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SWITCHING POWER CONVERTER WITH GATED 
PULSE GENERATOR 

RELATED APPLICATION DATA 

0001) This application is related to U.S. Ser. No. 09/444, 
032, filed Nov. 19, 1999 and U.S. Ser. No. 09/540,058, filed 
Mar. 31, 2000, the contents of both of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 This invention pertains generally to the field of 
power conversion and more particularly to a Switching 
power Supply with gated oscillator control. 

BACKGROUND 

0.003 Compact and efficient power supplies are an 
increasing concern to users and manufacturers of electron 
ics. Pulse width modulated (PWM) switching power Sup 
plies offer both compactness and efficiency in a number of 
different topologies in two main categories: direct-coupled 
Switching power Supplies and transformer-coupled Switch 
ing power Supplies. In a direct-coupled Switching power 
Supply, Such as a buck or boost Switching power Supply, the 
power output is not isolated from the power input. In 
contrast, the power output is isolated from the power input 
through a transformer in transformer-coupled power Sup 
plies Such as a flyback converter. 
0004. In either type of power converter, however, a 
pulse-width-modulator controls the duty cycle of the power 
Switch(es) within the converter. Consider, for example, a 
boost Switching power supply 6 of FIG. 1. The boost 
converter 6 comprises a power Switch Q1 (typically a field 
effect transistor (FET)) coupled to a boost inductor 8, a 
Steering diode 10, and a storage capacitor 12. A pulse-width 
modulator 14 adjusts a duty cycle of the power Switch Q1 in 
response to Sensing an output voltage, V. The relationship 
between the input Voltage, V, and V may be approxi 
mated as 

out 

Vouli-Vin (Titoff) 
0005 where T is the Switching period and t is the off 
time of the power Switch Q1. 
0006 In this boost converter 6, the off time, to (and 
hence also the on time, t) of the power Switch Q1 defines 
a power cycle, or power pulse, which is reflected in the value 
of V through he above equation. The power pulse is thus 
a regulated power pulse because its characteristics have a 
direct relationship on the output voltage. This relationship 
between the characteristics of a single power cycle or pulse 
and the output voltage is generic to prior art PWM Switching 
power supplies, regardless of whether the PWM Switching 
power Supply is direct coupled or transformer coupled. 
Thus, a single power cycle or pulse in these prior art PWM 
Switching power Supplies may be denoted as an “intelligent' 
power cycle or pulse because of its effect on the output 
Voltage. There is, however, a limit to the amount of pulse 
width modulation these PWM Switching power Supplies can 
apply to a given power pulse. Thus, maximum efficiency for 
Such power Supplies is usually achieved at a fairly high 
power level and drops off quickly for load conditions above 
or below this power level. To aid efficiency, a “sleep mode” 
may be implemented such as described in U.S. Pat. No. 
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5,912,552 during a low load state wherein the power Switch 
is kept in the OFF state for the duration of the “sleep” period. 
Thus, there is a need in the art for improved Switching power 
converters that maintain high efficiencies over a broad range 
of load conditions. 

SUMMARY OF THE INVENTION 

0007. The invention provides in one aspect a Switching 
power Supply having a power Switch wherein an ON and 
OFF cycle of the power switch produces an pulse of power 
at an output of the Switching power Supply. A controller 
controls the number of pulses of power appearing at the 
output over time. 
0008. Other aspects and advantages of the present inven 
tion are disclosed by the following description and figures. 

DESCRIPTION OF FIGURES 

0009. The various aspects and features of the present 
invention may be better understood by examining the fol 
lowing figures: 

0010 FIG. 1 illustrates a prior art PWM boost power 
COnVerter. 

0011 FIG. 2 illustrates a boost power converter accord 
ing to one embodiment of the invention. 
0012 FIG. 3a illustrates a control topology for the con 
verter of FIG. 2 wherein the controller couples directly to 
the free-running oscillator according to one embodiment of 
the invention. 

0013 FIG. 3b illustrates a control topology for the con 
verter of FIG. 2 wherein the controller couples to an 
oscillator gate according to one embodiment of the inven 
tion. 

0014 FIG. 3c illustrates a control topology for the con 
verter of FIG. 2 wherein the controller couples to a second 
power Switch according to one embodiment of the invention. 
0015 FIG. 3d illustrates a specific implementation of the 
control topology of FIG. 3b. 
0016 FIG. 4 illustrates the relationship of various con 
trol Strategies according to one embodiment of the inven 
tion. 

0017 FIG. 5a illustrates a buck converter having a fixed 
frame control according to one embodiment of the inven 
tion. 

0018) 
FIG. 5a. 

0019 FIG. 6a illustrates a boost converter having a fixed 
frame control with even spacing pulse removal according to 
one embodiment of the invention. 

0020 
F.G. 6a. 

0021 FIG. 6c is a timing diagram for a converter having 
a fixed frame control with random pulse removal according 
to one embodiment of the invention. 

FIG. 5b is a timing diagram for the converter of 

FIG. 6b is a timing diagram for the converter of 

0022 FIG. 7a illustrates a boost converter having a 
variable control frame wherein a pulse train within the 
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variable control frame has a fixed length according to one 
embodiment of the invention. 

0023 FIG. 7b is a timing diagram for the converter of 
FIG 7. 

0024 FIG. 8a illustrates a boost converter having a 
variable control frame wherein a pulse removal period has a 
fixed length within the variable control frame according to 
one embodiment of the invention. 

0025 FIG. 8b is a timing diagram for the converter of 
FIG. 8a. 

0.026 FIG. 8c is a timing diagram for a converter having 
a variable control frame wherein the pulse train and pulse 
removal periods are both of variable length according to one 
embodiment of the invention. 

0.027 FIG. 10 is a block diagram for a pre-regulated 
power converter. 

0028 FIG. 11 illustrates the feedback paths for the power 
converter of FIG. 10. 

0029 FIG. 12 illustrates a series resonant tank for the 
power converter of FIG. 10. 
0030 FIG. 13 is a graphical representation of the Switch 
Signals and the quasi-sinusoidal resonant currents for the 
series resonant tank of FIG. 12 

0.031 FIG. 14a is a schematic diagram of an embodiment 
of the pre-regulated power converter of FIG. 10. 
0032 FIG. 14b illustrates further details of a load com 
pensation feedback path for the embodiment of FIG. 14a. 
0.033 FIG. 15 is a gated series resonant tank according to 
one embodiment of the invention. 

