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(57) Abstract: In one embodiment, an apparatus includes a sampling component. The sampling component receives afirst voltage
signa on aprimary side of atransformer and monitors the first voltage signa to determine a voltage sampling time. The deter-
mined voltage sampling time is when the first voltage signal isused to estimate a second voltage level on a secondary side of the
transformer. The first component further samples the first voltage signa at the voltage sampling time to determine a first voltage
level. A second component outputs a control signal to control a switch to regulate the second voltage level based on the first volt -
age level.
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Primary Side Voltage Control in Flyback Converter
CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present disclosure claims priority to U.S. Provisional App. No. 61/360,369 for
"Single Stage Flyback Primary Side Voltage Control” filed June 30, 2010, which is
incorporated herein by reference in its entirety for al purposes.

BACKGROUND
[0002] Particular embodiments generally relate to voltage estimation.

[0003] Unless otherwise indicated herein, the approaches described in this section are not
prior art to the claims in this application and are not admitted to be prior art by inclusion in

this section.

[0004] The use of electronic devicesispopular in stationary and mobile environments.
One kind of visual display istypically used in both environments. For example, the same
kind of visual display isused in electronic devices from large sign/advertising boards to
cellular phones or portable game players. Energy consumption is a concern in the design of
the electronic devices. For example, in the marketplace, an electronic device that uses less
energy may take significant precedence over other devices.

[0005] Light-emitting diodes (LEDS) are being used in displays because of the LEDS
energy efficiency, reliability, low maintenance, and environmental friendliness. LEDs have
been used in various devices, such as signal devices (e.g. traffic lights, exit signs, and
signboards) aswell asin some illumination devices, such as flashlights. Additionally, LEDs
may be used in light sources for general illumination in homes to commercial applications.
LEDs have many advantages, such as long life, energy savings, better quality light output,
safety, size, and durability.

[0006] A single-stage flyback solution isused because of the flyback solution's simplicity
and cost reduction. The flyback solution requires that an output voltage be detected on the
secondary side of atransformer of the flyback solution. This increases the amount of
components in the implementation, such as output components, secondary constant current
control circuits, and an optocoupler are needed on the secondary side. These components are
used to detect the output voltage on the secondary side and then send the output voltage back
tothe primary side. The detected output voltage isused by the primary side to adjust an on
and off time of a switch in the flyback solution to regulate the output voltage.
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SUMMARY
[0007] In one embodiment, an apparatus includes a sampling component. The sampling
component receives afirst voltage signal on aprimary side of atransformer and monitors the
first voltage signal to determine avoltage sampling time. The determined voltage sampling
time iswhen the first voltage signal isused to estimate a second voltage level on a secondary
side of the transformer. The first component further samples the first voltage signal at the
voltage sampling time to determine afirst voltage level. A second component outputs a
control signal to control a switch to regulate the second voltage level based on the first

voltage level.

[0008] In one embodiment, the sampling time is a apoint when it is determined a current in

the secondary side is zero.

[0009] In one embodiment, the first voltage level isused to estimate the second voltage level
of a second voltage signal on the secondary side of the transformer a atime when the second

voltage level equals an output voltage on the secondary side.

[0010] In one embodiment, the first component is configured to: detect afirst time when the
first voltage signal reaches afirst level; detect a second time when the first voltage signal
reaches a second level; and use the first time and the second time to determine the sampling

time.

[0011] In one embodiment, a system includes aprimary winding on the primary side of the
transformer and a secondary winding on the secondary side of the transformer and abias
winding on the primary side of the transformer, wherein the first voltage signal isreceived

from the bias winding.

[0012] In one embodiment, amethod receives afirst voltage signa on aprimary side of a
transformer and monitors the first voltage signal to determine avoltage sampling time. The
determined voltage sampling time iswhen the first voltage signal isused to estimate a second
voltage level on a secondary side of the transformer. The method also samples the first
voltage signal a the voltage sampling time to determine a first voltage level and outputs a
control signal to control a switch to regulate the second voltage level based on the first

voltage level.

[0013] In one embodiment, determining the voltage sampling time includes: detecting a first

time when the first voltage signal reaches afirst level; detecting a second time when the first



10

15

20

25

WO 2012/003089 PCT/US2011/040220

voltage signal reaches a second level; and using the first time and the second time to

determine the sampling time.

