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The present invention Is a spike converter providing a special mode of operation of a low power fly-back converter in a very narrow
duty cycle range In particular. This spike operation minimizes the size of the required reactive components such as that of the
power transformer and output capacitance. The present invention automatically achieves low idle power consumption due to the

nature of the feedback un

der fixed, narrow duty cycle or spike operation. The spike operation Is defined by the lower limit of the on

time of the switching elem

ent being generated by the sum of the propagation delays of a current sense comparator and an off time

pulse generating comparator.
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ABSTRACT

The present invention is a spike converter providing a spectal mode of operation of a low power tly-back
converter in a very narrow duty cycle range in particular. This spike operation minimizes the size of the
required reactive components such as that of the power transformer and output capacitance. The present
invention automatically achieves low idle power consumption due to the nature of the feedback under
fixed, narrow duty cycle or spike operation. The spike operation 1s defined by the lower limit of the on time
of the switching element being generated by the sum of the propagation delays of a current sense

comparator and an off time pulse generating comparator.
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SPIKE CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to power converters. Specifically, the present invention relates to
power converters for applications where power requirements are on the order of a few watts. More
specifically, the present invention relates to those power converters having a umversal imnput voltage range
and needing to meet the requirements of “green” power, very low power consumption, under light load

conditions.

2. Description of the Prior Art

Prior art embodiments customarily use a light or no load detection system by sensing one of the parameters
related to loading and then mitiating burst mode operation to reduce standby power and to increase light
load efficiency. One such embodiment is a method whereby a comparator is used to monitor a feedback
voltage relative to a reference level which, if exceeded, causes a burst mode block to be activated in order
to keep 1dle power consumption low. Customarily, the starting point of a prior art converter design is to set

the duty cycle around 50% for low line full load conditions which unnecessarily increases the size and cost

of the components and thus the converter for low power applications.



10

CA 02567462 2006-11-08

SUMMARY OF THE INVENTION

The present invention exploits the advantages of spike mode operation which is essentially a very low duty
cycle mode of operation of a fly-back converter with automatic pulse skipping mode resulting in significant
size and cost reduction of the reactive components such as the power transformer the output capacitance as
well as the de-rating of the switching element. The present invention provides a highly efficient power
converter tor low power applications. Its low duty cycle allows the converter to function at a lower
frequency while retaining the benefit of lugh frequency operation in the selection of transformer where the
transtormer size can be reduced to those used at frequencies several times greater than here employed.
Additionally, the low duty cycle permits the reduction of the voltage rating of the switching element,
typically a MOSFET, by approximately 20% and the current rating of the output rectifier reducing size and
cost over prior art embodiments. Further, the present invention is practical for low power applications such
as mobile phone chargers wherein reduced size, cost, and idle power consumption are desirable thus

providing a superior alternative to the prior art.
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 1s a schematic diagram of the preferred embodiment of the present imnvention.

Figure 2 15 an tllustration of a voltage waveform developed under operation at one of the junction points
referenced 1n Figure 1 essential to the understanding of the present mvention.

Figure 3 1s another illustration of a voltage waveform developed under operation at one of the junction
points referenced in Figure 1 essential to the understanding of the present invention.

Figure 4 1s yet another illustration of a voltage waveform developed under operation at one of the junction
points referenced in Figure 1 essential to the understanding of the present invention.

Figure 3 1s yet another illustration of a voltage waveform developed under operation at one of the junction

pounts referenced in Figure 1 essential to the understanding of the present invention.
Figure 6 1s an illustration of a current waveform developed under operation at one of the junction points

reterenced in Figure 1 essential to the understanding of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In order to better understand the embodiment of the present invention, a spike converter will be
described with reference to FIGURE 1 and corresponding waveforms in FIGURES 2 through 6. One
terminal of a timing capacitor 16 is connected to a timing resistor 17 as in FIGURE 1. The junction of said
timing capacitor 16 and timing resistor 17 is further connected to the input of a comparator with hysteresis
I and the output of a current sense comparator 11. A waveform as in FIGURE 3 is developed at junction

point 21. The other terminal of said timing resistor 17 is connected to the positive terminal of a bias supply
19 and the other terminal of said timing capacitor 16 is connected to the common ground 15. Ground pomts

15, 18, 20 and 23 represent a common point and are only separated for the purposes of this illustration. The

negative terminal of bias supply 19 is connected to common ground 18.
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The output of the comparator with hysteresis 1 1s connected to the mput terminal ot a switching
element 3, such as a MOSFET, forming the junction point 2 where a waveform as in FIGURE 4 i1s
developed. The drain terminal of switching element 3 1s connected to a terminal of the primary winding of
transtormer 5 forming junction point 4 where a waveform as in FIGURE 35 1s developed. The other
terminal of said primary winding of transtormer 3 is connected to the positive terminal of the converter’s
DC power source 7, a power source typically denved from rectitied and filtered AC mains. The negative
terminal of said DC power source 7 1s connected to common ground 20.