DETAILED DESCRIPTION 

0034. The control topologies and methodologies of the 
invention may be applied to any Switching power converter. 
Turning now to FIG. 2, a boost power converter 200 
according to one embodiment of the invention is illustrated. 
However, it will be appreciated that the features of the 
invention discussed with respect to FIG. 2 may be seen in 
other types of Switching power converters. The boost power 
converter 200 shares the basic boost topology described with 
respect to the prior art boost power converter 6 of FIG. 1 
formed by the power Switch Q1, boost inductor 8, a steering 
diode 10, and a Storage capacitor 12. A free-running oscil 
lator 205 produces a drive signal for cycling the power 
switch Q1 ON and OFF. An ON and OFF cycle of the power 
Switch Q1 creates a pulse of power at the output, increasing 
the Voltage V out. Unlike prior art Switching power Sup 
plies, however, the ON and OFF times of the pulse are 
unregulated with respect to the output Voltage. Thus, as used 
herein, a “free-running oscillator generates a drive signal 
that cycles a power Switch ON and OFF wherein the ON and 
OFF times of the power Switch are not controlled with 
respect to an output Voltage. Instead of controlling the ON 
and OFF times of the power Switch, a controller 210 
determines whether a given cycle of the free-running oscil 
lator 205 causes a pulse of power at the output. 
0035. The controller 210, in response to comparing 
V out to a desired level of output voltage, V ref, controls 
whether the free-running oscillator 205 and the power 
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Switch Q1 produce a pulse of power, Because this control 
can be accomplished in a number of ways, the controller is 
shown controlling a Switch control combination 215 formed 
by the free-running oscillator 205 and the power Switch Q1. 
The Switch control combination 215 would have an ON state 
during which the pulses of power would occur as defined by 
the cycles of the drive signal. In addition, the Switch control 
combination 215 would have an OFF state during which the 
pulses of power would not occur. The controller 210 would 
Switch the Switch control combination into the ON and OFF 
states. Regardless of how the controller 210 controls the 
Switch control combination 215, the Switch control combi 
nation 215, if left uncontrolled, would produce pulses of 
unregulated power at the output as the drive signal cycled 
the power Switch Q1 ON and OFF according to an oscilla 
tion frequency of the free-running oscillator 205. The oscil 
lation frequency may be constant or vary randomly-it is 
not under feedback control and has no relationship to the 
output voltage V out. In sharp contrast, prior art Switching 
power converters, whether PWM or frequency modulated, 
will directly control the cycles of the drive signal to their 
power Switches. 
0036) Although the cycling of the drive signal is not 
under feedback control, the controller must do Something to 
modulate the number of the resulting pulses of power 
occurring at the output over time. Specific examples of how 
the Switch control combination 215 defines an ON and OFF 
state are illustrated in FIGS. 3a through 3d. For example, 
the controller 210 could couple directly to the free-running 
oscillator 205 and disable its operation to prevent it from 
producing the drive signal for a period during which no 
pulses of power are desired as illustrated in FIG. 3a. This 
period would correspond to an OFF state of the Switch 
control combination 215. The period during which the 
controller 210 allows the free-running oscillator 205 to 
begin producing the drive signal would correspond to an ON 
state of the Switch control combination 215. 

0037 Alternatively, the free-running oscillator 205 could 
freely produce the drive signal, but the controller 210 could 
block the drive signal through a oscillator gate 220 as 
illustrated in FIG. 3b. When the controller 210 blocks the 
drive signal at the oscillator gate 220, the Switch control 
combination 215 would be in the OFF state. If the controller 
210 did not block the drive signal, the Switch control 
combination 215 is in the ON State. 

0038. In an alternate embodiment, the drive signal could 
continue to cycle the power switch Q1, but the controller 
210 could switch OFF a power Switch Q2 coupled between 
the input and the inductor 8, preventing pulses of power 
from occurring at the output regardless of whether the power 
switch Q1 is cycled ON and OFF. Thus, if the controller 210 
Switches the power Switch Q2 ON, the Switch control 
combination 215 would be in the ON state. Alternatively, if 
the controller 210 Switch the power Switch Q2 OFF, the 
Switch control combination 215 would be in the OFF state. 

0039 Turning now to FIG. 3d, an embodiment wherein 
the oscillator gate 220 is formed by a pulse width controller 
220 is illustrated. The free-running oscillator 205 provides a 
timing Signal for the pulse width controller 220. In response 
to the timing Signal, the pulse width controller 220 may 
produce a drive Signal having a fixed duty cycle. The 
controller 210 determines whether the pulse width controller 
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produces the drive Signal. During a period corresponding to 
the OFF state of the Switch control combination 215, the 
controller 210 prevents the pulse width controller from 
responding to the timing Signal. This State may be thought of 
as having a “drive signal” with a 0% duty cycle. During a 
period corresponding to the ON state of the Switch control 
combination 215, the controller 210 allows the pulse width 
controller to respond to the timing Signal to produce the 
drive Signal having a fixed duty cycle. 

0040 Regardless of how the controller couples to the 
Switch control combination 215 formed by the free-running 
oscillator 205 and the power Switch Q1, a number of control 
methodologies may be implemented to regulate the output 
voltage, V out. These control methodologies are Summa 
rized in FIG. 4. These control methodologies or strategies 
may be broadly classified into two categories: those with a 
control frame and those without a control frame. To regulate 
V out, the controller 210 may be coupled to a signal 
proportional to V out So that an error Signal representing the 
difference between the current value of V out and a desired 
level of output voltage, V ref, can be generated. The con 
troller 210 then regulates V out according to the error 
Signal. This regulation is accomplished by controlling the 
Switch control combination 215 to prevent pulses of power 
from occurring at the output. Without this control, a Series of 
cycles of the drive signal produced by the free-running 
oscillator 205 would produce a pulse train of power pulses 
at the output. A given time period for a pulse train could 
define a control frame over which the controller 210 would 
Selectively remove pulses to regulate V out. 

0041. The control frames could be of fixed length of 
variable length. Within a fixed control frame, the controller 
210 could Switch the Switch control combination 215 into 
the ON and OFF states to control the number of pulses 
occurring at the output in Several different embodiments. For 
example, the ON and OFF states could define a pulse train 
of pulses having a duty cycle defined by the length of the 
pulse train with respect to the fixed frame control period 
wherein the controller 210 varies the duty cycle to regulate 
the output voltage, V out. In an alternate embodiment, the 
ON and OFF states of the Switch control combination 215 
would be varied to remove randomly remove the necessary 
number of pulses from the pulse train within the fixed 
control frame. In another alternate embodiment, the removal 
of the necessary number of pulses could occur at harmonics 
of the frequency defined by the fixed control frame period, 
a control Strategy denoted “even Spacing of pulse removal. 

