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DECISION
Institution of Inter Partes Review
37CFR §42.108

I. INTRODUCTION
Petitioner, Semiconductor Components Industries, LLC, d/b/a ON

Semiconductor, filed a Petition for inter partes review of claims 1, 2, 5,

P12012

ON Semiconductor v. Power Integrations
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and 9 of U.S. Patent No. 7,834,605 B2 (E;<. 1001, “the 605 patent™).

Paper 1 (“Pet.”). Patent Owner, Power Integrations, Inc., filed a Preliminary
Response. Paper 8 (“Prelim. Resp.”). Institution of an inter partes review is
authorized by statute when “the information presented in the petition . . . and
\any response . . . shows that there is a reasonable likelihood that the
petitioner would prevail with respect to at least 1 of the claims challenged in
the petition.” 35 U.S.C. § 314(a); see 37 C.F.R. § 42.108. Upon
consideration of the Petition and Preliminary Response, we conclude the
information presented shows there is a reasonable likelihood that Petitioner
would prevail in establishing the unpatentability of at least one of the

challenged claims of the *605 patent.

A. Related Matters

The *605 patent was involved in the following district court
proceeding: Power Integrations, Inc. v. Fairchild Semiconductor Int’l, Inc.,
No. 1:08-cv-00309 (D. Del.). Pet. 2; Paper 4, 2. An appeal from the district
court to the United States Court of Appeals for the Federal Circuit was
pending at the time the Petition and Preliminary Response in this case were
filed. See Pet. 2, 25-26; Paper 4, 2. On December 12, 2016, the Federal
Circuit reversed the jury verdict that claims 1 and 2 of the *605 patent were
not anticipated by U.S. Patent No. 4,763,238 to Maige (Ex. 1008). Power
Integrations, Inc. v. Fairchild Semiconductor Int’l, Inc., 843 F.3d 1315,
1335-39 (Fed. Cir. 2016); see Paper 9, 2.

B. The ’605 Patent
The 605 patent describes a switch mode power supply with an
approximately constant output voltage when the output current is below an

output current threshold and an approximately constant output current when
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the output voltage is below an output voltage threshold. Ex. 1001, 1:32-38,
1:51-53. In a described embodiment, the power supply includes a regulator
circuit that controls the voltage and current at the output of the power
supply. Id. at 5:31-49, Fig. 4. The regulator includes an internal switch
(e.g., a power metal oxide semiconductor field effect transistor (MOSFET))
coupled to the primary winding of the power supply’s energy transfer
element (e.g., a transformer). Id. at 5:37-43, Fig. 4. The regﬁlator may
modify the duty cycle of the switch to control the output voltage based on
feedback from the output of the power supply. Id. at 4:50-53, 5:37-39. The
regulator also may modify the duty cycle by turning off the switch when the
switch current reaches a current limit. /d. at 5:40—43.

According to the *605 patent, there is a fixed delay between the time
the switch current reaches a current limit threshold and the time the switch is
finally disabled. Id. at 3:18-24. This results in a current “overshoot” that
will vary based on the input voltage of the power supply. Id. at 3:24-27.
More specifically, at higher direct current (DC) input voltages, the actual
current ramps to a higher level above the current limit threshold than at
lower DC input voltages. Id. at 3:31-33.

The *605 patent attempts to overcome the problem of current
variations and thereby achieve a power supply with an approximately
constant output current. /d. at 2:45-50, 3:14-17. The purported solution is a
power supply regulator circuit that creates a variable current limit threshold
that increases during the on-time of the switch. /d. at Abstract, 1:53-59.
Because the current overshoot is greater at higher DC input voltages than at
lower DC input voltages, a variable current limit threshold should be lower

for higher DC input voltages to compensate for the excess current during the
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delay time. Id. at 3:40—44; see Ex. 1003 § 22 (Declaration of Dr. Douglas
Holberg). Further, because the switch current increases more quickly when
the DC input voltage is high, a current limit will be reached earlier in a
switching cycle when the DC input voltage is higher than when it is lower.
Ex. 1001, 3:45-49; see Ex. 1003 q 22-23. Thus, a variable current limit
threshold that increases from a first level to a second level during the on-
time of the switch results in an effective current limit (the sum of the
variable current limit and the excess current during the delay) that is
approximately constant across different input voltages. Ex. 1001, 3:50-62;
see Ex. 1003 § 23.

Figure 1 of the ’605 patent is reproduced below:
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Figure 1 illustrates an embodiment of a power supply regulator circuit
described in the 605 patent. Clock signal 10 sets latch 90 to enable power
MOSFET 2 (i.e., turn the switch on). Ex. 1001, 4:19-24. Power
MOSFET 2 is disabled (i.e., the switch is turned off) when latch 90 is reset
by any one of three inputs to OR gate 85. Id. at 4:24-53. First,
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comparator 32 may reset latch 90 based on the feedback voltage from the
output of the power supply. Id. at 4:50-53. Second, comparator 70 may
reset latch 90 when the drain current of MOSFET 2 exceeds a variable
current limit threshold. /d. at 4:29-49. The variable current limit threshold
at node 22 is the combination of constant current source 50 and linearly
increasing current source 27. Id. at 4:32-42. Finally, maximum duty cycle

signal Dyax 15 may reset latch 90. Id. at 4:24-25.

C. Illustrative Claim
Claim 1 is the only independent claim of the *605 patent and is
illustrative of the subject matter of the challenged claims:

1. A power supply regulator, comprising:

a comparator having a first input coupled to sense a
voltage representative of a current flowing through a switch
during an on time of the switch, the comparator having a
second input coupled to receive a variable current limit
threshold that increases during the on time of the switch;

a feedback circuit coupled to receive a feedback signal
representative of an output voltage at an output of a power
supply; and

a control circuit coupled to generate a control signal in
response to an output of the comparator and in response to an
output of the feedback circuit, the control signal to be coupled
to a control terminal of the switch to control switching of the
switch.

