
Freescale Semiconductor
Application Note

AN3000
Rev. 0, 06/2006

Table of Contents
1 ColdFire MCF523x and eTPU Advantages and 

Features ..............................................................2
2 Target Motor Theory ............................................4
3 System Concept ..................................................8
4 Software Design ................................................18
5 Implementation Notes .......................................35
6 Microprocessor Usage ......................................35
7 Summary and Conclusions ...............................36
8 References ........................................................37

AC Induction Motor Volts per Hertz 
Control, Driven by eTPU on 
MCF523x
Covers MCF523x and all eTPU-Equipped Devices
by: Milan Brejl, Michal Princ and Petr Uhlir

System Application Engineers
Roznov Czech System Center
This application note describes the design of a 3-phase 
AC induction motor drive with open loop Volts per Hertz 
control, which is based on Freescale’s MCF523x 
microcontroller. The application design takes advantage 
of the enhanced time processing unit (eTPU) module, 
which is used as a motor control co-processor. The eTPU 
handles the motor control processing completely, 
eliminating the microprocessor overhead for other 
duties.

The application is designed for driving medium power 
three-phase AC induction motors and is targeted towards 
both industrial and appliance applications (washing 
machines, compressors, air conditioning units, pumps, 
simple industrial drives, etc.). It serves as an example of 
an AC motor control system design using a Freescale 
microprocessor with the eTPU. It also illustrates the 
usage of dedicated motor control eTPU functions that are 
included in the AC motor control eTPU function set. 

This application note also includes basic motor theory, 
system design concept, hardware implementation, and 
microprocessor and eTPU software design, including the 
FreeMASTER visualization tool.
© Freescale Semiconductor, Inc., 2006. All rights reserved.



ColdFire MCF523x and eTPU Advantages and Features
Figure 1. Using M523xEVB, 33395 Evaluation Motor Board, and DC Motor with Optical Sensors

1 ColdFire MCF523x and eTPU Advantages and 
Features

1.1 ColdFire MCF523x Microprocessor
The MCF523x is a family of highly-integrated, 32-bit microprocessors based on the V2 ColdFire core. It 
features a 16- or 32-channel eTPU, 64 Kbytes of internal SRAM, a 2-bank SDRAM controller, four 32-bit 
timers with DMA request capability, a 4-channel DMA controller, up to two CAN modules, three UARTs, 
and a queued SPI. The MCF523x family has been designed for general purpose industrial control 
applications. It is also a high-performance upgrade for users of the MC68332.

This 32-bit device is based on the Version 2 ColdFire reduced instruction set computer (RISC) core, 
operating at a core frequency of up to 150 MHz and a bus frequency of up to 75 MHz. 
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ColdFire MCF523x and eTPU Advantages and Features
On-chip modules include:
• V2 ColdFire core with an enhanced multiply-accumulate unit (EMAC) providing 144 Dhrystone 

2.1MIPS @ 150 MHz
• eTPU with 16 or 32 channels, 6 Kbytes of code memory, and 1.5 Kbytes of data memory with 

eTPU debug support
• 64 Kbytes of internal SRAM
• External bus speed of half the CPU operating frequency (75 MHz bus @ 150 MHz core)
• 10/100 Mbps bus-mastering Ethernet controller
• 8 Kbytes of configurable instruction/data cache
• Three universal asynchronous receiver/transmitters (UARTs) with DMA support
• Controller area network 2.0B (FlexCAN module)

— Optional second FlexCAN module multiplexed with the third UART
• Inter-integrated circuit (I2C) bus controller
• Queued serial peripheral interface (QSPI) module
• Hardware cryptography accelerator (optional)

— Random number generator
— DES/3DES/AES block cipher engine
— MD5/SHA-1/HMAC accelerator

• 4-channel, 32-bit direct memory access (DMA) controller
• 4-channel, 32-bit input capture/output compare timers with optional DMA support
• 4-channel, 16-bit periodic interrupt timers (PITs)
• Programmable software watchdog timer
• Interrupt controller capable of handling up to 126 interrupt sources
• Clock module with phase locked loop (PLL)
• External bus interface module including a 2-bank synchronous DRAM controller
• 32-bit, non-multiplexed bus with up to 8 chip select signals that support page-mode Flash 

memories

For more information, refer to Reference 1.