0042. If the control frame is variable, a number of alter 
nate control Strategies may be employed. For example, the 
ON state of the Switch control combination 215 could occur 
within a fixed period within the variable control frame, 
resulting in a variable period for the OFF state. Alternatively, 
the OFF state of the Switch control combination 215 could 
occur within a fixed period with the variable control frame, 
resulting in variable period for the ON state. In yet another 
alternate embodiment, the periods for the ON and OFF states 
could both be variable within the variable control period. 

0.043 Embodiments of the invention wherein no control 
frame exists may be considered to perform a “prompt 
gating.” In Such embodiments, the controller determines, on 
a pulse-by-pulse basis, whether a pulse of power occurs at 
the output. In that Sense, it may be construed as having a 
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“control frame” comprising just one pulse. The control 
strategies of FIG. 4 will now be discussed with respect to 
Specific embodiments of the invention. 

0044) Turning now to FIG. 5a, a buck converter 221 
wherein the pulses of power define a duty cycle with respect 
to a fixed control frame is illustrated. The basic buck 
topology is formed by the Steering diode 10, power Switch 
Q1, inductor 8, and Storage capacitor 12. A free-running 
oscillator 205 generates an alternating drive signal for 
cycling the power Switch ON and OFF to produce pulses of 
power at the output. To regulate V out, the controller 210 
cyclically blocks the drive signal at an oscillator gate 215 to 
limit the number of pulses of power within a fixed control 
frame. The fixed control frame may be defined by a framing 
generator 235 that Synchronizes the operation of a pulse 
width modulator 240 by generating timing pulses at the Start 
of each fixed control frame. The pulse width modulator 240 
adjust the amount of time the drive Signal is not blocked at 
the oscillator gate 215 according to an error Signal generated 
by an error amplifier 225. During this time, corresponding to 
the ON state of the Switch control combination 215 
described with respect to FIG. 2, a pulse train comprising a 
Series of the pulses of power resulting from the alternating 
drive signal occur at the output, increasing V out. The pulse 
width modulator adjusts the length of this pulse train with 
respect to the fixed control frame to regulate V out. Thus, 
although it operates equivalently to a pulse width modulator 
such as shown in FIG. 1, the pulse width modulator 240 is 
actually a “pulse train' width modulator. 

004.5 The pulse width modulator 240 is responsive to an 
error Signal. To generate the error Signal, the error amplifier 
225 compares a voltage proportional to V out to a reference 
voltage, V ref. AS changing load conditions changes V out, 
the error Signal will change, causing the pulse width modu 
lator 240 to adjust the width of the pulse train accordingly. 
A timing diagram for the various signals within the buck 
converter 220 is illustrated in FIG. 5b. As can be seen the 
free-running oscillator 205 generates, in this embodiment, 
an alternating drive Signal having a constant 1 MHz fre 
quency. The pulse width modulator 240 adjusts, according to 
the error Signal, a blocking Signal coupled to the oscillator 
gate 220. This blocking Signal is Synchronized by the frame 
generator 235, shown generating a fixed control frame 
whose period corresponds to a 50 KHZ rate. In the first 
control frame, which has a nominal load condition, the pulse 
width modulator sets a 50% duty cycle such that 10 cycles 
of the drive signal pass through the oscillator gate 220 within 
the fixed control frame because of the 1 MHZ drive signal 
frequency. These 10 cycles produce a pulse train at the 
output having 10 power pulses. Due to changing load 
conditions, the pulse width modulator 240 sets an 80% duty 
cycle in the Second fixed control frame. Thus, 16 pulses of 
power occur at the output in this control frame. In the third 
fixed control frame, the load conditions have lightened So 
that the pulse width modulator 240 sets a 40% duty cycle. 
This corresponds to allowing 8 pulses of power through in 
the pulse train for this control frame. Note that, if the 
controller 210 did not block the drive signal at the oscillator 
gate 220, 20 pulses of power would occur at the output 
within the fixed control frame. Thus, the controller can be 
Viewed as gating or blocking a Selected number of these 
pulses within the fixed control frame to regulate the output 
voltage, V out. 
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0046. It will be appreciated that, for the embodiments 
discussed herein, any Suitable method, Such as those shown 
in FIGS. 3a through 3d, may be implemented to gate or 
block the pulse train to regulate the output voltage. More 
over, the Selection of the free-running oscillator frequency 
and the fixed control frame period are arbitrary. In addition, 
a more Sophisticated feedback System may be used to 
replace the error Signal controller implemented by the con 
troller 210 in FIG. 5a. For example, a more Sophisticated 
controller may be derived from classic control theory, opti 
mal control theory, fuzzy logic, or Some combination of 
these approaches including heuristics. The controller can be 
tailored to provide the performance characteristics that are 
important for an intended application of the power con 
verter. These performance characteristics are many and 
meeting specific application requirements usually requires 
engineering tradeoffs among them. They include, but are not 
limited to: ripple amplitude, ripple spectrum, control loop 
Stability, output voltage regulation, Slew rate, thermal StreSS, 
and electromagnetic interference (EMI). 
0047. As discussed above with respect to FIG. 5b, the 
controller may be viewed as removing pulses from what 
would otherwise be an uninterrupted train of pulses of power 
occurring at the output. Rather than having the pulses of 
power that do occur at the output within the control frame all 
be in consecutive order, as is done in the duty cycle 
embodiment of FIG. 5a, the controller may employ other 
types of pulse removal methods. Turning now to FIG. 6a, a 
boost power converter 255 that performs pulse removal is 
illustrated. The boost power converter has the basic boost 
topology provided by the inductor 8, power Switch Q1, 
Steering diode 10, and Storage capacitor 12 as shown in FIG. 
1. In the boost power converter 255, a controller 210 uses a 
microprocessor 260 to calculate the required number M of 
pulses that will be removed within a fixed control frame. The 
pulses are removed by blocking the drive Signal coming 
from the free-running oscillator 205. Within the gate con 
troller 210, a analog-to-digital converter (ADC) 250 pro 
vides a digital Signal representative of the output Voltage, 
V out. The microprocessor Samples the digital signal at the 
Start of a fixed control frame as determined by a timing pulse 
generated by the framing generator 235 and calculates M 
based upon a control algorithm. The control algorithm may 
be based upon the control Strategies listed with respect to the 
duty cycle control discussed with respect to FIG. 5a. 
0.048. The microprocessor 260 provides considerable 
flexibility in how the M pulses are removed. For example, 
the M pulses can be removed such that the removed pulses 
are evenly spaced throughout the fixed control frame. FIG. 
6b provides a timing diagram for Such a pulse removal 
method. Just as in FIG. 5b, the drive signal cycles at a 
frequency of 1 MHz and the timing pulses from the frame 
generator cycle at 50 KHZ. In control frame 1, a nominal 
load condition is present such that M=10 pulses are to be 
removed within the control frame. These pulses are removed 
at every other cycle of the drive signal So that the removed 
pulses are evenly Spaced. In control frame 1, a heavy load 
condition exists such that M=4 pulses are to be removed 
within the control frame. To evenly space these four 
removed pulses requires removing every 5" pulse within the 
fixed control frame. Finally, in control frame 3, a light load 
condition exists Such that M=12 pulses are to removed 
within the control frame. Evenly spacing these pulses 
requires removing every 3", 4", and 5" pulse within the 
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control frame. Alternatively, as shown in the timing diagram 
of FIG. 6c, the removed pulses could be randomly placed. 
The number of pulses M to be removed and the load 
conditions in the fixed control frames are as in FIG. 6b. 
However, the particular pulses removed within the fixed 
control frames vary randomly. It will be appreciated that the 
drive cycle frequency and period of the fixed control frame 
are arbitrary. 
0049 Rather than using a fixed control frame, a variable 
control frame may be implemented. Within this variable 
control frame, the length, T on, of the pulse train of power 
pulses occurring at the output may be constant. Turning now 
to FIG. 7a, a boost power converter 300 having a constant 
or fixed T on time is illustrated. The boost power converter 
300 has the basic boost topology as described with respect 
to FIG.1. The controller 210 includes an error amplifier 225 
generating an error Signal proportional to the difference 
between the output voltage, V out, and a reference Voltage, 
V ref. A comparator 310 compares a ramp signal produced 
by ramp generator 305 to the error signal to pulse width 
modulate the period during which a gate Signal is applied to 
the oscillator gate 220 (corresponding to the OFF state of the 
Switch control combination 215 discussed with respect to 
FIG. 2). If the output of the comparator is high, it triggers 
a timer 315 to lower the gate signal and un-block the drive 
Signal at the oscillator gate 220 for a fixed period, T on. 
During this period T on, the free-running oscillator 205 
cycles the drive Signal to produce a pulse train of power at 
the output according to the free-running oscillator fre 
quency. As the timer 315 times out, it triggers the ramp 
generator to begin another ramp signal. Note that an inverter 
320 may be required depending upon the characteristics of 
the ramp generator's trigger. FIG.7b illustrates the resulting 
timing diagram. For the three consecutive variable control 
frames shown, a nominal, heavy, and light load condition 
exists, respectively. Because of the changing load condi 
tions, the time, T off, during which the gate signal to the 
oscillator gate 220 blocks the drive signal varies. Thus, a 
50%, 70%, and 33% duty cycle is defined accordingly for 
these load conditions. 