Id. at 6:10-23.
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D. Asserted Ground of Unpatentability
Petitioner contends that claims 1, 2, 5, and 9 of the *605 patent are

anticipated under 35 U.S.C. § 102(b) by de Sartre.! Pet. 21-37.

II. DISCUSSION

A. Statutory Bar under 35 U.S.C. § 315(b)

On November 18, 2015, Petitioner entered into a Merger Agreement
with Fairchild Semiconductor International, Inc. (“Fairchild”). Prelim.
Resp. 1; Ex. 2001. The Petition was filed on August 11, 2016. The merger
was completed five weeks later, on September 19, 2016. Ex. 1012; Paper 6
(Petitioner’s Revised Mandatory Notices).

Patent Owner asserts this Petition is time-barred under 35 U.S.C.

§ 315(b). Prelim. Resp. 1. Under § 315(b), “[a]n inter partes review may
not be instituted if the petition requesting the proceeding is filed more than 1
year after the date on which the petitioner, real party in interest, or privy of
the petitioner is served with a complaint alleging infringement of the
patent.” Patent Owner asserts Fairchild was served with a complaint for
infringement of the *605 patent on June 6, 2011, more than a year prior to
the filing of this Petition.? Prelim. Resp. 1. Patent Owner alleges that prior
to the merger, Petitioner and Fairchild entered into a Confidentiality
Agreement “that addressed the parties’ ongoing legal proceedings,
acknowledging that they ‘share a common legal and commercial interest’

and ‘are or may become joint defendants in proceedings.”” Id. at 8 (quoting

1'U.S. Patent No. 4,692,853, issued Sept. 8, 1987 (Ex. 1005).
2 Case No. 1:08-cv-00309-LPS in the U.S. District Court for the District of
Delaware. See Ex. 2003 (“Amended Complaint for Patent Infringement”).
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Ex. 2007, 7). Patent Owner further alleges: “Since Petitioner now owns
Fairchild, Petitioner is successor-in-i;lterest to the products that were found
to infringe the *605 patent.” Id. at 6. In addition, Patent Owner asserts:
“Petitioner is a privy of Fairchild, despite the facf that the merger was not
finalized until just after the filing of the Petition.” Id. at 8. Finally, Patent
Owner argues: “Petitioner has even admitted to the Office that Fairchild is
now one of the ‘real parties in interest’ along with Petitioner.” Id. (citing
Paper 6, 3).

Petitioner maintains that “Fairchild and its subsidiaries had no role in
the decision to file the Petition, the content of the Petition, or the preparation
of the Petition [and] did not contribute in any manner to the funding for the
Petition.” Paper 6, 3. Thus, Petitioner contends, Fairchild and its
subsidiaries “were not real parties in interest or a privy of Petitioner as of the
filing of the Petition or at any time before the close of the merger on
September 19, 2016.” Id.

For the reasons presented by Petitioner, on this record, we are not
persuaded by Patent Owner’s contention that the Petition should be barred
under 35 U.S.C. § 315(b). Panels of the Board have interpreted this statute
(and associated rule 37 C.F.R. § 42.101(b)) to mean “it is only privity
relationships up until the time a petition is filed that matter.” Synopsys, Inc.
v. Mentor Graphics Corp., Case IPR2012-00042, slip op. at 12 (PTAB Feb.
19, 2014) (Paper 60); see also ARRIS Group, Inc. v. TQ Delta LLC, Case
IPR2016-00430, slip op. at 6 (PTAB July 1, 2016) (Paper 9). We agree with
the reasoning of those decisions. On this record, therefore, and for the
reasons that follow, we are not persuaded that there is sufficient evidence

that Fairchild was a privy of Petitioner before the filing of the Petition and,
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thus, we are not persuaded 35 U.S.C. § 315(b) bars institution of inter partes
review.

There is no allegation of privity at the time the complaint was served
on Fairchild, in 2011, or that Petitioner controlled or could have controlled
the lawsuit between Fairchild and Patent Owner. See Aruze Gaming Macau,
Ltd. v. MGT Gaming, Inc., Case IPR2014-01288, 2015 WL 780607, at *8
(PTAB Feb. 20, 2015) (“In the context of § 315(b), the goal of the
preclusion is to prevent successive challenges to a patent by those who
previously have had the opportunity to make such challenges in prior
litigation. As such, the focus of our privity inquiry is on the relationship
between the parties during the prior lawsuit.””). Patent Owner’s allegations
of privity are directed, instead, to the events surrounding the merger and to
the allegation that Petitioner is a proxy for Fairchild. Prelim. Resp. 5-8.

Although not the exclusive factor for establishing privity, control of
the requested review procedure is an important factor to establish privity in
this context. Our Office Patent Trial Practice Guide explains that
“[w]hether a party who is not a named participant in a given proceeding
nonetheless constitutes a . . . ‘privy’ to that proceeding is a highly fact-
dependent question.” 77 Fed. Reg. 48,756, 48,759 (Aug. 14, 2012). “There
are multiple factors relevant to the question of whether a non-party may be
recognized as a . .. ‘privy.”” Id. “A common consideration is whether the
non-party exercised or could have exercised control over a party’s
participation in a proceeding.” Id. However, it is recognized that there is no
definitive test regarding the degree of participation required to establish such

control and, hence, to establish a privity relationship. /d.
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In ARRIS, the panel determined that patent owner’s evidence of an
agreement of a future merger was insufficient to show any degree of control
over the requested review procedure or even the opportunity to do so.
IPR2016-00430, slip op. at 7 (Paper 9). Here, we are not persuaded, on the
present record, that Patent Owner’s assertions regarding the Merger
Agreement detailing a future merger, which was not yet completed at the
time of filing this Petition, are sufficient to demonstrate the opportunity for
control by Fairchild over this proceeding.

