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everal switching-converter topologies exist for 
power converters that operate from the ac mains 
and must maintain a power factor of 0.9 or bet-
ter. One topology is a boost converter with a con-
trol circuit that measures the switch current and 
adjusts the switching duty cycle so that the in-

put current tracks the rectified input-ac voltage. However, the 
output voltage is high—approximately 200V dc in the United 
States and more than 400V dc in Europe—and has no fixed 
ground reference. Because of these drawbacks, a second con-
verter, typically a flyback transformer, provides isolation from 
this high dc voltage, allows a safety ground reference, and pro-
vides a regulated lower output voltage of 
5 to 25V dc. The addition of this second 
stage adds extra components and ineffi-
ciency: Even if each conversion is 90% ef-
ficient, the overall efficiency is only 81%. 

In addition, a ripple voltage always ex-
ists for a constant load on the dc output. 
As the single-phase ac input voltage twice 
passes through zero during each cycle, the 
load can’t draw power because both the in-
put voltage and the input current are near 
zero. Thus, during these voltage-crossover 
times, the output capacitor must supply 
the total load current. You can arbitrarily 
reduce the ripple voltage on the dc out-
put of the boost converter by increasing 
the output capacitance but at a cost: In 
the usual case, another step-down switch-
ing converter follows the dc output of the 
boost converter, so a moderate amount of 
input ripple is acceptable because the sec-
ond converter easily regulates it out.

A single-stage-transformer-flyback to-
pology operates from ac-line voltage but 
has a different switching control that di-
rectly gives an isolated low-voltage output 
at a high power-factor figure (Figure 1). 
Because the design must handle high dc 
voltages only once and provides low out-
put voltages, the topology uses an isola-

tion flyback transformer. Because the current from ac mains 
to a flyback transformer is discontinuous, however, the circuit 
requires a different switching-control scheme to ensure a good 
power-factor figure. You accomplish this control by appropri-
ately varying the duty factor of the switching converter. For 
practical reasons, the duty factor should be at least 35 to 40% 
to keep the voltage and current stresses on the switch at rea-
sonable levels. The new control scheme also assumes a nearly 
constant error voltage VE, a scaled and integrated difference 
between the desired output voltage and a reference voltage, 
throughout one half-cycle of the ac input. The control scheme 
also requires continuous current in the flyback transformer.
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Flyback transformer enables 
high power-factor and 
converter efficiency
Ever-tightening regulations require a power factor of at 
least 0.9 and high efficiency for offline power supplies. This 
new switching-converter topology uses a flyback trans-
former and accomplishes both these goals in one stage.
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Figure 1 This single-stage transformer-flyback topology for an external power supply 
operates from ac line voltage but has a different switching control that directly gives 
an isolated low-voltage output at a power factor of 0.9 or more.
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At the beginning of each switch cycle, the control circuit 
turns on switch S1. The switch’s current through the 1V resis-
tor produces the input voltage, VI, and a nonlinear voltage 
ramp, VR, is generated. As the switch current increases while 
the switch is closed, VI increases, and, when VI intersects this 
nonlinear ramp, the switch turns off and remains off for the 
rest of that switching cycle. At the beginning of the next cy-
cle, the switch turns on, the nonlinear voltage ramp resets, 
and the process repeats.

An example
The converter in Figure 1 has a maximum 141V-ac sine

wave input, corresponding to a peak voltage of 200V, and runs 
at a 100-kHz switching frequency. The flyback transformer has 
a primary inductance of 2 mH; the minimum duty factor, D, is 
0.4; and the error voltage is 2.7V. Although the transformer’s 
secondary can have any turns ratio that produces the required 
output voltage, for this example, assume a 1-to-1 turns ratio 
and a secondary voltage of 133V. This secondary voltage en-
sures a duty cycle of 0.4 when the input sinewave is 200V. 
Throughout the rest of the sinewave’s voltage input, the du-
ty cycle is greater than 0.4. This set of parameters presents a 
100W load to the ac input: 141V rms30.7A rms.

For this example, Figure 2 shows the plot of the special 
nonlinear curve, or ramp, along with several voltage and cur-
rent operating points. The nonlinear ramp remains at 2.7V 
until the duty factor reaches 0.4, at which point the ramp 
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Figure 2 The nonlinear ramp voltage remains at 2.7V until the 
duty factor reaches 0.4, at which point the ramp voltage begins 
to fall. 



begins to fall with a substantial curvature, 
which is an advantage. To understand 
the converter’s operation in this exam-
ple, first consider the switching operation 
when the peak input ac voltage is 200V 
and the average input current is 1A. At 
the beginning of a cycle, switch S1 turns 
on, and, at this instant, the switch carries 
2.3A, so VI is 2.3V. As time passes, the 
inductor current and the voltage ramp 
up. When 40% of the cycle completes, 
the voltage rises to 2.7V, which intersects 
VR (boldfaced line in Figure 2). At this point, the compara-
tor turns off switch S1, which remains off for the remainder 
of this cycle. From this 40% point until the 100% point, the 
flyback transformer dumps its current into the 133V load 
(the dashed line in Figure 2). At the end of the cycle, the 
flyback current returns to its original starting point of 2.3A. 
This cycle repeats when the input ac is 200V.

