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CONTROLLER FOR SECONDARY SIDE
CONTROL OF A SWITCH, POWER

to rise quickly. In some situations, the VDS voltage 210 may
rise quickly to the off threshold 202 shortly after the switch is
activated. If the VDS voltage 210 rises above the off threshold
202, the secondary side controller may deactivate the switch
at the beginning of the power conversion cycle, which may be
undesirable. In order to prevent the secondary side controller
from deactivating the switch prematurely, the minimum on
time 240 may be set and asserted such that the secondary side
controller maintains the gate drive voltage 230 of the switch

CONVERTER, AND RELATED
SYNCHRONOUS RECTIFICATION
CONTROL METHOD
TECHNICAL FIELD

Embodiments of the present disclosure relate generally to
synchronous recti?cation control and, more particularly, to

to be high for a minimum amount of time after the gate drive

voltage 230 is asserted. In other words, triggering the mini

apparatuses and methods related to controlling a switch asso
ciated with the secondary side of a transformer in a power
converter circuit.

mum on time 240 and asserting the gate drive voltage 230
may be dependent upon each other, such as being triggered at
the same time. During minimum on time 240, the comparator

BACKGROUND

function of the secondary side controller may be disabled, and
the gate drive voltage 230 remains high even if the VDS

High ef?ciency isolated power supplies often employ

voltage 210 crosses the off threshold 202.

active switches that replace diodes and operate as synchro

When the switch is deactivated (i.e., when the VDS voltage

nous recti?ers to improve ef?ciency of the power converter.
Such power converters may include such switches the sec

210 crosses the off threshold 202), there may be a temporary
20

ondary side of a transformer. One approach for controlling the
switches on the secondary side is to employ a secondary side
controller.
FIG. 1 is a schematic of a power converter 100. The power

converter 100 includes a primary side 101 and a secondary
side 121 of a transformer 110. The primary side 101 includes

a plurality of switches 102, 104. The secondary side 121
includes a plurality of switches 122, 124. The plurality of
switches 102, 104 of the primary side 101, and the plurality of
switches 122, 124 of the secondary side 121 may collectively
be referred to as switches 102, 104, 122, 124. Each of the
switches 102, 104, 122, 124 may be con?gured as a diode and
a transistor coupled in parallel. The speci?c operation of the
secondary side controllers 126, 128 will be discussed with
reference to the operation waveforms of FIGS. 2A and 2B.

25

sharp drop in the VDS voltage 210. Such a sharp drop may
cause the VDS voltage 210 to drop below the on threshold 201.
In order to avoid the switch from being activated at the end of
the power conversion cycle, the minimum off time 245 may
be set and asserted such that the secondary side controller
maintains the gate drive voltage 230 of the switch to be low
for a minimum amount of time after the gate drive voltage 230
is deasserted. While the minimum off time 245 is asserted, the
comparator function of the secondary side controller may be

temporarily disabled, and the gate drive voltage 230 remains
30

low even if the VDS voltage 210 crosses the on threshold 201.
FIG. 2B is an operation waveform 250 of a conventional

secondary side controller (e.g., secondary side controllers
35

FIG. 2A is an operation waveform 200 of a conventional

126, 128 of FIG. 1) showing a potential failure situation. VDS
voltage 210, gate drive voltage 230, and minimum on time
240 represent similar signals as those of FIG. 2A. Similarly,
the on threshold 201 and the off threshold 202 may be similar
to those of FIG. 2A. It is noted that IDS current 220 is not

secondary side controller (e.g., secondary side controllers
126,128 ofFIG. 1). Drain to source voltage (VDSvoltage) 210

shown in FIG. 2B for simplicity. There may be situations in

represents the drain to source voltage of the transistor of the

which the VDS voltage 210 may decrease relatively slowly

switch (e.g., switches 122, 124) on the secondary side 121.