The source terminal of switching element 3 1s connected to a terminal of sensing resistor 14 and
the a terminal of a current sample feed resistor 13 forming junction point 22. A waveform as in FIGURE 2
15 developed at junction point 22. The remaming terminal of said current sample feed resistor 13 is
connected to the negative mput of current sense comparator 11 forming feedback point 12. The remaining
terminal of sensing resistor 14 is connected to common ground 23. The positive input of said current sense
comparator 11 forms voltage reterence point 9.

A terminal ot the secondary winding of transtormer 5 1s connected to a terminal of output
capacitor 8 and a termmnal of load 10 forming the negative output of the converter. The remaining terminal
of the secondary winding of transformer 3 1s connected the anode of rectifier 6. The cathode of said
rectifier 6 1s connected to the remaining terminals of output capacitor 8 and load 10 forming the positive
output of the converter. A current waveform as i FIGURE 6 is developed across rectifier 6.

The operation of the spike converter will be described with reference to FIGURE 1 and
corresponding waveforms in FIGURES 2 and 3. Under full load and low line condition, the voltage at the
gate terminal of switching element 3 remains zero until the voltage across timing capacitor 16 reaches the

high threshold of comparator with hysteresis 1. Once the high threshold of comparator with hysteresis 1 is

attained, the switching element 3 1s turned on and current ramps up with slope % where V' 1s the supply

voltage and L 1s the mductance of the primary winding of transformer 5. Once the ramp across the sensing
resistor 14 reaches the reference voltage as depicted by the Vggr line in FIGURE 2. current sense
comparator 11 will discharge timing capacitor 16 to the low threshold of comparator with hysteresis 1
causing this cycle to begin again. The off time of the converter, as depicted by the duration of topy in

FIGURE 2, 1s defined by the charge time of timing capacitor 16 via timing resistor 17 from Vi ow to
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Vuicn. as depicted by FIGURE 3.

Since the on time of the converter, as depicted by the duration of togny m FIGURE 2, 15 very bnief
relative to the off time of the converter, the current feedback provides excellent line regulation at full load.

At hight load, the feedback is used to lower the current ramp threshold to reduce the average
power. At some point under light load condition, the converter will enter into small duty cycle mode where
the lower limit of the on time is defined by the sum of the propagation delays of the comparators 1 and 11.
At this pont, the current will only ramp up to the value 1t reaches within the aforesaid time delay and the
feedback voltage on the negative input of current sense comparator 11 will exceed the reference voltage for
much of the off time resulting in an extremely low duty cycle that allows the converter to meet “green”

power specifications.
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I claim as my mvention:

1.

A spike converter comprising:

(a) a DC bias supply having a positive and negative electrode where the negative terminal 1s
connected to the common ground of the circuit;

(b) the positive terminal of said DC bias supply connected to one terminal of a timing resistor,
(¢) the other terminal of said timing resistor connected to one terminal of a timing capacitor and
the input of a comparator with hysteresis and the output of a current sense comparator,

(d) the other terminal of said timing capacitor connected to said common ground;

(e) the output of said comparator with hysteresis connected to the gate terminal of a switching
element, such as a MOSFET;

(f) the source terminal of said switching element connected to one terminal of a sensing resistor
and one terminal of a current sample feed resistor;

(f) the other terminal of said sensing resistor connected to said common ground,;

(g) the other terminal of said current sample feed resistor connected to the negative input of the
current sense comparator forming the feedback poimt of the converter,

(h) the positive terminal of said current sense comparator forming the voltage reference point of
the converter:;

(1) the drain terminal of said switching element connected to one terminal of the primary
winding of a transformer;

(1) said transformer having a primary and secondary winding;

(k) the other terminal of said primary winding of said transformer connected to the positive
terminal of the converter’s DC power source;

(1) the negative terminal of the converter’s DC power source connected to satd common ground,
(m) one terminal of the secondary winding of said transformer connected to the anode of an
output rectihier;

(n) the cathode of said output rectifier forming the positive output of the converter;

(o) the other terminal of said secondary winding of said transformer forming the negative output

of the converter;
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(p) an output capacitor connected between said positive and negative output terminals;

(q) an output load in parallel with said output capacitor,

A spike converter as in claim 1, wherein said current sense comparator has an output
substantially opened when the positive input 1s higher than the negative input.

A spike converter as in claim 1, wherein the off time of said switching element i1s determined by
said timing resistor and said timing capacitor.

A spike converter as in claim 1, wherein the on time of said switching element 1s determined by
the amount of time 1t takes the current slope in said current sense resistor to reach the value
defined by said voltage reference and said feedback.

A spike converter as in claim 1, wherein the on time of said switching element is substantially
smaller than the off time thereby reducing said transformer and output capacitor rating
requirements and therefore size.

A spike converter as in claim 1, wherein the on time of said switching element is substantially
smaller than the off time keeping the reflected voltage on the switching element low and thereby
reducing the required voltage handling capacity of same.

A spike converter as in claim 1, wherein the lower limit of the on time of said switching element
1s defined by the sum of the propagation delays of said comparator with hysteresis and said
current sense comparator whereby said feedback forces the converter to enter into pulse
skipping mode under light conditions.

A spike converter as 1n claim 7, wherein said pulse skipping mode causes the converter to

consume very httle power under said light load conditions.
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FIGURE 1
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FIGURE 2

FIGURE 3

FIGURE 4

FIGURE 5

FIGURE 6
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