0050 Turning now to FIG. 8a, a boost power converter 
340 having a fixed time, T off, within a variable control 
frame is illustrated. In this embodiment, the components are 
as described with respect to FIG. 8b, except that an inverter 
325 couples between the inverter 315 and oscillator gate 
220. Thus, as the output of the comparator 310 goes high and 
triggers the timer 315, it begins a fixed period, T off, in 
which the gate Signal blocks the drive Signal at the oscillator 
gate 220. FIG. 8b illustrates the resulting timing diagram. A 
nominal, heavy, and light load condition exists for the three 
variable control frames shown, respectively. Because of the 
changing load conditions, the time, T on, during which the 
gate Signal to the oscillator gate 220 un-blocks the drive 
signal varies. Thus, a 50%, 67%, and 30% duty cycle is 
defined accordingly for these load conditions. 
0051. In yet another alternate embodiment of the inven 
tion, the regulation of the output voltage does not depend 
upon or define a control frame. Turning now to FIG. 9, a 
buck power converter 350 that does not define a control 
frame is illustrated. The buck power converter 350 has the 
basic buck topology as discussed with respect to FIG. 5a. 
Similarly, the controller 220 generates a gate signal to block 
the drive signal from the free-running oscillator 205 at the 
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oscillator gate 220. However, no framing generator defines 
a control pulse. Instead, the error Signal generated by the 
error amplifier 225 within the controller couples to a com 
parator 360 to form the drive signal. Thus, the controller 210 
will decide within each cycle of the drive signal whether a 
pulse of power will occur at the output. 
0.052 Regardless of how the controller regulates the 
removal of pulses from the pulse train at the output of the 
power converter, the features of the invention may be 
combined with the unique error signal described in U.S. Ser. 
No. 09/444,032, filed Nov. 19, 1999 and U.S. Ser. No. 
09/540,058, filed Mar. 31, 2000. This unique error signal 
permitted the regulation of a transformer-coupled Switching 
power converter without requiring feedback from the Sec 
ondary Side (load Side) of the transformer, thus obviating the 
need for optoisolators or Similar isolating means normally 
required for Such feedback. To distinguish the embodiments 
of the power converters disclosed in these previous appli 
cations from the present invention, they will be referred to 
as “pre-regulated” power converters. Consider the pre-regu 
lated power converter 400 illustrated in FIG. 10. In this 
embodiment, a voltage regulator or DC/DC converter 405 
couples to a DC/AC transformer-coupled Switching power 
converter 410. Because of these two stages, the pre-regu 
lated power converter 400 has a “dual converter' topology. 
The power converter 400 receives an unregulated DC volt 
age input, V, which may be generated by a rectifier or 
AC/DC converter 415 operating on an unregulated AC 
input, V, to generate a regulated AC or DC output voltage, 
Vo. The transformer 420 (illustrated in FIG. 11) for the 
transformercoupled DC/AC switching power converter 410 
isolates the regulated AC or DC output voltage, V, from the 
unregulated DC Voltage input, V. 
0053 Within the pre-regulated power converter 400, the 
DC/DC converter 405 receives the unregulated DC input 
Voltage, V, and produces an internal regulated Voltage 
output, V, that is regulated by a Voltage controller 425 
(illustrated in FIG. 11) according to an error signal whose 
generation will be described herein. Because the Voltage 
output, V, is internal to the pre-regulated power converter 
405, it may be considered “pre-regulated” as compared to 
the regulated output Voltage, V. 

