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1.

Introduction

The following current sensor application note describes the concept, the
key features and application fields of the CFS1000 current sensor. The
operational principle is explained and the geometric dependencies and
relations needed for tailoring the CFS1000 to a wide range of applications
are discussed in detail. In addition to that, specific examples for different
current ranges, including useful design tips, are provided to the user.
1.1

non-magnetic
leadframe

ASIC

Sensor Concept

The programmable CFS1000 current sensor is designed for highly dynamic, magnetic measurements of DC, AC or pulsed currents. The CFS1000
is a closed-loop current transducer consisting of an Anisotropic Magneto
Resistive (AMR) sensor chip, two bias magnets and a signal conditioning
ASIC that are all packaged in a JEDEC compliant standard SMD SO16w
package. This allows standard assembly techniques and low assembly
costs (Fig. 1).
Contactless and in particular high bandwidth current measurements up
to 500 kHz in the range of 10 A to 1000 A are possible. The measuring
range of the current sensor is defined by the geometry of an external
current conductor. Due to the differential field measurement principle, the
CFS1000 also offers a high interference field suppression.
The high sensitivity of the used AMR effect enables excellent dynamic
response without hysteresis or saturation effects, as present in current
measurement systems using iron-cores. The large measuring range allows
the customer a high degree of design flexibility, since a wide variety of
measuring tasks can be handled with just one sensor type.
The CFS1000 is a compact, low-cost yet high-quality current sensor with
automotive qualification according to AEC-Q100, Grade 1. The concept as
a pre-qualified measuring cell enables fast adaptation, with low engineering effort, to customer-specific applications in modern power electronics. In addition, the integrated overcurrent detection is adjustable by the
customer, and supersedes additional components for realizing protective
functions.

AMR sensor
magnets

Fig. 1: CFS1000 concept

Key Features
––

Galvanic isolation from primary current

––

Coreless current measurement up to 1000 A

––

Measurement range up to three times
nominal current IPN (Peak)

––

Compensated differential field measurement
(closed-loop-principle)

––

High bandwidth current measurement:
DC, AC (up to 500 kHz)

––

Fast overcurrent detection with tunable
threshold

––

AEC-Q100 Grade 1 qualified

The CFS1000 offers a unique combination of high bandwidth, small dimensions and robustness.

Advantages
––

High linearity

1.2

––

Low temperature dependency

––

No hysteresis and saturation effects

––

Excellent accuracy

––

Temperature range -40 °C to +125 °C

––

Large signal-to-noise ratio

––

Standard SMD SO16w package

Application Fields

The development e.g. in the field of regenerative energy generation will
bring a lot of new applications for current measurement. Power inverters
for photovoltaic panels, or current monitoring in the field of electro mobility
(motor control, battery charging and monitoring) are only the most obvious
ones. Future applications will need to monitor currents in the range from
several ten Amperes up to several hundred Amperes, at high bandwidth
and good electric isolation. This requires a product with high accuracy and
inherent high flexibility like the CFS1000. The CFS1000 in SMD housing
and unipolar +5 V supply voltage is suitable e. g. for measurement tasks in
the areas:
»» Electrical speed drives (industry, E-Mobility)
»» Power electronic inverters and converters

Applicable Documents
––

CFS1000 datasheet

––

Calc-U-Bar software manual

––

CFK1000 application note

»» Photovoltaics (micro inverters)
»» Switched mode power supplies (SMPS)
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In addition, automotive, industrial and other applications in the area of power electronics, that require smaller size, lighter weight
and more efficient operation, see an increased demand for silicon carbide (SiC) and gallium nitride (GaN) wide-bandgap semiconductor solutions. Wide-bandgap semiconductors enable
»» Higher switching frequencies
»» Lower switching losses
»» Higher efficiency
»» Increased power density
The CFS1000 enables high bandwidth current measurements and therefore, allows the full leverage of the benefits of wide-bandgap semiconductors. As a result of the higher switching frequencies, less and smaller filter components (LC) are required, which in
turn reduces the total system costs. Therefore, the CFS1000 also contributes to the cost reduction, which is a major topic as well.

