
Synchronous rectification 

 

Possible applications of synchronous rectification have been considered and are discussed below. 
 
1. Forward Converter with direct drive synchronous forward & flywheel rectifier FETs.  

 
Advantages of this approach are its simplicity, cost & parts count.  Compared with a 15W, 3.3V NPH 
the efficiency increases from 80.5% to at least 85%, which would be sufficient on an NCX substrate to 
allow 15W operation down to 1.8V output, with the D-Pak dual schottky replaced by an SO-8 dual 
MOSFET.  Cross-conduction is almost eliminated as when one FET turns on it shorts the gate of the 
other FET to its source.  Cost would be less than $0.15 more than the existing NCX circuit. 
The 15-30W range could be met using two SO-8 packaged MOSFETs. 
 
Disadvantage is body diode conduction in the flywheel FET for a small part of the switching cycle, 
which could reduce efficiency by up to 1%.  This can be improved by connecting a schottky diode in 
parallel with the flywheel FET. Although the schottky would normally conduct for only 10% of each 
switching cycle, it would need to be rated to carry the full short circuit current, as during current limit 
the flywheel FET will only be switched on in proportion to the main duty cycle.  However it is possible 
to buy dual MOSFETs with the schottky integrated in the same package. 
 

2. Forward converter with controlled synchronous rectifiers. 
 

This is the approach used in the WPN dual & WPA modules.  It provides a further increase in 
efficiency by keeping the flywheel FET switched on during the time its body diode or parallel schottky 
would otherwise be conducting.  The disadvantage is an increase in complexity & cost over the direct 
drive method. The merits of this approach will be investigated during the preliminary work on the 
WPA.  The WPA approach uses the output filter inductor waveform to control the forward and 
flywheel FETs.  This results in the flywheel FET being turned on for all of the flywheel period, which 
gives lower losses than would be achieved if the body diode or a parallel schottky were allowed to 
conduct. The control scheme used in the WPA also allows reverse current flow in the flywheel during 
hat would normally be discontinuous mode, which may simplify the control loop compensation. 
 
Various control ICs exist which could be used. The IR1176 costs $2.95, and is available as an SO20, 
SSOP20 & a DIP20.  A disadvantage is that more than 20 external parts are required to make the IC 
work. Also  Texas Instruments are developing the TPS4000 for this application 



 
3. Synchronous post regulation 

 
It is theoretically possible to implement the following type of rectification & regulation scheme.  With 
a fixed volt-second drive to the transformer this would remove the need for the opto-isolator (cost 
£0.08) by replacing it with an extra MOSFET (cost >£0.30) and control circuit (unknown cost!). 

 
A more practical use of secondary side post regulation would be to provide a second output:- 
 

  
This sort of circuit may be useful for supplying DSPs, which typically require a 1.5V to 2.5V core 
voltage and a  3.3V I/O voltage.  Power requirements appear to be 0.5A to 6A depending upon the 
number and type of DSPs supplied. 
 
Cost will depend upon the type of controller used, and whether the FETs are integrated in the control 
or fitted discretely.  The integrated solution from TI (with on board FETS) would cost from $4 to $6 
plus the filtering at the 1K level.  A discrete solution should be cheaper, but may use more board area 
than that available. Other control ICs aimed at this application include TI UC3584, which is 
synchronisable but doesn’t have the flywheel drive, or the National Semiconductor LM2630, which 
does, the LM2636 (family) which has a 5-bit programmable output voltage, and sells for $1.60,  the 
IRU3037 or the one of the AnalogicTech range of dc-dc ICs.  So with a dual MOSFET less than $1.00, 
and output filtering probably less than $1.00, if space were available a low power second output could 
probably be added for less than $4 (£2.80). 
 
 

4. Half Bridge with synchronous rectifier 
 

For a higher power output the SI9122 controller could be used with two primary FETs & two 
secondary FETs.  



 
5. Synchronous flyback 

 
To get the correct phasing of gate drive an additional transformer winding is required. There do not 
appear to be any significant gains available in efficiency as the switching & gate drive losses appeared 
to outweigh any decrease in conduction loss.  

 
 

Conclusions 
 

Two arrangements may merit further investigation:- 
 
Direct drive synchronous rectifiers could be used on a variant of the NCX  to extend the 10-15W 
range to lower output voltages.  Basing the circuit on the NCX could reduce the development & 
qualification time, the main risk with this approach is ensuring that the parts used will survive short 
circuit conditions. 
 
A synchronous post regulator could be used to provide an additional low voltage output from a 3.3V 
or 5V output. This would be aimed at processor/DSP applications, and various manufacturers offer 
control ICs to implement this. 
 
 

 


