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Abstract— This paper demonstrates how bypassing the 

MOSFETs body diodes in a full bridge application by 

freewheeling of the transformer current through the MOSFETs 

of one input leg decreases the power losses, depending on the 

operating point. A gate drive control via a modern digital signal 

processor is described that allows an on-the-fly change of the gate 

drive method so that freewheeling is activated or deactivated as 

required to obtain lowest losses in a wide operating range. Unlike 

other approaches to bypass the MOSFETs body diodes, this 

technique requires no additional circuit parts (e.g. external 

freewheeling diodes). 

The effect of freewheeling on power losses is illustrated by 

measurements of the current and voltages run, MOSFET 

temperatures and the characteristic curve of power losses. 

Keywords-MOSFET body diode; freewheeling; digital gate 

drive control 

I.  INTRODUCTION 

This research project deals with the development of an 
adjustable converter for injection of fuel cell power (or any 
other low voltage energy source in the range of 40-80VDC) 
into the public grid (230VAC/50Hz or 110VAC/60Hz). A 
DC/DC converter stage increasing the voltage level is 
connected to a DC/AC inverter for grid current injection via a 
high capacitance DC link (360V). 

With high efficiency being a primary objective, the DC/DC 
stage is a main area of opimization as its low voltage side 
conducts the higher input current (up to 25A at 1kW power in 
contrast to 2.7A in the DC link or 4.5A output current). Figure 
1 shows a simplified schematic of the converter and the 
switching states of the input bridge. The input MOSFET full 
bridge converts the fuel cells DC voltage to square voltage 
pulses with a fixed frequency of 100kHz. After transformation, 
the AC pulses are rectified (SiC full bridge) to charge the DC 
link capacitor. 

In this application (decentral cogeneration of electric and 
thermal energy in private houses), the fuel cell is considered to 
be used at varying operating points dependent on the required 
amount of heating. As the fuell cells voltage changes with 
increasing or decreasing load, the converter adjusts the duty 
cycle of the voltage pulses to regulate the DC link voltage. At 

the end of each duty cycle, the transformer current commutates 
from the formerly conducting MOSFET diagonal to the body 
diodes of the opposite diagonal causing increased losses due to 
the body diodes higher voltage drop (USD=1V at 35A  opposed 
to UDS = 35A

1
 x 0.014Ohm = 0.49V of the MOSFET channel 

with an rDS(ON) of 0.014Ohm during on state).  

Figure 1.  Simplified schematic of the converter,input bridge switching states  

These losses can be decreased if the body diodes are 
bypassed by freewheeling of the current through one leg of the 
input side. As a booster circuit is used for the high side 
MOSFET drivers, the freewheeling current is routed through 
the low side MOSFETs to insure proper start up with short 
duty cycles. 

Figure 2 contains a simulation of the current run after a 
MOSFET diagonal is turned off. 

• Without freewheeling through an input leg, the 
transformer input voltage reverses its direction and 
rises until the MOSFETs body diodes become 
conductive (Utr exceeds Uin + 2 x USD). The 
transformer current Itr decreases at a high rate due to 
the counteracting input voltage Uin=UFC. As soon as 
the current has receded, the transformer voltage breaks 
down to zero. 

                                                           
1
 Closest operation point in the MOSFETs data sheet 



• Turning on the low side MOSFETs after a diagonal is 
turned off allows the transformer current to freewheel 
with a very low counteracting voltage consisting of the 
voltage drop of the MOSFETs and the circuit paths. 

Figure 2.  Simulation of current run after MOSFET diagonal turn off  

Due to the higher voltage drop of the MOSFETs body 
diodes, the initial power loss (indicated by the power loss run 
P) is higher without freewheeling. As the current decreases at a 
higher rate because of the counteracting input voltage, the 
overall power loss int(P) depends on the present point of 
operation. In this application, freewheeling decreases the power 
losses for higher power levels, while an increase of the losses 
can be detected for low power output. 

II. CONCEPT AND FUNCTIONAL DESCRIPTION 

The controller program of the digital signal processor used 
for the converters control and monitoring functions 
(Motorola/Freescale DSP56F807) is extended by a hysteresis 
function (Fig. 3). As the current output power

2
 exceeds the 

upper limit, the input stages gate drive is reconfigured for a 
pulse pattern that allows freewheeling through the low side 
MOSFETs. Freewheeling is disabled when the output power 
falls below the lower limit. The hysteresis ensures the proper 
function of the DC link voltage regulation at the corner point. 
Additionally, a blocking time prevents a perpetual change of 
the switching method. 

Figure 3.  Power Output Hysteresis 

                                                           
2
 Derived from the DC link charging current IDC as UDC is 

assumed to be constant 

A change of the switching method is performed in five 
steps: 

1. Deactivation of the input stage gate drive to prevent 
half bridge short circuits and common mode 
transformator currents. 

2. Reconfiguration of the DC link voltage regulation to 
account for a change of the gate drive control variable 
(pulse width/deadtime) and its scaling. 

3. Reconfiguration of the processors pulse width 
modulation module. Without freewheeling, the pulse 
width is constantly set to 50%

3
 , generating a 

symmetric
4
  gate drive while a variable deadtime 

shortens the effective duty cycle. With freewheeling 
through the low side MOSFETs, deadtime is constantly 
set to its minimal value while the pulse width is 
modulated between 0%

5
  and 50%. Examples of the 

gate drive run are included in the measurements of the 
next chapter. 

