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Integrated half bridges offer a compact space-saving solution for electrical motor drive applications in the automotive environment. Compared to a relay solution and discrete semiconductor solutions the integrated half bridges offer PWM capability and current sense together with additional protection features.
Motor drive solutions of today
The need for efficient electrical motor control in modern cars is steadily increasing. This is driven by additional comfort and safety functions as well as by the need to reduce fuel consumption. Talking about electrical motor drives, there is a wide range of motor solutions possible. Dependent on the application, different motor concepts are used. Common electrical motors used in automotive applications are e.g. DC brush (BDC) motors, Brushless DC (BLDC) motors, stepper motors and permanent magnet synchronous motors.

The most common motor is the DC brush motor due to its relatively low cost and ease of use. There are different ways to drive a DC brush motor. The simplest one is of course a mechanical switch but in modern cars the motors need to be electronically controlled. An easy solution is to control the motor via a relay.
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Figure 1. Relay solution for bidirectional motor control (H-Bridge configuration) does not offer PWM capability 

The biggest benefit of the relay solution is their price. But in functionality they have weaknesses which can be a blocking point dependent on the application requirements. The main points are a missing PWM capability and the absence of protection functions. Also with regards to reliability and lifetime the semiconductor is still a step ahead.
If the application requires controlling the speed of the motor, normally the voltage on the motor inputs needs to be controlled. Due to energy efficiency reasons PWM comes more and more in use. The use of PWM requires a semiconductor solution, e.g. discrete MOSFET plus a MOSFET gate driver. Here often N-channel MOSFETs are used for both the high and low side switch.
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Figure 2: The discrete semiconductor solution for bidirectional motor control (H-Bridge configuration) offers PWM capability but occupies significant PCB area

The next logical step is to integrate the power (MOSFET) and control functions together in one package
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Figure 3: The integrated half-bridge semiconductor solution for bidirectional motor control (H-Bridge configuration) offers PWM capability and significant PCB area savings 

This saves PCB area and offers a PWM capable solution. The integrated solution can also be configured with logic level inputs for ease of use. 
The advantages of integrated half bridges
Compared to relay solutions an integrated solution offers various protective functions, diagnostic features and gives new load current control opportunities due to the PWM capability. The presented integrated concept is basically built up on a half bridge solution. By using a complementary P/N MOSFET chip arrangement a standard common non-split lead frame can be used. In addition, this concept needs no integrated charge pump or bootstrap technique as needed for N-channel high-side solutions, saving the charge pump and lead frame pins for an external bootstrap capacitor. This complementary P/N channel concept also improves EMC performance compared to the use of charge pump.
The integrated concept gives also the opportunity to monitor the load current in the high- and low-side switch. This current control is used as a protection feature for overload control and offers the feature that the load current can be monitored without additional external components. The functionality of a shunt plus operational amplifier is incorporated. In the integrated solution a current sense output signal is offered, which can be easily transformed by an external resistor to a scalable voltage signal as input for the microcontroller. The advantages in the application are that certain defined load conditions can be directly recognized.
Due to the integrated concept a direct temperature control of the power switches are embedded. At a certain temperature threshold the power switches are shut off and a failure signal will be generated. Both features, the integrated current limitation in combination with the over temperature shutdown, supports short circuit protection.
All in one, the P/N concept and the protection features, gives full pulse width modulation capability with any duty cycles. To optimize switching power dissipation in balance to switching induced emission filtering efforts the slew rate can also be adjusted. One important challenge with high PWM frequencies is to minimize additional power losses due to cross currents through the high and low side switch. This ability is implemented by an integrated dead-time generation adaptive to the switching slew rate.
Self-evident to mention that a logic input is offered to simplify the interface to a microcontroller. To reduce the quiescent current of the integrated circuit in power-off mode to microampere level a sleep modus is provided.
Application example
The trend to further improve the safety in modern cars is very strong. Seat belt retraction system tightens the seat belt and minimizes the loads on the human body in case of a crash. So far, pyrotechnical retraction systems are dominating this market. For additional safety electrical retractor systems are coming more and more in use. Working together with a pyrotechnical device these offer the functionality of eliminating slack and tensioning the seat belt in a pre-crash situation to further minimize the load on the human body. These kinds of systems can also offer comfort functionality by slightly tightening the seat belt when driving through curves minimizing the influence of G-forces. The challenge for this application is to control an electrical motor with a relatively high current for a very short period of time. The advantages the integrated half bridges offers for this application are high current peak capability, low board space consumption and current sense. The high current half-bridge IC, the NovalithIC BTN7970B, is rated with a 70 A current limitation level at Vs=13.5 V enabling the high peak currents required for this application. Compared to using discrete MOSFETs and a gate driver, the PCB area saving can be up to 50 percent. Several protection functions offered, such as over- and under-voltage, over-temperature, current limitation and short-circuit protection also helps out in optimizing the system and simplifies the system control concept. The whole system can be realized with two integrated half-bridges, microcontroller, voltage regulator and communication
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Figure 4: Compact realization of a seat belt pretension system with integrated half-bridges

Modern cars contain in the range of 50 electrical motors and the use of electrical motors in automotive applications is steadily increasing. In addition to the example above, electrical motors come also in use for applications like gearbox, window lifts, seat positioning, HVAC fans, fuel pumps, oil pumps and water pumps. The technical requirements from these applications go in the direction of lower Rdson, higher current capability and PWM capability with faster switching
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Figure 5: Trends for future half-bridge products goes in the direction of lower Rdson, higher current capability and PWM capability with faster switching

The future will see more integrated products focusing on these trends paving the road to even more efficient motor drive solutions in the automotive segment.
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