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Abstract— This paper presents a flyback converter with a 

hybrid clamp, i.e., a combined passive RCD and active clamp, and 
a corresponding power management circuit that substantially 
optimizes the performance of the flyback converter in the entire 
line and load ranges.  By sensing the operating conditions, the 
power management circuit configures the clamp circuit either as 
a passive clamp or as an active clamp.  In the passive-clamp 
configuration, the clamp switch is kept turned off and the main 
switch turns on with valley switching, whereas, in the active-clamp 
configuration, the clamp switch operates with pulse-width 
modulation (PWM) which enables zero-voltage-switching (ZVS) 
turn-on of the main switch.  Performance of the flyback converter 
with the hybrid clamp is evaluated on a laboratory prototype of a 
65-W (19.5-V, 3.33-A) universal-line-voltage-range (90-264 Vrms) 
adapter.  

Keywords—RCD clamp, active clamp, hybrid clamp, flyback 
converter, power management 

I. INTRODUCTION 

The increasing demand for size reduction of today’s external 
power supplies such as adapters/chargers for laptops, tablets, 
mobile devices, game consoles, printers, etc., has stimulated 
substantial development and research efforts in high-efficiency 
and high-power-density power conversion.  As the silicon-based 
devices approach their theoretical performance limit, their 
ability to improve the performance of the next generation of 
power supplies is diminished.  The emerging wide-band-gap 
devices, such as GaN-based devices, will inevitably bring about 
future significant incremental efficiency improvements.  
Generally, GaN MOSFETs have considerably lower gate charge 
and lower output capacitance than Si MOSFETs and, therefore, 
they have a good potential for operation at higher switching 
frequencies and, consequently, for size reduction of the power 
supplies. [1]-[4]. 

In low-power offline applications, the flyback topology is 
the mostly used topology due to its simplicity and low cost.  An 
integral part of the flyback converter is the clamp circuit that 
processes the energy stored in the leakage inductance of the 

flyback transformer after the main switch is turned off.  
Generally, the flyback topology can be implemented with 
different clamp structures.  The two most employed clamp 
structures are the RCD clamp [5]-[9] and the active clamp [11]-
[16], shown in Figs. 1 and 2, respectively.   
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Fig. 1  Flyback converter with RCD clamp. 
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Fig. 2  Flyback converter with active clamp. 
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In the RCD clamp, the energy stored in the leakage 
inductance of the flyback transformer is dissipated in the clamp 
resistor, whereas in the active clamp this energy is recycled and 
used to achieve zero-voltage-switching (ZVS) turn-on of the 
main switch.  If the flyback converter with active clamp operates 
with non-complimentary control [13], [15], i.e., when the clamp 
switch is turned on only for a short time before the main switch 
is turned on, ZVS can also be achieved at lighter loads when the 
flyback converter operates in discontinuous-conduction mode 
(DCM).  It should be noted that with the RCD clamp, ZVS turn-
on of the main switch can be achieved only at input voltages VIN 
which are lower than the primary-side reflected output voltage 
NVO, where N is the ratio of the number of primary-winding 
turns and the number of secondary-winding turns, and VO is the 
output voltage.  Therefore, due to ZVS and the leakage energy 
recycling, the active clamp generally exhibits better 
performance than the RCD clamp at heavier loads and higher 
input voltages (VIN > NVO).  However, at very light loads, where 
the flyback converter operates in deep DCM and the active-
clamp switch turns on when the resonance between the 
magnetizing inductance of the flyback transformer and the 
circuit parasitic capacitances is almost completely damped out, 
the turn-on loss of the active-clamp switch at low input voltages 
is greater than the loss saved by ZVS turn-on of the main switch, 
i.e.,   

 SWINeqSWGateGGSWOeq fVCfQVfNVC 22 )(
2

1
)(

2

1
  , (1) 

where, Ceq is the equivalent parasitic capacitance of switches 
SW1 and SW2, the primary-side reflected parasitic capacitance of 
switch SW3 , and the parasitic winding capacitance of the flyback 
transformer; fSW is the switching frequency; VGG is the gate drive 
voltage of switch SW2, and QGate is the total gate charge of switch 
SW2.  Since at very light loads the energy stored in the leakage 
inductance of the flyback transformer is practically negligible, 
the performance of the flyback converter with RCD clamp at 
very light loads and low input voltages VIN < NVO may be better 
than that with the active clamp.   

