is not clearly defined. This restriction is explained in Fig. 8. The
blue vertical curves show the commutation points of the different motor setups. The red
curve is the measured angle of the KMZ60 which must be at least congruent at one point
with the blue curve to make a commutation of a motor possible. This is only the case for
motors with even pole pairs.
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Possible Not possible
Fig. 8: Restriction of KMZ60 to an even number of pole pairs of BLDC motors

2.2.2 Additional requirements for high performance angular measurement

As mentioned before the MR technology provides the possibility for a direct
measurement of the magnetic field direction. To reach high accuracy the magnetic field
has to be saturated which means for the KMZ60 a magnetic field of minimum 25kA/m.

2.2.3 Angular measurement applications

The KMZ60 sensor is originally designed for BLDC application. Nevertheless the KMZ60
is still an angle sensor. Therefore it can be used to measure the angle of a magnetic field
in several applications like throttle vales, window wiper applications and steering wheel
position. All these applications have the same basic measurement setup, shown in Fig.
2. The window wiper and steering application is shown in Fig. 79.

KMZ60 for
steering anglé.

.

KMZ60 for wiper
position

BLDC Motor
with KMZ60 for
commutation

Fig. 9: KMZ60 in window wiper application and steering application.
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2.2.4 Key parameters

Table 2 contains the key parameters of the KMZ60 as well as the limits for additional
electronic devices which are recommended for high performance functionality.

Table 2. KMZ60 Key parameters

Symbol Parameter Conditions Min. Max. Unit
Vce supply voltage 2.7 55 \Y
Tamb ambient temperature -40 150 °C
NH magnetic field rotation frequency 0 25000 rom
Hext external magnetic field strength  [1] see note 25 - kA/m
Aa angular inaccuracy [2] see note -0.1 0.1  degree
Chiockexty €Xternal blocking capacitance [3] see note 100 nF
Riee  external output load resistance  [4] see note 5 © kQ
CLoex  external output load capacitance [5] see note 0.5 10 nF

[1] Induced voltage from a rotating strong magnetic field may impact the performance but without damage.

[2] Value calculated only with third and fifth harmonic of the spectrum of output signal amplitude Vowoury and
Vowourz) by ideal homogeneous field.

[3] Between supply Vcc and pin GND, soldered close to the package.
[4] Operating as sink or source.
[5] Between pin VOUT1 and pin Vcc or pin GND and pin VOUT2 and pin Vcc or pin GND.

2.3 Block diagram KMZ60

Vee
-
I TCC_EN
] > Functional
- f control
Ru ( T POWERDOWN_EN
L
Broken bondwire
Uil detection
f
R VINIP |
= f(Ved) i > /OUT1
| VININ e D I
Current TC_comp Gain = 7
L o
multiplier .
Ir = £(Ta) Tenane” e Voo/2
8
'
n
- VIN2P . vouT2
> =
(| FINPYY Gain =
Rs —
Cs MR
PTAT 24 Sensor - Temperature VTEMP
ref —>I LALRS. sensor
GND GND\P

Fig. 10: Block diagram.KMZ60
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Fig. 10 shows the complete circuit of the KMZ60. The different parts of the device are
marked in different colors for explanation. The block diagram consisting of the MR sensor
element (green) realised by two interleaved Wheatstone bridges for cosine and sine
signals and the supporting functions for control and signal amplification. The temperature
compensation circuit (red) generates a reference current proportional to absolute
temperature, an U/l converter and a current multiplier are generating the reference
current which is supply voltage, temperature and resistor dependent. This reference
current controls the supply voltage of both sensor bridges to compensate their
temperature coefficient (TC) via a supply buffer (blue). For noise and EMC suppression
low pass filtering of the bridge supply is implemented. The bridge output voltages are
amplified by a constant factor of 42 and fed to the rail-to-rail output buffers (yellow). The
single-ended outputs are capable to drive inputs e.g. of an external Analog to Digital
Converter (ADC) referenced to the Vcc supply. For an optimal use of the ADC input
range the cosine and sine output voltages are tracking ratiometric with the supply
voltage. To achieve good signal performance, both signals are matched in amplitude and
phase. The amplifier bandwidth is sufficient for low phase delay at maximum specified
speed of rotation. Higher rotation frequencies than specified may be achieved, if an
additional phase shift is no problem within the application.