40

over the entire power conversion cycle of the input voltage

Drain to source current (IDS current) 220 represents the cur

VIN. Because of the VDS voltage 210 decreasing relatively

rent ?owing through the switch on the secondary side 121.
Gate drive voltage 23 0 represents the voltage at the gate of the
transistor of the switch driven by the secondary side control
ler. When the gate drive voltage 230 is low, IDS current 220

slowly, the VDS voltage 210 may not reach the on threshold
201 for the ?rst time until the end of the power conversion
cycle. If the VDS voltage 210 eventually does cross the on
threshold 201, the minimum on time 240 and the gate drive
voltage 230 may be asserted. Because the minimum on time
240 in this situation has been asserted toward the end of the

45

?ows through the body diode. When the gate drive voltage
230 is high, IDS current 220 ?ows through the switch active
area. The secondary side controllers may include internal

power conversion cycle, there is a possibility that the VDS
voltage 210 increases to above the off threshold 202 before

control functions, such as “blanking time,” which may be

implemented as a signal such as a minimum on time 240 and 50 the minimum on time 240 has expired. Because the conven

a minimum off time 245, each of which is described below.

To activate (i.e., “turn on”) the switch, the secondary side
controller measures the VDS voltage 210 and compares the

VDS voltage 210 with a predetermined threshold (i.e., “on
threshold” 201), which often corresponds to the forward

55

biased body diode voltage drop (e.g., —0.5V). To deactivate
(i.e., “turn off”) the switch, the secondary side controller
measures the VDS voltage 210 and compares the VDS voltage
210 with another predetermined threshold (i.e., “off thresh
old” 202), which often corresponds to the on-state resistance
voltage drop with zero current (e.g., 0V).
At the beginning of a power conversion cycle of the input
voltage VIN, the VDSvoltage 210 may begin to drop. When the
VDS voltage 210 crosses the on threshold 201, the secondary
side controller asserts the gate drive voltage 230 in order to
fully activate the switch. In resonant circuits, the IDS current
220 tends to rise slowly, which may cause the VDSvoltage 210

tional secondary side controllers are con?gured to keep the
gate drive voltage 230 asserted during the minimum on time
240, the crossing of the off threshold 202 may not be detected
and the gate drive voltage 23 0 may remain activated at the end
of the power conversion cycle when the switch is desired to be

turned off. If the primary side voltage polarity has changed
during this time, there may be cross-conduction between the
primary side and the secondary side of the transformer, which
may result in a system failure.
60

BRIEF SUMMARY

Embodiments of the present invention include a controller.
The controller comprises a drain to source voltage (VDS volt
65

age) input con?gured to receive the VDS voltage of a transis
tor, a gate drive output con?gured to output a gate drive

voltage to a gate of the transistor, and control logic con?gured

US 8,68l,514 B2
4
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to initiate a minimum on time signal independent of trigger

Those of skill in the art understand that information and

signals may be represented using any of a variety of different

ing the gate drive voltage to activate the transistor.

technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that

Another embodiment of the present invention includes a

method for controlling a switch con?gured to perform syn
chronous recti?cation. The method comprises comparing a

may be referenced throughout the above description may be

drain to source voltage (VDS voltage) of a transistor to a

represented by voltages, currents, electromagnetic waves,

plurality of voltage threshold levels, driving a gate of the

magnetic ?elds or particles, optical ?elds or particles, or any

combination thereof. Some drawings may illustrate multiple
signals as a single signal for clarity of presentation and
description. It will be understood by a person of ordinary skill

transistor when the VDS voltage crosses a predetermined volt

age threshold, and asserting a minimum on time signal when

the VDS voltage crosses another predetermined voltage
threshold independent of driving the gate of the transistor.

in the art that the signal may represent a bus of signals,
wherein the bus may have a variety of bit widths and the
present invention may be implemented on any number of data

Yet another embodiment of the present invention includes
a power converter. The power converter comprises a trans

signals including a single data signal.

former con?gured to receive a voltage input signal on a pri
mary side and transmit a voltage output signal on a secondary
side, and at least one secondary side controller con?gured to
initiate a minimum on time signal independent of tri ggering a

Those of skill in the art would further appreciate that the

various illustrative logical blocks, modules, circuits, opera
tions, and algorithm acts described in connection with

gate drive voltage to activate at least one switch.
20

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS
FIG. 1 is a schematic of a power converter;
FIG. 2A is an operation waveform of a conventional sec

software, various illustrative components, blocks, modules,
circuits, and steps are described generally in terms of their

25

ondary side controller;
FIG. 3 is a schematic block diagram of a power converter
30

tation decisions should not be interpreted as causing a depar
ture from the scope of the embodiments of the invention
described herein.

