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DMC4040SSD reduces MOSFET losses ensuring reliable operation 
of Brushless DC motors 
Yong Ang, Senior Application Engineer, Diodes Inc.  

Introduction 

When used in Brushless DC (BLDC) motor applications the MOSFETs used in the half- or full-bridge 
driver stages are subjected to high torque currents a few times higher than continuous operating 
current. Through laboratory evaluation and power loss analysis, this application note demonstrates 
that the DMC4040SSD, a 40V complementary pair MOSFET, remains within its maximum junction 
temperature rating when evaluated in the demanding environment of the consumer printer. 

MOSFET full-bridge driver for printer 

A simplified block diagram of a BLDC motor driver circuit for  a consumer printer is shown in Figure 1, 
below. As can be seen three pairs of complementary MOSFETs are used to drive a three phase BLDC 
motor. This topology is preferred to an all N-channel MOSFET configuration as the need for more 
complex level shifted gate driver circuitry for the high-side N-channel MOSFETs can be eliminated.   
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Figure 1 Block diagram of a typical BLDC motor driver 

Depending on the design concept deployed, the MOSFETs are driven by either a microcontroller or 
low power pre-driver IC with  low current, gate drive voltages of between 5V to 10V.  A gate voltage 
amplitude above 5V is generally preferred as it ensures full enhancement of the MOSFET, reducing 
resistive loss during the start-up sequence.  

Furthermore, it is also important that the MOSFETs have low gate charge, QG(tot), in order to minimize 
drain voltage versus current commutation time, thereby reducing switching losses.  

Power loss and device temperature analysis 

During start-up condition the windings of the BLDC motor are energized by a high torque current that 
can be up to five times its continuous current rating. This torque current flows through the MOSFETs 
causing power loss and temperature rise in the devices.  

Care therefore must be taken in selecting a suitable MOSFET to ensure that power losses are 
minimized, and that the peak instantaneous device temperature does not exceed the maximum 
junction temperature of the MOSFET during motor start up. 
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In order to calculate the instantaneous rise in junction temperature it is necessary to 
measure/calculate the switching and conduction losses within the MOSFET during motor start up and 
operation.  

A mid-range consumer printer was chosen as the test platform as the high ambient temperature within 
the printer provides a challenging operating environment for the MOSFETs. The device selected for 
evaluation was the DMC4040SSD, a complementary 40V MOSFET that has matched RDS(ON) ensuring 
better distribution of the conduction loss between the high and low-side MOSFET in the motor driver 
circuit.  

The evaluation was carried out in an ambient temperature of 30ºC. Under these conditions the PCB 
board inside the printer reached a steady state temperature of 85ºC. A print request initiated motor 
start-up/operation. Voltage and current waveforms, shown in figure 2, were measured during this 
activity. The waveform can be divided into two distinct periods: 1) the initial current torque sequence, 
T1, lasting 80 milliseconds and, 2) sinusoidal current sequence that ends after 2 second. 

 

Figure 2 - Operating waveform of the low-side MOSFET in the full bridge driver. CH1: drain 
voltage; CH2: drain current 

 

Calculations – Torque current period  

This section now analyzes the power loss within the first period, T1, when the MOSFET delivers torque 
current to energize the winding. The control IC drives the MOSFETs at 45KHz switching frequency. 
The switching loss can be estimated by 

Pswi = 0.5 × VDS × ID × ( trise + tfall ) × fswi  

               = 25V × 6.5A × 150ns × 45KHz  

                                 = 1.1W 

where  

            VDS is the measured drain-source voltage 

                                      ID is the measured drain current 

                                      fswi is the switching frequency 

                                      trise and tfall are the measured gate rise and fall time respectively 
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The gate voltage rise and fall time of the DMC4040SSD is measured at 150ns in the evaluation. 
However, the commutation times can vary depending on the printer driver IC and MOSFET gate 
charge. 

In the evaluation, the peak gate voltage amplitude, VGS, of 8V is applied by the motor driver IC to the 
high and low side MOSFETs. The conduction losses can therefore be calculated by: 

Pon = ( ID )
2 × RDS(ON) × 0.5 × ( Kfactor(1) + Kfactor(2) ) × ( T1 – TDEAD ) 

      = (6.5A)2  × 27mOhm × 0.5 × (1.3 + 1.4) × 0.8  

      = 1.23W 

where RDS(ON) is the worse-case device on-resistance at 25°C, VGS=8V specified in the DMC4040SSD  
datasheet.  

