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(57) Abstract: A DC/DC converter (100) includes an inductor (L1) having a first end and a second end, and a transformer (T1) hav -
ing a primary side and a secondary side. The first end is adapted to receive an input voltage (V). The primary side has a first
primary winding (106A) and a second primary winding (106B). The first primary winding (106A) and the second primary winding
(106B) each has a first end coupled to the second end of the inductor (L1) and each has a respective second end. A first switch (Q1)
is coupled to the second end of the first primary winding (106A), and a second switch (Q2) is coupled to the second end of the
second primary winding (106B). An output circuit is coupled to the secondary side of the transformer (T1). The first and second
switches are turned on and off during selected time periods such that energy is stored in the inductor (L1) and then passed through
the transformer (T1) to the output circuit to provide a boosted output voltage (Vour).
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ISOLATED BOOST DC/DC CONVERTER

DRAWINGS
[0001] Embodiments of the present invention can be more easily understood and further
advantages and uses thereof more readily apparent, when considered in view of the description

of the preferred embodiments and the following figures in which:

[0002] Figure 1 is a schematic diagram of a DC/DC converter according to one embodiment of

the present invention.

[0003] Figs. 2A-F are timing diagrams for the operation of a DC/DC converter according to one

embodiment of the present invention.

[0004] Fig. 3 is a block diagram of one embodiment of a system including a DC/DC converter

according to one embodiment of the present invention.

[0005] In accordance with common practice, the various described features are not drawn to
scale but are drawn to emphasize features relevant to the present invention. Reference characters

denote like elements throughout figures and text.

DETAILED DESCRIPTION
[0006] In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, and in which is shown by way of specific illustrative embodiments in
which the invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention, and it is to be understood that other
embodiments may be utilized and that logical, mechanical and electrical changes may be made
without departing from the scope of the present invention. The following detailed description is,

therefore, not to be taken in a limiting sense.

[0007] Figure 1 is a schematic diagram of a DC/DC converter, indicated generally at 100, and
constructed according to one embodiment of the present invention. Converter 100 is a boost
converter in that the DC output voltage (Vou) 1s proportional to 1/(1-D) (D is the on-state duty
cycle of both Q1 and Q2) and maybe smaller or greater than the DC input voltage (Viv)

1
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depending on the transformer turns ratio. In addition, converter 100 also implements isolation

by including a transformer T1 interposed between input voltage Vv and output voltage Vour.

[0008] Converter 100 operates in current feed mode. Input voltage Vi is applied at input node
102. Converter 100 also includes inductor L1. Inductor L1 has a first end coupled to node 102
and a second end coupled to node 104. In this manner, current from input voltage Vv is

provided to inductor L1 during operation of converter 100.

[0009] Transformer T1 has a primary side with primary windings 106 A and 106B and a
secondary side with secondary windings 108A and 108B. The primary windings 106A and 106B
are connected to a center tap. The center tap of the primary windings 106 A and 106B is coupled
to node 104. Similarly, the center tap of secondary windings 108 A and 108B is coupled to node
110.

[0010] The operation of converter 100 is controlled by pulse width modulation (PWM)
controller 112. Controller 112 is coupled to first and second switches Q1 and Q2. Controller
112 receives an error signal from the output voltage and/or current feedback and regulation
circuit 120 through the isolation barrier 122 to provide PWM control to Q1 and Q2 and keep the
output voltage or current in regulation. In one embodiment, the switches Q1 and Q2 are
implemented as field effect transistors (FETs). Switch Q1 is coupled between primary winding
106A and node 118. In one embodiment, node 118 is coupled to ground potential. Switch Q2 is
coupled between primary winding 106B and node 118. Switches Q1 and Q2 are controlled by

control signals Vg and Vg, respectively.

[0011] Converter 100 also includes output rectifier circuit 114 that provides the DC output
voltage to a load represented by resistor R2. Output rectifier circuit 114 is coupled to secondary
windings 108 A and 108B of transformer T1. Qutput circuit 114 includes first and second diodes
D3 and D4. Diode D3 is coupled between secondary winding 108 A and output node 116. Diode
D3 is coupled between secondary winding 108B and output node 116. Output circuit 114 further
includes an output capacitor C3 coupled between output node 116 and node 110. It is noted that

in one embodiment, node 110 is coupled to ground potential.

[0012] The operation of converter 100 is described with reference to timing diagrams in Figures

2A-2F. The operation is described in four phases or time periods. It is understood that during

2



WO 2012/109783 PCT/CN2011/070969

operation, these four time periods are repeated, as necessary, for a particular implementation.
Further, the four time periods are established by controlling the duty cycle and phase of the
switches Q1 and Q2. In one embodiment, the duty cycle of each switch is set at a level greater
than 50 percent. Further, the switches Q1 and Q2 are switched at the same frequency and 180
degrees out-of-phase. In this manner, inductor L.1 is enabled to alternate between storing energy
during one time period and passing energy through transformer T1 to output node 116 during a

subsequent time period as explained in more detail below.