2.

Operation Principle

The operation principle of the CFS1000 current sensor is based
on a compensated differential field measurement. It has to be
emphasized, that the AMR-based sensor exhibits no hysteresis
as observed in iron core based Hall-sensor solutions. Due to
the high sensitivity of AMR sensors, a flux concentrator is not
necessary. It is designed for high resolution and very fast current
measurement from DC up to 500 kHz AC.
The primary current IPN to be measured is fed below the sensor,
usually through a U-shaped current conductor, as for example a
busbar (Fig. 2). In this way, a magnetic differential field (gradient) is
generated between both sides of the conductor, which is measured by the sensor element. By measuring the field gradient at two
measurement points being in close proximity, an excellent stray
field immunity is achieved.
The modulation of the sensor element is compensated by a
magnetic counter field Hcomp on the AMR-sensor chip. The value
Fig. 2: Operation principle
for this required compensating current Icomp is the proportional
measure for the primary current and represents the output signal
of the sensor. The output current can easily be transformed to an output voltage via a burden resistor. Based on the compensation of the primary field (closed-loop principle), a high linearity is realized.
Fig. 3 details the closed-loop principle. The normal operating point of the MR-resistors is at (0,0), because the magnetic field HPN
(generated by IPN) is instantaneously compensated by Hcomp (generated by Icomp). As a result, the CFS1000 has a highly linear output, which makes it competitive to closed-loop measurement systems having an iron core, but without drawbacks like hysteresis
or saturation effects.
Fig. 4 shows the transfer function of the CFS1000. At nominal primary current the nominal output current of the CFS1000 is 2 mA.
The output current scales highly linear up to threefold primary current.
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Fig. 3:

MR-resistor characteristics and closed-loop principle
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2.1

MR-Resistor

The AMR effect describes the variation of the specific
resistivity of a material, depending on the angle (α) between
an electrical current (I) through this material and an external
magnetic field (Hy). This external magnetic field is generated
by the primary current around the primary current bar. If the
external magnetic field and a current through the material are
in parallel (α = 0°), the specific resistivity reaches its maximum: R = Rmax; in case of perpendicular orientation (α =
90°), R = Rmin (see Fig. 5). The typical variation of resistivity
is in the range of 2% to 3%. Beyond the anisotropic field
strength, there is no further decrease in resistance.
The sensor cell consists of four resistors of permalloy in a
Wheatstone bridge configuration as shown in Fig. 6.
The four resistors are split in two half bridges, R1 and R2, R3
and R4, with a certain distance in between. In the following
explanations, the sensor substrate defines the xy-plane.
The resistors are oriented along the y-axis, and also the
current flow through them. With the primary current line in
parallel to the resistors, a H-field component in x-direction
will alter the resistivity. The average distance of the MR areas
of the sensor element is 1.24 mm – also called base width.
A barber pole structure is deposited at 45° to the anisotropy
axis of each MR-resistor. This increases the effective sensitivity and at the same time allows for the determination of the
direction of the magnetic field.
2.2

Differential Field (field in x-direction)

The target value of the gradient field in x-direction is 1.6
kA/m/mm (2 mT/mm), leading to target value of 1920 A/m
field difference over 1.2 mm base width of the MR-Sensor.
The origin of the coordinate system is located in the center
of the MR-sensor surface (in xy-plane). The busbar is always
located in a parallel plane below the sensor position (shift
in z-direction; see Fig. 7). The current flows into the busbar
on the right side generating the magnetic field Hx2 and flows
back on the left side generating Hx1. The difference between
both is the magnetic field gradient.
Such a magnetic differential field measurement has the
benefit, that the influence of external magnetic stray fields
is significantly reduced. Although field vectors of external
magnetic fields alter the length of Hx1 and Hx2 unevenly, the
resulting differential field vector Hdiff still has the same total
value. Due to that fact, a magnetic shielding is often not required. In addition, the CFS1000 is able to tolerate differential
field tolerances about ±10%.
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Fig. 5:
Resistance (without barber pole)
as a function of angle α.