The various illustrative logical blocks, modules, and cir
cuits described in connection with the embodiments dis
closed herein may be implemented or performed with a “con
troller” that may include a general purpose processor, a

disclosure; and
FIG. 5 is a ?ow chart illustrating a method of controlling a

switch con?gured to perform synchronous recti?cation

functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in vary

ing ways for each particular application, but such implemen

FIG. 2B is an operation waveform of a conventional sec

ondary side controller showing a potential failure situation;
according to an embodiment of the present disclosure;
FIGS. 4A and 4B are operation waveforms of a secondary
side controller according to an embodiment of the present

embodiments disclosed herein may be implemented as elec
tronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and

35

according to an embodiment of the present disclosure.
DETAILED DESCRIPTION

special purpose processor, a Digital Signal Processor (DSP),
an Application Speci?c Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard
ware components, or any combination thereof designed to

In the following description, elements, circuits, and func

40

tions may be shown in block diagram form for ease of dis
cussion and in order not to obscure the present invention in

processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, microcontrol
ler, or state machine. A processor may also be implemented as

unnecessary detail. Conversely, speci?c implementations
shown and described are exemplary only and should not be
construed as the only way to implement the present invention

a combination of computing devices, e.g., a combination of a
45

unless speci?ed otherwise herein. Additionally, block de?ni
tions and partitioning of logic between various blocks is
exemplary of a speci?c implementation. It will be readily

one or more microprocessors in conjunction with a DSP core,

terms of a process that is depicted as a ?owchart, a ?ow
50

siderations and the like have been omitted where such details
are not necessary to obtain a complete understanding of the
present invention and are within the abilities of persons of

ordinary skill in the relevant art.
Furthermore, in this description of embodiments of the

55

invention, reference is made to the accompanying drawings,
which form a part hereof, and in which is shown, by way of
illustration, speci?c embodiments in which the invention may
be practiced. The embodiments are intended to describe
aspects of the invention in suf?cient detail to enable those
skilled in the art to practice the invention. Other embodiments

DSP and a microprocessor, a plurality of microprocessors,
or any other such con?guration.
Also, it is noted that the embodiments may be described in

apparent to one of ordinary skill in the art that the present

invention may be practiced by numerous other partitioning
solutions. For the most part, details concerning timing con

perform the functions described herein. A general-purpose

diagram, a structure diagram, or a block diagram. Although a
?owchart may describe operational acts as a sequential pro
cess, many of these acts can be performed in another

sequence, in parallel, or substantially concurrently. In addi
tion, the order of the acts may be re-arranged. A process may
correspond to a method, a function, a procedure, a subroutine,
a subprogram, etc. Furthermore, the methods disclosed
herein may be implemented in hardware, software, or both. If
implemented in software, the functions may be stored or
transmitted as one or more instructions or code on a com

60

puter-readable medium. Computer-readable media includes
both computer storage media and communication media
including any medium that facilitates transfer of a computer

may be utilized and changes may be made without departing
from the scope of the present invention. The following

the scope of the present invention is de?ned only by the

program from one place to another.
It should be understood that any reference to an element
herein using a designation such as “?rst,” “second,” and so
forth does not limit the quantity or order of those elements,

appended claims.

unless such limitation is explicitly stated. Rather, these des

detailed description is not to be taken in a limiting sense and

65

US 8,681,514 B2
5

6

ignations may be used herein as a convenient method of

Each of the secondary side controllers 326, 328 may include
a gate drive output 333 con?gured output a gate drive voltage

distinguishing between two or more elements or instances of
an element. Thus, a reference to ?rst and second elements

to a gate of the transistor.

does not mean that only two elements may be employed there
or that the ?rst element must precede the second element in

