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Second-generation programmable motor drive (PMD) micros implement all control functionality in hardware
A new generation of programmable motor driver (PMD) microcontrollers implements all motor control functionality – including three-phase sine wave generation - in hardware and provides the ability to drive all motor types from a single MCU. The result is a scalable family of devices that simplifies the development and reduces the component count and cost of motor drive solutions for home appliances and industrial control applications.

Engineers tasked with developing motor-based applications ranging from washing machines and refrigerators to industrial control systems and pump equipment are changing the way that that they approach motor control design. Commercial, environmental and legislative pressures, for example, are driving demands for solutions that offer high-accuracy control while reducing both acoustic and electrical noise, extending operational life, and improving efficiency through reduced power dissipation. In addition, the simple mechanical construction and lower ongoing maintenance costs of AC motors, combined with the availability of low-cost power semiconductors, means that OEMs are increasingly turning to brushless motors in applications where brushed solutions were once the natural choice. 

These factors are fuelling the rapid growth of ‘mechatronics’–motor control solutions that incorporate much higher levels of intelligence and functionality in the motor drive element than before. Depending on the application, such functionality ranges from high-accuracy position detection and protection to high-efficiency PWM solutions and schemes that reduce motor noise and vibration by delivering sinusoidal drive currents. To date, developing mechatronics solutions, with their combination of application-specific driver and controller ICs and dedicated software requirements, has been time-consuming. This is set to change, however, with the introduction of Toshiba’s second generation of Programmable Motor Driver (PMD) MCUs

Although based on the same fundamental concept of combining dedicated motor drive capabilities with general-purpose MCU functionality, Toshiba’s second generation PMD MCUs represent a significant evolution from the first generation of devices introduced just two years ago. Specifically, Toshiba has developed the new generation of devices to address the following criteria:

(1) To implement all motor drive functionality in hardware, leaving the engineer free to concentrate on all other aspects of their design.

(2) To provide a family of devices, all of which have the flexibility to control any type of motor.

(3) To provide a scalable range of vertically compatible MCUs that allows designers to closely match MCU functionality to specific application requirements.

The result is a family of four devices that will reduce the design complexity of drive applications for sub-2.4kW motors where scalar control (voltage over frequency) rather than vector control is required. The devices each offer different levels of MCU functionality and have pin counts ranging from 28 to 80. As with the first generation of devices, the ICs are based on Toshiba’s TLCS870/X CPU core, although the speed of this core has been increased from 16 to 20MHz. In addition to the speed increase, all of the new devices incorporate a new and significantly improved embedded Programmable Motor Driver (PMD) peripheral. Providing all necessary motor control functionality including, for the first time, hardware sine wave generation, this peripheral significantly simplifies the implementation of mechatronics designs. Indeed, Toshiba estimates that using the new family of devices could reduce development times by as much as 40%.

The Programmable Motor Driver (PMD) peripheral

Figure 1 shows a block diagram of the second generation PMD. This PMD incorporates all of the necessary functionality to drive sensored or sensorless DC brushless motors and AC induction motors. The PMD carries out all motor control functions in the background, leaving the TLCS870/X core free to execute application-specific functions. The key functional blocks of the PMD are described below.
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Sine wave control

The major difference between the first and second generation PMD is the addition of the industry’s first embedded sine wave control function. Until now, sine wave processing has had to be performed under software control using the process shown in Figure 2. 

[image: image2.png]Figure 2 - Software Control of Sine Wave

Software processing

Sine wave
data read

Voltage amplitude
data read

L

U, V, W phase sine wave PWM output





As a result, calculating the relevant U, V and W phase information has demanded valuable MCU processing time and the use of a powerful, mainly 16-bit microcontroller. Now, by creating the sine wave in the background in hardware, the need for this additional power MCU functionality is eliminated. Furthermore, by offering dedicated hardware functionality, contention between the sine wave routine and other priority tasks is removed.

As Figure 1 shows, the hardware sine wave control incorporates a waveform arithmetic circuit that multiplies data on the required voltage amplitude with the output from the electric angle timer and information from a data table for sine wave generation. This data table is stored on the MCU in an additional 384 bytes of dedicated SRAM. The process of calculating the appropriate U, V and W phase information is shown in Figure 3. 
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Not only is this process performed more quickly in hardware than software, it also requires less processing steps than the equivalent software process. Because of this, all of the new Toshiba devices are able to calculate sine wave information for all three phases in just 7µs and all in the background of the main application.

Position Detect Unit (PDU)

Unlike other motor control MCUs, all of Toshiba’s new devices offer pins that are dedicated to position detection. These pins can be used to feed the Position Detection Unit  (PDU) with the output of Hall sensors on a sensored DC brushless motor. Alternatively, for a sensorless motor, it is possible to feed the signals generated by a comparison of the voltages at the motor terminals and a reference voltage. The current configuration at the PDU input is compared with that stored in a proper register and a match signal is generated to clock a counter that measures the time elapsed between two match detect signals. At match time, an interrupt is also generated, allowing the designers to program suitable system responses.