Fig. 6:
Design of the sensor cell
as two spatially
separated half bridges
(Wheatstone bridge)

Fig. 7:
Illustration of the
busbar position
relative to the sensor
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2.3

Stabilization Field (field in y-direction)

MR resistances have an initial magnetization direction which can flip about 180°, if an external magnetic field, pointing in the opposite y-direction of the stabilization field (y-field) and being larger than this, is present. In closed-loop operation, this would lead to a
positive feedback situation as the MR-characteristics curve is inverted, which would flip the output of the CFS1000 to the opposite
voltage saturation rail. This operation error is a temporary effect, lasting as long as such field conditions are present – whereby
permanent damage would require fields above 3 T.
To avoid the flipping of the initial magnetization direction of the magnetoresistive resistors of the MR-Sensor, the MR resistances
are biased by a stabilization field generated by two permanent magnets inside the package. At sensor position, their field is typically 3 kA/m in y-direction.
As mentioned before, the sensor can still flip as soon as an external field in y-direction becomes larger than the stabilization field.
As the sensor can measure above 3 times the nominal field gradient and is supposed to operate stable for overcurrents up to 5
times the nominal current, the maximum allowed impact on the stabilization field should not exceed ±0.5 kA/m at nominal current.
Note: For applications where the maximum current is clearly limited to less than 5 times the nominal current, or stable measurement in overcurrent situations is not required, this limit (±0.5 kA/m) may be expanded. This will allow the construction of smaller
busbars.

3.

CFS1000 Sensor Device

3.1

Pinout and Description

1
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Fig. 8: Pinout of the CFS1000

Pin 1: 		

CDEL

Defines the delay time for the overcurrent detection. The intrinsic delay time (minimum delay) of the overcurrent detection is
valid for an open pin CDEL and is ≤ 500 ns. The purpose is the suppresion of false alarm caused by switching noise pulses.
This delay time Tovc(D) can be adjusted by a capacitor at CDEL to ground according to the formula.
TOVC(D) = 500 ns + 20

ns
pF

· CDEL

The maximum delay is typically 15 µs by direct connection of pin 1 to ground or a capacitor of sufficient size according to the
formula above (CDEL >> 25 pF).
»» Example:
		
Pin 2:		

A capacitance CDEL of 100 pF between pin 1 and ground defines
a total delay time of 500 ns + 100 pF x 20 ns/pF = 2.5 µs
SETTH

Is used to define the threshold for overcurrent detection (alarm output N_OVC). It is defined by the resistor divider RS1 and RS2
in Fig. 9 as a fraction of the reference voltage at REFO (nominal 2.5 V), and can be set in the range 0.5 V to (VREFO – 0.2) V.
SETTH defines the absolute maximum output current Iout,max up to where no overcurrent alarm occurs.
»» Example:

CFS1000.ANE.00
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Pin 3:		

IO U T

Is the output signal of the device, which delivers an output current proportional to the measured primary current.
This output current is bi-directional with target amplitude trimmed to ± 2 mA for full scale primary current.
Pin 4:		

FB

Is the input for the feedback loop. It is connected via RM to IOUT. Under nominal conditions (IOUT = ±2 mA), RM is set to 330 Ω
in order to achieve an output voltage drop of ±0.66 V, which will be altered around the internal reference voltage of 2.5 V.
A peak current of ±3 times IPN therefore results in an output voltage of 2.5 V ±2 V. At IOUT = 0 mA the output voltage is 2.5 V.
Keep in mind that the internal reference voltage can also be replaced by an external if desired.
Pin 5:		

R E FO

Is the reference voltage output of typ. 2.5 V with REFI at 0 V.
Pin 6:		

SUP

Connected to VSUP (5 V).
Pin 7, 8, 9, 10:

GND

Internally connected. Only one Pin must be connected to ground.
Pin 11:		

REFI

Selects the use of the internal or an external reference. There are two options:
»» 0 V ≤ VREFI ≤ 0.5 V selects the internal reference voltage of typ. 2.5 V
»» 1.2 V ≥ VREFI ≥ 2.6 V feeds this voltage as an external reference over an internal buffer to REFO and FB. This is beneficial
when using several current sensors in one application, as needed e.g. in 3-phase inverters: the internal reference of the first
sensor can be used as an external reference for the other two, eliminating small differences between the three samples.
This improves the overall accuracy of the whole system.