Pin TCC_EN is used to enable or disable the temperature coefficient compensation via
the functional control block. If TCC_EN is connected to V¢, the temperature coefficient
of the MR sensor signal amplitude is largely compensated by the amplifier. If TCC_EN is
connected to GND potential the amplified sensor signal with its negative temperature
coefficient is available at the outputs VOUT1 and VOUT?2. (For circuit diagram
information see chapter 3.3)

Pin VTEMP delivers a temperature dependent output voltage independent of the chosen
functional mode (purple). The VTEMP output should be connected to GND potential if not
used.

The POWERDOWN_EN input (via functional control block) switches the device into
power-down mode and sets the outputs VOUT1 and VOUT2 to high impedance. Pin
VTEMP will be drawn to the GND ground level via an internal resistance. It should be
connected to GND potential if not used. An implemented broken bond wire detection
(brown) for all internal connections to the MR sensor is drawing the output voltages
VOUT1 and VOUT?2 to the GND ground level and disables pin VTEMP in case of a
failure.

3. Introduction to KMZ60 application

DOC-140793

3.1 System Block diagram KMZ60 Application

The main purpose of KMZ60 angle sensor is to measure the angle of a magnetic field
from a permanent magnet which is rotating above the sensor. This setup can be used to
measure the position of a rotor of a brushless DC (BLDC) motor as shown previously in
Fig. 7.

A BLDC motor mainly consists of a stator (not rotation part) containing a certain number
of pole pairs which generate a rotating magnetic field by switching the coils to the motor
supply voltage in a certain order. The second part is the rotor, which consists of a shaft
and a certain number of permanent magnets. These magnets are forces to follow the
rotating field of the coils and therefore the rotor starts.

A BLDC motor is basically a synchronous machine which means, that the rotation
frequency of the rotor is equal to the rotation frequency of the magnetic field generated
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by the coils of the stator. Therefore the rotor frequency and the rotation direction can be
controlled easily by the stator coils.

To drive a BLDC motor, the position of the rotor must be known. The better the position
of the rotor is known, the better and smoother the commutation of the coils can be done.

A common commutation method is called block commutation. For block commutation the
position of rotor is detected by three Hall switches which are positioned in the stator with
typically 120° displacement to each other. Each Hall element provides a digital signal
depending on the direction of the rotating magnetic field. The detection of the rotor is not
very accurate due to the low angle resolution of the Hall switches which also affects the
performance of the commutation of the motor. Therefore a continuous signal with high
resolution as it will be provided by the KMZ60 leads to high accuracy of the motor
control, low power consumption and low noise emission of the motor itself. The basis
block diagram for such a motor management system is given in Fig. 11.

Filter —»
Voutl—">
3 BLDC
Motor g — voutz —»| Filter —m| uc —»  Power
vz Electronics
VTEMP] FI
Magnet lter © |
(optional)

Fig. 11: System block diagram with KMZ60 for BLDC motor.

For EMI reasons and signal performance analogue filters can be used between the
KMZz60 and the microcontroller. Based on the rotor position the BLDC motor is powered
by the BLDC power electronics. The filters for VOUT1 and VOUT2 have to match for high
performance.

Beside the BLDC motor application the KMZ60 can be used to measure the position of
an actuator such as throttle valves, window wiper and steering wheels etc. Most of these
actuators use an electrical driven motor, e.g. a BLDC Motor in combination with a gear
box. To reach high resolution and high performance in such a system normally two
sensors are used, one for the actuator position and in case of a BLDC motor one for the
rotor position detection. This basic arrangement is shown in Fig. 12.
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_|-> Filter >
BLDC
» Filter > uc > Power
Electronics
1'"'ifi'|"t'é"r"" _
(optional) o
4
_|-> Filter >
e.g.
Actuator » Filter > puC > Control Unit
Combustion Engine
1’""#'i’|"t’é"r"" _
(optional) o

Fig. 12: System block diagram with two KMZ60 for BLDC motor and angular measurement

application.

The BLDC motor is connected via a gear box shaft to an actuator. The actuator itself
uses a KMZ60 to detect the position. The basic electronic setup could be the same as for
BLDC applications. In this case a two stage controller algorithm (Control unit for
combustion engine and BLDC motor controller or a single uC) operates with a
communication interlink between these systems which leads to an overall close loop
control system.