1.2 eTPU Module
The eTPU is an intelligent, semi-autonomous co-processor designed for timing control, I/O handling, 
serial communications, motor control, and engine control applications. It operates in parallel with the host 
CPU. The eTPU processes instructions and real-time input events, performs output waveform generation, 
and accesses shared data without the host CPU’s intervention. Consequently, the host CPU setup and 
service times for each timer event are minimized or eliminated.
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Target Motor Theory
2.1 Digital Control of an AC Induction Motor
In adjustable speed applications, AC motors are powered by inverters. The inverter converts DC power to 
AC power at the required frequency and amplitude. Figure 4 illustrates a typical 3-phase inverter.

Figure 4. 3-Phase Power Stage

The inverter consists of three half-bridge units where the upper and lower switches are controlled 
complimentarily, meaning when the upper one is turned on, the lower one must be turned off, and vice 
versa. Because the power device’s turn-off time is longer than its turn-on time, some dead time must be 
inserted between turning off one transistor of the half-bridge, and turning on its complementary device. 
The output voltage is mostly created by a pulse width modulation (PWM) technique. The 3-phase voltage 
waves are shifted 120o to one another, thus a 3-phase motor can be supplied.

Power devices of the inverter are the key components of the motor control. The most popular devices for 
motor control applications are power MOSFET's and IGBT's.

A power MOSFET is a voltage controlled transistor. It is designed for high frequency operation. It has low 
voltage drop and thus low power losses. However, the saturation point and its temperature sensitivity limits 
the MOSFET application in power circuits.

An insulated gate bipolar transistor (IGBT) is a bipolar transistor controlled by a MOSFET on its base. 
The IGBT requires low drive current, has fast switching time, and is suitable for high switching 
frequencies. Its disadvantage is the higher voltage drop of the bipolar transistor that causes higher 
conduction losses.
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Target Motor Theory
2.2 Volts per Hertz Control
The Volt pet Hertz control methods is the most popular method of scalar control which controls the 
magnitude of the variable like frequency, voltage, or current. The command and feedback signals are DC 
quantities that are proportional to the respective variables.

This scheme is defined as a Volts per Hertz control because the voltage applied command is calculated 
directly from the applied frequency to maintain the air-gap flux of the machine constant. In steady state 
operation, the machine air-gap flux is approximately related to the ratio Vs/fs, where Vs is the amplitude 
of motor phase voltage and fs is the synchronous electrical frequency applied to the motor. The control 
system is illustrated in Figure 5. The characteristic is defined by the base point of the motor. Below the 
base point the motor operates at optimum excitation because of the constant Vs/fs ratio. Above this point, 
the motor operates under-excited because of the DC-Bus voltage limit.

A simple open-loop Volts/Hertz speed control for an induction motor is the control technique targeted for 
low performance drives. This basic scheme is unsatisfactory for more demanding applications where speed 
precision is required.

Figure 5. Volts per Hertz Control Method
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System Concept
3 System Concept

3.1 System Outline
The system is designed to drive a three-phase induction motor. The application meets these performance 
specifications:

• Opened loop scalar control of a three phase general purpose induction motor
• Targeted at ColdFire MCF523x evaluation board (M523xEVB), Optoisolation board, and 3-phase 

AC/BLDC high voltage power stage 
• Running on three-phase general purpose induction motor variable line voltage 230/400V AC 

(range -15%.....+10%)
• Control technique incorporates:

— Volts per Hertz control
— Both directions of rotation
— 4-quadrant operation
— Start from any motor position without rotor alignment
— Maximal speed 3000 RPM at input power line 230V AC

• Manual interface (start/stop switch, up/down push button control, LED indication)
• FreeMASTER control interface (speed set-up)
• FreeMASTER monitor

— FreeMASTER graphical control page (required speed, start/stop status, fault status)
— Detail description of all eTPU functions used in the application (monitoring of channel 

registers and all function parameters in real time)
• DC bus over-current fault protection