Therefore, the performance of the flyback converter in the 
entire line and load ranges can be optimized by combining the 
RCD clamp and the active clamp into a hybrid clamp. 

II. HYBRID-CLAMP TOPOLOGY AND CONTROL 

The circuit diagram of the flyback converter with a hybrid 
clamp is presented in Fig. 3.  As shown in Fig. 3, the clamp 
circuit, which is connected in parallel to the primary winding of 
the flyback transformer TR, comprises a parallel combination of 
clamp capacitor CCl and clamp resistor RCl that is connected in 
series with a parallel combination of switch SW2 and clamp 
diode DCl.  Fig. 3 also shows a control block, which includes a 
controller and a power management unit.  The controller 
provides the control signals for main switch SW1, clamp switch 
SW2, and synchronous rectifier switch SW3, if any, to regulate 
the output voltage.  The power-management unit generates the 
enable/disable signal for clamp switch SW2 based on the 
converter’s operating conditions.  When signal EN is LOW, the 
clamp circuit is configured as a passive clamp (PCL), i.e., clamp 
switch SW2 is kept turned off.  However, when signal EN is 
HIGH, the clamp circuit is configured as an active clamp (ACL)  
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Fig. 3  Flyback converter with hybrid clamp. 
 

and clamp switch SW2 is switched at the same frequency as main 
switch SW1 so that switch SW1 turns on at ZVS.  During this 
mode of operation, switches SW1 and SW2 never conduct at the 
same time, i.e., switch SW2 is turned on during the off-time of 
switch SW1 and vice versa. 

It should be noted that the controller and the power 
management unit can be implemented by hardware, software, or 
any combination of hardware and software.  Generally, a 
hardware implementation includes analog and digital circuits, 
while a software implementation includes one or more 
microcontrollers, digital-signal processors, or both, that execute 
the algorithms that constitute the controller and the power 
management unit. 

Switches SW1, SW2, and SW3 in Fig. 3 can be implemented 
with Si MOSFET switches and/or GaN and SiC switches.  
Clamp diode DCl in Fig. 3 can be implemented by using the body 
diode of MOSFET clamp-switch SW2 or by an external diode.  It 
should be noted that the hybrid-clamp circuit can also be 
implemented by connecting it in parallel to the primary switch 
SW1.   

Principle of operation of the hybrid-clamp circuit is 
illustrated in Figs. 4 and 5.  Figure 4 shows, as an example, 
desired regions of operation for the passive-clamp and active-
clamp circuits in the IO-VIN plane.  The boundary between the 
two regions, shown with the dashed line, is determined by 
preferred optimization criteria such as, for example, maximum 
efficiency.  If, for example, the input voltage VIN and the output 
current IO of the flyback converter correspond to operating point 
“A” in Fig. 4, i.e., the operating point is in the region where the 
passive-clamp (PCL) operation is optimal, the power 
management block in Fig. 3 will generate EN = LOW signal and 
the flyback converter will operate with the clamp circuit 
configured as the passive clamp where only main primary switch  
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Fig. 4  Regions of operation for passive-clamp and active-clamp circuits in  
IO-VIN plane. 
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Fig. 5  Principle of operation of flyback converter with hybrid clamp. 
 