Pin 12, 13, 14, 15: r s v 1- 4
Reserved for factory use. Leave open, do not connect!
For more details, the reader is kindly asked to refer to the datasheet, available at www.sensitec.com
Pin 16: 		

N _ OVC

Is the active-low overcurrent alarm output.Depends on IOUT (Pin 3), SETTH (Pin 2) and the burden resistor RM according to the
following relation:

			

| IOUT | = IOUT,max >

VREFO
RM

·

(

1-

VSETTH
VREFO

)

For the above given values for VREFO = 2.5 V, RM = 330 Ω, and VSETTH = 1.67 V, the output N_OVC is put low at 2.5 mA on pin 3
(IOUT), which is 1.25 times IOUT of 2 mA.
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3.2

Application Circuitry

The application circuitry for the CFS1000 allows defining certain characteristics by using only a few external components (Fig. 9).
The magnetically sensitive area of the device is centered on the virtual connecting line between pins 7 and 10, 1 mm above PCB
of the package (see Fig. 8). For more details and specified limiting conditions please refer to the latest version of the datasheet
(available at www.sensitec.com).

Rs1

SETTH

Rs2

CFS1000

RM

IPN
Fig. 9:

4.

Application circuitry for the CFS1000

Implementation Process

For the succesful use of the CFS1000 in a user specific application the following design processflow is suggested.

1

Simulation

»» Rough design of busbar
geometry using freeware
simulation tool Calc-U-Bar
»» Estimate performance
and space consumption
of sensor/busbar
arrangement
»» Request optional 3D FEMsimulation to optimize/
finalize busbar geometry

CFS1000.ANE.00

2

Prototype

3

Product

»» Design and build
prototypes

»» Final system design, incl.
End-of-line calibration

»» Measurements and
performance tests, incl.
calibration (gain and offset)
in the application

»» Knowledge about
implementation process
can be transfered to other
products, since CFS1000
can be adapted for a wide
current range from 10 A to
1000 A.

»» Success:
Start product phase
»» Fail: Start redesign, e.g.
with further simulations
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5.

Simulation

In general, it is highly recommended to run simulations in order to get the best sensor performance. This can be done using our
analytical freeware simulation tool Calc-U-Bar or by numerical 3D FEM-simulations. A common way is to use the analytical tool
first in order to get an impression about the sensor/busbar arrangement and design targets. After that, the numerical simulation
can be used to optimize and finalize the busbar geometry to achieve the best sensor performance.
This application note is best used in combination with the Calc-U-Bar software and manual, both available at www.sensitec.com.
5.1

Analytical Simulation Tool Calc-U-Bar

Calc-U-Bar (Fig. 10) is a customer support tool, which allows first analytical design approaches to magnetic requirements of a
customized current measurement solution with Sensitec CFS1000 current sensors. The tool operates using the National Instruments LabVIEW® runtime environment (Copyright © 2018 National Instruments Corporation. All rights reserved). Based on magnetic field calculations using Biot-Savart’s Law, it can be used for first dimension estimations of the U-shaped busbar for operating
the CFS1000. Additionally, the influence of different current feeds can be investigated without the need for excessive 3D FEM-simulations (three-axis angle variation for the current feed is possible). It also includes the possibility to estimate magnetic crosstalk
or interference from adjacent current paths or field sources, which gives the possibility, to define specific spacing requirements
for multiphase arrangements. At the same time, the influence of a varying sensor position relative to the busbar is calculated. This
gives an idea towards process related positioning tolerances and their influence on the magnetic field components. For more details the reader is kindly asked to refer to the corresponding software manual. The manual contains multiple examples for various
current ranges and additional design tips, which will reduce the design-in process a lot.