[0014] The following detailed description and accompanying drawings provide amore

detailed understanding of the nature and advantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Fig. 1depicts an example circuit for estimating an output voltage according to one

embodiment.
[0016] Fig. 2 depicts amore detailed example of the circuit according to one embodiment.

[0017] Fig. 3 depicts a graph showing the relationship between the primary current and the

secondary current according to one embodiment.
[0018] Fig. 4 depicts a graph showing a sampling time according to one embodiment.

[0019] Fig. 5 shows agraph showing waveforms used to detect the sampling time

according to one embodiment.

[0020] Fig. 6 depicts asimplified flowchart of amethod for determining the sampling time

according to one embodiment.

DETAILED DESCRIPTION
[0021] Described herein are techniques for avoltage estimation system. In the following
description, for purposes of explanation, numerous examples and specific details are set forth
in order to provide athorough understanding of embodiments of the present invention.
Particular embodiments as defined by the claims may include some or all of the features in
these examples alone or in combination with other features described below, and may further

include modifications and equivalents of the features and concepts described herein.

[0022] Fig. 1depicts an example circuit 100 for an output voltage according to one
embodiment. Circuit 100 includes atransformer 102, a switch (SW) 104, an input voltage
Vi,, adiode (D), acapacitor (Cp), aload (R,), and an input resistor (¥2). In one embodiment,
circuit 100 may be asingle-stage flyback solution; however, other circuits may beused. A
primary current (Ip) isacurrent through aprimary side of transformer 102. A secondary

current (1) isacurrent through the secondary side of transformer 102.



10

15

20

25

30

WO 2012/003089 PCT/US2011/040220

[0023] When switch 104 ison, the primary side of transformer 102 is directly connected to
input voltage Vi,. The primary current equals a current Imosfet through switch 104 when
switch 104 ison. When switch 104 ison, this results in an increase of magnetic flux in a
primary winding of transformer 102. The voltage across a secondary winding of transformer
102 is negative such that diode D isreverse-biased (e.g., blocked). At this time period,
capacitor C, supplies energy to load R,. In one embodiment, load R, may be aLED/LED
string that isbeing driven by circuit 100, but other loads may be used. When switch 104 is
off, the energy stored in the primary winding of transformer 102 istransferred to the
secondary winding. The energy isthen transferred to capacitor C, and load R, through diode
D, which is forward biased.

[0024] Particular embodiments use abias voltage measured on the primary side of
transformer 102 and use the measured bias voltage to regulate an output voltage on the
secondary side of transformer 102. The bias voltage is sampled a atime in which it is
determined that the bias voltage is substantially proportional to the output voltage by the
transformer winding turn ratio. The measured bias voltage isthen used to adjust a control
signal that isused to control switch 104. For example, the measured bias voltage is compared
to areference and the comparison isused to adjust a duty cycle of the control signa to a
transistor. In one example, a control signal circuit 106 isused to measure the bias voltage,
perform the comparison, and output the control signal that turns switch 104 on and off. The
on and off time may be varied regulate the output voltage. In one embodiment, this may
control the power provided to the LED/LED string. Using the bias voltage to estimate the

output voltage reduces the complexity of circuitry on the secondary side.

[0025] Fig. 2 depicts amore detailed example of circuit 100 according to one embodiment.
Transformer 102 includes a primary winding Np and a secondary winding N. A turn-ratio of
transformer 102 isN = NF/NS. A bias winding Nbis also provided to alow abias voltage
Vhias to be measured on aprimary side of transformer 102. The bias voltage may also be
measured on the primary winding. Bias voltage Vbias isthe voltage at the bias winding and
secondary voltage Vsisthe voltage at the secondary winding. In one embodiment, the
number of turns for the bias winding is equal to the number of turns for the secondary
winding. In other embodiments, the number of turns for the bias winding may be different

from the number of turns of a secondary winding, and the turn-ratio between the bias winding
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and the secondary winding may be used to estimate the output voltage. For example, the
following equation may be used to determine the relationship between Vbias and Vs:

Nb/Ns = Vbias/Vs
Vbias. The voltage on Nb
Vs: The voltage on Ns

[0026] The output voltage V ,is defined by the equation V,=Vs- (Vf + IFESR). Vfisthe
drop across diode D and ESR isthe equivaent series resistance of capacitor C,. When the
secondary current isnot zero, the output voltage may not be exactly proportiona to the bias
voltage Vhbias. When the secondary current is zero, the output voltage equals the secondary

voltage. The diode drop is zero and also there isno voltage across the ESR of capacitor C,,.