In particular, a ?rst secondary side controller 326 controls
the gate drive voltage of a ?rst switch 322, and a second

secondary side controller 328 controls the gate drive voltage

some manner. In addition, unless stated otherwise a set of
elements may comprise one or more elements.

of a second switch 324. While two secondary side controllers
326, 328 are shown in FIG. 3 to control the plurality of
switches 322, 324, embodiments should not be limited to a

FIG. 3 is a schematic block diagram of a power converter
300 according to an embodiment of the present disclosure. In

particular number of components unless speci?cally

operation, the input voltage VIN is received by the power

described as requiring such. For example, an embodiment

converter 300 to be converted to an output voltage VOUT. The

may include a single secondary side controller (not shown)

input voltage VIN may be an alternating current (AC) signal

that controls both switches 322, 324. In other embodiments,

while the output voltage VOUT may be a direct current (DC)

there may be more or fewer switches than are shown in FIG.

signal. The voltage levels for the input voltage VIN and the
output voltage VOUT may be different, in that the output
voltage VOUT may be stepped up or stepped down from the

input voltage VIN.
The power converter 300 includes a primary side 301 and a

secondary side 321 of a transformer 310. The primary side
301 includes a plurality of switches 302, 304. The secondary
side 321 includes a plurality of switches 322, 324. The plu

rality of switches 302, 304 of the primary side 301, and the
plurality of switches 322, 324 of the secondary side 321 may
collectively be referred to as switches 302, 304, 322, 324.
Each ofthe switches 302, 304, 322, 324 may be con?gured as
a diode and a transistor coupled in parallel. The plurality of
switches 302, 304 of the primary side 301 may operate as
inverters. The plurality of switches 322, 324 on the secondary
side 321 may be actively controlled and replace a diode,

20

322, 324. For example, each of the secondary side controllers
326, 328 may further include internal control logic con?gured
to compare the VDS voltage of the transistor with a ?rst thresh
25

on the secondary side 321. As a result, the plurality of
switches 322, 324 may be referred to as synchronous recti?

secondary side controller (e.g., secondary side controllers
35

trate a potential failure situation that may be avoided with the
assistance of the embodiments of the present disclosure.

control the operation of one or more switches or other syn
40

45

Referring still to FIGS. 4A and 4B, the VDS voltage 410
represents the drain-to-source voltage of the transistor of the
switch (e.g., switch 322, 324 of FIG. 3). Gate drive voltage
430 represents the voltage at the gate of the transistor of the
switch, which gate drive voltage 430 may be driven by the
secondary side controller. The secondary side controllers may
operate with “blanking time,” which is represented by a mini
mum on time 440. The gate on pulse signal 435 represents an

plated.

internal signal of the secondary side controller, the rising edge

The transistor for a switch may be, for example, a MOS

FET, BJT, or other appropriate device as known by those

present disclosure. In particular, the operation waveform 400
of FIG. 4A may illustrate a normal operation of aVDS voltage
410, and the operation waveform 450 of FIG. 4B may illus

con?gurations are contemplated that include controllers that

power converter topologies, including a ?yback converter, a
forward converter, and other similar topologies in addition to
resonant half bridge converters. In addition, the con?guration
of the resonant half-bridge converter in FIG. 3 illustrates that
the output voltage VOUT is tapped at the center of the trans
former 310; however, other con?gurations are also contem

controllers 326, 328 will be discussed with reference to the
operation waveforms of FIGS. 4A and 4B.
FIGS. 4A and 4B are operation waveforms 400, 450 of a

326, 328 of FIG. 3) according to an embodiment of the

While the power converter 3 00 is shown to be con?gured as
a resonant half-bridge power converter, other power converter

chronous recti?cation circuitry. For example, embodiments
of the present disclosure may be implemented in various

old, activate a minimum on time signal when the VDS voltage
crosses the ?rst threshold, compare the VDS voltage with a
second threshold that is different from the ?rst threshold, and
activate the gate drive output when the VDS voltage crosses

the second threshold. Further operation of the secondary side
30

which con?guration may provide synchronous recti?cation
ers.