Ratiometric Outputs

The KMZ60 provides three ratiometric output signals. The relative output level of the
KMZ60 depends on the supply voltage. This counts for Voutl, Vout2 and VTEMP. The
ratio between V¢ to Voutl and Vout2 respectively V¢ to VTEMP is independent on the
supply voltage, which is the main advantage of a ratiometric circuit. This is important in
the case that the ADC reference of ECU is related to the supply voltage Vcc. Fig. 13
shows the output signals of Voutl and Vout2 as ratiometric voltage levels for supply
voltages V¢c of 3.3 V and 5V. The red horizontal line marks the V¢/2 level. The offset
compensated output signals are symmetrical to the Vcc/2 level. If an ADC with a
separate reference voltage will be used, it is recommended to supply the KMZ60 with this
(buffered) reference voltage.
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KMZ60 Output signal at Vec= 3V
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Fig. 13: KMZ60 with 3.3V and 5V supply voltage.

3.3 Basic schematics for different functionality

In this section the different application modes of the KMZ60 are shown as circuit
diagrams. The different circuit diagrams combine the KMZ60 with a microcontroller and
additional resistors and capacitors.

3.3.1 KMZ60 with TC compensation

The KMZ60 provides two different functional modes which can be selected by pin 1
(TCC_EN). If pin 1 is connected to V¢, the device operates in the temperature
coefficient (TC) compensated mode. The basic circuit diagram for the KMZ60 connected
to a microcontroller is shown in Fig. 14.

DOC-140793 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Application Note Rev.1.4 — 24 January 2013 15 of 32




NXP Semiconductors KMZ60 AppliCatiOn Note

DOC-140793

3.3.2

BL Sensors

g L
1 powerbown| 8
—] TCC_EN 1 Voo
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Q T 1 VOUTL © Ve o
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; RL(o)ext ICL(o)ext -1
8
< RL(o)ext > 5kQ
SOOPF < CL(u)ex1 < 10nF
l Chiockexty > 100nF

Fig. 14: Application circuit diagram for KMZ60 with TC compensation.

In this functional mode the influence of a changing ambient temperature on the output
signal amplitude at Voutl and Vout2 is largely compensated. Therefore maximum
amplitudes of Voutl and Vout2 are almost the same over the full specified temperature
range which leads to an optimum usage of the voltage range for ADC conversion in a
microcontroller.

The disadvantage is that the TC compensation is not ideal due to a light non-linear
behavior of the MR element itself. This additional non-linear effect, coming from the TC
compensation, results in a higher angle error with one-point calibration in comparison to
a calibration with more supporting points. This effect is of less importance for BLDC
applications with implemented offset calibration after each rotation cycle, because the
calibration will directly take place at each temperature on the fly.

Please see KMZ60 data sheet for further information on output levels with TC
compensation.

Additional capacitors Cyyex) and Ciex) at pin 2 and pin4 are needed as load capacitors
to fulfill EMI demands. Both resistors and capacitors have to match for best performance.

KMZz60 without TC compensation

The temperature coefficient (TC) compensation can be switched off by connecting the
TCC_EN pin to GND potential. In this case the output signal amplitude will decrease with
increasing temperature related to the temperature coefficient of the MR sensor. In this
case the angle accuracy might be slightly reduced due to the limited resolution of the
used ADC.
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Fig. 15: Application circuit diagram for KMZ60 without TC compensation.

Please see KMZ60 data sheet for further information on output levels without TC
compensation.

Additional capacitors Cpyex) and Ciex) at pin 2 and pin4 are needed as load capacitors
to fulfill EMI demands.

KMZ60 - Power down mode

The KMZ60 device provides the possibility to switch off the device if no angular
information is needed. This could be the case when a BLDC motor or an actuator is not
needed and the overall power consumption should be reduced. By connecting the
POWERDOWN_EN pin to an output of the microcontroller which provides a signal at
KMZ60 V. level the device can be sent into power-down mode.

ClL(jext
Ll-r POWERDO! NJB
CC EN EN WNJ V((

o
(O] , o ; 2.7V -55V
9: : 4 i VOUT1 ﬁ Vee 0
ECU L Ruoer ?L(o)ext |_—3 loND = eNDH2 Colock(ex)
Q 4 X 5
9: 4 i VOUT2 VTEMP
| RL(o)ext ICL(o)ext -
Q
a
i Ri(o)ext > 5kQ
l 10nF > Cr(ojext > 500pF

ClLijext= Cblock(ext) >100nF

Fig. 16: Application circuit diagram for KMZ60 with Power-Down Mode and TC
compensation.