Similarly, Patent Owner’s assertions regarding the pre-merger
Confidentiality Agreement are insufficient to demonstrate that Fairchild
exercised, or could have exercised, any control over this proceeding. The
mere exchange of unidentified confidential information and recitations that
the parties could be joint defendants in the future, without more, do not
provide sufficient evidence that Fairchild has exercised, or could have
exercised, any control over this proceeding. See Prelim. Resp. 7-8. Thus,
the record lacks sufficient evidence to demonstrate even the opportunity to
control this review and, thus, to establish privity between Petitioner and
Fairchild.

Nor is there any persuasive evidence to support a conclusion that
Petitioner is acting as a proxy for Fairchild. Compare RPX Corp. v. VirnetX,
Inc., IPR2014-00171, slip op. at 9 (PTAB July 14, 2014) (Paper 57), where
the Board concluded RPX was “at most, a ‘nominal plaintiff’ with ‘no
substantial interest’ in [the] IPR challenges apart from those of its client,

Apple.” Such is not the situation here.
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Accordingly, we determine that, based on the evidence presented at
this stage of the proceeding,ﬂ 35 U.S.C. § 315(b) does not bar institution of

this inter partes review.

B. Claim Construction

In an inter partes review, we construe claim terms in an unexpired
patent according to their broadest reasonable construction in light of the
specification of the patent in which they appear. 37 C.F.R. § 42.100(b);
Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144-46 (2016)
(upholding the use of the broadest reasonable interpretation standard).
Consistent with the broadest reasonable construction, claim terms are
presumed to have their ordinary and customary meéning as understood by a
person of ordinary skill in the art in the context of the entire patent
disclosure. In re Translogic Tech., Inc., 504 F.3d 1249, 1257 (Fed. Cir.
2007). An inventor may provide a meaning for a term that is different from
its ordinary meaning by defining the term in the specification with
reasonable clarity, deliberateness, and precision. [n re Paulsen, 30 F.3d
1475, 1480 (Fed. Cir. 1994).

Petitioner contends that resolution of this inter partes review does not
require express construction of any claim terms. Pet. 21. Patent Owner
proposes a construction for “a variable current limit threshold that increases
during the on time of the switch,” recited in independent claim 1. Prelim.
Resp. 29-35. We address that claim phrase below. For purposes of this
decision, we determine that no other claim terms require express
construction.

Patent Owner argues that to be consistent with the specification, the

“variable current limit threshold” in claim 1 “must increase in a way that is

10

10



IPR2016-01600
Patent 7,834,605 B2

detectable and usable by the circuit as a function of the time elapsed during
each switching cycle.” Id. at 29. Petitioner does not propose a construction
for this claim language but asserts in the context of its unpatentability
analysis that the claims “do not require any particular amount of increase in
the current limit threshold during the on-time of the switch.” Pet. 27. Based
on the plain language of the claim, Petitioner argues that “any increase,
regardless the magnitude, during the on-time of the switch satisfies this
claim element.” Id. (citing Ex. 1003 q 46).

Patent Owner begins its argument for limiting the scope of the claim
language by quoting the stated goal of the invention described in the
’605 patent—‘‘to maintain a constant actual current limit over DC input
voltage variations.” Ex. 1001, 3:39—40; see Prelim. Resp. 29. Patent Owner
further asserts that “the purpose of using an increasing current limit
threshold is to create an intrinsic current limit that decreases relative to the
DC input voltage in order to compensate for the relatively larger overshoot
that accompanies relatively higher DC input voltages.” Prelim Resp. 30.
The *605 patent, however, does not claim a regulator with a variable current
limit threshold used to maintain a constant output current in a power supply
or to compensate for current overshoot. See Pet. 13, 15. As explained in the
Petition, an earlier patent in the chain of continuations that includes the
’605 patent does contain claims reciting both an increasing current limit
threshold and a power supply having a constant output current that results
from the variable current limit threshold. Pet. 13—14 (citing Ex. 1002, 6:47—
63 (claim 6 of U.S. Patent No. 7,110,270 B2)). But claim 1 of the
’605 patent was drafted more broadly to exclude the “constant output

current” limitation. See id. at 15; Ex. 1001, 6:10-23. Thus, claim 1 of the

11
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’605 patent recites a variable current limit threshold that increases during the
on-time of the switch but does not include a limitation requiring the
increasing current limit threshold to be used for a particular purpose, such as
providing a power supply with a constant output current.

Patent Owner further argues that “[b]oth logic and consistency with
the specification demonstrate that there must be some minimum bound to the
amount of increase that constitutes ‘a variable current limit threshold that
increases during the on time of the switch.”” Prelim. Resp. 34. According
to Patent Owner, this “minimum bound” must encompass an increase that is
“detectable” and “must be measurable to be used as a mechanism to
determine the elapsed on-time of the switch.” Id. at 35. For support, Patent
Owner cites the following sentence from the 605 patent: “It is simply
necessary to increase the intrinsic current limit as a function of the time
elapsed during the cycle.” Ex. 1001, 3:54-55; see Prelim. Resp. 35.
Contrary to Patent Owner’s argument, this sentence does not require that an
increase in the current limit be sufficiently detectable that it can be used to
determine the elapsed on-time of the switch. Rather, it simply provides that
the current limit threshold must increase as a function of elapsed time during
the switch cycle, i.e., during the on-time of the switch, which is exactly what
claim 1 recites.

