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 Sensorless FOC for PMSM using Reduced Order

Luenberger Observer

Introduction

Current industry trends suggest that the Permanent Magnet Synchronous Motor (PMSM) is the first
preference for motor control application designers. It has strengths, such as high power density, fast
dynamic response, and high efficiency in comparison with other motors in the same category. Couple this
with decreased manufacturing costs, and improved magnetic properties, the PMSM is a good
recommendation for large-scale product implementation.

Microchip Technology Inc. produces a wide range of microcontrollers for enabling efficient, robust and
versatile control of all types of motors, along with reference designs of the necessary tool sets. This
results in a fast learning curve, and a shortened development cycle for new products.
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1. Field Oriented Control (FOC)
In case of the PMSM, the rotor field speed must be equal to the stator (armature) field speed (i.e.,
synchronous). The loss of synchronization between the rotor and stator fields causes the motor to stall.

FOC represents the method by which one of the fluxes (rotor, stator or air gap) is considered as a basis
for creating a reference frame for one of the other fluxes, with the purpose of decoupling the torque and
flux-producing components of the stator current. This decoupling assures the ease of control for complex
three-phase motors in the same manner as DC motors with separate excitation. This means the armature
current is responsible for the torque generation, and the excitation current is responsible for the flux
generation. In this application note, the rotor flux is considered as a reference frame for the stator and air
gap flux.

The particularity of the FOC in the case of a Surface Mounted Permanent Magnet type PMSM (SPM) is
that the d-axis current reference of the stator idref (corresponding to the armature reaction flux on d-axis)
is set to zero. The magnets in the rotor produce the rotor flux linkage, ΛM, unlike AC Induction Motor
(ACIM), which needs a constant reference value, idref, for the magnetizing current, thereby producing the
rotor flux linkage. The d-axis current reference for Interior Permanent Magnet type PMSM (IPM) motors is
explained later in this section.

The air gap flux is equal to the sum of the flux linkage of the rotor. This is generated by the permanent
magnets and the armature reaction flux linkage generated by the stator current. For the constant torque
mode in FOC, the d-axis air gap flux is solely equal to ΛM, and the d-axis armature reaction flux is zero.

Conversely, in constant power operation, the flux generating component of the stator current, negative id,
is used for air gap field weakening to achieve higher speed.

In sensorless control, where no position or speed sensors are needed, the challenge is to implement a
robust speed estimator that is able to reject perturbations such as temperature, switching noise,
electromagnetic noise, and so on. Sensorless control is usually required when applications are cost
sensitive, where moving parts are not allowed. For example, when position sensors are used, or when
the motor is operated in an electrically hostile environment. However, requests for precision control,
especially at low speeds, should not be considered a critical matter for the given application.

The position and speed estimation is based on the mathematical model of the motor. Therefore, the
closer the model is to the real hardware, the better the estimator will perform. The PMSM mathematical
modeling depends on its topology, differentiating mainly two types: surface-mounted motor and interior
permanent magnet (IPM) motor. Each motor type has its own advantages and disadvantages with
respect to the application needs.

The proposed control scheme has been developed for both surface-mounted and interior permanent
magnet synchronous motors. The surface mounted motor is shown in the following figure, which has the
advantage of low torque ripple and is lower in price when compared with an interior PMSM. The air gap
flux for the motor type considered is smooth therefore, the inductance value of the stator, Ld = Lq (non
salient PMSM), and the Back Electromagnetic Force (BEMF) is sinusoidal.
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Figure 1-1. Surface Mounted PM PMSM Transversal Section

Motor's Transversal Section
1. Rotor shaft.
2. Rotor core.
3. Armature (stator).
4. Armature slots with armature windings
5. Rotor's permanent magnets.
6. Air gap.

The IPM motor shown in the following figure, exhibits additional reluctance torque in addition to the
permanent magnet torque. It provides higher torque at a given operating current compared to the SPM
type. In an Interior PM motor, the reluctance of the magnetic flux path varies according to the rotor
position. This magnetic saliency results in the variation of the inductance at the motor terminal according
to the rotor position. Therefore, the effective flux length of Ld and Lq are different, Ld ≠ Lq (salient),
because of PM in the flux path. Therefore an IPM motor has inductance saliency, and it utilizes both
reluctance torque and permanent magnet torque.