The outputs VOUT1 and VOUT?2 are set to high impendence to avoid power
consumption across the load resistors at the outputs. The VTEMP output is drawn to
GND by an internal resistance of 20kQ. By switching the voltage level at
POWERDOWN_EN pin to GND the power down mode will be disabled and the KMZ60
provides the specified output signals.
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A capacitor Cpowerpown_en at pin 8 is needed to fulfill the EMI demands.
KMZ60 — Temperature reference VTEMP

Additionally to the output voltages containing the angle information at VOUT1 and
VOUT?2 a temperature dependent voltage reference output is available at VTEMP (pin 5).
This output signal provides for both functional modes (with and without TC
compensation) a voltage output level related to the junction temperature on the KMZ60
ASIC. The output is made ratiometric to the supply voltage V¢ to fit to the ratiometric
ADC input of the ECU. A capacitor Cyrevp at the VTEMP pin is needed for stability
reasons and to fulfill the EMI demands. The maximum load resistor at the VTEMP output
must be between min 20kQ and max. 100kQ to get a linear behavior at the output.

— iCL(i)ext L
o
= L1
— 1 TCC EN POWERDOWN | 8 \/CC
—] — EN
I3) ) o ; 2.7V -55V
<D( 1 VoUT1 ﬁ Vee o
ECU LY Ruoex IC"@E“ Sleno S onoRl I Chlock(ext)
o ] < .
9( * 1 4 out2 ~ vTEMPR2
— Riepex ICL(f’)ex‘
8
<
L~ | RLoext iCL(o)ext Ri(ojext > 5kQ
VTEMP VTEMP
l 10nF > Cu)ext > 500pF

Crijext = Chiock(exty > 100nF
100kQ > Ri(ojext viemp > 20kQ
39nF > Cr(ojext viemp > 22nF

Fig. 17: Application circuit diagram for KMZ60 with Power-Down-Mode and TC

compensation and temperature dependent output signal VTEMP.

Fig. 18 shows the output voltage behavior of VTEMP signal over temperature. The red
curves are the limiting values; the blue curve is the average value.
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Fig. 18: VTEMP output voltage.

The internal temperature of the KMZ60 can be calculated from the output voltage in the
following way:

Calculation of VTEMP by formula

In this section, the calculation of the actual internal temperature of KMZ60 by a
mathematical formula will be explained.

The linear temperature coefficient of VTEMP voltage is varying with the supply voltage
due to the ratiometric behavior of VTEMP. Therefore the supply voltage Vccrer during
calibration of VTEMP has to be taken into account which is normally known. The supply
voltage depending linear temperature coefficient TC, of VTEMP can be calculated by
the following equation 6:
V V|-2.7V
TC,, =0.0121-0.0004 * <= [3\]/ 6)

From the formula can be seen, that a higher supply voltage leads to a lower TC,.

For the following calculation of the temperature based on VTEMP output signal it is
assumed, that the supply voltage V¢ during normal operation is the same as during
calibration. Therefore it counts:

Vee =Vecrer

The output behavior of VTEMP can be described by a linear approximation given in
equation 7:
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VTEMP /V . ) (VTEMP,, /V . )

(VTEMP,, /V¢. )*TC,

ref

Tyrewe = Tref +

()

where

Tvrewp is the calculated temperature [°C] based on the VTEMP [V] output voltage,

Tt is the temperature [°C] at which the one point calibration is done,

VTEMP/V¢c is the normalized VTEMP [V] output voltage at application temperature,
VTEMP,/Vcc is the normalized VTEMP [V] output voltage at calibration temperature and
TC,e is the linear temperature coefficient of VTEMP [V] calculated from equation 6.

If the VTEMP output is not needed, it should be connected to GND ground level or
preferably to Vcc.

4. Application Robustness

DOC-140793

4.1 System Accuracy
4.1.1 Sensor KMZ60

There are three different errors that may be caused by non-adequate magnetic field
arrangements.

These are:

- Form deviations of the sensor signals (no sinusoidal shape) and hysteresis of the
sensor response if the magnetic field H does not saturate the sensor.

- Form deviations of the sensor signals caused by a non-symmetrical sensor to
magnet arrangement (inhomogeneous magnetic field).