As the input ac voltage drops from its peak of 200V to, say, 
133V, the voltage ramp changes sharply. With 133V input 
and 133V output, the new duty factor is 50%. Additionally, 
the average input current, IIN, at 133V is 133/200, or 0.665A. 
At an input voltage of 133V, the switch current begins at ap-
proximately 1.16A and ramps up to approximately 1.5A at 
the point on Figure 2 where it intersects the voltage ramp 
at a 50% duty factor. S1 turns off, and the flyback transform-

er dumps its current into the load. The 
secondary current decays (dashed line) 
and ends at 1.16A. Note that all the 
secondary-current decays for all input 
voltages have the same slope because 
the transformer always discharges into a 
constant 133V. Thus, for all parts of the 
input ac voltage, this control method 
gives proper control of the average in-
put current such that the overall power 
factor is near 100%. And, if the output 
load is, for example, 50W rather than 

100W, the feedback-error voltage is 1.35V. The ramp voltage 
remains the same shape but becomes half-amplitude, so the 
input currents at all input voltages are half, and the power fac-
tor remains near 100%.

To calculate the shape of the ramp voltage, determine the 
maximum operating ac voltage and hence its peak—for exam-
ple, 141V rms and 200V, respectively. Then, select the switch-
ing frequency of the converter—say, 100 kHz or a period of 10 
msec. Taking into account maximum switch voltage and cur-
rent stresses, select the minimum duty factor—for example, 
40%, which corresponds to 4 msec. Determine the maximum 
peak power this flyback converter must handle, such as 200W, 
corresponding to peaks of 200V and 1A. Then, determine the 
value of the primary inductance to give acceptable switching-
current ripple—say, 2 mH. Assume continuous current in the 
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To calculate the 
shape of the ramp 
voltage, determine 
the maximum oper-
ating ac voltage 
and hence its peak.



transformer. Knowing the transformer 
secondary voltage and the turns ratio, 
calculate the flyback voltage across the 
transformer primary when switch S2 is 
off—say, 133V.

At a maximum input voltage of 200V, 
average input current should be 1A. For 
a peak voltage of 200V and a duty factor 
of 0.4, the current ripple, DI, is (V3Dt)/
L5(20034 msec)/2 mH50.4A p-p or 
0.2A pk. Because the switch is on for a 
duty factor of 0.4, the average current 
during the switch’s on time is 1A/0.4, 
or 2.5A. Knowing that the peak current 
ripple is 0.2A, the current at the end of 
the on time is 2.510.2, or 2.7A. (Cur-
rent at the beginning of the on time is 
2.520.2, or 2.3A.) You now know one 
point on the voltage ramp: For a duty 
factor of 0.4, the switching current is 
2.7A. With this maximum peak current, 
the corresponding error voltage is 2.7V.

Likewise, calculate the points for all 
voltages lower than 200V. For example, 
when the input voltage during part of 
the sinewave input is 100V and when 
the error voltage remains at 2.7V, the av-
erage input current is 0.5A. With an in-
put voltage of 100V, the new duty factor 
is 133/(VIN1133), or 0.57; the average 
current during the on time is 0.5A/0.57, 
or 0.876A; and the peak ripple current 
is 0.143A, so the current at turn-off is 
0.87610.143, or 1.02A. Thus, this new 
100V point on the ramp voltage is a duty 
factor of 0.57 and a current of 1.02A.

This ramp shape applies only to a 
ramp voltage of 2.7V for this example. 
That is, the scaled shape of this ramp 
curve differs slightly as the error voltage 
changes. If you plot the ramp curve for 
VE51V, corresponding to a load of ap-
proximately 37W, the resulting curve 
differs slightly from the curve for an er-
ror voltage of 2.7V scaled by the factor 
of 1/2.7, or 0.37. The inductor current 
has ripple. Without ripple, curve scaling 
would be exact. For most practical ap-
plications, this slight variation is of no 
consequence because the resulting pow-
er factor is still excellent. 

 The shape of this ramp looks suspi-
ciously like a decaying exponential of a 
discharging RC circuit, and, if you use 
appropriate values, you can almost exact-
ly match the shape. For this example, ap-
propriate values are 1.1 kV for R1, 1.5 nF 
for C1, and 2.7V for the discharging volt-

age. Thus, this new control circuit needs 
no special circuits or operational ampli-
fiers to generate a voltage-comparison 
ramp; it requires just a simple RC circuit 
with a switch to discharge the capaci-
tor to 0V at the end of each cycle and 
hold the voltage at 0V until the duty fac-
tor reaches 0.4, at which time the switch 
opens, and the exponential discharging 
curve begins. Discharging continues un-
til the curve approaches 0V when the du-
ty factor is 1. By varying the value of R1, 
R2, and C1 in Figure 1, you can make ap-
proximations to the “ideal” ramp-voltage 
curve. For this example, R2 is open, and 
the fit to the ideal ramp-voltage curve is 
excellent. Even crude approximations to 
this ideal curve still yield power factors 
of 95% or more, so wide component tol-
erances are acceptable.