On the present record, Patent Owner has not persuaded us that
anything in the claim language or written description of the *605 patent
requires the recited variable current limit threshold to increase by a
minimum amount or be used to achieve a particular goal. Instead, for
purposes of this decision, we agree with Petitioner that the broadest

reasonable interpretation of “a variable current limit threshold that increases

12
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during the on time of the switch” does not require any particular amount of

increase during the on-time of the switch.

C. Asserted Anticipation by de Sartre

Petitioner contends that claims 1, 2, 5, and 9 of the *605 patent are
unpatentable under 35 U.S.C. § 102(b) as anticipated by de Sartre. Pet. 21—
36. Relying on the testimony of Dr. Holberg, Petitioner explains how de
Sartre allegedly discloses all limitations of the challenged claims. /d. (citing
Ex. 1003).

1. Overview of de Sartre
de Sartre discloses a switch mode power supply that includes two
integrated circuits—regulation circuits CI1 and CI2. Ex. 1005, Fig. 1.
Figure 1 of de Sartre (annotated by Petitioner) is reproduced below:

power source 10

“ secondary side

,__..,._. 2y

@_—; I - 4 output Vs
Bret T/

& ‘% gl \ N

Regulation circuit CI1 Reguiation cn.cuit CI2

switch R

sense resistor N

Pet. 17; Ex. 1005, Fig. 1. Figure 1 illustrates a power supply with regulation
circuits CI1 and CI2 on the primary and secondary side, respectively, of a

transformer. Ex. 1005, 4:11-14. Regulation circuit CI1 controls the base of
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power transistor T, (i.e., a switch), which controls the flow of current from
electric mains line 10 (i.e., a power source) into the primary winding of the
transformer. Id. at 1:30-36, 1:41-45. Regulation circuit CI2 monitors the
output voltage of the power supply and sends feedback to regulation circuit
CI1. Id. at 1:36—41. During normal operation of the power supply,
regulation circuit CI2 sends regulation signals to regulation circuit CI1 to
cause the switch to turn on and off. Id. at 10:45-50.

Figure 2 of de Sartre (annotated by Petitioner) is reproduced below:

from regulation circuit CI2 / regulation circuit C11

signal to switch

[
-

;]
L

L X%

i

current measuring input from sense resistor

Pet. 18; Ex. 1005, Fig. 2. Figure 2 illustrates detail of regulation circuit CI1.
Ex. 1005, 4:15-17. To protect the switch, the power supply may use a
safety mode during start-up or when an overcurrent condition is detected.
Id. at 2:48-53. In safety mode, regulation circuit CI1 gradually increases
current through the switch. Id. at 2:53-3:11.

Figure 4 of de Sartre (annotated by Petitioner) illustrates timing

diagrams of signals at different nodes in CI1 during start-up:
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Pet. 19; Ex. 1005, Fig. 4. Figure 4, above, shows signals (e)—(i) at
oscillator 82, comparator 88, high-frequency oscillator 62, AND gate 58,
and variable threshold elaboration circuit 90 of regulation circuit CI1,
respectively. Ex. 1005, 10:14-39. During short enablement windows (f),
bursts of triggering pulses (h) are sent to transistor T, while the current limit
threshold (i) is increased gradually from a low value, Vs2, to the current
limit used during normal operation, Vsl. Id. at 7:8-28, 8:52—-64, 9:37-42.
Each triggering pulse may enable, or turn on, transistor T,. Id. at 8:55-65,
10:45-48; see Ex. 1003 q 34.

2. Analysis
After the Petition and Preliminary Response in this case were filed,
the Federal Circuit reversed a jury verdict that claims 1 and 2 of the
’605 patent are not anticipated by Maige. Power Integrations, 843 F.3d at
1335-38. Although the mandate has issued, the time for filing a petition for
writ of certiorari has not expired. Furthermore, the remaining challenged
claims depend from claim 1 or claim 2 and thus incorporate the limitations

of those claims. See Ex. 1001, 6:35-38, 6:51-53 (claims 5 and 9). For these
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reasons, we include claims 1 and 2 in our analysis of Petitioner’s asserted
anticipation ground.
a. Claim 1

Petitioner contends that de Sartre discloses a power supply regulator
that satisfies all the limitations of independent claim 1. Pet. 21-32. We
address the parties’ arguments for each limitation.

“comparator having a first input [and] a second input”

First, P‘etitioner argues that comparator 92 in de Sartre’s regulator
circuit CI1 is “a comparator having a first input coupled to sense a voltage
representative of a current flowing through a switch during an on time of the
switch, [and] a second input coupled to receive a variable current limit
threshold that increases during the on time of the switch.” Id. at 23-28.
Petitioner asserts that the recited first input is input 44, which is the voltage
across current sense resistor 18 created by current from the emitter of
transistor T, (i.e., the switch) when the switch is on. Id. at 23-24 (citing
Ex. 1005, 4:38-41, 5:58-59, Fig. 1, Fig. 2; Ex. 1003 § 40). Petitioner
further asserts that the recited second input to the comparator is the threshold
signal produced by circuit 90 when the power supply is in safety mode. /d.
at 24-25 (citing Ex. 1005, 7:41-45, 7:49-50, 8:55-65, 9:25-26, 9:3942,
10:45-46, Fig. 4; Ex. 1003 {9 41-42). With reference to Figure 4 of de
Sartre, Petitioner contends that each burst of triggering pulses (h) to turn on
transistor T, during an enablement window (f) is subject to the progressively
increasing current limit threshold (i) produced by circuit 90. Id. Petitioner
further argues that during each triggering pulse, which may turn on transistor
T,,, the output signal of circuit 90 is a “variable current limit threshold that