- Influence of external magnetic fields distorting the primary field used for
measurements.

The influence of external fields can not be described in general as these effects depend
on the actual measurement set-up. Therefore this item is not discussed within this paper.
The only possibility to get rid of external fields or to limit its impact is to use some kind of
a magnetic shielding.

In addition to these magnetic effects, there are some non-ideal properties of the KMZ60
sensor affecting the system accuracy. These are discussed in section

Less Magnetic Field Strength

A complete saturation of the sensor would require the usage of an infinite magnetic field.
Consequently, a complete saturation is impossible in practice and errors caused by fewer
magnetic fields have to be taken into account. The magnetic field strength, which is
proposed in this paper, is a compromise between the remaining error and magnet costs.
An insufficient magnetic field shows two effects. The first one is the signal form error
caused by a non-sinusoidal shape of the output signals. Due to its geometrical nature,
the maximum and minimum values will always occur at the same locations for every
sensor. Maximum values occur at the mechanical angles of 11.25°, 33.75°, 56.25°,
78.75°, 101.25°, 123.75°, 146.25° and 168.25°. No measurement errors occur at 22.5°,
45°, 67.5°, 90°, 112.5°, 135°, 157.5° and 180°.

At the recommended magnetic field strength of 25 kA/m, the measurement error is less
than 0.04° and therefore negligible. The signal form error is reversible and does not
depend on the history, as it is the case for hysteresis effects.
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Fig. 19: Influence of external magnetic field strength on angular error.

It is obvious that the measurement error caused by signal form errors can be neglected
when using a magnetic field larger than 25kA/m.

Another argument for using strong magnetic fields is the lower impact of external
magnetic stray fields.

This is especially an issue when using an unshielded application set-up.

Effects of Inhomogeneous Magnetic Fields

The sensor signal will get deformed even if sensor and magnet are not precisely aligned,
which also may cause measurement errors. The reason for these deformations is that
then the sensitive part of the sensor is not completely placed in the homogeneous part of
the magnetic field, or, in other words, the relevant part of the magnetic field used for
measurements has become inhomogeneous. As the actual angular error resulting from
an inhomogeneous field depends on the specific set-up and field strength, it cannot be
calculated in general.
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Fig. 20: Basic BLDC motor setup with KMZ60.

Non-ldeal Properties of the Components

Due to production scatter, the KMZ60 does not generate ideal output signals but shows
some variations in performance. Since continuous improvement is the target of this
sensor, please refer to the latest data sheet of the KMZ60 to get current data. In the
following sections, the different effects and their impact on system accuracy are
described in general.

Offset and Offset Drift

The sinusoidal output signals of the KMZ60 may show offsets that limit the accuracy of
the system.

From the application point of view, the offset of each channel can be subdivided into two
parts: a constant portion, which is virtually eliminated by trimming and a portion that
changes with temperature. Note that the temperature dependent portion is zero at the
temperature where the sensor system will be calibrated. Introducing an offset Ax and Ay
into the mathematical description of both signals gives:

X =X,8in2a + AX
Y =Y, c0s2a + Ay

The absolute angular error caused by offsets is also a function of the actual angle. It is
calculated as follows:

D, (Xy, Yo, a0, AX, Ay) = %arctan(Mj 1 [X05|n2a+AXJ

——arctan
Y, C0s2c ) 2 Y, €COS 20 + Ay

8
Start-up Error for BLDC motor applications
The offsets of the sine and cosine output signal have the biggest influence on the start-
up error for e. g. a BLDC motor application. The start-up error is defined as maximum

deviation by calculating the angle from the offset voltages Vseivour1y and VoiservouT2)
and the peak-to peak signal amplitudes Vyour1y and Vewoura).
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(DSTART—UP =160- \/((\/Offset(VOUTl) )2 + (Voffset(VoUT 2) )2 )/ 2 (9)

VVO(VOUTl) +VV0(VOUT 2)
The start-up error for a one point calibration is also shown in the KMZ60 data sheet.

Different Signal Amplitudes
Although processed at the same time and on the same silicon substrate, both

Wheatstone bridges may show slightly different signal amplitudes. The angular error
caused by this effect is as follows:

cI)Amplitudes(a! A) =

(10

a-— %arctan(A sin 2a j

CoS 2cx

: Xo .. _ .
with: A =— Ratio of the signal amplitudes
0
The differences of both signal amplitudes can be easily corrected by multiplying Y, with
the ratio of both amplitudes A.
Ycor = A*YO (11)

Then it counts Y¢or = Xo.