in 

0.054 The error signal for the pre-regulated power con 
verter 400 is derived from both the internal regulated voltage 
output, V, and a signal proportional to the Voltage losses 
at the load. AS used herein, "Voltage losses at the load” refers 
to the losses incurred between the primary winding of the 
transformer 420 and the load. This includes losses in the 
transformer 420, losses in a rectifier or AC/DC converter 
imposed between the load and the transformer, and conduc 
tion losses. For example, Suppose a power Supply is speci 
fied to produce 5 volts at the load. If the load is not drawing 
any current, these losses will be minimal, allowing the 
power Supply to produce 5 Volts at the load. However, 
during a period of heavy demand in which the load is 
drawing a relatively large current, these conduction losses 
will be appreciable, resulting in a Voltage drop below 5 volts 
at the load. Prior art power Supplies typically accounted for 
these conduction losses by directly Sensing the Voltage at the 
load and feeding this Sensed Voltage back into the power 
Supply. Because the load is isolated through the transformer 
420, Such direct Sensing of the losses required the use of 
optoisolators or other isolating means, complicating the 
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design of Such power Supplies. In contrast, the error Signal 
used in the pre-regulated power converter 400 permits the 
Voltage losses at the load to be indirectly Sensed by Sensing 
the current through the primary winding of the transformer 
420. 

0055 Turning now to FIG. 11, the unique feedback path 
of the pre-regulated power converter 400 is further illus 
trated. The internal Voltage output, V, is regulated by the 
DC/DC converter 405 under the control of the voltage 
controller 425. In turn, the voltage controller 425 is respon 
sive to an error signal 430 representing feedback from three 
Separate Signals: feedback from the internal Voltage output, 
denoted as V.feedback 435; feedback from the current 
through the primary winding, denoted as I feedback 440; 
and feedback from a Voltage proportional to the Voltage 
losses at the load, denoted as I2 feedback 445. Note that no 
direct feedback is necessary from the Secondary (load) side 
of the transformer 420. Instead, the pre-regulated power 
converter 400 senses the current through the primary wind 
ing of the transformer 420. As will be further described 
herein, because the power Switch(es) within the DC/AC 
Switching power converter 410 is controlled to produce an 
alternating current through the primary winding of the 
transformer 420 having a constant duty cycle, the currents 
through the primary winding and the Secondary winding are 
linearly related. In turn, this indicates that by Sensing the 
primary current, I, the present invention may indirectly 
Sense the current through the Secondary winding. An esti 
mator 450, described further herein, processes this indirectly 
Sensed current to estimate the Voltage losses at the load. 
0056. A full-wave resonant transition converter, referred 
to herein as an alternating current tank, possesses desirable 
low noise and loss properties for use as the DC/AC switch 
ing power converter 410. Referring now to FIG. 12, an 
alternating current tank 460 couples to V to generate an 
output voltage that is isolated from V. The alternating 
current tank 460 includes a storage capacitor 465 that is 
either in series or in parallel with the primary winding 470 
of the transformer 420. A first and a second switch (illus 
trated here as Switches Q2 and Q3, respectively) couple to 
the primary winding 470 and storage capacitor 465. As 
explained herein, the alternating current tank 460 generates 
an alternating current through the primary winding 470 by 
Switching Switches Q2 and Q3 ON and OFF at a constant 
duty cycle. The preferred constant duty cycle is a 50% duty 
cycle and this will be the duty cycle used in the remaining 
discussion. That is not to imply, however, that a different 
constant duty cycle would be unsuitable. The alternating 
current (AC) thus induced through the Secondary winding 
475 may be rectified or used as AC. In the embodiment of 
the alternating current tank 460 illustrated in FIG. 12, a 
rectifier 480 on the secondary side of the transformer 420 
rectifies the current through the load. The rectifier 480 may 
be either a full-wave or half-wave rectifier as is known in the 
art. In one embodiment, the rectifier 480 comprises a center 
tapped secondary winding 475 coupled to diodes 485 and 
490 and output capacitor 495 to form a full wave rectifier 
Such that current is unidirectional through the load. 
0057. As described herein, the alternating current tank 21 
may be in either a Series resonant tank or a parallel resonant 
tank configuration. Such configurations have the Storage 
capacitor 465 and the primary winding 470 in series or 
parallel, respectively, as described above. However, in Such 
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configurations, the value of a capacitance of the Storage 
capacitor 465, a leakage inductance 500 of the primary 
winding 470, and the period of the 50% duty cycle used to 
operate Switches Q2 and Q3 are Such that resonant wave 
forms are generated. Because these configurations permit 
Zero-transition Switching of Switches Q2 and Q3, which 
reduces StreSS and loSS, they will be described with respect 
to the Series and parallel embodiments of the alternating 
current tanks described herein. That is not to imply, how 
ever, that a non-resonant DC/AC Switching power converter 
410 is not suitable for the pre-regulated power converter 
400. 

0.058. The operation of the alternating current tank 460 of 
FIG. 12 in a Series resonant tank configuration occurs as 
follows. Control circuit 505 drives a first resonant Switch O2 
and a second resonant Switch Q3 Such that when Q2 is ON, 
Q3 is OFF. Conversely, control circuit 505 drives Q2 OFF 
when Q3 is ON. When Q2 is on, the internal output voltage 
is coupled to the Series-connected Storage capacitor 465 and 
primary winding 470, thereby charging the Storage capacitor 
465 and inducing a half-wave quasi-sinusoidal current in a 
first direction through the primary winding 470 and the 
resonant tank circuit formed by the Storage capacitor 465 
and the leakage inductance 500 of the primary winding 
(represented separately from the primary winding for illus 
tration purposes). Conversely, when Q3 is on, Series-con 
nected storage capacitor 465 and the primary winding 470 
are uncoupled from the internal Voltage output Such that the 
charged Storage capacitor 465 discharges and a half-wave 
quasi-sinusoidal current is induced in a Second direction, 
opposite to that of the first direction, through the primary 
winding 470 and the resonant tank circuit formed by the 
storage capacitor 465 and the linkage inductance 500. 
0059) The control circuit 505 operates the resonant 
Switches Q2 and Q3 at Substantially a 50% duty cycle such 
that the ON time equals the OFF time of each resonant 
Switch. Referring now to FIG. 13, the relationship between 
the ON and OFF times of O2 and Q3, the full-wave 
quasi-sinusoidal current induced in the primary winding 
470, IP and the Voltage, Vc, acroSS the Storage capacitor 
465 is illustrated. As can be seen from inspection of FIG. 13, 
the resonant Switches O2 and Q3 are turned ON and OFF 
when the current It is Zero, hence the denotation of a 
"Zero-current resonant converter. In this fashion, Switching 
losses are minimized. Moreover, because the ON and OFF 
times of each resonant Switch are equal, the primary winding 
470 is effectively excited by a full-wave sinusoidal current. 
During the time Q2 is ON, the voltage, Vc, across the 
Storage capacitor 465 charges to a maximum value. During 
the time Q3 is ON, the voltage V discharges to zero. Note 
that there will be ordinarily some dead time (not illustrated) 
wherein Q2 has turned OFF but Q3 has not yet turned ON. 
In addition, the resonant frequency of the Series resonant 
tank formed by the Storage capacitor and the leakage induc 
tance of the primary winding must be chosen Such that the 
half-wave sinusoidal current waveform can be completed 
during the time when the resonant Switches are ON. Thus, 
the current IP is not a true full-wave Sinusoid but rather a 
full-wave quasi-sinusoid. Nevertheless, the departure of IP 
from a true sinusoidal wave may be minimal. 