However, RDS(ON) varies with temperature. An increase in temperature above 25°C causes a 
corresponding increase in conduction loss. As shown in Figure 3 – On state resistance variation with 
temperature -  Kfactor(1) and Kfactor(2) are the normalized MOSFET’s on-state resistance ratio at 85ºC 
and 110ºC respectively. These ratios are then averaged to account for temperature rise from 85°C to 
110°C.  

TDEAD is the MOSFET conduction dead time during the motor’s phase current change-over as shown 
in Figure 2. In the evaluated equipment, TDEAD is approximately 20% of total T1 period. 

 

Figure 3 - On-resistance variation with junction temperature 

The MOSFET power loss, PTOTAL, is the sum of conduction and switching loss. The total power loss is 
equal to 2.33W.  

The junction temperature rise associated with the above power loss is 

   TJ(rise) = ( Pswi + Pon ) × Zth(1)       

          = 2.33W × 9ºC/W  

          = 21ºC 

where Zth(1) is the transient thermal impedance of the DMC4040SSD in SO-8 package at 
80millisecond pulse width as shown in Figure 4.  

In order to achieve good thermal efficiency, the four drain pins of the DMC4040SSD should be 
connected in common. Sufficient PCB via holes should be used to connect top and bottom copper 
heat sink areas. 
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Figure 4 Transient thermal impedance variation with pulse width 

Since the PCB board temperature prior to the torque current sequence was 85ºC, the MOSFET 
junction temperature will reach TJ(1) = 106ºC at the end of T1.  

 

Calculations – Sinusoidal motor current period  

As is shown in Figure 2, as the high torque current expires, the motor current transitions into the 
sinusoidal state – sinusoildal motor current period. The power loss in this stage is less than its 
predecessor. The RMS MOSFET current amplitude in the evaluated printer during this time was 
estimated to be 3.25A. 

So, the worse-case conduction loss due to the sinusoidal motor current is 

Pon = ( ID(RMS) )
2 × RDS(ON) × Kfactor(3) 

      = (3.25A)2 × 27mOhm × 1.6  

      = 0.43W 

where Kfactor(3) is the normalized on-state resistance ratio at 150ºC (worst case scenario). 

Similarly, the worst-case switching losses can be calculated as follows: 

Pswi = 0.5 × VDS × ID(RMS) × ( trise + tfall ) × fswi  

               = 25V × 3.25A × 150ns × 45KHz  

                                 = 0.55W 

Once the printer completes printing a test page the sinusoidal current phase expires after 2 seconds. 
From the transient thermal impedance curve, the associated ttranisient thermal impedance Zth(2) is 
40ºC/W. The device temperature rise due to the sinusoidal current mode of the waveform is 

TJ(rise) = ( Pswi + Pon ) × Zth(2)   

          = 0.98W × 40ºC/W  

          = 39.2ºC 

The instantaneous rise in device junction temperature is the sum of the temperature rise during start 
up period T1 and the temperature rise during sinusoidal motor period T2.  The rise in junction 
temperature is therefore 85ºC (starting temperature) + 21ºC + 39.2ºC = 145.2ºC. The DMC4040SSD 
rises to 145.2°C which is still within the maximum permissible device junction temperature.  
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It is important that MOSFETs are operated with some margin over the operating limit. Exceeding the 
maximum junction temperature will result in degradation of device and with time device failure. 

The same methodology can be used to calculate losses in the P-channel of the DMC4040SSD. 
However, as their RDS(ON) are matched the losses in the P-channel will be the same as that observed 
in the N-channel side.  

 

Conclusion 

Using a combination of laboratory measurement data and theoretical analysis, it has been 
demonstrated that the temperature of the DMC4040SSD will stay within its max junction temperature 
when subjected to high torque current several times higher than its nominal operating current. The 
DMC4040SSD is therefore suitable for use in high torque current Brushless DC motor applications 
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IMPORTANT NOTICE 
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or 
other changes without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the 
application or use of any product described herein; neither does it convey any license under its patent rights, nor the rights of 
others. The user of products in such applications shall assume all risks of such use and will agree to hold Diodes Incorporated 
and all the companies whose products are represented on our website, harmless against all damages. Diodes Incorporated 
does not warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales channels. 
 

LIFE SUPPORT 
Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems 
without the express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein: 
A.   Life support devices or systems are devices or systems which: 
 1. are intended to implant into the body, or 

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use 
     provided in the labeling can be reasonably expected to result in significant injury to the user. 
B.   A critical component is any component in a life support device or system whose failure to perform can be reasonably 
expected to cause the failure of the life support device or to affect its safety or effectiveness. 
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