Offsetdrift and TC of Output Signal Offset

To calculate the drift of the output signal offset over a certain temperature range the
specified temperature coefficient (TC) of the output signal offset TCVxset can be used.
The TCViset IS related to Vec and is given by separate formulas, one if temperature
compensation is ON and one if the temperature compensation is OFF. When the
temperature compensation is ON the TC of output signal offset is defined as

s W 5%
TCVoffset =4 0.443-10 FT +0.34-10 E (12)
and if the Temperature Compensation is OFF as
\Y
TC ey = 10.153-10°° % (13)

where T is the temperature and V/V/K are the units of the coefficients.

Because the behavior of the TC of the output signal offset is symmetric to ground the
positive function results to the maximum limit and the negative function to the minimum
limit. Based on the known TC the calculation of the drift of the offset is possible and is
explained in a given example as following.

For example: The Offset Vset(TO) = 10mV/V of a KMZ60 device was measured at a
certain temperature T0=25°C and from -40°C till 85°C is the temperature range of
interest. An integration of the TCyse: fOrmula leads into a description of the offset drift
and for the case Temperature Compensation is ON into
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1 -6 % 2 73%
Vi (T) = [ TGl = 50.443-10°° -T2 40,3410 T

(14)

where C is the constant value due to integration. When T is set to TO and Vse(TO) to the
measured value the integration constant C can be evaluated. Where T is related to 0°C,
in that way T=25°C can be assumed as T=25 Kelvin.

For this example the maximum drift of the device is shown with the red curves in figure
21. The blue circle represents the measured value of the offset at TO and the green and
blue lines are the maximum absolute values of the offset as specified in the datasheet.
This implies that the green and blue lines are representing the absolute maximum
respectively minimum offset values in consideration of all possible drifts.

Voset Vortser OVEr Temperature, TACC=ON

0.1 T T T T T

0.08+ | = |
006- // |
0.04+ |

0.021- — — |

N (VIV)

offset

-0.02- *

\%

-0.04f .

-0.061- *

-0.08r- _

N L I I L L L
O'—JAO -20 0 20 40 60 80 100
T C)

amb (

Fig. 21: Voirset With an example for the offset drift, temperature compensation is on.

4.3 Drift of Vo, and TC of peak-to-peak Output Signal Amplitude

The normalized TC of the peak-to-peak output signal amplitude TCV, is given if
temperature compensation is ON as
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V \Y V
TCy o _20141-10° % .T? ~6.499.10° AT —0.456-10"°
0 _min K3 K2 K

\)

\Y \Y
TC,, ., =51.268-107° 72 _12563-10° LT +0.504-10° 2
oo K? K? K

(15)
and if Temperature Compensation is OFF as
6 % 3%
TCy, ,in =6.159-10 —2~T —2.749-107° —
- K K (16)
6 % 3%
TCyy mex =3.184-10 F-T -1.239-10 E

To calculate the drift of the peak-to-peak output signal amplitude out of the specified
TCV, itis possible to do the same way as for the offset drift in section 4.2.

Hence the TCV, has to be integrated and with the measured values of TO and V,(TO0) the
integration constant C can be evaluated. The result for T0=25°C and V,(T0)=0.57 V/V is
shown in figure 22.

VO: V0 over Temperature, TACC=ON
0.7 T T T T T T

0.6 _

0.4- B

VNV (VIV)

0.1~ B!

-%0 -20 0 20 40 60 80 100
T _ (°C)

amb

Fig. 22: V, with an example for output signal drift, temperature compensation is on.
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4.4 PIN classification

This chapter investigates each pin of the KMZ60 package related to the system behavior
in the case of a disturbance or malfunction (e. g. short circuit between pins, EMI, etc.)
which affects the performance of the device.

In this context a system will be defined as an electrical combination of the KMZ60, a
microcontroller and additional components (e. g. resistors, capacitors, etc.) as shown in
chapter 3.

For each pin different classes (see Table 3) are defined and described in Table 4 and a
certain detection action is given.