[0027] In one embodiment, the bias voltage that is sampled, voltage Vvs, isthrough a
resistor divider. Aswill be described below, the sampled voltage Vvs is sampled a atime in
which the output voltage equals the secondary voltage. The sampled voltage isthen used to
regulate the output voltage. For discussion purposes, the bias voltage Vbias and voltage Vvs
may be used interchangeably. It will be understood that the bias voltage Vbias may be
sampled through various resistor dividers as long as the resistance ratio isknown. The

relationship of the output voltage to the sampled voltage is defined by:
Vvs= (R1+R2)/(R1* Vhias)

+
VO: Yvs M_NS_
R N

2 bias

[0028] The time to sample the bias voltage may be based on the current on the secondary
side. Fig. 3 depicts a graph 300 showing the relationship between the primary current and the
secondary current according to one embodiment. The control signal (PWM) shows the turn
on time and turn off time of switch 104. In one example, switch 104 may be implemented
using MOSFET M1 that isturned on and off to close switch 104 and open switch 104.

[0029] Anontime Toyisthe switch ontime. A constant ontime Toy isapplied for a half
line cycle. The off time To__ is defined by the duration of turning switch 104 off to allow the
secondary current | to reach zero. A peak current Ipeak,Pof the primary side and the peak
current of the secondary side, Ipeak,P, may berelated based on aturn ratio N of transformer
102.
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[0030]  The bias voltage should be sampled when the secondary current goes to zero.
Secondary current goes to zero when the energy in the secondary winding is fully discharged
into capacitor C,and load R,. The current slope is determined by the inductance value of

transformer 102. The peak current on the primary side may be equal to

Ipeak, p = VIine* Ton/Lm,
where:
Vline isthe input line voltage and Vline=Vrms*root2 sin(theta)
Ton: MOSFET On-time

Lm: Magnetizing Inductance

The secondary current may berelated to the primary current by the turn-ratio N =N p/N_. The

following equations provide the secondary current:

N = Np/Ns

Is=N*Ip

Is=N*Vo*Toff/Lm
[0031]  When the secondary current goesto zero, the bias voltage should be sampled. Fig.
4 depicts agraph 400 showing a sampling time according to one embodiment. At 402, the
on-time and off-time of switch 104 is shown. For example, the on-time iswhen a MOSFET
M| ison and the off-time iswhen MOSFET M| isoff. A cycle may be defined by the on-
time and off-time of MOSFET M| and is shown asatime T.. MOSFET M| may turn on and

turn off multiple times in a half line cycle of an input to the primary side of transformer 102.

[0032] At 404, primary current Ip is shown and, at 406, secondary current | is shown. The
primary current and secondary current are the same as shown in Fig. 3. For example, the
primary current increases during the on-time of MOSFET M| and the secondary current
decreases during the off-time of MOSFET MI. A sampling time at 408 is desired when a

secondary current discharges and reaches zero. Thistime is shown as atime tdis The slope

2.
of the secondary current may be defined as — N C M Ly isthe magnetizing inductance of
P

the primary winding and N isthe turn ratio.

[0033] It isdesirable to sample the voltage Vhias at this point because Vbias may be

substantially the same value as the output voltage Vo. For example, when MOSFET M|
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turns off, energy is delivered to a secondary side through diode D. When diode D turns on
and delivers energy to the secondary side, the waveform Vbias is flattened and is sometimes
called "the knee". Thisportion is shown at 410. Before the secondary current is zero, the
diode drop across diode D isreflected into the secondary voltage. If the bias voltage is
detected when the diode drop isreflected into the secondary voltage, then the bias voltage
may not be accurate. After fully discharging the secondary current into capacitor C, and load
R,, the voltage Vbias starts ringing based on the magnetizing inductance of the primary
winding and aparasitic output capacitance of MOSFET M| . This may bereferred to asthe
"magnetizing resonance frequency”. When the voltage Vbias is sampled at the sampling
point before the ringing starts, the secondary current is zero and the voltage of the diode drop
isnot reflected into voltage Vhias. For example, inthis case, Vs= V. Thus, the bias voltage
can be used as an accurate estimate of the output voltage.