Figure 1-2. IPM Transversal Section

Motor's Transversal Section
1. Rotor shaft.
2. Rotor core.
3. Armature (stator).
4. Armature slots with armature windings
5. Rotor's permanent magnets.
6. Air gap.

The torque generation of IPM motors can be expressed, as shown in the following equation.

Equation 1-1. Torque Generation of IPM Motors� = 32� Λ�+ ��− �� �� ��
Where,

p is the number of pole pairs

Ld, Lq are the d-axis and q-axis inductances respectively

id, iq are the d-axis and q-axis currents respectively

Λm is the magnetic flux linkage

The generated torque consists of both permanent magnet torque and the reluctance torque components.
The PM torque is produced by the interaction between PM and torque current of stator windings. The
reluctance torque is produced by the force acting on the magnetic material that tends to align with the
main flux to minimize reluctance. Reluctance torque is independent of permanent magnet excitation.
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In case of SPM motors, Ld = Lq and the above equation simplifies to

Equation 1-2. Torque Generation of SPM Motors� = 32�Λ���
Therefore, the generated torque consists of only the permanent magnet torque component.

1.1 Direct Axis Current Reference
In IPM motors, the quadrature (q-axis) current components in phase with corresponding BEMF voltages,
produce only magnetic torque but do not contribute in producing reluctance torque. The direct axis (d-
axis) current components 90 degrees out of phase with BEMF voltages, produce reluctance torque in
conjunction with quadrature axis currents. Therefore, there exists an infinite number of current vectors
providing the same amount of torque. For the most efficient operation, the current vector with the lowest
possible magnitude should be chosen to reduce winding losses.

By imposing a negative id, the produced torque can be increased which will be the maximum for the same
total current drawn. This is called the Maximum Torque per Ampere (MTPA) control and the idref is
calculated by:

Equation 1-3. Maximum Torque per Ampere (MTPA)�� = Λ�2 ��− �� − Λ�24 ��− �� +��2
In case of SPM motors, the quadrature axis current components, in phase with the corresponding BEMF
voltages, produce the magnetic torque and the d-axis current reference (idref) is set to zero, (i.e., idref = 0. )

The motor characteristics enable some simplification of the mathematical model used in the speed and
position estimator, while at the same time enabling the efficient use of the FOC. The mathematical model
used in the estimator is explained in the later section.

1.2 A Matter of Perspective
One way to understand how FOC (sometimes referred to as vector control) works is to form an image of
the coordinate reference transformation process. Visualizing an AC motor operation from the perspective
of the stator, a sinusoidal input current applied to the stator can be observed. This time variant signal
generates a rotating magnetic flux. The speed of the rotor is a function of the rotating flux vector. From a
stationary perspective, the stator currents and the rotating flux vector look like AC quantities.

The spinning rotor is moving at the same speed as the rotating flux vector generated by the stator
currents. Viewing the motor from the perspective of the rotor during steady state conditions, the stator
currents look like constant values, and the rotating flux vector is stationary.

The objective is to control the stator currents to obtain the desired rotating flux vector components (which
cannot be measured directly). With coordinate reference transformation, the stator currents can be
controlled like DC values using standard control loops.

1.3 Vector Control Summary
The indirect vector control process can be summarized as follows:
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1. The three-phase stator currents are measured. For currents in a motor with balanced three phase
windings, these measurements provide values ia and ib. ic is calculated by the following equation: ia + ib +
ic = 0.

2. The three-phase currents are converted to a stationary two-axis system. This conversion provides the
variables iα and iβ from the measured ia and ib and the calculated ic values. The values iα and iβ are time-
varying quadrature current values as viewed from the perspective of the stator.

3. The stationary two-axis coordinate system is rotated to align with the rotor flux using a transformation
angle calculated at the last iteration of the control loop. This conversion provides the id and iq variables
from iα and iβ. The values id and iq are the quadrature currents transformed to the rotating coordinate
system. For steady state conditions, id and iq are constant.