Definition of classes:

Table 3. Failure class definition

Class Description
A Correct Functionality: The device is working according to specification
B _Damag_ed: The device shows damage with substantial extends. Functionality
is not given anymore.
c Instable behaviour of KMZ60: The output signals are showing an instable

behaviour. Signals are possible which are not according specification.

Sensitive to EMI, EMC or floating input signals: The device is affected by
D EMI, EMC or by a floating input signal. Signals are possible which are not
according specification.

Wrong functionality of KMZ60: The device provides wrong information. One
or more signals are not according specification.

Table 4. PIN classification

Pin Function Class | Description Detection action
Number
Check the output signal
amplitude of VOUT1 and
! TCC_EN No Effects VOUT2 and VTEMP via
C direct ADC conversion
Output signals are not | Check the output signal
working according amplitude via direct ADC
spec conversion
2 VouTl C See pin 1 See pin 1
EMI on
POWERDOWN_EN
D itches to Power : :
gsm Check if the output signal
own) amplitudes are in the
VOUT1 and VOUT2: | specified range.
larger angular error
than specified.
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Calculate the average
signals at same
temperature values to
check its plausibility.

EMI on VTEMP

VOUT1 and VOUT2:

) Compare VOUT1 and
no correlation

VOUT?2 signal against

E petween magnetlc specification via ADC
field and signal output .
conversion.
level.
VTEMP: high Compare VTEMP signal

against specification via

impedance 1o Vec ADC conversion.

3 GND (auxiliary) A See pin 1 and pin 2
4 VOUT2 c
D See pin 1 and pin 2 See pin 1 and pin 2
E
5 VTEMP c
D See pin 1 and pin 2 See pin 1 and pin 2
E
6 GND A See pin 1 and pin 2
7 Vee D : . . .
= See pin 1 and pin 2 See pin 1 and pin 2
8 POWERDOWN_EN c
D See pin 1 and pin 2 See pin 1 and pin 2
E

A damage (B) may occur if the device is placed 180 deg rotated (wrong connection of
pins) and the supply current is not limited to 200mA.

5.1

DOC-140793

KMZ60 hand-driven demo kit

For application and demonstration support a demo kit is available. This chapter gives a
short introduction to the demo kit. For a detailed description please ask for
KMZ60_Demoboard_Quick_Installation_Guide.pdf.

The KMZ60 demo kit consists of a PCB which will be connected by an USB cable to a
computer. The attached CD contains the software which is necessary to drive the demo.
Fig. 23 shows the PCB.
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Fig. 23: KMZ60 hand-driven demo board.

The demo software gives users the possibility to test the different operational modes of
the KMZ60 (with or without temperature compensation mode) as well as the power down
functionality and the temperature depending output VTEMP. Also a software offset
cancellation is possible to investigate the effect of an offset calibration. The user can
communicate with the demo board via a comfortable graphical user interface. The output
signals are shown in three different modes, as digital output voltages, as angle
information, as XY-plot and in an oscilloscope window.

For further information please contact NXP Semiconductors:

Www.Nnxp.com
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6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
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damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

6.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

KMZ60 — is a trademark of NXP B.V.

© NXP B.V. 2011. All rights reserved.