0060) The period T of the 50% duty cycle for each of the 
Switches Q2 and Q3 is controlled by the control circuit 505. 
The period T determined by the control circuit must be 
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related to the period of the quasi-sinusoidal resonant current. 
As can be seen from inspection of FIG. 13, T. must be 
greater than the period of the quasi-sinusoidal resonant 
current (I) of the Series resonant tank circuit formed by the 
linkage inductance 500 and the storage capacitor 465 so that 
each half cycle of the resonant current may finish during the 
ON time of its corresponding Switch Q2 or Q3. For example, 
during the time Q2 is ON, I must cycle from Zero, through 
a maximum, and back to Zero again. If the resonant fre 
quency f. of the tank circuit was too slow, the quasi 
Sinusoidal resonant current I would not be able to finish a 
half cycle during this time. 

0061) Consider the following example. If T is set at 20 
us, then each half period (i.e., the time Q2 or Q3 is ON) is 
10 us. Thus, to assure completion of a half wave of the 
resonant current I the resonant half period should be leSS 
than this time, for example 8 uS. Such a half period gives a 
resonant frequency f. of 55.6 KHZ. For a series (and also a 
parallel) resonant tank circuit, the resonant frequency (in 
Hz) is given by 

0062 where L is the value of the leakage inductance and 
C is the value of the resonant capacitance. Inspection of this 
equation indicates that to increase the resonant frequency f, 
the value of the (in this case, resonant) storage capacitor C. 
should be minimized. This leads to a design choice, because 
the output power of the primary winding 470 may be 
approximated as 

primary (CR "V" f)/2 
0063 where V is the voltage across the primary winding 
470 and Pinary is the output power of the primary winding 
470. Note that the contribution to Pia from the leakage 
inductance may be neglected due because the leakage induc 
tance is typically quite Small compared to the mutual induc 
tance of the primary winding. Thus, if the mutual inductance 
is a few milliH, the leakage inductance will be a few uH. 

0064) Inspection of the equation for Pia reveals that 
the output power is increased if the value of the resonant 
Storage capacitor C is increased. However, if the value of 
C is increased too much, then f will be too slow to allow 
the resonant current to complete a half cycle during the times 
when either Q2 or Q3 is ON. Thus, tradeoffs should be made 
between the Switching period T, the resonant (storage) 
capacitance and the desired output power. 

0065. An embodiment of the pre-regulated power con 
verter 400 wherein the DC/DC converter 405 is a boost 
power converter and the DC/AC switching power converter 
410 is in a Series resonant tank configuration may be 
implemented as shown in FIG. 14a. In this embodiment, the 
boost power converter has the basic boost topology as 
described with respect to FIG. 1. However, the PWM 
modulator 14 is responsive to the uniquely derived error 
Signal 430 to regulate the internal Voltage output, V. This 
error signal 430 is derived in such a way as to provide load 
compensation. Load compensation accounts for the Voltage 
losses at the load. To provide load compensation, the pre 
regulated power converter 400 uses a feedback Signal pro 
portional to the Voltage losses at the load, denoted as I2 
feedback 445 in FIG. 11. The generation of this feedback 
signal (shown symbolically in estimator 450 in FIG.1b) will 
now be discussed. Note that, a priori, a user of the pre 
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regulated power converter 400 can estimate what the maxi 
mum current (IMA) through the load will be as well as the 
equivalent Series resistance (ESR) as "seen” by the primary 
winding 470. Thus, by Ohm’s law, the maximum voltage 
drop acroSS this equivalent Series resistance will be IMAX 
ESR. The pre-regulated power converter 400 uses this 
maximum Voltage drop in a novel load compensation tech 
nique. This load compensation technique exploits the lin 
earity of the transformer maintained by the constant duty 
cycle alternating current through the primary winding. 
Because of this linearity, the output Voltage acroSS the load 
is proportional to the current through the primary winding, 
I. Thus, to provide load compensation, the pre-regulated 
power converter 400 compares the output voltage, V., which 
is reflected in the primary current, I, to the maximum 
Voltage losses expected, which is equal to IMAX ESR. 
0.066. This comparison may be done in the following 
fashion. The current through the primary winding, IP, is 
Sensed through a Sense resistor 510 and the resulting Voltage 
input to a differential amplifier 515. The differential ampli 
fier 515 outputs a difference signal proportional to the 
difference between the Voltage on the Sense resistor and a 
reference Voltage, V, proportional to the maximum 
expected Voltage loSS at the load. The value of the Sense 
resistor and the proportionality are chosen Such that the 
Voltage across the Sense resistor 515 and V are. equal when 
the current through the load is a maximum (when maximum 
voltage losses IMAX. ESR are occurring). At Such a point the 
difference Signal from the differential amplifier is at a 
minimum. This minimum signal is reflected in the error 
signal input to the pulse-width modulator 14 of the boost 
converter. To account for input line Voltage fluctuations 
affecting the "preregulated” Voltage, V, the difference 
Signal from the differential amplifier is Summed in a Summer 
520 with a voltage signal derived from the “preregulated” 
voltage, V to produce the error signal 430. Note that this 
Voltage Signal could also have a separate path to the pulse 
width modulator 14. What is important is that the pulse 
width modulator 14 is responsive to changes in both the 
preregulated Voltage, V, and the difference Signal. AS 
illustrated in FIG. 14a, the changes in the preregulated 
Voltage, V, are Sensed through a Voltage divider formed by 
resistors 525 and 530. 