[0034] Vbias may be sampled during any edge transition of an ADC_Sample waveform a
412. One of these transitions is selected as the sampling time. Aswill be discussed in more
detail below, an analog-to-digital converter (ADC) samples voltage Vhbias on the edge of the
ADC_Samplewaveform. If voltage Vbias is sampled a atime before the point shown at
408, an accurate reading for the output voltage may not bereceived. Thus, it is desirable to

determine the sampling time be as close to point 408 as possible.

[0035] Referring back to Fig. 2, the process of using the sampled voltage a the sampling
time will be described in more detail. The bias voltage is sampled a apoint Vvs. The
voltage Vvs that isinput into control signal circuit 106 is defined by aresistor divider
including theresistors Rl and R2. Voltage Vvs may be represented by the equation Vvs =
(Rl + R2)/(R1* Vbias).

[0036] Voltage Vvsisinput into an ADC 202, which may be a sample and hold (S'H) ADC
that samples voltage Vvs. Possible sampling points are based on sampling clock
ADC_Sample. The sampling time is detected using logic in ADC 202 (described below) and
the sampled value at the sampling time is selected and output to an amplifier 204. A
reference Vref isaso input into amplifier 204. The reference Vref may be an internal
reference generated in the chip. The reference isused to determine how to regulate the
output voltage. Depending on the values of voltage Vvs and the reference Vref, amplifier
204 outputs an error value. A proportional integral (Pl) control 206 calculates a duty cycle
for apulse width modulator (PWM) signal based on the error value. The duty cycleisinput
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into a pulse width modulator (PWM) block 208, which generates the PWM signal to input
into agate of MOSFET M| . The turn-off and turn-on time of MOSFET M| may be adjusted
to regulate the output voltage. For example, the duty cycle of aPWM signal input into the
gate of MOSFET M| may be adjusted to alter the turn-on time of MOSFET M1 .

[0037] Altering the turn-on time has the effect of regulating the output voltage. For
example, if voltage Vvs islower than the reference Vref, the error signal isnegative. The
duty cycle of the PWM signal may be increased to increase the turn-on time of MOSFET MI,
which stores more energy in the primary winding of transformer 102. When transistor M1 is
turned off, the energy transferred to the secondary side may increase. This increases the
secondary current, which increases the output voltage. The opposite istrue when the turn-on

time of transistor M| isreduced. This process may be used to regulate the output voltage.

[0038] Different logic may be used to determine the sampling time. The logic may be
found inside of ADC 202 and/or be external to ADC 202. In one embodiment, two
comparators may be used to determine the sampling time, but other implementations may be
used. Fig. 5 shows agraph 500 showing waveforms used to detect the sampling time
according to one embodiment. At 502, the waveform for voltage Vvs is shown. Voltage

sampling point & 408 is shown before the ringing occurs.

[0039] At 504, agraph of an output for afirst comparator is shown. The first comparator
compares the voltage Vvs to afirst reference value that isequal to one-half of the reference
voltage Vref. The level of reference voltage Vref and reference voltage 1/2Vref is shown on
the Y-axis of graph 502. The 1/2Vref value may be Vref * cosine (60°) = 1/2Vref. This

equation may be used because the resonance frequency is a cosine waveform.

[0040] At 506, agraph for the output for a second comparator is shown. The second
comparator compares the voltage Vvs with ground (OV). The output of the first comparator
and the second comparator generate timing signals that are used to determine the voltage
sampling time. The timing signals are determined based on apresent cycle (i.e., aturn-on
and turn-off time of MOSFET MI), and used to determine the voltage sampling time for the
next cycle (the next turn-on and turn-off time for MOSFET MI). For example, the sampling
time as afunction of the time from the turn on time of MOSFET M| isdetermined in a

present cycle. Thistime may beused from the turn on time of MOSFET M1 in anext cycle.
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[0041] The first comparator measures atime TI in which the resonance frequency goes
below reference voltage 1/2Vref. In this case, the signal output by the first comparator goes
low. The second comparator measures atime T2 when the resonance frequency goes below
zero or passes the voltage OV. Inthis case, the signal output by the second comparator goes
high.