3 depending on the speci?c con?guration of the power con
verter. For high current applications, it may be desirable to
have a separate controller for each switch, which may permit
control of the switch with ?oating source terminals.
Each of the secondary side controllers 326, 328 may be
con?gured to initiate a minimum on time signal independent
of triggering a gate drive voltage to activate at least one switch

50

of which may trigger the activation of the gate drive voltage
430. The gate off pulse signal 442 represents an internal

skilled in the art. The diode of a switch may be referred to as

signal of the secondary side controller, the rising edge of

a “body diode.” The switch may be activated (i.e., “turned

which may trigger the deactivation of the gate drive voltage

on”) by asserting a gate drive voltage causing current to ?ow
through the switch. The switch may be deactivated (i.e.,

430. In some situations, there may optionally be a minimum

“turned off”) by deasserting the gate drive voltage causing

55

current to cease to ?ow through the switch. On the primary

side 301, the plurality of switches 302, 304 may be controlled
by control signals as are known by those of ordinary skill in
the art. On the secondary side 321, the plurality of switches
322, 324 may be controlled by secondary side controllers
326, 328.
Each of the secondary side controllers 326, 328, include a

VDS voltage 41 0 with a ?rst threshold (i .e., “minimum on time
60

to receive a drain voltage of the transistor, and a second input
332 con?gured to receive a source voltage of the transistor.

threshold” 403). To activate (i.e., “turn on”) the switch, the
secondary side controller measures the VDS voltage 410 and
compares the VDS voltage 410 with a second threshold (i.e.,

VDS voltage input con?gured to receive the VDS voltage of the
transistor of the corresponding switch 322, 324. For example,
the VDS voltage input may include a ?rst input 331 con?gured

off time signal 445 (shown in FIG. 4B only). It is noted that
IDS current (i.e., the current ?owing through the body diode of
the switch) is not shown in FIGS. 4A and 4B for simplicity.
To activate the minimum on time 440, the secondary side
controller measures the VDS voltage 410 and compares the

65

“on threshold” 404). The minimum on time threshold 403 and
the on threshold 404 are different voltage levels. The mini
mum on time threshold 403 may be a relatively more positive

voltage, such as one-half of the maximum VDS voltage (VDSi
MAX). To deactivate (i.e., “turn off”) the switch, the secondary

US 8,681,514 B2
7

8

side controller measures the VDS voltage 410 and compares

being output to the switch. Because the minimum on time 440

the VDS voltage 41 0 with a third predetermined threshold (i .e.,

has expired, the gate off pulse 442 is not disabled and the off
threshold 405 is still monitored. If the VDS voltage 410
crosses the off threshold 405, the gate off pulse 442 is asserted

“off threshold” 405).
Referring now speci?cally to FIG. 4A, the VDS voltage 410
may begin to drop during the ?rst part of the power conversion
cycle of the input voltage VIN. In contrast with other second

and the gate drive voltage 430 is turned off and ceases to be
output to the switch. As a result, the possibility of the potential
system failure related to cross-conduction caused by the
minimum on time 440 being asserted at the end of the power
conversion cycle may be reduced or eliminated. It is noted

ary side controllers, there may be a minimum on time thresh
old 403 whereupon the minimum on time 440 may be asserted
independent of asserting the gate drive voltage 430. If the VDS
voltage 410 crosses the minimum on time threshold 403, the
minimum on time 440 may be asserted for a predetermined
duration.
The VDS voltage 410 may continue to drop, and may cross
the on threshold 404 that determines the assertion of the gate
on pulse 435. In response to the gate on pulse 435, the gate
drive voltage 430 may be asserted and output to the gate of the
switch. While the minimum on time 440 has not expired, the
gate on pulse 435 may continue to be asserted and the gate off
pulse 442 may be disabled. As a result, even if the VDS voltage
410 crosses the off threshold 405 while the minimum on time

that when the gate off pulse 442 is asserted, the minimum off
time 445 may be optionally asserted for a predetermined
duration during which time the gate on pulse 435 may be
disabled in the event that the VDS voltage 410 experiences a
temporary drop below the on threshold 404.
FIG. 5 is a ?ow chart 500 illustrating a method of control

ling a switch con?gured to perform synchronous recti?cation
according to an embodiment of the present disclosure. The
switch may be implemented as one or more switch of a power
20