wall wart versus flyback
Millions of battery-powered consumer 

products need an external power supply 
to recharge the batteries or operate from 
line voltage. These chargers are typi-
cally simple “wall warts” that you plug 
into ac sockets. Each wall wart compris-
es a basic step-down transformer, a full-
wave-bridge rectifier, and an output-fil-
ter capacitor. These simple, rugged, in-
expensive, and reliable devices provide 
excellent high-voltage isolation. Their 
main drawbacks are poor efficiency; 
large bulk and weight; wide dc-output 
voltages due to line and load changes; 
and low power factors—that is, they 
draw huge current peaks at just the peak 
of the ac voltage. A typical 15V-dc, 
25W wall wart might have a power fac-
tor of only 70%. Even with a large-val-
ue output-filter capacitor, ripple might 
typically be approximately 300 mV p-p. 
If the load varies by a ratio of 3-to-1 and 
the line varies by 620%, the dc output 
voltage can easily vary from 11 to nearly 
20V. Despite this wide dc-output range, 
wall warts are adequate for many con-
sumer devices because the power sup-
plies inside these devices easily regulate 
out the ripple and the wide output-volt-
age range. At light loads and high ac-
mains voltage, a wall wart may provide 
efficiency approaching 90% but a pow-
er factor of only 60%. At heavy loads 
and low ac-line voltage, efficiency may 
be less than 75%, and the power factor 
may be approximately 75%.



A flyback transformer 
using the new power-fac-
tor-control method gener-
ates the same 15V dc and 
25W. It provides an essen-
tially constant output volt-
age despite changes in line 
and load, a power factor of 
more than 95%, efficien-
cy of more than 80%, peak efficiency 
of 90% over a five- to one-load range, 
an output-ripple voltage less than one-
third that of a wall wart with the same-
value output capacitor, and substantially 
lower weight and size.

Overvoltage performance
This example assumes a minimum du-

ty factor of 40%, which corresponds to 
a maximum input-voltage peak of 200V. 
What happens if the ac line input has 
a momentary overvoltage of, say, 300V 
and an error voltage of only 2.7V? Us-
ing the ramp of Figure 2 and knowing 
that the flyback voltage is 133V, the du-
ty factor must be 0.307 and must lie on 
the ramp-voltage curve. But this point 
lies on the X axis because the ramp 
voltage doesn’t start to decrease until 
the duty factor reaches 40%. Thus, the 
peak current when the input voltage is 
300V is just 2.7A. From this peak cur-
rent point and knowing that the induc-
tance is 2 mH, you can easily calculate 
the average current during the switch’s 
on time, 2.47A, and the average input 
current, just 0.76A over the switching 
cycle. That is, the average input current, 
0.76A, when the input voltage is 300V 
is less than the average input current, 
1A, when the input voltage is 200V. 
Thus, this control circuit has an advan-
tageous current-limiting property during 
input-overvoltage surges.

Additional components
This new converter-control circuit 

doesn’t show many of the other compo-
nents you would need to build a com-
plete switching converter. Capacitor C2, 
which handles only the high-frequency 
switching currents, looks almost like an 
open-circuit at the low ac-mains fre-
quency. The flyback transformer needs a 
snubber circuit. Because much of the op-
eration happens for duty factors greater 
than 50%, the circuit also requires slope 

compensation to ensure sta-
bility. If the switch current 
hasn’t ramped up to the VR 
voltage before the duty fac-
tor reaches 100%, the con-
trol needs a default, such 
as 95% duty factor, to turn 
off the switch for that cycle. 
The circuit also most likely 

requires a limiting method for control-
ling the maximum value of the error 
voltage. The circuit will also need com-
ponents to control conducted emissions 
if the value of C2 is too low. 

The single-stage power-factor flyback 
converter probably won’t meet the needs 
of applications requiring low output-
voltage ripple and fast transient response 
because the feedback loop of the power-
factor flyback converter is deliberately 
slow. Also, the circuit has no location for 
drawing power when the ac input twice 
goes through zero during cycle. So, the 
output capacitor must supply all the out-
put-load current. Therefore, the output 
must have 120-Hz ripple for a 60-Hz line 
voltage; the amount of ripple depends 
only on the size of the capacitor. You 
could use a traditional boost-PFC (pow-
er-factor-correction) converter and fol-
low that part with a separate step-down 
converter. This approach uses more parts 
but provides isolation, fast transient re-
sponse, and low ripple.

Because the load of this power-factor-
correction flyback converter must toler-
ate some amount of ripple, the load may 
also be able to tolerate a looser voltage 
regulation. In this case, the power-fac-
tor-correction flyback converter can 
probably use the primary flyback volt-
age for adequate output-voltage regula-
tion. This approach would save the cost 
of implementing an optical coupler and 
its associated circuit.EDN
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