0067. The load compensation provided by the pre-regu 
lated power converter 400 is further illustrated by the 
following discussion. It may be shown that the Voltage 
output of the fill wave rectifier 480 of FIG. 14a, V, which 
is the output Voltage across the load, is approximated by 

Vo = Wint 2N 

0068 where N is the turn ratio between the primary 
winding 470 and the secondary winding 475. It follows from 
the load compensation described herein that the resonant 
current through the primary, I, may be approximated by 

0069 where V is the voltage impressed across the series 
connected resonant tank circuit formed by the Storage 
capacitor 465 (C) and leakage inductance 500 (L.) of the 
primary winding 470. It is the current through the load, ESR 
is the equivalent Series resistance Seen by the primary 
winding 470, and Z is the impedance of the resonant tank 
circuit formed by the leakage impedance 500 (L.) and the 
Storage capacitor 465 (CR). Thus, I will have a value that 
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is also linearly related to V. This demonstrates one of the 
advantages of the pre-regulated power converter 400-i.e., 
no external feedback is necessary from the Secondary Side 
475 of the transformer 420. Instead, a single internal (pri 
mary Side) feedback loop may be utilized because the peak 
values of I are linearly related to the output voltage. Thus, 
the often-onerous task of compensating feedback from the 
Secondary Side of the transformer may be eliminated. 
0070. In the embodiment of the pre-regulated power 
converter 400 illustrated in FIG. 14a, the current through 
the primary winding, I, is sensed by coupling the Voltage 
across the sense resistor 510 to an error amplifier 515. The 
Switches Q1, Q2, and Q3 are implemented through Semi 
conductor FET transistors. Note that in an alternate embodi 
ment, the sense resistor 510 could have been placed in series 
with the primary winding 470, Such that I could be sensed 
in each half cycle of the quasi-sinusoidal current flowing 
through the primary winding 470. In such an embodiment, 
however, the Sensed Voltage would be bipolar, alternating in 
polarity with each half cycle. To use a conventional differ 
ential amplifier 515 with this bipolar signal would require 
rectification. Thus, it is preferred to Sense I only in the half 
cycle when Switch Q3 is ON by placing the sense resistor in 
series with Switch Q3. 

0071 Notably, both voltage and current feedback are 
used in the internal feedback loop of FIG. 14a: current 
feedback provided by Sensing IP, and Voltage feedback 
provided by Sensing V. Such an arrangement provides an 
advantageous degree of control over the output Voltage V. 

0072 AS can be seen from the equation for the primary 
current, I, given herein, the effects of load losses are 
reflected in the value of Is through the (IESR/N) term. 
Thus, sensing the primary current and adjusting the PWM 
accordingly does provide load compensation. In the circuit 
of FIG. 14a, load compensation will not substantially domi 
nate the error Signal unless the Voltage acroSS the Sense 
resistor 510 rises to a level relatively close to V. Prior to 
this point, the internal Voltage output, V, is largely con 
trolled by the error Signal provided through the Voltage 
divider formed by resistors 525 and 530. When I rises 
Such that V is approached across the Sensing resistor 510, 
the differential amplifier 515 will produce a minimum 
Signal. This minimum signal will dominate over that pro 
duced by the voltage divider such that the PWM modulator 
14 is adjusted largely by just the current feedback. 

0073 Moreover, the pre-regulated power converter 400 
does not exclude the use of an external feedback loop 
coupled through the use of optoisolators, or other isolation 
means, as implemented in conventional flyback converters 
and the like. Indeed, an embodiment of the pre-regulated 
power converter 400 may have solely an external feedback 
loop as is known in the art and still possess advantageous 
properties because of the efficiencies inherent when an 
alternating current tank couples to a PWM Switched con 
verter. Regardless of the type offeedback, the characteristics 
of the resonant tank circuit within the alternating current 
tank 460 remains constant: no adjustment in the Switching 
speed of Q2 and Q3 need be made. Thus, unlike prior art 
resonant converters, power factor correction and regulation 
of the alternating current tank 460 is controlled through 
adjusting the PWM of the power converter 405, not by 
internal adjustments of the resonant tank. 
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0.074 The load compensation feedback provided by the 
differential amplifier 515 may be further implemented as 
illustrated in FIG. 14b. Rather than just couple an input of 
the differential amplifier 515 to the voltage across the sense 
resistor 510, this voltage may first be amplified by amplifier 
535. As illustrated, amplifier 535 is in the non-inverting 
configuration whose gain is determined by resistors 540 and 
545. Those of ordinary skill will appreciate that other 
amplifier configurations may be used. The resulting ampli 
fied Voltage is coupled as an input to the differential ampli 
fier 515. A constant current source 550 coupled to a resistor 
555 provides the reference voltage V. 
0075) The error signal 430 just described may be modi 
fied for use in embodiments of the invention. Consider the 
following modification of the pre-regulated power converter 
400 of FIG. 14a into the power converter 600 illustrated in 
FIG. 15. Unlike the pre-regulated power converter 400, no 
DC/DC power converter 405 (the boost power supply in 
FIG. 14a) is needed to generate a pre-regulated Voltage, 
Vint. Instead an unregulated DC input Voltage provides the 
power for the alternating current tank 460. The error ampli 
fier 515 provides a difference signal as described with 
respect to FIG. 14a. Thus, modulation of the alternating 
current tank 460 responsive to this difference signal will 
provide load compensation, eliminating the need for feed 
back from the secondary side of the transformer 420. Note 
that the operation of the 50% duty cycle control circuit 505 
of FIG. 14a is obtained in the following manner. A free 
running oscillator 205 freely oscillates as described with 
respect to the embodiments of the invention illustrated in 
FIGS. 2 through 8b. Similarly, the free-running oscillator is 
coupled to an oscillator gate 220 controlled by a gate Signal 
produced by the controller 210. Within the oscillator gate 
220, a pair of exclusive OR (XOR) gates 605 and 610 
produce the alternating drive signals necessary to Switch 
power Switch Q2 ON when power Switch Q3 is OFF and to 
Switch power Switch Q2 OFF when power Switch Q3 is ON. 
If the free-running oscillator 205 produces a square wave 
drive signal, the power Switches Q2 and Q3 will each have 
a 50% duty cycle. A pair of AND gates 615 and 620 will 
block the alternating drive Signals in response to a gate 
signal. A pulse width modulator 240, within fixed control 
frames defined by timing pulses produced by the framing 
generator 235, modulates the gate Signal according to the 
difference signal produced by the differential amplifier 515. 
Thus, when the gating Signal is high, the free-running 
oscillator 205 will, through operation of the XOR gates 605 
and 610, produce the necessary alternating drive signals to 
Q2 and Q3. In turn, a pulse train of alternating current will 
flow through the primary winding 470 and secondary wind 
ing 475 to produce pulses of power at the load. Because the 
oscillation frequency is not regulated, these pulses of power 
are also unregulated, the regulation being provided by the 
gating of the pulse train coming from the pulse width 
modulator 240. 