4. Error signals are formed using id, iq and reference values for each are shown below.

1. The id reference, controls rotor magnetizing flux.
2. The iq reference, controls the torque output of the motor.
3. The error signals are input to PI controllers.
4. The output of the controllers provide vd and vq, which are voltage vector that will be applied to the

motor.

5. A new transformation angle is estimated from the position estimation observer using vα, vβ, iα and iβ.
This new angle guides the FOC algorithm as to where to place the next voltage vector.

6. The vd and vq output values from the PI controllers are rotated back to the stationary reference frame
using the new angle. This calculation provides the next quadrature voltage values vα and vβ.

7. The vα and vβ values are transformed back to three-phase values va, vb and vc. The three-phase
voltage values are used to calculate new PWM duty cycle values that generate the desired voltage
vector.

The entire process of transforming to a rotating frame, PI iteration, transforming back to stationary frame
and generating PWM is illustrated in the following figure.

The next sections of this application note describe these steps in greater detail.
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Figure 1-6. FOC Block Diagram

Hardware blocks
1. Permanent Magnet Synchronous Motor.
2. 3-Phase Bridge - rectifier, intervert, and acquisition and protection

circuitry software blocks (run by the PIC32 device).
3. Clarke forward transform block.
4. Park forward and inverse transform block.
5. Angle and speed estimator block.
6. Proportional integral controller block.
7. Id current reference.
8. Space vector modulation block.

 
 

1.4 Coordinate Transforms
Through a series of coordinate transforms, the user can indirectly determine and control the time invariant
values of torque and flux with classic PI control loops.

The process begins by measuring the three-phase motor currents. In practice, the instantaneous sum of
the three current values is zero. Therefore, by measuring only two of the three currents, one can
determine the third. Due to this fact, hardware cost can be reduced by the expense of the third current
sensor.

1.4.1 Clarke Transform
The first coordinate transform, called the Clarke Transform, moves a three-axis, two-dimensional
coordinate system, referenced to the stator, onto a two-axis system, keeping the same reference (see the
following figure, where ia, ib and ic are the individual phase currents).
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Figure 1-7. Clarke Transform

1.4.2 Park Transform
The stator current is represented on a two-axis orthogonal system with the axis called α-β. The next step
is to transform this into another two-axis system that is rotating with the rotor flux. This transformation
uses the Park Transform, as illustrated in the following figure. This two-axis rotating coordinate system is
called the d-q axis. θ represents the rotor angle.

Figure 1-8. Park Transform
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1.4.3 Inverse Park
After the PI iteration, there are two voltage component vectors in the rotating d-q axis. The user will need
to go through complementary inverse transforms to get back to the three-phase motor voltage. First,
transform from the two-axis rotating d-q frame to the two-axis stationary frame α-β. This transformation
uses the Inverse Park Transform, as illustrated in the following figure.

Figure 1-9. Inverse Park Transform

1.4.4 Inverse Clarke
The next step is to transform from the stationary two-axis α-β frame to the stationary three-axis, Three-
phase reference frame of the stator. Mathematically, this transformation is accomplished with the Inverse
Clark Transform, as illustrated in the following figure.

Figure 1-10. Inverse Clark Transform
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1.5 Sensorless Position Estimation

1.5.1 Luenberger Observer
The Luenberger Observer is a general method used to find out the internal state of a linear system, when
the inputs and the outputs are known.

Here the implementation of Reduced Order Luenberger Observer is described for the BEMF. The BEMF
vector position is found with an arctan() operation from the BEMF components, which are derived from
the Luenberger observer internal state variables. Now the flux vector position is found since its position
lags BEMF by 90°.

The speed is obtained from the position derivative. This needs to be heavily filtered to give good results.
A fourth order filter can be used, composed by a first order FIR filter (moving average) followed by three
equal first order IIR filters.

The Reduced Order Luenberger Observer provides good results for both steady state and dynamic
operating conditions.