Fig. 10: Analytical simulation tool Calc-U-Bar

5.2

Numerical 3D FEM-Simulation

For more complex applications, in which for instance the mounting space is limited or in which the impact of adjacent magnetic
materials or conductors needs to be taken into account, a 3D FEM-simulation is recommended. Reasons for a 3D FEM-simulations can be:
»» Isolation topics
»» Magnetic or electric shielding
»» Usage of ferrous materials close to the sensor
»» AC-effects or inhomogeneous current density distributions (field asymmetries)
»» Thermal issues due to power losses and local hot spots
Before integrating the CFS1000 sensor into a final applications/series products, it is recommended to contact the Sensitec sales
department and request such a numerical simulation support.

CFS1000.ANE.00
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6.

Design Tips

In the following, some important design tips are presented, which should be considered when implementing the CFS1000 into
an application.

Field Symmetr y
»» Symmetry of the magnetic field relative to the chip center is not mandatory, due to differential field principle, but nevertheless, will reduce non-linearity for high current arrangements. For busbar systems targeted above 100 A nominal current,
the magnetic field of the current feed may also reach field strengths above 1 kA/m at sensor position, which may cause
inhomogeneous field strengths at a single MR-resistor.

S t r a y F i e l d s 		
»» 1 kA/m stray field at sensor position is a general experienced limit for keeping its impact below 1%, as this is the nominal
field for one active chip area. The stray field immunity can be improved by applying a ferrous or Mu-metal shield.

Ferrous Materials
»» Ferrous materials in the environment of the CFS1000 may become a threat, due to their magnetic hysteresis, which may
lead to a hysteresis in the characteristics of the current sensor. Therefore, the environment has to be investigated carefully in
order to prevent operational failures. A 3D FEM-simulation can be performed if uncertainty still remains.

Skin effect
»» May lead to field strength variations, generating a larger field gradient and thus affects the sensor. The result is an increasing
gain over frequency (in frequency response) or peaking and overshooting in step response. Both can be compensated by
the use of one or more RC-stages, damping higher frequency signals to the correct level.

Te m p e r a t u r e e f f e c t s 	 
»» Temperature has a certain effect on current measurements, even though drifts are factory calibrated. Thermal effects may
influence the PCB thickness and therefore, will influence the differential field.

S m a l l c u r r e n t s ≤ 15 A 		 
»» For low nominal currents below 15 A and/or larger distances between the CFS1000 and the busbar, as may be required
due to isolation layer constraints, it might not be possible to generate the target differential field using a single U-shaped
busbar. A smaller nominal gradient is possible as long as the signal to noise ratio is still acceptable or if noise can be filtered
out for the relevant frequency range. However, a better solution is a busbar consisting of several windings or a coil in order
to achieve the nominal field gradient. Examples for such low current can be found in the CFK1000 evaluation board manual
(www.sensitec.com). Low voltage isolation requirement will improve low current measurement capability, since the currenttrack can be routed in the top-layer without isolation layer.

7.

Calibration

The CFS1000 is already pre-calibrated regarding offset, temperature coefficient (TCO) of offset and sensitivity. Nevertheless, an
additional calibration of offset and sensitivity should be performed after assembly to PCB and primary current line within the application. This end-of-line calibration compensates assembly deviations concerning the orientation CFS1000/PCB/current bar. The
calibration data is stored in an EEPROM. Four bytes are programmable, two for customer specific data and two for the end-of-line
calibration of offset and gain.
For EEPROM programming, an asynchronous serial interface (ASIF) is implemented, which uses the pin 4 (FB) as a bi-directional
digital-I/O. The detailed description of this interface (connection, protocol, commands) is given in the CFS1000 calibration manual
(available at www.sensitec.com).

CFS1000.ANE.00
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8.