0.076 It will be appreciated that the embodiment of the 
invention illustrated in FIG. 15 is easily modified. For 
example, other means of controlling the Switch control 
combination 215 as discussed with respect to FIGS. 3a and 
3d could be implemented. Also, the alternating current tank 
could be in parallel rather than Series configuration. In 
addition, the alternating current tank could be a single-ended 
tank having just one power Switch rather than a pair of 
Switches as in FIG. 15. What is important is that the 
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principles of the invention as discussed with respect to FIG. 
2 through 8b may be applied to an alternating current tank 
having load compensation as discussed herein. 
0077 Specific examples of the present invention have 
been shown by way of example in the drawings and are 
herein described in detail. It is to be understood, however, 
that the invention is not to be limited to the particular forms 
or methods disclosed, but to the contrary, the invention is to 
broadly cover all modifications, equivalents, and alterna 
tives encompassed by the Scope of the appended claims. 

I claim: 
1. A Switching power converter for conversion of power 

between a Source and a load, comprising: 
a power Switch; 
a free running OScillator for producing a drive signal to 

cycle the power switch ON and OFF, wherein the 
power Switch, when coupled to the Source and cycled 
ON and OFF, defines a pulse of power at the load; and 

a controller, wherein the controller regulates an output 
Voltage at the load by varying the number of pulses of 
power occurring at the load over time. 

2. The Switching power converter of claim 1, wherein the 
controller varies the number of pulses of power appearing at 
the load over time by controlling whether a given cycle of 
the drive signal produces a pulse of power at the load. 

3. The Switching power converter of claim 1, wherein the 
controller regulates the output voltage by varying the num 
ber of pulses of power occurring at the load within a fixed 
control frame period. 

4. The Switching power converter of claim 3, wherein the 
controller comprises a pulse-width modulator, the pulse 
width modulator modulating a duration of a gating period 
within the fixed control frame period such that no pulses of 
power occur at the load during the gating period, and Such 
that pulses of power occur at the load during the remainder 
of the fixed control frame period. 

5. The Switching power converter of claim 1, wherein the 
oscillator has an ON state during which the oscillator 
produces the drive signal and an OFF state during which the 
power Switch is OFF, the controller switching the oscillator 
into the OFF state during the gating period and into the ON 
State in the remainder of the fixed control frame period as 
determined by the pulse width modulator. 

6. The Switching power converter of claim 1, further 
comprising an oscillator gate coupled between the oscillator 
and the power Switch, the oscillator gate responsive to a gate 
Signal produced by the pulse width modulator for blocking 
the drive Signal, the gate Signal having a high State in which 
the oscillator gate blocks the drive signal and a low State in 
which the oscillator gate does not block the drive signal, the 
controller Switching the drive Signal into the high State 
during the gating period and into the low State during the 
remainder of the fixed control frame period. 

7. The Switching power converter of claim 1, further 
comprising a blocking Switch coupled in Series with the 
Source, the controller Switching the blocking Switch OFF 
during the gating period and Switching the blocking Switch 
ON during the remainder of the fixed control period. 

8. The Switching power converter of claim 3, wherein the 
controller determines cycles of the drive signal during which 



US 2002/0008501 A1 

none of the pulses of power occur at the load, the determined 
cycles being evenly spread within the fixed control frame 
period. 

9. The Switching power converter of claim 3, wherein the 
controller determines cycles of the drive signal during which 
none of the pulses of power occur at the load, the determined 
cycles being aperiodic to a frame control rate defined by the 
fixed control frame period. 

10. The Switching power converter of claim 1, wherein the 
controller regulates the output voltage by varying the num 
ber of pulses of power appearing at the load within a variable 
control frame period. 

11. The Switching power converter of claim 10, wherein 
the oscillator has an ON state during which the oscillator 
produces the drive signal and an OFF state during which the 
power Switch is OFF, the controller Switching the oscillator 
into the OFF state during a fixed period within the variable 
control frame period. 

12. The Switching power converter of claim 10, wherein 
the oscillator has an ON state during which the oscillator 
produces the drive signal and an OFF state during which the 
power Switch is OFF, the controller Switching the oscillator 
into the ON state in a fixed period within the variable control 
frame period. 

13. The Switching power converter of claim 5, further 
comprising: 

a capacitor coupled to the power Switch and to a primary 
winding of a transformer to form an alternating current 
tank, and 

an error amplifier having an input coupled to a current 
Sensor, the current Sensor Sensing a Voltage propor 
tional to a current through the primary winding, the 
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error amplifier having another input coupled to a ref 
erence Voltage proportional to a maximum expected 
Voltage loSS on the load, the error amplifier producing 
a control Signal proportional to the difference between 
the reference Voltage and the Voltage Sensed by the 
current Sensor, 

wherein the pulse width modulator is responsive to the 
control Signal. 

14. The Switching power converter of claim 13, wherein 
the alternating current tank is a Series resonant tank. 

15. The Switching power converter of claim 13, wherein 
the alternating current tank is a parallel resonant tank. 

16. A method of converting power, comprising: 
(a) providing a DC input voltage to a Switching power 

converter, the Switching power converter having an a 
power Switch and a free running oscillator for produc 
ing a drive the power Switch ON and OFF, wherein the 
power Switch, when coupled to the DC input voltage 
and cycled ON and OFF, defines a pulse of power at a 
load; 

(b) cycling the drive signal for a period of time wherein 
pulses of power occur at the load; and 

(c) controlling whether the drive signal cycles from Step 
(b) produce pulses of power at the load to regulate an 
output voltage at the output. 

17. The method of claim 16, wherein the period of time 
is fixed. 

18. The method of claim 17, wherein the period of time 
is variable. 