[0013] During the first time period, energy from the input DC voltage source, Vy, is stored in
the inductor 1. As shown in Figs. 2A and 2B, controller 112 provides control signals Va; and
Va2 to switches Q1 and Q2. During time period t, to t;, both Vg, and Vg, are at a high voltage
level that turns on both switches Q1 and Q2. As shown in Fig. 2C and 2D, this forces the
voltage, Vpsi and Vpsy, to a low voltage level, e.g., O volts. Further, as seen in Fig. 2F, the
voltage across primary windings 106A and 106B is also brought to a low voltage level, e.g., 0
volts, during this time period. With both switches Q1 and Q2 tumed on at the same time,
transformer T1 is effectively shorted out, e.g., from ty to t;. With the transformer T1 shorted, the
current in inductor L1 increases (Fig. 2E). Thus, the inductor receives the current from the input

DC voltage, Vv, and stores energy in inductor L1.

[0014] During the next time period, t; to t,, energy is transferred by transformer T1 from
inductor L1 and input source Vi to the output circuit 114. To accomplish this, controller 112
turns off switch Q2 by reducing control signal Vs, to a low voltage level, e.g., 0 volts as shown
in Fig. 2B. With switch Q2 off, a conduction path is formed such that current passes from
inductor L1 (Fig. 2E) through primary winding 106 A and switch Q1. This further causes a
current in secondary winding 108B of transformer T1 based on the turns ratio of secondary
winding 108B to primary winding 106A. The output capacitor C3 is charged through diode D4
to provide the desired output voltage Vour at node 116. In one embodiment, the output voltage

is calculated according to the following equation:

(l) Vout — n
V, 1-D

[0015] In equation (1), Vo 1s the output voltage at node 116, Vi is the voltage applied to

inductor L1, D is the on-state duty cycle of switches Q1 and Q2, i.e., the time interval between t,
3
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and t; divided by the time interval between t, and t, or the time interval between t, and t;
divided by the time interval between t, and ts, shown in Fig. 2 and » is the tums ratio, e.g., the
ratio of the number of turns in the secondary side (108 A or 108B) to the number of turns in the

primary side (106 A or 106B).

[0016] Between t; and t;, energy from the input DC voltage source, Vi, is again stored in
inductor L1. During this time period, switch Q2 is turned back on (Fig. 2B) such that both
switches Q1 and Q2 are in the on state and primary windings 106A and 106B of transformer T1
are shorted. As shown in Fig. 2F, V1 is at a low voltage, e.g., 0 Volts during this time period.
Further, the voltage across switch Q2 returns to a low voltage, e.g., 0 Volts (Fig. 2D). With the
transformer T1 shorted, the current in inductor L1 increases (Fig. 2E). Thus, the inductor

receives the current from the input DC voltage, Vi, and stores energy in inductor L1.

[0017] In the fourth time period, between t; and t,, the converter releases the stored energy
through primary winding 106B of transformer T1 to the output circuit 114. This is accomplished
by turning off switch Q1. As shown in Fig. 2A, controller 112 reduces the voltage Vi to a low
level, e.g., 0 Volts. This creates a conduction path from inductor L1 to discharge current (Fig.
2E) through primary winding 106B and switch Q2. This further causes a current in secondary
winding 108A based on the turns ratio between secondary winding 108A to primary winding
106B. The output capacitor C3 is charged through diode D3 to provide the desired output voltage
Vour at node 116. As discussed above, the voltage, Vour, is calculated according to equation (1)

above.

[0018] In subsequent time periods, controller 100 periodically repeats these four time periods to
alternate between storing and releasing energy in and from inductor L1 through transformer T1

and output circuit 114.

[0019] Tt is noted that diodes D1 and D2, resistor R1 and capacitor C1 are used to absorb the
energy in the inductor L1 and the T1 leakage inductance during shut down or other conditions

when Q1 and Q2 are both off during the same time period.

[0020] Fig. 3 is a block diagram of one embodiment of a system, indicated generally at 300, and
including a DC/DC converter 302 according to one embodiment of the present invention.

Converter 302 comprises a boost DC/DC converter with an isolating transformer. In one

4
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embodiment, the converter 302 is constructed as described above with respect to Figs. 1, and 2A-
2F.

[0021] Converter 302 converts a DC voltage provided by power source 306 to a functional
circuit 304. In one embodiment, functional circuit 304 comprises one or multiple strings of
LEDs for commercial or residential lighting.. In other embodiments, functional circuit 304
comprises any appropriate electronic circuit, €.g., a microprocessor, memory, circuit board, or

the like.

[0022] Converter 302 includes an inductor configured to store and release energy from the
power source 306 for the functional circuit 304. Further, converter 302 includes an isolation
transformer that forces the inductor to store energy during one phase of operation and to pass
energy from the inductor and the power source through the transformer to the functional circuit

304 during a second phase of operation.