Adaption to Different Current Ranges

This chapter gives a short description on the background of the flexibility of the system and focuses on
the importance and dependencies of certain geometric parameters.
As described above, a magnetic field difference between the spatially separated half bridges generates
the bridge signal of the sensor cell. Fig. 11 shows a
schematic cross section of a typical configuration of
sensor, PCB and current bar.
The brown rectangles represent the primary current line, the green one the PCB and the grey the
CFS1000 housing. The yellow squares indicate the
positions of the two sensor half bridges. The sensing
current through the resistors is flowing in y-direction.
The primary current generates a magnetic field H
around the conductor (Fig. 12).

Fig. 11: Geometric relations of primary current bar, PCB thickness and
CFS1000. Hx is the effective component of the external magnetic
field, generated by the primary current. Hdiff generates the bridge
signal. Schematic not to scale.

The magnetic field strength for an infinite long and
thin current line, at a certain spatial point, depends
on the current I flowing through the wire and the
distance r.
H =

I
2·π·r

Although this equation is strictly valid only for an
infinite long straight wire, it clearly shows the influence
of the parameters which are determining the performance of the CFS1000: the relation between the
primary current I and the radius vector r. The resulting
magnetic field vector H is oriented in parallel to this
radius vector r. The effective component of the magnetic field vector H onto the resistors is the projection
of it to the plane of the resistors, which is Hx in the
chosen notation.

Fig. 12 Magnetic field lines around a straight conductor.

The required H-field difference results from the
U-shaped primary current line, which leads to opposite current directions under each half bridge and with
this to opposite magnetic field vectors. The sensor
cell interprets the difference of both Hx-vectors. In
Fig. 13 the trend of the magnetic field in x-direction
for two current lines with 2 mm distance at 100 A is
shown by the dark line. The two colored dots indicate
the x-position of the sensor half bridges, the height h
was chosen to be 2.0 mm. Each branch sees a field
of the same magnitude, but opposite direction. In this
configuration, the difference of Hx is 1600 A/m/mm at
x = 0. The corresponding gradient of Hx is represented by the grey line.
Fig. 13: Resulting magnetic field of a U-shaped
current line (black line) and resulting
H-field difference between left and right
half bridge (grey line).

CFS1000.ANE.00

Application Note
Page 11 of 14

Subject to technical changes
February 28th2019

A ppl i cat i o n N ot e

CFS1000

MagnetoResistive Current Sensor

8.1

Radius Vector r

The length of r is determined by three parameters:
»» The width of the gap d between both straight parts of the U-shaped current line
»» The height h of the sensor element above the current line (e.g. PCB thickness)
»» The cross section of the primary current bar
These parameters might be constrained by the application.

8.2

Primary Current Bar Cross Section Influence

From Fig. 11 it becomes obvious, that the cross section of the primary current bar influences the resulting
field component Hx. In this figure, only one vector
r is drawn. Considering the cubic expansion of the
current bar, each point of the cross section will have
a different distance vector r to the sensor elements,
and with this have a different contribution to the
effective Hx-field. This is shown in Fig. 14 for the four
corners of the cross section of the current bar. In fact,
there are additional Hx-field contributions from the
second, parallel part of the U, which have opposite
directions, and are smaller due to the gap distance d.
Nevertheless, they will weaken the Hx-field (these
components are not shown in Fig. 14).
As a consequence, the dimensioning of the cross
section will have an influence of the resulting sensor
signal. For a certain height h and width d of the gap,
the resulting Hx-vector will be different for a square
or a very thin rectangular current bar cross section
of the same area. This gives an additional degree of
freedom for the optimization of the layout of the whole
system.

Fig. 14: Zoom of the geometric relations from Fig. 9. Different areas of the
primary current line contribute differently to the effective Hx-field.