The PDU inputs can be sampled at several different rates. Sampling can be switched on by generating a trigger signal from a timer in the Timer Block or via external software. Timer UNIT  (TU)

The TU is based on the mode_timer, which can be clocked at various frequencies. Every time a PDU match signal is generated, the mode_timer content is transferred to a capture register and the mode_timer reset. The value in the capture register can then be used to measure the time elapsed from the last match to the current one for practical speed measurements. 

While counting, the content of the mode_timer is compared with the content of three compare registers designed to generate interrupt signals at various frequencies. For instance, one of these interrupt signals can be used to start the sampling of the PDB input signals.

Three-Phase PWM Output Unit  

The three phase PWM output unit is responsible for generating the three different pairs of PWM signals and can use either triangular or sawtooth waveforms depending on application requirements for PWM generation.  The PWM counter is a 12-bit up/down counter and acts as a period generator. Each pair of PWM signals is generated by comparison between the content of this counter and the content of proper registers that are double buffered. The PWM waveforms can be generated in several combinations and the polarity of the waveforms can be selected. When the DC mode is selected, each pair of PWM signals can act independently, while in AC mode U-phase comparison is active and the pairs are identical.

Each pair of PWM signals can be used to drive the upper and lower elements of each phase in the inverter. A ‘dead time’ can be configured such that the two PWM signals of each pair can be shifted with respect to the other in order to prevent short circuits. This dead time can be set at between 0 and 25.2 µs with a resolution of 400ns (at an external clock speed of 20MHz).

Protective Circuit (PC) 

The final element of the PMD is the Protective Circuit (PC). This circuit offers two types of protection. The first is an emergency stop that stops the motor completely on receipt of a falling edge signal. The second is a current limit (CL) protection input pin that limits the motor current for the duration that the CL input is low. Removal of the low level CL input means that the motor will restart with first next PWM period.   It is possible, but it is not necessary, to make any software action when this happens. This will be serviced by hardware in the background of the main program.  Each of the new devices provides dedicated pins for EMG and CL inputs to ensure that MCU I/O is not required to deliver this functionality.

Second generation PMD devices

Table 1 summarises the specifications of the four devices in Toshiba’s second generation PMD family. As the table shows, all of the devices incorporate the PMD unit, a UART and SIO as standard, while ROM, SRAM, timer and A/D converter capabilities depend on the device chosen. The entry level TMP88CH40N/M 28-pin device, for example, is designed specifically for applications where the requirement is for motor drive only. The high-end 80-pin TMP88CS43, however, which can control two motors at once, combines its motor drive capability with 71 I/O pins (24 of which are 20mA high-current pins) and a variety of on-board peripherals that allow the designer to implement many additional functions. A block diagram of the TMP88CS43 is shown in Figure 4.
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Figure 5 illustrates how the TMP88CS43 could be used as a one chip solution in a washing machine application based on a three-phase AC induction motor. As the diagram shows, in addition to driving the motor, the IC has the functionality and high-current pin count needed to manage inputs from a variety of sensors, the operating panel and to drive the machine’s LED display. 
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System development

Toshiba can provide a number of low-cost, easy-to-use development tools, reference boards and application notes to support the rapid development of applications based on its second generation PMD devices. In addition, the company can also supply a variety of active components needed to produce a complete motor drive solution including power MOSFETs, IGBTs, optocouplers, diodes and LEDs.

About Toshiba
Toshiba Corporation is a leader in information and communications systems, electronic components consumer products and power systems. The company’s integration of these wide-ranging capabilities assures its position as an innovator in advanced components, products and systems. Toshiba has more than 176,000 employees worldwide and annual sales of over US$40 billion.

Toshiba Electronics Europe (TEE) is the European Headquarters for the electronic components business of Toshiba Corporation and is the world's second largest semiconductor vendor according to estimates by Dataquest. 

Providing design, manufacturing, marketing and sales, TEE was formed in 1973 in Neuss, Germany. The company now has headquarters in Düsseldorf, Germany and subsidiaries in France, Germany, Italy, Spain, Sweden and the United Kingdom. Company president is Mr Toshio Hamaya and the total number of personnel in Europe is around 400.

Toshiba Electronics Europe offers one of the industry's broadest IC and discrete product lines including memory, microcontrollers, ASICs and ASSPs for automotive, multimedia, consumer, telecoms and networking applications. The company also has a wide range of power semiconductor solutions as well as technologically advanced electron tubes and solid-state devices, including cathode ray tubes, liquid crystal displays, rechargeable batteries and optical transmission devices.

For more company information visit Toshiba's web site at www.toshiba-europe.com
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