increases during an on time of the switch,” as recited in claim 1. Id. at 25.
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Patent Owner responds that de Sartre does not disclose a variable
current limit threshold that increases during an on-time of the switch because
“de Sartre teaches only a current limit signal that for any given single switch
on-time would be essentially fixed and not provide a detectable increase.”
Prelim. Resp. 36. Patent Owner argues that although there may be an
increase in the current limit threshold during a given on-time of the switch,
the increase is too small to be easily detectable with, for example, an
oscilloscope. Id. at 40—44. Patent Owner further argues that de Sartre does
not address the same problem as the 605 patent—maintaining a constant
actual current limit over DC voltage variations. Id. at 36. Instead, Patent
Owner continues, de Sartre is directed to addressing problems that arise
when a power supply first starts up. Id. at 37.

On the present record, we are not persuaded by Patent Owner’s
arguments. As discussed above, for purposes of this decision we agree with
Petitioner that the broadest reasonable construction of the “variable current
limit threshold” does not require any particular amount of increase during
the on-time of the switch. Although we agree with Patent Owner that the
annotated excerpt of de Sartre’s Figure 4 on page 25 of the Petition does not
accurately show the number of triggering pulses (switch on-times) that occur
while the current limit threshold increases from Vs2 to Vsl, see Prelim.
Resp. 3940, the Petition and supporting evidence nevertheless indicate
there is some increase during an on-time of the switch. See Pet. 23-25, 27—

28; Ex. 1003 § 42. Under our claim construction, that is all that is required.

3 See also Ex. 1005, 10:19-22 (“The high frequency pulses have however
been shown symbolically in FIG. 4, in a more limited number than in reality
for facilitating the representation.”).

17
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Furthermore, as discussed previously, claim 1 is not directed to the particular
problem of maintainfng a constant output current, so de Sartre may
anticipate claim 1 as long as it discloses a variable current limit threshold
that increases during the on-time of the switch, even if used for a different
purpose than the increasing current limit threshold described in the

’605 patent.

For these reasons, we determine that Petitioner has shown sufficiently
for purposes of this decision that de Sartre discloses a comparator as recited
in claim 1, including a variable current limit threshold that increases during
the on-time of the switch. Our determination is consistent with the Federal
Circuit’s decision regarding anticipation of claim 1 by Maige. See Power
Integrations, 843 F.3d at 1335-38. As Petitioner indicates, Maige and de
Sartre share a common inventor and have overlapping, but not identical,
disclosures. See Pet. 27; Ex. 1008, 6:63—65 (referring to Maige’s Figures 1
and 2, which are similar to Figures 1 and 2 of de Sartre, as “prior art”).
Compare Ex. 1005, Figs. 1 & 2, and Ex. 1005, 4:25-8:26 (describing
Figures 1 and 2 of de Sartre), with Ex. 1008, Figs. 1 & 2, and Ex. 1008,
1:32-5:49 (describing similar Figures 1 and 2 of Maige). In the district
court case and subsequent appeal, Fairchild apparently relied on the same
disclosure of a current threshold during start-up mode in regulation circuit
CI1 cited by Petitioner here, although Maige does not include the timing
diagrams of de Sartre’s Figure 4 that further explain the operation of
regulator circuit CI1 in Figure 2. See Power Integrations, 843 F.3d at 1336;
Pet. 27. The Federal Circuit ultimately found that Patent Owner’s expert
conceded in his trial testimony that Maige’s current threshold increases

during the on-time of the switch, and therefore concluded the jury lacked
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substantial evidence to find that Maige did not anticipate claim 1 of the
’605 patent. Power Integrations, 843 F.3d at 1337-38.
“feedback circuit”

Petitioner contends that de Sartre’s regulation circuit CI2 is a
“feedback circuit coupled to receive a feedback signal representative of an
output voltage at an output of a power supply,” as recited in claim 1, because
it receives information concerning the value of Vs, the output voltage of the
power supply, and feeds a signal representative of that output voltage back
to regulation circuit CI1. Pet. 28-29 (citing Ex. 1005, 5:21-25, 5:36—41,
Fig. 1). Patent Owner does not respond to this argument. For purposes of
this decision, Petitioner has shown sufficiently that de Sartre discloses this
limitation.

“control circuit”

Petitioner asserts that OR gate 60, AND gate 58, flip flop 50, and
amplification stage 48 collectively serve as “a control circuit coupled to
generate a control signal in response to an output of the comparator and in
response to an output of the feedback circuit, the control signal to be coupled
to a control terminal of the switch to control switching of the switch,” as
recited in claim 1. Pet. 30-31. The Petition includes the following

annotated version of Figure 2 of de Sartre:
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from feedback circuit control circuit

- ' —— | signal to switch

Mt

] neEsan comparator

ELABORATIEON

o] g e 53 I

Id at 30. As shown in annotated Figure 2, Petitioner asserts that OR gate 60
of the control circuit receives one input from regulation circuit CI2 (i.e., the
claimed “output of the feedback circuit”) via terminal 40, and a second input
from comparator 92 (i.e., the claimed “output of the comparator”). Id.; see
Ex. 1005, Fig. 2. Petitioner further submits that the output of OR gate 60 is
coupled to reset input 54 of flip flop 50 to control transistor Tr (i.e., the
switch) through output 46, so that a control signal is generated “in response
to an output of the comparator and in response to an output of the feedback
circuit.” Pet. 30 (citing Ex. 1005, 6:14-17).