[0042] To determine the voltage sampling time, the following equations may be used:

AT =T2- T1.

Voltage sampling time =TI - 2*AT [Vref * cosine (60°) = 1/2Vref ]
[0043] Time AT isthe difference between time T2 and time T1. The on-time prediction is
the time in which it is predicted where the valley switching point isreached and MOSFET
M1 turns on again. Inthis case, the valley switching point isknown asthe constant peak
current provides the same turn-on and turn-off timing. The voltage sampling time for the
next cycle can then be determined as T| - 2*AT. Inthis case, as of the symmetric shape of
the resonance fregquency, taking the difference between the half-way point and the OV level
and subtracting that from the time T yields the sampling point in which the secondary
current goes to zero and the bias voltage starts ringing in the next cycle. The resonance
frequency is symmetrically equivalent for ahalf line cycle. Thus, determining times T and
T2 alows the prediction of the voltage sampling time for the next cycle of turning MOSFET
M| on and off in the half line cycle.

[0044] The sampling time may vary and may be calculated every cycle such that an
accurate sampling time isused. In one embodiment, avariable input voltage isinput to
circuit 100. The variable input voltage affects the external capacitance Coss value of
MOSFET M. When the input voltage diminishes, the magnetizing inductance resonance
frequency isaso changed. Both of these factors may affect when the appropriate sampling
time should be (due to a change in the slope of the secondary current). To guard against
changes in the sampling time, the timing signals may be determined every cycle by the first
comparator and second comparator to ensure the voltage sampling time is accurately
determined within athreshold. By determining the sampling time every cycle, gradual
changes to the sampling time are reflected due to variations in the input voltage. Slight
changes between two consecutive cycles may occur, but these changes may be slight and be
within an error tolerance. Although every cycle isused to detect the next sampling time,

other methods may be used, such as once a half line cycle.
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[0045] Fig. 6 depicts asimplified flowchart 600 of amethod for determining the sampling
time according to one embodiment. At 602, afirst voltage signal isreceived on the primary
side of transformer 102. For example, the bias voltage associated with abias winding is
determined.

[0046] At 604, the first voltage signal ismonitored to determine avoltage sampling time.
For example, the voltage levels for the first voltage signal may be monitored for aprevious
cycle in which MOSFET M| was turned on and turned off. This monitoring is used to

determine avoltage sampling time to sample the first voltage signal.

[0047] At 606, the first voltage signal is sampled at the voltage sampling time to determine
afirst voltage level. The first voltage level isused to estimate the second voltage level of a
second voltage signal on the secondary side of transformer 102. At 608, the sampled first

voltage signal is compared to areference voltage to determine an error.

[0048] At 610, the error isused to adjust the turn-on and turn-off time of MOSFET M.
For example, aduty cycle of aPWM signal is adjusted to adjust the ON time of MOSFET
MI.

[0049] Accordingly, particular embodiments use avoltage Vbias that is determined on the
primary side to estimate the output voltage on the secondary side. This eliminates the need
for secondary side components to detect the output voltage and send the output voltage back

to the primary side for use in voltage regulation.

[0050] Asused in the description herein and throughout the claims that follow, "a', "an",
and "the" includes plural references unless the context clearly dictates otherwise. Also, as
used in the description herein and throughout the claims that follow, the meaning of "in"

includes "in" and "on" unless the context clearly dictates otherwise.

[0051] The above description illustrates various embodiments of the present invention
along with examples of how aspects of the present invention may beimplemented. The
above examples and embodiments should not be deemed to be the only embodiments, and are
presented to illustrate the flexibility and advantages of the present invention as defined by the
following claims. Based on the above disclosure and the following claims, other
arrangements, embodiments, implementations and equivalents may be employed without

departing from the scope of the invention as defined by the claims.