The adoption to different current ranges is achieved by determining the parameters d, h, and the width and height of the primary
current bar cross section (Fig. 11). Starting point is the nominal current to be measured, which determines the needed cross section area for the ampacity of the current bar to avoid overheating due to thermal losses. This cross section area strongly depends
on the application and has to take into account constraints like active cooling, convection, embedded layers in multi-layer PCBs or
ambient operating temperature.
The concept of an external primary current bar gives a certain degree of freedom to adapt the system to a wide range of applications. To get the best signal-to-noise ratio (SNR), the field gradient should be near 1920 A/m for the full scale range of the primary
current. The target positioning is a symmetrical arrangement of primary current bar and sensor area.
The current bar can be integrated into the PCB for relatively small currents. For higher currents the current bar can be glued on the
backside of the PCB below the sensor. Sensitec offers various ready-to-use evaluation boards which cover a current range from
15 A up to 400 A or even a 3-phase evaluation board designed for 3 times 200 A nominal current.
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8.3

Currents up to 50 A

Sensitec offers three evaluation boards (CFK1015, CFK1025 and CFK1050) where the busbar is directly integrated into the PCB:
»» 15 A

»» 25 A

»» 50 A

The difference between the evaluation boards is the dimensioning of the current bar for different nominal currents (compare with
Fig. 15). In all cases the magnetic field gradient is 1920 A/m at sensor position. For currents higher than 50 A it is still possible to
integrate the busbar into the PCB. In such cases it is important to keep an eye on the maximum allowed thermal budget.

Fig. 15: CFK evaluation boards for 15 A (left), 25 A (middle) and 50 A (right).

The corresponding technical drawings and descriptions can be found in the CFK1000 application note.

8.4

Currents above 50 A

Sensitec offers four evaluation boards (CFK1100, CFK1200, CFK1250 and CFK1400) where the busbar is glued on the backside of
the PCB:
»» 100 A

»» 3 x 200 A

»» 250 A

»» 400 A

Fig. 16: CFK evaluation boards for 100 A (top left), 3 x 200 A, 250 A and 400 A (bottom right).

The corresponding technical drawings and descriptions can be found in the CFK1000 application note.
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General information
Disclaimer
Sensitec GmbH reserves the right to make changes, without notice, in the products, including software, described or contained
herein in order to improve design and/or performance. Information in this document is believed to be accurate and reliable. However, Sensitec GmbH 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. Sensitec GmbH takes no responsibility for the content in this document if provided by an information source outside of Sensitec products.
In no event shall Sensitec GmbH be liable for any indirect, incidental, punitive, special or consequential damages (including but not
limited to lost profits, lost savings, business interruption, costs related to the removal or replacement of any products or rework
charges) irrespective the legal base the claims are based on, including but not limited to tort (including negligence), warranty, breach of contract, equity or any other legal theory.
Notwithstanding any damages that customer might incur for any reason whatsoever, Sensitec product aggregate and cumulative
liability towards customer for the products described herein shall be limited in accordance with the General Terms and Conditions
of Sale of Sensitec GmbH. Nothing in this document may be interpreted or construed as an offer to sell products that is open for
acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual
property rights.
Unless otherwise agreed upon in an individual agreement Sensitec products sold are subject to the General Terms and Conditions
of Sales as published at www.sensitec.com.
Application information
Applications that are described herein for any of these products are for illustrative purposes only. Sensitec GmbH makes no representation or warranty – whether expressed or implied – 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 Sensitec products, and Sensitec
GmbH accepts no liability for any assistance with applications or customer product design. It is customer’s sole responsibility to
determine whether the Sensitec 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.
Sensitec GmbH 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 Sensitec 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).
Sensitec does not accept any liability in this respect.
Life critical applications
These products are not qualified for use in life support appliances, aeronautical applications or devices or systems where malfunction of these products can reasonably be expected to result in personal injury.
Copyright © 2019 by Sensitec GmbH, Germany
All rights reserved. No part of this document may be copied or reproduced in any form or by any means without the prior written
agreement of the copyright owner. The information in this document is subject to change without notice. Please observe that typical values cannot be guaranteed. Sensitec GmbH does not assume any liability for any consequence of its use.
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