1.5.2 Reduced Order Luenberger Observer
Figure 1-11. Reduced Order Luenberger Observer

Figure 8

Observer

i
i
V

V

e

e

Z Z(n+1)

Z Z(n+1)

The discrete implementation of the Reduced Order Luenberger Observer is shown in the previous figure,
and is represented by the following equations.
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Equation 1-4. Discrete Implementation of the Reduced Order Luenberger Observer�� � + 1 = 1 − ℎ �� � + ℎ���� − �� ℎ�� � − ����� � + ℎ�� � − ����� ��� � + 1 = 1 − ℎ �� � + ℎ���� − �� ℎ�� � + ����� � + ℎ�� � + ����� �
The estimated BEMF is calculated using the following equation:

Equation 1-5. Estimated BEMF�� � = �� � − ℎ���� �� � + ����� ��� � = �� � − ℎ���� �� � − ����� �
Where��, �� - Imaginary Internal State variables represent no physical parameter in α-β reference frame.��, �� - BEMF State variables in α-β reference frame.

Tc – Computational Step time of the observer. Typically it is the control loop period.

Rs – Per Phase Stator resistance of the motor.

Ls - Per Phase Synchronous inductance of the motor.

ω - Electrical speed of the motor in rad/sec.

The constants to be considered are as follows:

Equation 1-6. Constant 10 < ℎ < 1(arbitrary, its value determines the system dynamics)

Equation 1-7. Constant 2� = ℎ����
Equation 1-8. Constant 3�0 ≜ 1 − ℎ
Equation 1-9. Constant 4�1 ≜ � − ��
Equation 1-10. Constant 5�2 ≜ ���
Equation 1-11. Constant 6�3 ≜ ���
The variables c2 and c3, which are speed dependent, should be recomputed at every iteration.

1.5.3 Phase Angle Correction
The phase angle (rotor position) is computed from the phase current measurements taken in previous
cycles. The phase currents measured at the beginning of the control loop cycle are produced by the
corresponding voltages applied in the previous cycle. These currents and these voltages are used to
estimate the phase angle, which is used to determine the phase voltages for the next cycle.
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The total delay is comprised between one and two sampling periods therefore, the error in the phase
estimation is shown in the following equation.

Equation 1-12. Phase Estimation ErrorΔΦ = ����, 1 ≤ � ≤ 2
When the speed is low, the error is negligible, but when the speed is high it is necessary to keep it into
account (i.e., 18000 rpm in a 4 poles motor means 3770 rad/s, with PWM Frequency of 10 kHz, with k =
1.5, 0.565 rad that is 32.4°).

Figure 1-21. When the PWM Frequency and the Control Frequency are the Same

Current Sampling
Current Reading
Phase Estimation
Voltage Setting (Duty cycle update)

PWM Period
Control Period
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Figure 1-22. When the PWM Frequency is an Integer Multiple of the Control Frequency

When the PWM Frequency is an Integer Multiple of the Control Frequency

PWM Period
Control Period

1.6 Proportional Integral Controller Background
The Proportional Integral (PI) controller shown in the following figure uses the measurement of the
controlled quantity (Y) to calculate an “error,” which corrects the quantity used for the control (X).

The quantity which operates on the plant (X) is computed as the sum of a term proportional to the error
and a term proportional to the integral of the error.

The proportional term alone is inadequate in all the cases in which a non-zero control quantity is needed
in steady state.

This “offset”, which allows the zeroing of the error in steady state, is given by the integral action.

Figure 1-23. Proportional Integral Controller

Kp

KI

Plant

Z‐1

Ref Error

Actual

X Y

Figure 10

When the output (X) of the PI controller reaches its saturation value, and if the error is not zero, the
integral memory continues to grow up.
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In these conditions, to avoid numerical problems or delayed action when the error changes its sign, a
correction of the integral action is needed. This “anti-windup” can be a simple clamp of the integral
memory, or it can consist in a more or less sophisticated integral action modification strategy.

A good compromise between the complexity and the achievable results can be the following strategy:

• When the output is saturated, and the error has the same sign of the output, then the integration is
stopped, even if the integral memory is still under its saturation level

• Another good strategy is to limit the integral memory under a clamp value obtained by subtracting
the proportional action to the maximum allowable output value

1.6.1 Control Loop Dependencies
There are three interdependent PI control loops in this application. The outer loop controls the motor
velocity. The two inner loops control the transformed motor currents, id and iq. As mentioned previously,
the id loop is responsible for controlling flux, and the iq value is responsible for controlling the motor
torque.