Application Note

Rev.1.4 — 24 January 2013

29 of 32



NXP Semiconductors

7. List of figures

KMZ60 Application Note

BL Sensors

Fig. 1: The magnetoresistive effect in permalloy................. 4
Fig. 2: Basic arrangement of sensor and magnet for contact
less angle measurement. .........ccccceevvieeeiinneenn. 5
Fig. 3: Four permalloy strips in a Wheatstone bridge
CONFIQUIALION. ...oeveiiiiieiiece e 5
Fig. 4: Output signal from a single Wheatstone bridge
SENSOL. .eoiiiiiiiiiiiiiicice e 6
Fig. 5: Output signal from a double Wheatstone bridge
SENSOL. .eoiiiiiiiiiiiiiicice e 6
Fig. 6: KMZ60 output signal
Fig. 7: Basic BLDC motor setup with KMZ60
Fig. 8: Restriction of KMZ60 to an even number of pole
pairs of BLDC MOtOrS.........cccceveiiiieeeniieeeneeee. 10
Fig. 9: KMZ60 in window wiper application and steering
application. ........coovieee i 10
Fig. 10: Block diagram.KMZB0............ccceeeeiiiieernieieennee 11
Fig. 11: System block diagram with KMZ60 for BLDC
MOTOT ...ttt 13
Fig. 12: System block diagram with two KMZ60 for BLDC
motor and angular measurement application. .14
Fig. 13: KMZ60 with 3.3V and 5V supply voltage. ............ 15
Fig. 14: Application circuit diagram for KMZ60 with TC
COMPENSALION. ....cciviiieiiiiee e 16
Fig. 15: Application circuit diagram for KMZ60 without TC
COMPENSALION. ....cciviiieiiiiee e 17
Fig. 16: Application circuit diagram for KMZ60 with Power-
Down Mode and TC compensation.................. 17
Fig. 17: Application circuit diagram for KMZ60 with Power-
Down-Mode and TC compensation and
temperature dependent output signal VTEMP.18
Fig. 18: VTEMP output voltage. .........ccoovivrieieeeeniiiiiiiieeen. 19
Fig. 19: Influence of external magnetic field strength on
ANGUIAT EITOF. ...oeiiiiiiiiiiee e 21
Fig. 20: Basic BLDC motor setup with KMZ60................... 22
Fig. 21: Voiser With an example for the offset drift,
temperature compensation is on..................... 24
Fig. 22: V, with an example for output signal drift,
temperature compensation is on
Fig. 23: KMZ60 hand-driven demo board. ........................ 28
DOC-140793

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.

Application Note

Rev.1.4 — 24 January 2013

30 of 32



NXP Semiconductors KMZ60 Application Note

BL Sensors
8. List of tables
Table 1.  Pinning information KMZ60.............ccccccevvieennnee 7
Table 2.  KMZ60 Key parameters .........cccovevvveeeeiinneenns 11
Table 3.  Failure class definition .............cccoevvvveeeeeeennenn, 26
Table 4. PIN classification............cccccceveeiiii, 26
DOC-140793 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Application Note Rev.1.4 — 24 January 2013 31 of 32



NXP Semiconductors

9. Contents

KMZ60 Application Note

BL Sensors

1.
11
111
112

21
2.2
221
222

2.2.3
2.2.4
23

3.1
3.2
3.3
3.3.1
3.3.2
3.3.3
3.34

4.1
411
4.2
4.3

4.4

51

6.1
6.2
6.3

INtrodUCTION .o 3
The magneto resistive effect ...........ccccocvevieennnn. 3
Advantages of MR technology ...........c.cccceceenne. 3
Angle measurement with MR technology........... 3

Angle sensor KMZB0.........cccceeeeeiiiiiiiieneee e 7
INtrOAUCTION ... 7
Application area ...........ccceveiivieeiiiie e 8
Brushless DC Motor application.............c.c.c....... 9
Additional requirements for high performance
angular measurement ...........ccocvveveeeninienneennnn 10
Angular measurement applications.................. 10
Key parameters.........ccccevvieiieennieniee e 11
Block diagram KMZ60...........cccccovvveeeniiiieennnee. 11

Introduction to KMZ60 application .................. 12
System Block diagram KMZ60 Application ...... 12
Ratiometric QUIPULS .........eeevrveeeiirieeeriieee e 14
Basic schematics for different functionality....... 15
KMZ60 with TC compensation .............ccccoueee.. 15
KMZ60 without TC compensation .................... 16
KMZ60 - Power down mode............ccccoovvernene 17
KMZ60 — Temperature reference VTEMP........ 18

Application Robustness ........ccccceevieeeiiiinnnns 20
SYStEM ACCUIACY ..oeeeviiiiiiiieiiee it e e 20
Sensor KMZB0 .........cooveiiiiieiiiiieieee e 20
Offsetdrift and TC of Output Signal Offset........ 23
Drift of Vo and TC of peak-to-peak Output Signal
AMPIItUAE ...
PIN classification

DemMO Kitu.uiiiiiiieeeiiiiiecce e
KMZ60 hand-driven demo Kit ..............ccccuvveeee.. 27

Legal information ..........cccocoveiiiiiiniieeeieees 29
Definitions .......cevviiiiiiiie e 29
DISCIAIMEIS....uuiiiiieeiiiiiiec e 29
TrademarksS ...t 29

List Of fIQUIeS...ccociiiiiiie e 30

List of tables ......ooouiiiiiii 31

CoNtENTS...coviiiiiiiiie 32

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in the section ‘Legal information'.

© NXP B.V. 2011. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: 24 January 2013
Document identifier: DOC-140793