3.2 Application Description
A standard system concept is chosen for the motor control function (see Figure 6). The system 
incorporates the following hardware:

• Evaluation board M523xEVB
• 3-phase AC/BLDC high voltage power stage
• Optoisolation Board
• AC induction motor Sh 71-2A from Cantoni

The eTPU module runs the main control algorithm. The 3-phase PWM output signals for a 3-phase inverter 
are generated, using Volts per Hertz control algorithm, according to the input variable values, provided by 
the microprocessor CPU.
AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0

Freescale Semiconductor8



System Concept
Figure 6. System Concept

The system processing is distributed between the CPU and the eTPU, which both run in parallel.

The CPU performs these tasks:
• Periodically scans the user interface (on/off switch, up and down buttons, FreeMASTER). Based 

on the user input, it handles the application state machine and calculates the required speeds, 
which is passed to the eTPU. 

• Periodically reads application data from eTPU data RAM in order to monitor application 
variables.

• In the event of an overcurrent fault, the PWM outputs are immediately temporarily disabled by 
the eTPU hardware. Then, after an interrupt latency, the CPU disables the PWM outputs 
permanently and displays the fault state.

The eTPU performs these tasks:
• Six eTPU channels (PWMF) are used to generate PWM output signals.
• One eTPU channel (PWMMAC) is internally used to synchronize the PWM outputs and calculate 

duty-cycles for individual phases from (alpha/beta) or (angle/amplitude) reference frames.
• One eTPU channel (ACIMVHZ) is internally used to perform simple V/Hz control. The 

ACIMVHZ calculates applied voltage vector components based on required speed (omega) and 
defined V/Hz ramp. The ACIMVHZ outputs, either alpha and beta vector components or angle 
and amplitude are passed to the PWM generator.

• One eTPU channel (GPIO) generates an interrupt to the CPU when the over-current fault signal 
activates.
AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0
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System Concept
3.2.1 User Interface
The application is interfaced by:

• On/off switch on M523xEVB
• Up/down buttons on M523xEVB, or

FreeMASTER running on a PC connected to the M523xEVB via an RS232 serial cable

The on/off switch affects the application state and enables and disables the PWM phases. When the switch 
is in the off-position, no voltage is applied to the motor windings. When the on/off switch is in the 
on-position, the motor speed can be controlled either by the up and down buttons on the M523xEVB, or 
by the FreeMASTER on the PC. The FreeMASTER also displays a control page, real-time values of 
application variables, and their time behavior using scopes. 

FreeMASTER software was designed to provide an application-debugging, diagnostic, and demonstration 
tool for the development of algorithms and applications. It runs on a PC connected to the M523xEVB via 
an RS232 serial cable. A small program resident in the microprocessor communicates with the 
FreeMASTER software to return status information to the PC and process control information from the 
PC. FreeMASTER software, executing on a PC, uses part of Microsoft Internet Explorer as the user 
interface.

Note, that FreeMASTER version 1.2.31.1 or higher is required. The FreeMASTER application can be 
downloaded from http://www.freescale.com. For more information about FreeMASTER, refer to 
Reference 6.

3.3 Hardware Implementation and Application Setup
As previously stated, the application runs on the MCF523x family of ColdFire microprocessors using:

• M523xEVB
• 3-Phase AC/BLDC high voltage power stage
• AC induction motor 
• Power supply for M523xEVB, 9V DC, 2.7 Amps
• Power supply for 3-phase AC induction motor, 230V AC

The Figure 7 shows the connection of these parts.

3.3.1 ColdFire MCF523x Evaluation Board (M523xEVB)
The EVB is intended to provide a mechanism for customers to easily evaluate the MCF523x family of 
ColdFire microprocessors. The heart of the evaluation board is the MCF5235; all other M523x family 
members have a subset of the MCF5235 features and can therefore be fully emulated using the MCF5235 
device. The M523xEVB is fitted with a single 512K x 16 page-mode Flash memory (U19), giving a total 
memory space of 2 Mbytes. Alternatively, a footprint is available for upgrading flash to a 512K x 32 
page-mode Flash memory (U35), doubling the memory size to 4 Mbytes.