Patent Owner argues that de Sartre does not disclose this limitation
because de Sartre’s control circuit cannot respond to both of the recited
inputs during any given switch on-time. Prelim. Resp. 44-49. Patent Owner
points out that regulation circuit CI2 sends feedback regulation signals to
regulation circuit CI1 only during normal operations, when the regulator is
not in start-up mode and the threshold elaboration circuit that provides an
input to comparator 92 is fixed, not variable. Id. at 46—48 (citing Ex. 1005,
3:33-34, 3:52-53, 3:65-66, 8:46-51, 9:10-14, 9:56—60). In other words, the
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“output of the feedback circuit” relied on by Petitioner exists in de Sartre
only during normal operations, and the “output of the comparator” relied on
by Petitioner exists only during start-up mode. Therefore, in Patent Owner’s
view, de Sartre’s control circuit is not within the scope of the claim because
it never has the capability to generate a control signal in response to two
different inputs, i.e., at any given time it can generate a control signal in
response to only one of the inputs. Id. at 45—46.

On the present record, we do not agree with Patent Owner’s reading
of the claim language. Nothing in the claim requires the control circuit to be
able to generate a control signal that is responsive to both the comparator
output and the feedback circuit output at the same time. Indeed, OR gate 60
in de Sartre’s control circuit appears to perform the same function as OR
gate 85 in the regulator circuit disclosed in the *605 patent—generating a’
control signal in response to any of the inputs to the OR gate. Compare
Ex. 1005, Fig. 2, with Ex. 1001, Fig. 1. Thus, we determine that Petitioner
has shown sufficiently for purposes of institution that de Sartre discloses the
“control circuit” limitation.

Conclusion

For the foregoing reasons, based on the present record, we are
persuaded Petitioner has shown sufficiently for purposes of this decision that
de Sartre discloses all the limitations of claim 1 of the *605 patent.
Accordingly, we determine the information presented shows a reasonable
likelihood that Petitioner would prevail in establishing that de Sartre

anticipates claim 1.
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b. Claims 2, 5, and 9

Claims 2 and 9 depend from claim 1, and claim 5 depends from
claim 2. Petitioner contends that de Sartre discloses the additional
limitations of these dependent claims. Pet. 32—36. Patent Owner does not
present any arguments in the Preliminary Response addressing these claims.
Having reviewed the Petition and supporting evidence, we are persuaded
Petitioner has shown sufficiently for purposes of this decision that de Sartre
describes the additional limitations recited in these claims. Accordingly, we
determine the information presented shows a reasonable likelihood that
Petitioner would prevail in establishing that de Sartre anticipates claims 2, 5,

and 9.

III. CONCLUSION
For the foregoing reasons, we determine the information presented
establishes a reasonable likelihood that Petitioner would prevail in showing
that claims 1, 2, 5, and 9 of the *605 patent are unpatentable. At this
preliminary stage, we have not made a final determination with respect to
the patentability of the challenged claims or any underlying factual and legal

issues.

IV. ORDER
Accordingly, it is:
ORDERED that pursuant to 35 U.S.C. § 314(a), an inter partes
review is instituted as to claims 1, 2, 5, and 9 of the 605 patent on the

ground of anticipation by de Sartre; and
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FURTHER ORDERED that pursuant to 35 U.S.C. § 314(c) and
37 C.FR. § 42.4, notice is hereby given of the institution of a trial, which

commences on the entry date of this decision.

PETITIONER:

Roger Fulghum

Brian W. Oaks

Brett J. Thompsen

BAKER BOTTS L.L.P.
roger.fulghum@bakerbotts.com
brian.oaks@bakerbotts.com
brett.thompsen@bakerbotts.com

PATENT OWNER:

Stephen R. Schaefer

Neil A. Warren

FISH & RICHARDSON P.C.

schaefer@fr.com
warren@fr.com
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17. us- | 5,479,090 12/26/1995 Schultz
18. us- | 5583,752 12/10/1996 Sugimoto et al.
19. us- | 5,657,211 08/12/1997 Brockmann
20. us- | 5,680,034 10/21/1997 Redl
21. us- | 5,729,120 03/17/1998 Stich et al.
22. 5,729,443 03/17/1998 Pavlin
23. us- | 5,995,386 11/30/1999 John et al.
24. us- | 6,037,674 03/14/2000 Hargedon et al.
25b. us- | 6,154,377 11/28/2000 Balakrishnan et al.
26. us- | 6,160,521 12/26/2000 Mercer et al.
27. us- | 6,222,356 B1 04/24/2001 Taghizadeh-Kaschani
28. us- | 6,226,190 B1 05/01/2001 Balakrishnan et al.
Shanatire /Rajnikant Patel Date Considered | 09/07/10