4. Reactivation of the input stage gate drive. 

5. Insertion of a blocking time before another change of 
the switching method can be performed. 

Figure 4 shows the DC link voltage run
6
  during a change 

of the switching method. While the charging current 
(represented by the transformer input current Itr) becomes zero 
due to the gate drive being deactivated

7
, there is no noteworthy 

drop of the DC link voltage due to the high capacitance of the 
DC link

8
. For other applications with a smaller DC link 

capacitance, the time of gate drive deactivation (based on 
program timing restraints) can be reduced; for single phase 
applications, the deactivation could also be synchronized with 
the zero point in the run of the active power. 

With a blocking time of 2500ms and a deactivation time of 
750µs, a perpetual change of the switching method caused by 
the hysteresis interval being to narrow will reduce the effective 
duty cycle of the input stage by 

750µs
/2500ms = 0.03%, which has 

a negligible effect on DC link regulation. 

                                                           
3
 Highside and lowside MOSFETs are turned on for an equal 

amount of time 
4
 UgsB2=UgsT1, UgsT2=UgsB1, UgsB1=complement of UgsT1 except 

for deadtime interval 
5
 Lowside MOSFETs are turned on permanently 

6
 UAC represents the AC component of DC link voltage with 

an increased resolution 
7
 Voltage measurement spikes during input stage deactivation 

are caused by switching noise of output stage 
8
 Required for low input (fuel cell) current ripple and 

buffering of reactive (grid) power 

(Provide 1cm space here for IEEE catalogue No.) 
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Figure 4.  DC link voltage during switching method change 

III. MEASUREMENTS 

The following measurements allow a comparison of input 
bridge switching with and without freewheeling through the 
low side MOSFETs for two operating points: At 200W output 
power, freewheeling increases the power losses; at 400W the 
losses are reduced. Figure 5 shows the transformer current Itr, 
transformer voltage Utr and drain source voltages of one half 
bridge UdsT1 resp. UdsB1; additionally, the gate drive schemes 
described above are drawn into the respective plot. 

Figure 5.  Current and voltages measurements 

Without freewheeling, the transformer current decreases 
rapidly at the end of the duty cycle while the transformer 
voltage reverses its polarity, causing a large voltage-time area. 
Current and voltage oscillations occur before the drain-source 
voltages of the highside and lowside MOSFETs are balanced to 
approximately half of the input voltage. Freewheeling 
eliminates the voltage reversal and oscillation while current-
time area is increased. 

At higher output powers, the oscillations also increase noise 
on the converters measurement signals. Thus, a improvement 
of the DC link voltage regulation (lower voltage ripple) can be 
noted when freewheeling is activated; other measurement 
values (e.g. for temperature monitoring) can also be observed 
to be more steady. 

The differences in the MOSFETs losses can also be 
recognised in their heat development. Figure 6 shows the 
MOSFETs temperatures for the first ten minutes after start of 
converter operation. At 200W, the devices generate more heat 
with freewheeling, at 400W freewheeling reduces the heat 
generation. Without freewheeling, equal heat generation in 
highside (T) and lowside (B) MOSFETs would be expected; 
differences in the temperatures can be explained with the 
highside MOSFET being placed in a more enclosed position on 
the common heat sink of the input bridge. 

Figure 6.  MOSFET temperatures at 200W (left) and 400W power output 

Figure 7 contains the characteristic curve of the power 
losses in relation to the power output. Although the 
measurements diverge for lower amounts of power output due 
to nearly no-load operation, the effect of freewheeling on the 
power losses can be recognised. Also the corner point of 
intersecting curves for operation with and without freewheeling 
can be extracted, allowing the parametrisation of the hysteresis 
function for freewheeling activation and deactivation. 

Figure 7.  Power losses comparison 

 

100µs/DIV

Udc [100V/DIV]

Uac [10V/DIV]

Itr [10A/DIV]

1µs/DIV

Utr [40V/DIV]

Itr [20A/DIV]

UdsT1 [40V/DIV]

UdsB1 [40V/DIV]

UgsT1

UgsB1

UgsT2

UgsB2

without freewh.        with freewh. 

Utr [40V/DIV]

Itr [20A/DIV]

UdsT1 [40V/DIV]

UdsB1 [40V/DIV]

UgsT1

UgsB1

UgsT2

UgsB2

2
0

0
W

 
4

0
0

W
 

20

22

24

26

28

30

32

34

36

38

40

0 1 2 3 4 5 6 7 8 9 10

T im e  [m in ]

T
e
m

p
e
ra

tu
re

 [
°C

]

T , w ith  fre e w h .

B , w ith  fre e w h .

T , n o  fre e w h .

B , n o  fre e w h .

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

15

20

25

30

35

40

45

50

55

60

100 150 200 250 300 350 400
Power Output [W]

L
o

s
s
e
s
 [

W
]

without freewheeling with freewheeling



IV. CONCLUSION 

As demonstrated in this paper, bypassing the MOSFETs 
body diodes in a full bridge application by freewheeling of the 
transformer current through the MOSFETs of one input leg 
decreases the power losses, depending on the operating point. 
Gate drive control via a modern digital signal processor allows 
an on-the-fly change of the gate drive method so that 
freewheeling is activated or deactivated as required to obtain 
lowest losses in a wide operating range. 

Unlike other approaches to bypass the MOSFETs body 
diodes, no additional circuit parts (e.g. external freewheeling 
diodes) are required. 
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