For more information, refer to Reference 2.

Table 1 lists all M523xEVB jumper settings used in the application.
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System Concept
Figure 7. Connection of Application Parts

Table 1. M523xEVB Jumper Settings

Jumper Setting Jumper Setting Jumper Setting Jumper Setting

JP1  
JP2  
JP3  
JP4  
JP5  
JP6  
JP7  
JP8  
JP9  

1 2  
1–2  
1 2  
1–2  

1 2–3
1–2 3
1 2–3
1–2 3
1 2–3

JP20 
JP21 
JP22 
JP23 
JP24 
JP25 
JP26 
JP27 
JP28 
JP29 

1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1–2 3
1–2 3
1–2  
1–2  
1–2  

JP40 
JP41 
JP42 
JP43 
JP44 
JP45 
JP46 
JP47 
JP48 
JP49 

1–2  
1–2  
1–2  
1–2  
1–2  
1–2  
1–2  
1–2  
1–2  
1–2  

JP60 
JP61 
JP62 
JP63 
JP64 

1–2  
1–2  
1 2  
1 2  

1 2–3

DIP1 
DIP2 
DIP3 
DIP4 
DIP5 
DIP6 
DIP7 
DIP8 
DIP9 

DIP10
DIP11
DIP12

ON   
ON   
ON   
ON   
ON   
ON   
OFF   
ON   
ON   
ON   
OFF  
ON

JP10 
JP11 
JP12 
JP13 
JP14 
JP15 
JP16 
JP17 
JP18 
JP19 

1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1 2–3
1 2–3

JP30 
JP31 
JP32 
JP33 
JP34 
JP35 
JP36 
JP37 
JP38
JP39 

1–2  
1 2–3
1–2 3
1–2  
1–2  

1–2 3
1–2 3
1–2  
1–2
1–2  

JP50 
JP51 
JP52 
JP53 
JP54 
JP55 
JP56 
JP57 
JP58 
JP59 

1–2 3
1–2 3
1–2 3

1 2  
1 2  
1 2  

1–2 3
1–2  
1–2  
1–2  
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System Concept
3.3.2 Flashing the M523xEVB
The CFFlasher utility can be used for programming code into the Flash memory on the MCF523xEVB. 
Check for correct setting of switches and jumpers: SW7-6 on, SW7-7 off, JP64 2-3, (JP31 2-3). The 
flashing procedure is listed here:

1. Run Metrowerks CodeWarrior for ColdFire and open the project. Choose the simple_eflash target 
and compile the application. A file simple_eflash.elf.S19, which will be loaded into Flash memory, 
is created in the project directory bin.

2. Run the CFFlasher application, click on the Target Config button. In the Target Configuration 
window select the type of board as M523xEVB and the BDM communication as PE_LPT (see 
Figure 8). Click OK to close the window.

3. Go to the Program section by clicking the Program button. Select the simple_eflash.elf.S19 file 
and check the Verify after Program option (see Figure 9). Finally, press the Program button at the 
bottom of the window to start loading the code into the Flash memory.

4. If the code has been programmed correctly, remove the BDM interface and push the RESET 
button on the M523xEVB. The application should now run from the Flash.

The CFFlasher application can be downloaded from http://www.freescale.com/coldfire.

Figure 8. CFFlasher Target Configuration Window
AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0
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System Concept
Figure 9. CFFlasher Program Window

3.3.3 Setting Over-Current Level
The over-current fault signal is connected to the eTPU output disable pin (LETPUODIS) that handles 
eTPU hardware faults, along with the proper eTPU configuration. This connection is part of M523xEVB1. 
In order to enable handling of the fault by software, the fault signal, available on the LETPUODIS pin, 
must be connected to eTPU channel 4, which runs the GPIO function and generates an interrupt request to 
the CPU in the case of a fault. This connection must be done manually. Connect pin 6 (LETPUODIS) with 
pin 16 (ETPUCH4) on the eTPU header (see Figure 10).