440 is not expired, the gate drive voltage 430 may continue to
be asserted. For example, while the minimum on time 440 is
asserted, the comparator function of the secondary side con

troller may be temporarily disabled. In other words, during
the minimum on time 440, the off threshold 405 may not be

25

monitored, which may ensure that the gate drive voltage 430
is high on the gate drive output of the secondary side control
ler regardless of whether the VDSvoltage 410 crosses the third

At operation 510, it is determined whether the VDS voltage
crosses a ?rst threshold VTHI. Crossing the ?rst threshold
30

410 may rise and cross the off threshold 405 that determines

the assertion of the gate off pulse 442. In response to the gate
off pulse 442, the gate drive voltage 430 may cease to be
asserted and is no longer output to the gate of the switch. It is
noted that during this time that gate off pulse 442 was
asserted, the minimum on time 440 has expired.
Because the minimum on time 440 is independent of acti
vating the gate drive voltage 430, the on threshold 404 and the
off threshold 405 may not need to have as much separation
between them. In fact, the on threshold 404 and the off thresh
old 405 may be approximately the same. In other words, there
may be a single threshold for both the on threshold 404 and
the off threshold 405. In addition, it is noted that the on
threshold 404 is required in conventional power converters to

be lower (e.g., more negative) than the off threshold 405;
however, in embodiments of the present disclosure, the off

35

VTHl refers to the VDS voltage crossing the ?rst threshold
VTHl from a voltage above the ?rst threshold VTHl to a volt
age below the ?rst threshold VTHI. The ?rst threshold VTHl
may be a predetermined threshold set to trigger the minimum
on time of the output of the controller. The ?rst VTHl may be
a voltage between the maximum VDS voltage and the second

thresholdVTHZ, which will be described below. For example,
the ?rst threshold VTHl may be a threshold that is approxi
40

mately one-half of the maximum VDS voltage. If the VDS
voltage has not crossed the ?rst threshold VTHI, the VDS
voltage continues to be monitored against the ?rst threshold
VTHI. If the VDS voltage crosses the ?rst threshold VTHI, the
minimum on time (MOT) may be activated at operation 520.
Thus, the ?rst threshold VTHl may be considered the mini

45 mum on time threshold. The minimum on time runs concur

threshold 405 may be set to a predetermined value that is
lower (e.g., more negative) than the on threshold 404.
FIG. 4B is an operation waveform 450 of a secondary side

controller (e.g., secondary side controllers 326, 328 of FIG. 3)

The switch may include a transistor (e.g., MOSFET, B] T)
coupled in parallel with a diode. Control of the switch may
include driving a voltage on the gate according to events that
are based, at least in part, on the drain to source voltage (VDS
voltage) of the switch crossing one of a plurality of voltage
thresholds according to the various embodiments of the

present disclosure.

threshold VTH3.
At the end of the power conversion cycle, the VDS voltage

converter (e.g., resonant half bridge, ?yback, forward, etc.).
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according to an embodiment of the present disclosure. For
example, the operation waveform 450 illustrates a scenario

rently with the other operations until a predetermined dura
tion for the minimum on time has expired. During the
minimum on time, it may be ensured that the gate off pulse is
not asserted. As a result, during the minimum on time, the gate
off pulse may be disabled.
At operation 530, it is determined whether the VDS voltage
crosses a second thresholdVTHz. Crossing the second thresh

similar to the scenario illustrated by FIG. 2B, in that the VDS

oldVTH2 refers to the VDS voltage crossing the second thresh

voltage 410 may decrease relatively slowly such that the VDS

old VTH2 from a voltage above the second threshold VTH2 to a

voltage 410 crosses the on threshold 404 toward the end of the
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power conversion cycle. For example, a relatively light load
connected to the output voltage VOUT may be particularly
susceptible to such a situation; however, other con?gurations
may also experience this behavior of the VDS voltage 410.