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 'Applicant’s unique citation designation number (optional). ®See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. *Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). *For
Japanese patent documents, the indication of the year of reign of the Emperor must precede the serial number of the patent document. °Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. °Applicant is to place a check mark here if English language
translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO 1o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SENT FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450. If you need assistance in completing the form, call 1-800-
PTO-9199 (1-800-786-9199) and select option 2.
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Substitute for Form 1449/PTO Complete if Known, ,, ;. o p s
. | e a § JC}.LUJ"&
INFORMATION DISCLOSURE Application Number :
Filing Date Concurrently herewith
STATEM E NT BY AP PLlCANT First Named Inventor: Balakrishnan et al.
(use as many sheets as necessary) Art Unit Mok . ;A sS38
Examiner Name Not Yet Assigned
Sheet | 2 ‘ of ‘ 4 Attorney Docket Number | 5510P064C4
U.S. PATENT DOCUMENTS
Examiner Cite No. Publication Date Name of Patentee or Pages, Columns, Lines,
Initials™ Document Number MM/DD/YYYY Applicant of Cited Document Where Relevant
Passages or Relevant
Number-Kind Code®(if known) Figures Appear
29. us- | 6,233,161 B1 05/15/2001 Balakrishnan et al.
30. us- | 6,297,623 B1 10/02/2001 Balakrishnan et al.
31. us- | 6,333,624 B1 12/25/2001 Ball et al.
32. us- | 6,404,607 B1 06/11/2002 Burgess et al.
33. us- | 6,411,119 B1 06/25/2002 Feldtkeller
34. us- | 6,498,466 B1 12/24/2002 Edwards
35. us- | 6,525,514 B1 02/25/2003 Balakrishnan et al.
36. us- | 6,580,593 B2 06/17/2003 Balakrishnan et al.
37. us- | 6,583,994 B2 06/24/2003 Clayton et al.
38. us- | 6,665,197 B2 12/16/2003 Gong et al.
39. us- | 6,674,656 B1 01/06/2004 Yang et al.
40. us- | 6,747,443 B2 06/08/2004 Balakrishnan et al.
41. us- | 6,781,357 B2 08/24/2004 Balakrishnan et al.
42. us- | 6,833,692 B2 12/21/2004 Balakrishnan et al.
43. us- | 7,110,270 B2 09/19/2006 Balakrishnan et al.
44. 7,215,105 B2 05/08/2007 Balakrishnan et al.
45. us- | 2007/0182394 A1 08/09/2007 Balakrishnan et al.
46. us- | 90/009,393 o1 /58/92‘1009 Power Integrations, Inc.
FOREIGN PATENT DOCUMENTS
Examiner Cite1 Foreign Patent Document Publication Name of Patentee or Pages, Columns, Te
Initials* No. Date Applicant of Cited Document Lines, Where Relevant
Passages or Relevant
MM-DD-YYYY Figures Appear
Country Code? Numbert Kind Code?
(if known)
47. | EP 0 744 818 A1 11/27/1996 Nokia Technology GmbH
48. | JP 09-074748 03/18/1997 Matsushita Electric Ind. Co. Ltd.
Examiner /Rajnikant Patel/ Date Considered 08/07/10
Signature

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 'Applicant’s unique citation designation number (optional). *See Kinds Codes of
USPTO Patent Documents at www.uspto.qoy or MPEP 901.04. °Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). “For
Japanese patent documents, the indication of the year of reign of the Emperor must precede the serial number of the patent document. ®Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. ®Applicant is to place a check mark here if English language
translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SENT FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450. If you need assistance in completing the form, call 1-800-
PTO-9199 (1-800-786-9199) and select option 2.
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Substitute for Form 1449/PTO
INFORMATION DISCLOSURE | Ageleation Number
Filing Date Concurrently herewith
STATEMENT BY APPLICANT First Named Inventor: Balakrishnan et al.
(use as many sheets as necessary) Art Unit T 2838
Examiner Name Not Yet Assigned
Sheet | 3 | of | 4 Attorney Docket Number 5510P064C4

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS)), title of the article (when appropriate), title of the item T2
Initials™ No' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published

JP 2002-284064, Notice of the Reason for Refusal (with English Translation), mailed October

49. 21, 2008.

50. | European Search Report, EP 02256760, February 2, 2005.

Infineon Technologies Preliminary Datasheet, “ICE2AS01; Off-Line SMPS Current Mode
51. | Controller,” Datasheet, Version 2.1, February 2001, Infineon Technologies AG, Miinchen,
Germany.

National Semiconductor: Linear and Switching Voltage Regulator Fundamentals, ‘Online:
52. | XP002316042 Retrieved from the Internet: URL: No date
http://web.archive.org/web/20010602192453/http://www.national.com/appinfo/powerfiles/f4.pdf>

Linear Technology, LT1375/LT1376,"1.5A, 500kHz Step-Down Switching Regulators,” 1995, pp.

o3 1-28. No Date
54 Infineon Technologies AG, Edition 2000-04-11, “"Off-Line Current Mode Controller with
" | CoolMOS™ on board,” CoolSET™-F1 TDA 16822, Datasheet, V1.0, April 11, 2000, pp 1-15.
55 Infineon Technologies, “Off-Line Current Mode Controller with CoolMOS™ on board,”
" | CoolSET™-F1 TDA 16822, Datasheet, V2.0, April 11, 2000, pp 1-14.
56 TEA 1566 GreenChip™; SMPS Module, Preliminary Specifications, Integrated Circuits, Philips
" | Semiconductors, April 20, 1999, pp.1-24.
57 PAUL HOROWITZ & WINFIELD HILL, "The Art of Electronics”, Second Edition, Published by
" | Cambridge University Press, New York, 1989, Chapter 5, pp 263-305. He date
Analog Devices, “Secondary Side, Off-Line Battery Charger Controllers,” ADP3810/ADP3811,”
58.
October 1996, pp. 1-16.
Examiner /Rajnikant Patel/ Date 08/07/10
Signature Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 'Applicant’s unique citation designation number (optional). *Applicant is to
place a check mark here if English translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to
complete including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, Washington, DC 20231. DO NOT SENT FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Substitute for Form 1449/PTO Complete if Known 4miEeY AR A
i . . L AP A S ed R
INFORMATION DISCLOSURE [ Applcation Number
Filing Date Concurrently herewith
STATE M ENT BY AP PLICANT First Named Inventor: Balakrishnan et al.
(use as many sheets as necessary) A . . 2838
rt Unit Artoclbootordomepiomprecpioon
Examiner Name Not Yet Assigned
Sheet | 4 | of | 4 Attorney Docket Number 5510P064C4
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite Include name of the author (in CAPITAL LETTERS)), title of the article (when appropriate), title of the item T2
Initials™ No' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published
59 Unitrode Integrated Circuits, Title Page, Introduction, and Table of Contents from “Product and
" | Application Handbook 1993-94,” (10 pages). NHo date available
Unitrode Integrated Circuits, “ Application Note U-100A: The UC3842/3/4/5 Series of Current-
60. | Mode PWM IC’s,” published in “Product and Application Handbook 1994-95,” June 1993, at pp.
9-64 through 9-75; (12 pages).
61 Office Action mailed September 24, 2009, Reexamination Control No. 90/009,393, filed January
" | 20, 2009.
Examiner /Rajnikant Patel/ Date 09/07/10
Signature Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line 1hrouégh citation if not in conformance and not considered. Include