The over-current level is set by trimmer R41 on M523xEVB (see Figure 11). Reference 3 describes what 
voltage the trimmer defines for the over-current comparator. Perform these steps to set up the over-current 
level properly without measuring the voltage:

1. Connect all system parts according to Figure 7, connect pin 16 with pin 40 on the eTPU header. 
This disables the over-current interrupt. The over-current fault is handled by hardware only.

2. Download and start the application.
3. Turn the on/off switch on. Using the up and down buttons, set the required speed to the maximum.
4. Adjust the R41 trimmer. You can find a level from which the red LED starts to light and the motor 

speed starts to be limited. Set the trimmer level somewhat higher, so that the motor can run at the 
maximum speed.

5. Turn the on/off switch off.

1. When the eTPU is configured for 32-channels, LTPUODIS is applicable to channels 0-15. When the ethernet is enabled (SW11 
on), the function of LTPUODIS then changes to channels 0-7 and UTPUODIS thus controls channels 8-15.
Therefore the UTPUODIS must be tied to LTPUODIS to enable the application to work when ethernet is enabled.
AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0
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System Concept
6. Connect pin 16 with pin 6 on the eTPU header. This enables the over-current interrupt. The 
over-current fault is handled by both hardware and software.

7. Turn the on/off switch on. Using the up and down buttons, set the required speed to the maximum.
If the application goes to the fault state during the acceleration, adjust the R41 trimmer level 
somewhat higher, so that the motor can get to the maximum speed.

Figure 10. Connection Between LETPUODIS and ETPUCH4 on the eTPU Header

Figure 11. Overcurrent Level Trimmer on M523xEVB (R41)

3.3.4 3-Phase AC/BLDC High Voltage Power Stage
The 3-phase AC high-voltage brushless DC (BLDC) power stage (HV AC power stage) is a 115-/230- volt, 
180-watt (one-fourth horsepower), off-line power stage that is an integral part of Freescale's embedded 
motion control series of development tools.
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System Concept
Features:
• The (HV) AC power stage will operate off DC input voltages from 140 to 230 volts and AC line 

voltages from 100 to 240 volts
• In combination with one of the embedded motion control series control boards and an embedded 

motion control series optoisolation board, it provides a software development platform that allows 
algorithms to be written and tested without the need to design and build a power stage 

• It supports a wide variety of algorithms for both AC induction and brushless DC (BLDC) motors 
• Input connections are made via a 40-pin ribbon cable connector; power connections to the motor 

are made on an output connector 
• Power requirements are met with a single external 140- to 230-volt DC power supply or an AC 

line voltage 
• Current measuring circuitry is set up for 2.93 amps full scale; both bus and phase leg currents are 

measured 
• A cycle-by-cycle overcurrent trip point is set at 2.69 amps 

Figure 12. 3-Phase High Voltage AC/BLDC Power Stage

For more information, refer to Reference 3.

3.3.5 Optoisolation Board
Freescale’s embedded motion control series optoisolation board links signals from a controller to a 
high-voltage power stage. The board isolates the controller, and peripherals that may be attached to the 
controller, from dangerous voltages that are present on the power stage. The optoisolation board’s galvanic 
isolation barrier also isolates control signals from high noise in the power stage and provides a noise-robust 
systems architecture. 
AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0

Freescale Semiconductor 15



AC Induction Motor Volts per Hertz Control, Driven by eTPU on MCF523x, Rev. 0

System Concept

Freescale Semiconductor16

The optoisolation board can be used mainly during the development phase of high-voltage applications to 
protect the controller board and devices attached to the control board. The user can use the optoisolation 
board to connect the MC68HC908MR32 motor control board or DSP56F80x EVM boards to high voltage 
powerstage boards (3-phase high voltage SR power stage and 3-phase high voltage AC/BLDC power 
stage). Both input and output connections are made via standard 40-pin UNI-3 motor control interface. The 
pin assignments for both connectors are the same.

Figure 13. Optoisolation Board

For more information, refer to Reference 4.

3.3.6 3-Phase AC Induction Motor

The AC induction motor Sh 71-2A from Cantoni was used for the demo application. Detailed motor 
specifications are listed in the following Table 2.
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