1.7 Space Vector Modulation
The final step in the vector control process is to generate pulse-width modulation signals for the three-
phase motor voltage signals. In this application note the clamped (Flat top) modulation is explained. This
type of modulation has an advantage of reducing switching losses compared to the conventional
SVPWM.

Three phase voltages can be obtained from the projection of a single vector on three axes displaced each
other 120 degrees as shown in the following figure. The same phase voltages can be obtained from the
projections of three vectors displaced each other 120 degrees on a single axis as shown in the following
figure.

Figure 1-24. Three Phase Voltage Vectors
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VXA=V COS()
VXB=V COS(‐ 120°)
VXC=V COS(+ 120°)

VAB = VXA‐ VXB
VBC = VXB‐ VXC

VCA = VXC‐ VXA

Figure 11
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The voltage differences do not depend on the position of the vectors in the X axis. This means that the
phase-to-phase voltages are not influenced by the common offset of the single-phase voltages, called a
homopolar component (this is the mean value of the three single-phase voltages).

Consider these points:

• Since no neutral connection is present in normal motors, the homopolar component of the applied
phase voltages (phase-neutral voltage) has no influence on the motor.

• We are interested in the phase-to-phase voltages rather than the phase-to-neutral voltages.
• The maximum amplitude for the sinusoidal voltage of [(vBUS/2)(1+sin(ωt))] is vBUS/2 with the

sinusoidal midpoint (offset) at vBUS/2, referred as phase voltage (Refer to Maximum Voltage
Amplitude below). For phase-to-phase voltages this limit becomes vBUS*√(3)/2.

• This limit can be exceeded by moving the midpoint from the vBUS/2 position, accordingly with the
phase voltage angular position. This will affect the phase voltages (which will not be sinusoidal
anymore), but not the phase-to-phase voltages. Refer to Obtained Phase and Line Voltages below.

• This is true till the limit (for phase voltage) of vBUS/√(3) (which becomes vBUS for the delta voltages).
Above that, the phase voltages displaced each other by 120 degrees can be created only for some
angular positions, for which the limit becomes 2vBUS/3 (remember the fundamental vectors of
space-vector modulation). Refer to the following figure.

Figure 1-25. Maximum Voltage Amplitude

VBUS

0

VBUS/2
2VBUS/3

VBUS/

VBUS/2

3

VBUS

Figure 12

Figure 13

This clamped modulation is realized by subtracting from each phase voltage, the lowest of the three ones
on every step. The result of this operation is obviously always greater than or equal to zero. This offset
addition will not influence the delta voltages, as mentioned earlier.

An intuitive representation is the rotating star, as shown in the following figure. There is always a request
of zero voltage in one of the three inverter arms, each arm has no commutations during one third of the
electrical period, so the commutation losses are reduced (by one third).

Figure 1-26. Rotating Star Representation
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Figure 13
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Figure 1-27. Obtained Phase and Line Voltages
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Note:
• Va_duty, Vb_duty and Vc_duty are the phase voltages.
• VAB, VBC and VCA are the phase‐to‐phase (Line) Voltages.

Implementation steps are as follows:

• The inputs of the modulation function are the three instantaneous voltages requests from the
inverse Clarke transformation. These are va_ref, vb_ref and vc_ref.

• For the Center Aligned PWM (as shown in the following figure), find the three-phase voltage values
with the simple modulation formula (CompareValue = (Period/2)×[(vBUS-vREF)/vBUS]). These three
values cannot be directly applied to the PWM compare registers, since some of them can be
negative, while the values to be written in the PWM peripheral compare registers must be positive.

– Compare_va = (Period/2).[(vBUS-va_ref)/vBUS])
– Compare_vb = (Period/2).[(vBUS-vb_ref)/vBUS])
– Compare_vc = (Period/2).[(vBUS-vc_ref)/vBUS])

• The lowest of the three values is found, then it is subtracted to all the three. One of the three results
will be zero, the other ones positive (or zero). This also determines which phases are the
candidates for the next current readings (the two ones with larger low switch ON period that is the
two ones with higher compare register value).