[0023] Embodiments of the methods described above can be implemented in a DC/DC converter
for telecommunication, computing, automotive and consumer applications. A number of
embodiments of the invention defined by the following claims have been described.
Nevertheless, it will be understood that various modifications to the described embodiments may
be made without departing from the scope of the claimed invention. Features and aspects of
particular embodiments described herein can be combined with or replace features and aspects of
other embodiments. Accordingly, other embodiments are within the scope of the following

claims.
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What is claimed is:
1. A DC/DC converter, comprising:

an inductor having first and second ends, the first end adapted to receive an input voltage;

a transformer having a primary side and a secondary side, the primary side having first
and second primary windings, the first and second primary windings each having a first end
coupled to the second end of the inductor and each having a respective second end;

a first switch coupled to the second end of the first primary winding;

a second switch coupled to the second end of the second primary winding;

an output circuit coupled to the secondary side of the transformer; and

wherein the first and second switches are turned on and off during selected time periods
such that energy is stored in the inductor and then passed through the transformer to the output

circuit to provide a boosted output voltage.

2. The DC/DC converter of claim 1, and further including a controller, coupled to the first

and second switches, that generates control signals for the first and second switches.

3. The DC/DC converter of claim 2, wherein the controller generates control signals to run

each of the first and second switches with a duty cycle greater than 50 percent.

4. The DC/DC converter of claim 2, wherein the control signals for the first and second

switches have the same frequency and the same duty cycle and are 180 degrees out-of-phase.

S. The DC/DC converter of claim 1, wherein the first and second switches are both on for a

period of time to store energy in the inductor.

6. The DC/DC converter of claim 1, wherein the output voltage is n/(1-D) times the input
voltage wherein n is the turns ratio of the transformer, and D is duty cycle of the first and second

switches.
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7. The DC/DC converter of claim 1, wherein the secondary side of the transformer includes
a center tap and the output circuit includes:

an output capacitor having first and second nodes, the first node coupled to the center tap
of the secondary side of the transformer;

a first diode coupled between the second node of the capacitor and a first end of the
secondary winding; and

a second diode coupled between the second node of the capacitor and a second end of the

secondary winding.

8. A method for boosting an input DC voltage, the method comprising:

receiving the input DC voltage;

storing energy in an inductor from a current associated with the input DC voltage during
a first time period;

passing the stored energy from the inductor through an isolation transformer during a
second time period; and

outputting a DC voltage from the transformer at a higher voltage level than the input DC

voltage.

0. The method of claim 8, further comprising:

storing energy in the inductor during a third time period;

passing the stored energy from the inductor through the transformer during a fourth time
period; and

repeating the process of storing and passing energy through the transformer in subsequent,

periodic first, second, third and fourth time periods.

10. The method of claim 8, wherein storing energy in the inductor comprises shorting a

primary side of the transformer so that current is fed to the inductor.
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11. The method of claim 8, wherein passing the stored energy during the second time period
comprises passing current through a conduction path from the inductor to the transformer, the

conduction path established by a first transistor in an on state.

12. The method of claim 9, wherein passing the stored energy during the fourth time period
comprises passing current through a conduction path from the inductor to the transformer, the

conduction path established by a second transistor in an on state.

13. The method of claim 10, wherein shorting the primary side comprises having both a first
transistor, coupled to a first end of the primary side, and a second transistor, coupled to a second

end of the primary side, on during the first time period.

14. The method of claim 13, wherein the first and second transistors are operated at greater

than 50 percent duty cycle, and 180 degrees out of phase.

15. A method for boosting an input DC voltage, the method comprising:

receiving the input DC voltage at an inductor, the inductor coupled to an isolating
transformer;

generating control signals for first and second transistors coupled to the isolating
transformer;

when the control signals tum on both of the first and second transistors, storing energy in
the inductor from the input DC voltage; and

when the control signals turn on only one of the first and second transistors, releasing

energy from the inductor through the isolating transformer.

16. The method of claim 15, wherein generating control signals for the first and second
transistors comprises generating control signals to drive the transistors at greater than 50 percent

duty cycle, and 180 degrees out of phase.
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17. The method of claim 15, wherein each of the first and second transistors turns off and

back on during the time that the other transistor is on.

18.  An electronic system comprising:
a functional circuit; and
an isolated boost DC/DC converter coupled to provide DC power to the functional circuit,
the converter comprising:
an inductor, coupled to a power source, the inductor configured to store and
release energy from the power source for the functional circuit; and
a transformer, coupled to the inductor, the transformer configured force the
inductor to store energy during one phase of operation and to pass energy
from the inductor through the transformer to the functional circuit during a

second phase of operation.

19. The system of claim 18, wherein the functional circuit comprises an LED lighting circuit.

20. The system of claim 18, wherein the transformer includes a primary side and a secondary
side and wherein a first transistor is coupled to a first end of the primary side and a second
transistor is coupled to a second end of the transistor, the first and second transistors controlled

to short the primary side of the transformer when the inductor stores energy.

21.  The system of claim 20, wherein the converter includes a controller that controls the on
state of each of the first and second transistors such that each has a duty cycle greater than 50

percent and the first and second transistors are out-of-phase with each other.
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