 

SW1 is modulated, as shown in Fig. 5.  However, if the input 
voltage VIN and the output current IO of the flyback converter 
correspond to operating point “B” in Fig. 4, i.e., the operating 
point is in the region where the active-clamp (ACL) operation is 
optimal, the power management block in Fig. 3 will generate 
EN = HIGH signal and, consequently, the flyback converter will 
operate with the clamp circuit configured as the active-clamp 
where both primary switch SW1 and SW2 are modulated, as also 
illustrated in Fig. 5. 

Generally, the desired regions of operations for the passive-
clamp and active-clamp operation can be determined based on 
any arbitrary design optimization criteria.  For example, besides 
efficiency, these regions can also be determined based on 
electromagnetic interference (EMI), component-stress, and/or 
transformer performance optimization considerations.  The 
desired regions of operation can be determined analytically, i.e., 
by calculations and/or simulations, and/or by measurements on 
a prototype circuit.  In both approaches, the desired optimization 
quantity is evaluated for a set of operating points for both the 
passive- and active-clamp operations to determine which 
operation exhibits better performance.  Based on this evaluation, 

the boundary between passive- and active-clamp regions of 
operation can be defined and employed in the power-
management algorithm.  For example, in a digital 
implementation, the boundary operating points may be stored in 
a look-up table so that the power-management algorithm tests 
the actual operating point of the converter with respect to the 
boundary operating points to determine the region of operation, 
i.e., to determine which clamp method is optimal. 

III. PERFORMANCE EVALUATION 

Performance of the flyback converter with the hybrid clamp 
is evaluated on a 65-W (19.5-V, 3.33-A) adapter prototype for 
the universal line-voltage range (90-264 Vrms).  The circuit 
diagram of the experimental circuit along with component 
information is presented in Fig. 6.  The minimum input voltage 
after the line-voltage rectifier is VIN,min = 88 V, which is obtained 
at 90-Vrms line voltage with a 120-µF bulk capacitor at full 
load.  The maximum input voltage after the line-voltage rectifier 
is VIN,max≈375 V, which is obtained at the peak value of 264-
Vrms line voltage.  All experimental results, presented in Figs. 
7-15, are obtained at dc input voltages VIN = 88-375 V. 

It should be noted that in the active-clamp mode, the circuit 
operates with non-complimentary control [13], [15]. 

Key measured waveforms obtained with hybrid clamp in 
PCL mode at minimum input voltage VIN,min = 88 V, at 100%, 
10%, and 5% load are shown in Figs. 7, 8, and 9, respectively.  
The corresponding waveforms obtained with hybrid clamp in 
ACL mode are shown in Figs. 10, 11, and 12, respectively.  The 
waveforms obtained with hybrid clamp in PCL mode in Fig. 7 
and Figs. 8 and 9, illustrate the ZVS switching at full load and 
valley switching at 10% and 5% loads, respectively.  The 
corresponding waveforms obtained with hybrid clamp in ACL 
mode in Figs. 10, 11, and 12, show that ZVS switching is 
achieved in the entire load range.  The drain-source voltage 
waveform of the main switch in Figs. 11 and 12 illustrate that in 
active clamp mode the circuit operates with non-complimentary 
control. 

DC-DC efficiency ηDC-DC = PO/PIN measurements at 100%, 
10%, and 5% load are presented in Figs. 13, 14, and 15, 
respectively.  As shown in Figs. 13-15, by combining the RCD 
clamp and the active clamp into a hybrid clamp,  the  efficiency 

 

V IN 

V O 

TR

SW1

C O 

SW2

SW3

DCl 

47nF200k
RCl CCl 

Core:EQI26/19

TPH3206LD

TPH3206LD

6x22F

GU1M-E-47L

IRFH7185TRPBF

12T 2T

Lm = 80H
Llk,pr =0.8H

88-375Vdc

19.5V
3.33A

 
Fig. 6  Experimental circuit. 
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Fig. 7  Measured waveforms obtained with hybrid clamp in PCL  mode  at  
88-V input voltage and 100% load. 