10
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WHAT ISCLAIMED IS:

1. An apparatus comprising:
a sampling component configured to:
receive afirst voltage signal on aprimary side of atransformer;
monitor the first voltage signal to determine avoltage sampling time,
wherein the determined voltage sampling time is when the first voltage signal isused
to estimate a second voltage level on a secondary side of the transformer; and
sample the first voltage signal a the voltage sampling time to
determine afirst voltage level;
a second component configured to output a control signal to control a switch
to regulate the second voltage level based on the first voltage level.

2. The apparatus of claim 1, wherein the sampling time is a apoint when

it is determined a current in the secondary side is zero.

3. The apparatus of claim 1, further comprising athird component
configured to:
compare the first voltage level to areference voltage; and
output an error signal.

4. The apparatus of claim 3, further comprising afourth component

configured to use the error signal to adjust an on time of the switch.

5. The apparatus of claim 4, wherein:

the control signal comprises a pulse width modulation (PWM) signal, and

afourth component is configured to adjust a duty cycle of the pulse width
modulation (PWM) signal to adjust the on time of the switch.

6. The apparatus of claim 1, wherein the first voltage level isused to
estimate the second voltage level of a second voltage signal on the secondary side of the
transformer a atime when the second voltage level equals an output voltage on the
secondary side.

7. The apparatus of claim 1, wherein the first component is configured to:

detect afirst time when the first voltage signal reaches afirst level;

11
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detect a second time when the first voltage signal reaches a second level; and
use the first time and the second time to determine the sampling time.

8. A system comprising the apparatus of claim 1, the system further
comprising:

aprimary winding on the primary side of the transformer and a secondary
winding on the secondary side of the transformer; and

abias winding on the primary side of the transformer, wherein the first voltage
signal isreceived from the bias winding.

9. The system of claim 8, wherein the bias winding has a same number of

turns as the secondary winding.

10. A method comprising:

receiving afirst voltage signal on aprimary side of atransformer;

monitoring the first voltage signal to determine avoltage sampling time,
wherein the determined voltage sampling time iswhen the first voltage signal isused to
estimate a second voltage level on a secondary side of the transformer;

sampling the first voltage signal at the voltage sampling time to determine a
first voltage level; and

outputting a control signal to control aswitch to regulate the second voltage
level based on the first voltage level.

11.  Themethod of claim 10, wherein the sampling time is & a point when

it is determined a current in the secondary side is zero.

12. The method of claim 10, wherein:

the sampling time is determined using monitored voltage levels during afirst

cycle, and

the sampling is performed a the sampling time in a second cycle.

13. The method of claim 12, wherein:

the first cycle comprises aturn on time of the switch and aturn off time of a
switch, and

the second cycle comprises anext turn on time of the switch and anext turn

off time of the switch.

12
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14. The method of claim 10, wherein determining the voltage sampling
time comprises:

detecting afirst time when the first voltage signal reaches afirst level;

detecting a second time when the first voltage signal reaches a second level;
and

using the first time and the second time to determine the sampling time.

15. The method of claim 10, wherein the first voltage level isused to
estimate the second voltage level of a second voltage signal on the secondary side of the
transformer a atime when the second voltage level equals an output voltage on the
secondary side.

16. The method of claim 10, further comprising:
comparing the first voltage level to areference voltage; and

outputting an error signal.

17. The method of claim 16, further comprising using the error signal to

adjust an on time of the switch.

18. The method of claim 17, wherein the control signal comprises a pulse
width modulation (PWM) signal, the method further comprising:
adjusting a duty cycle of the pulse width modulation (PWM) signal to adjust

the on time of the switch.

19. The method of claim 10, wherein the first voltage signal isreceived
from abias winding on the primary side of the transformer.

20. The method of claim 19, wherein the bias winding has anumber of
turns equal to anumber of turns of a secondary winding on the secondary side.
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600 \
Receive a first voltage signal on the primary side of
602\/\ transformer

l

604 Monitor the first voltage signal to determine a voltage
\/\ sampling time

606 Sample the first voltage signal at the voltage sampling
\/\ time to determine a first voltage level

'

608 3 N Compare the sampled first voltage signal to a reference
voltage to determine an error

!

Use the error to adjust the turn-on and turn-off time of
610 MOSFET M1
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