As theVDS voltage 410 decreases relatively slowly, the VDS
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still toward the beginning of the power conversion cycle,

on pulse 435 is asserted along with the gate drive voltage 430

or below 0V. If the VDS voltage has not crossed the second

threshold VTH2, the VDS voltage continues to be monitored
against the second thresholdVTHZ. If the VDS voltage crosses
the second threshold VTH2, the gate on pulse may be activated

voltage 410 may cross the minimum on time threshold 403

whereupon the minimum on time 440 may be asserted. In
contrast to FIG. 4A, the minimum on time 440 expires before
the VDS voltage 410 crosses the on threshold 404. As a result,
if the VDS voltage 410 crosses the on threshold 404, the gate

voltage below the second threshold VTHZ. The second thresh
old VTH2 may be a predetermined threshold set to trigger the
gate on pulse within the controller. The second threshold
VTH2 may be a voltage below the ?rst threshold VTHI. For
example, the second threshold VTH2 may be approximately at
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at operation 540. The gate on pulse may be a pulse within the
controller that is used to activate the gate drive voltage output
from the controller. For example, the rising edge of the gate on
pulse may activate the gate drive voltage that is output from
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2. The controller of claim 1, wherein the control logic is
further con?gured to:
compare the VDS voltage of the transistor with a ?rst

the controller in order to activate (i.e., turn on) the switch.
Thus, the second threshold VTH2 may be considered the on
threshold.

At operation 550, the VDS voltage may be monitored to

threshold;

determine whether the VDS voltage crosses a third threshold

activate the minimum on time signal responsive to the VDS

VTH3. Crossing the third threshold VTH3 refers to the VDS
voltage crossing the third threshold VTH3 from a voltage

voltage crossing the ?rst threshold;
compare the VDS voltage with a second threshold that is
different from the ?rst threshold; and
activate the gate drive output responsive to the VDS voltage

below the third threshold VTH3 to a voltage above the second

thresholdVTHz. If the third thresholdVTH3 is not crossed, then
the VDS voltage may continue to be monitored. If the third
thresholdVTH3 is crossed, then it may be determined whether

crossing the second threshold.
3. The controller of claim 1, wherein the ?rst threshold is
set at a positive voltage level.
4. The controller of claim 1, wherein the ?rst threshold is
set at a voltage level that is approximately one-half of a

the minimum on time is still on at operation 560. As previ
ously discussed, the minimum on time is asserted for a pre

determined duration, during which the gate on pulse may be
activated and during which the gate off pulse may not be
activated (i.e., gate off pulse may be disabled). If the mini

maximum VDS voltage level.
5. The controller of claim 2, wherein the control logic is
further con?gured to:
compare the VDS voltage of the transistor with a third

mum on time is still on, then the minimum on time may

continue to be monitored until the minimum on time expires.

In some embodiments, operation 550 may also be repeated
and the status of the VDS voltage may also be compared
against the third threshold 560 to determine whether the VDS
voltage is still greater than the third threshold VTH3.
If the minimum on time has expired, the gate off pulse may
be activated at operation 570. The gate off pulse may be a
pulse within the controller that is used to deactivate the gate
drive voltage that is output of the controller. For example, the
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threshold; and
deactivate the gate drive output responsive to the VDS
crossing the third threshold.
6. The controller of claim 5, wherein the third threshold and
the second threshold are set at a different voltage level.

rising edge of the gate off pulse may deactivate the gate drive

7. The controller of claim 5, wherein the second threshold
is a negative voltage.
8. A method for controlling a switch con?gured to perform

voltage that is output from the controller in order to deactivate

synchronous recti?cation, the method comprising:

(i.e., turn off) the switch. Thus, the third threshold VTH3 may
be considered the off threshold. With the VDS voltage retum
ing to the maximum VDS voltage, a power conversion cycle of
the power converter may be completed, and the method may
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asserting a minimum on time signal responsive the VDS
voltage crosses a ?rst predetermined voltage threshold,
the minimum on time signal having a predetermined

return to operation 510 to monitor the VDS voltage for cross

ing the ?rst voltage threshold VTHI.
While the ?ow chart 500 illustrates operations as being
performed in a particular order, other variations may exist that
will be apparent to one of ordinary skill in the art. For

duration; and
35

crossing a second predetermined voltage threshold,

example, in some embodiments, monitoring the expiration of
40

VTH3'
While the present invention has been described herein with
respect to certain illustrated embodiments, those of ordinary
skill in the art will recognize and appreciate that the present
invention is not so limited. Rather, many additions, deletions,
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and modi?cations to the illustrated and described embodi
ments may be made without departing from the scope of the

least while the minimum on time signal is asserted.
9. The method of claim 8, wherein asserting the minimum
on time signal occurs responsive to the VDS voltage crossing
the ?rst predetermined threshold of approximately one-half
of a maximum voltage of the VDS voltage.
1 0. The method of claim 8, wherein asserting the minimum
on time signal is initiated prior to initiating driving the gate of
the transistor.
1 1. The method of claim 8, wherein asserting the minimum
on time signal occurs in a ?rst half of a power conversion

invention as hereinafter claimed along with their legal equiva
lents. In addition, features from one embodiment may be
combined with features of another embodiment while still
being encompassed within the scope of the invention as con

driving a gate of the transistor responsive to the VDS voltage

wherein driving the gate continues to be performed at

minimum on time during operation 560 may occur prior to

monitoring the VDS voltage for crossing the third threshold

comparing a drain to source voltage (VDS voltage) of a
transistor to a plurality of voltage threshold levels;

cycle and driving the gate of the transistor occurs in a second
half of the power conversion cycle.
50

templated by the inventor.

12. The method of claim 8, further comprising ceasing to
drive the gate of the transistor responsive to the VDS voltage
crossing a third predetermined threshold.
13. The method of claim 12, wherein driving a gate of the

What is claimed is:

1. A controller, comprising:
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a drain to source voltage (VDS voltage) input con?gured to
receive the VDS voltage of a transistor;
a gate drive output con?gured to output a gate drive voltage
to a gate of the transistor; and
control logic con?gured to initiate a minimum on time
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signal independent of tri ggering the gate drive voltage to
activate the transistor, wherein the minimum on time
signal represents a predetermined amount of time such
that the gate drive voltage remains on for a remainder of
the predetermined amount of time if the gate drive volt
age is triggered while the minimum on time signal is
asserted.
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transistor occurs responsive to the VDS voltage crossing the
second predetermined voltage threshold from a high voltage
to a low voltage, and ceasing to drive the gate of the transistor
occurs responsive to the VDS voltage crosses the third prede
termined threshold from a low voltage to a high voltage.
14. A power converter, comprising:
a transformer con?gured to receive a voltage input signal
on a primary side and transmit a voltage output signal on
a secondary side; and
at least one secondary side controller con?gured to initiate
a minimum on time signal independent of triggering a
gate drive voltage to activate at least one switch, the gate
drive voltage remaining active at least during a remain
der of a predetermined duration for the minimum on

US 8,681,514 B2
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time signal if the gate drive voltage is triggered prior to
expiration of the minimum on time signal.
15. The power converter of claim 14, wherein circuit com
ponents of the primary side and the secondary side are con

?gured according to a resonant half bridge converter topol
ogy.
16. The power converter of claim 14, wherein circuit com
ponents of the primary side and the secondary side are con
?gured according to at least one of a ?yback converter and a

forward converter topology.
17. The power converter of claim 14, wherein the at least
one secondary side controller comprises a plurality of sec
ondary side controllers, and the at least one switch comprises
a plurality of switches.
18. The power converter of claim 17, wherein each of the
plurality of secondary side controllers is coupled to a corre

sponding one of the plurality of switches.
19. The controller of claim 1, wherein the control logic is
further con?gured to initiate trigger the gate drive voltage to
activate the transistor after the minimum on time signal is
deasserted if the predetermined amount of time expires prior
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to the VDS voltage crossing the second predetermined thresh
old.

20. The method of claim 12, wherein driving the gate of the
transistor continues to be performed after the predetermined
amount of time for the minimum on time signal is expired
until ceasing to drive the gate of the transistor responsive to
the VDS voltage crossing the third predetermined threshold.
*

*

*

*

*
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