– vmin = min (Compare_va, Compare_vb, Compare_vc)
– va_duty = Compare_va - vmin

– vb_duty = Compare_vb - vmin

– vc_duty = Compare_vc - vmin
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• The calculated duty cycle values should be within the limits of 0 and half the PWM Period. The
maximum limit shall be lesser if the dead time, and the minimum ON time of the lower switches to
assure safe bootstrap operations for the high side driving circuitry is considered.

• If a clamp is applied in the above case to limit the duty cycle, the resulting effect to the output
voltages should be considered. Therefore, the Vα and Vβ components should be calculated again
as these parameters are used in the rotor angle estimator.

• To keep a sinusoidal undistorted waveform, it is necessary for a preventative clamp of the voltage
vector amplitude below the value vBUS/√(3). The voltage value vBUS used for the clamp in
implementation should keep into account the voltage losses due to the dead-times and also of the
fluctuations of the bus voltage. If the bus voltage comes from rectified mains it will be affected by a
ripple. To avoid torque ripple in motor control, the minimum bus voltage value should be used in the
clamp calculation.

Figure 1-28. Center-Aligned PWM
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Figure 15

STOPPED ALIGNING STARTING

CLOSINGLOOPACCELERATINGRUNNING

On Valid Speed Request Flux Current > Start Current

Speed > Change Speed

Transient after one loopSpeed > Min Ref Speed

When Speed input is out of range

When Speed input is out of range

Position lost/motor stopped/Speed 
input out of range

Motor control management state machine

1.8 Startup Procedure
When the motor is in Stop condition, the position is usually unknown. The BEMF observer cannot work
when the speed is lower than a minimum value which is determined by the motor and the application.
There is a necessity of an open loop startup procedure, which allows the motor to reach the minimum
speed at which the observer can work correctly. At this point the speed loop can be closed and the control
assumes the form already described in the block scheme.

Since the effective position is not known, an arbitrary position (d, q) reference system will be used. Hence
the quantities which are referred to as d-quantity or q-quantity in this process will not have any
determined relationship with respect to the rotor position, until the speed loop is closed.
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Figure 1-29. Startup Procedure
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Note: 
• t0 - t1 Alignment Phase
• t1 - t2 Starting Phase
• t2 - t3 Phase which combines Closing loop, Accelerating and Running.

The important parameters to be chosen for the startup procedure are as follows:

• Start up speed: The speed reached during the startup phase. This is a parameter which can be
modified by the user. It should be high enough to allow a good behavior of the phase estimation
process.

• Start up time: The time required to reach the start up speed; it should be long enough to allow the
estimation algorithm to stabilize (to recover from the initial condition errors).

• Start up current (istart): The current level imposed during the startup; the value of this current (for a
particular load) should be set to the minimum value of the current which can spin the motor in an
open loop without stalling.
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1.9 Motor Control Management State Machine.
Figure 1-30. Motor Control Management State Machine
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Motor control management state machine

The previous diagram represents the motor control management state machine state transitions. In each
state the following operations are performed:

• Stopped: Motor control variables reset.
• Aligning: The first part of the startup procedure is performed. The flux current (id) is increased till its

nominal startup value, while the speed is kept zero.
• Starting: The second part of the startup procedure is performed. The speed is increased till change

frequency (speed), while the flux current amplitude is kept constant.
• Closing loop: The reference system change is performed, with current PI memories updating.
• Accelerating: Verification for whether the actual speed reached the required minimum speed value

specified, and the estimated position from the observer is well close to the open loop rotor angle.
• Running: The normal motor operations are performed. In case of a SPM, the flux current

component (id) reference is reduced to zero. In the case of the IPM, the negative (id) reference is
calculated from the MTPA algorithm. The torque current component (iq) reference is obtained with a
speed control PI.

The BEMF observer angle and speed estimation are performed during the Accelerating and Running
States.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

• Product Support – Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

• General Technical Support – Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is one of the most secure families of its kind on the

market today, when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of

these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
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• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949
Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®

DSCs, KEELOQ® code hopping devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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