 
 

 
Fig. 8  Measured waveforms obtained with hybrid clamp in PCL  mode  at  
88-V input voltage and 10% load. 

 
 

 
Fig. 9  Measured waveforms obtained with hybrid clamp in PCL  mode  at  
88-V input voltage and 5% load. 

 
Fig. 10  Measured waveforms obtained with hybrid clamp in ACL mode at 
88-V input voltage and 100% load. 

 
 

 
Fig. 11  Measured waveforms obtained with hybrid clamp in ACL mode at 
88-V input voltage and 10% load. 

 
 

 
Fig. 12  Measured waveforms obtained with hybrid clamp in ACL mode at 
88-V input voltage and 5% load. 
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Fig. 13  Efficiency measurements at 100% load. 
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Fig. 14  Efficiency measurements at 10% load. 

 
 

of the flyback converter is slightly compromised, i.e., the 
flyback converter with the hybrid clamp in ACL mode has 
slightly lower efficiency than the flyback converter with the 
conventional active clamp, which is the result of the additional 
loss in the clamp resistor added in parallel to the conventional 
clamp capacitor.  For example, at  100%  load,  the  maximum  
 

 

88 170 330 375

60

70

80

90

V in [V]


DC-DC

 [%]

Conventional active clamp

Hybrid clamp in ACL mode w/ DCl

Hybrid clamp in ACL mode w/o DCl

Conventional RCD clamp

Hybrid clamp in PCL mode w/ DCl

Hybrid clamp in PCL mode w/o DCl

85

86

87

88

89

90

 
 

Fig. 15  Efficiency measurements at 5% load. 
 

efficiency reduction is around 0.2% at maximum input voltage 
VIN,max = 375 V (solid lines in Fig. 13).  Similarly, the flyback  
converter with the hybrid clamp in PCL mode has slightly lower 
efficiency than the  flyback converter with the conventional 
RCD clamp, which is the result of the additional turn-on loss 
due to the capacitance of the clamp switch connected in parallel 
to the conventional clamp diode. This effect is more 
pronounced at higher input voltages. For example, at 100% 
load, the maximum efficiency reduction is around 0.9% at 
maximum input voltage VIN,max=375 V (dashed lines in Fig. 13).  
At 100% load, as shown in Fig. 13, the flyback converter with 
the hybrid clamp in ACL mode is more efficient than its PCL 
mode counterpart in the whole input voltage range.  At 10% 
load, as shown in Fig. 14, the flyback converter with the hybrid 
clamp in PCL mode becomes more efficient than its ACL mode 
counterpart in a narrow input voltage range at the minimum 
input voltage.  Specifically, at minimum input voltage 
VIN,min=88 V, the efficiency in PCL mode without clamp diode 
DCl is 92.81% versus 91.35% in corresponding  ACL mode.  
However, this efficiency is still lower than the efficiency of the 
flyback converter with the conventional active clamp (92.85%).  
Finally, at 5% load, as shown in Fig. 15, the flyback converter 
with the hybrid clamp in PCL mode in a very narrow input 
voltage range at the minimum input voltage becomes more 
efficient even than the flyback converter with the conventional 
active clamp.  Specifically, at minimum input voltage 
VIN,min=88 V, the efficiency in PCL mode with clamp diode DCl 
is 89.91% versus 88.81% of the conventional active clamp and 
88.07% in corresponding ACL mode.  
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IV. CONCLUSION 

The hybrid clamp helps to optimize the performance of the 
flyback converter in the entire line and load ranges.  The hybrid 
clamp in the ACL mode exhibits better performance than in the 
PCL mode in most parts of the IO-VIN plane.  However, at light 
loads approximately below 10% of full load and at low input 
voltages in a narrow range at the minimum input voltage 
(approximately between 88 V and 120 V), the performance of 
the flyback converter with the hybrid clamp in the PCL mode is 
better than that of its ACL mode counterpart.    
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