copy of this form with next communication to applicant. 'Applicant’s unique citation designation number (optional). “Applicant is to place a check mark here if English translation

is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete including gathering, preparing, and

submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this

form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, Washington,

DC 20231. DO NOT SENT FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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25 %“ UNITED STATES PATENT AND TRADEMARK OFFICE

N g UNITED STATES DEPARTMENT OF COMMERCE
%) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |

12/581,054 10/16/2009 Balu Balakrishnan 5510P064C4 1732
8791 7590 09/09/2010
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP | EXAMINER |
1279 OAKMEAD PARKWAY PATEL, RAINIKANT B
SUNNYVALE, CA 94085-4040

| ART UNIT | PAPER NUMBER |

2838
| MAIL DATE | DELIVERY MODE |
09/09/2010 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)

40



P.O. Box 1450

UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
12581054 10/16/2009 BALAKRISHNAN ET AL, 5510P064C4
EXAMINER
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
1279 OAKMEAD PARKWAY RAJNIKANT B.. PATEL
SUNNYVALE, CA 94085-4040
ART UNIT PAPER
2838 20100908
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

See attached corrected considered IDS dated 5 April 2010.

PTO-90C (Rev.04-03)
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Commissioner for Patents

/RAJNIKANT B. PATEL/
Primary Examiner, Art Unit 2838




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWWYUSP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

8791 7590 07/13/2010 | EXAMINER |
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP PATEL, RAJNIKANT B
1279 OAKMEAD PARKWAY | ART UNIT PAPER NUMBER |

SUNNY VALE, CA 94085-4040 2838

DATE MAILED: 07/13/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/581,054 10/16/2009 Balu Balakrishnan 5510P064C4 1732

TITLE OF INVENTION: METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE VOLTAGE IN A
SWITCH MODE POWER SUPPLY

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 10/13/2010

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

8791 7590 07/13/2010
Certificate of Mailing or Transmission
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
1279 OAKMEAD PARKWAY addressed to the Mail Stop ISSUE FEE address above, or being facsimile
SUNNY VALE, CA 94085-4040 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/581,054 10/16/2009 Balu Balakrishnan 5510P064C4 1732
TITLE OF INVENTION: METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE VOLTAGE IN A
SWITCH MODE POWER SUPPLY
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 10/13/2010
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PATEL, RAJNIKANT B 2838 323-282000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
d Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi[gnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is recLuired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWWYUSP[O.gOV

| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/581,054 10/16/2009 Balu Balakrishnan 5510P064C4 1732
8791 7590 07/13/2010 | EXAMINER |
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP PATEL, RAJNIKANT B
1279 OAKMEAD PARKWAY | ART UNIT PAPER NUMBER |

SUNNY VALE, CA 94085-4040 2838

DATE MAILED: 07/13/2010

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

. . 12/581,054 BALAKRISHNAN ET AL.
Notice of Allowablllty Examiner Art Unit
RAJNIKANT B. PATEL 2838

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 12 June 2010.
2. X] The allowed claim(s) is/are 1-12.

3. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[] Al b)[J Some* c)[]1None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ____
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Attorney Docket No. 5510P064C4 Patent
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re application of:

Balu Balakrishnan et al. Examiner: Rajnikant B. Patel

Application No.: 12/581,054 Art Unit: 2838

Filing Date: October 16, 2009 Confirmation No.: 1732

For: METHOD AND APPARATUS FOR
MAINTAINING A CONSTANT LOAD
CURRENT WITH LINE VOLTAGE IN
A SWITCH MODE POWER SUPPLY

N N = N N N N N S N N

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION

Dear Sir:

In response to the Office Action mailed April 5, 2010, the Applicant requests the

Examiner to consider the following remarks. No amendments have been made.

Pending Claims are reflected in the listing of claims, which begins on page 2 of this paper.

Remarks/Arguments begin on page 5 of this paper.

Attorney Docket No.: 5510P064C4 -1- Examiner: Rajnikant B. Patel
Application No. 12/581,054 Art Unit: 2838

56



Pending Claims:

The claims have not been amended. The listing of claims is provided herewith for

convenience and ease of prosecution.

Listing of Claims:

1. (Original) A power supply regulator, comprising:

a comparator having a first input coupled to sense a voltage representative of a current
flowing through a switch during an on time of the switch, the comparator having a second input
coupled to receive a variable current limit threshold that increases during the on time of the
switch;

a feedback circuit coupled to receive a feedback signal representative of an output voltage
at an output of a power supply; and

a control circuit coupled to generate a control signal in response to an output of the
comparator and in response to an output of the feedback circuit, the control signal to be coupled

to a control terminal of the switch to control switching of the switch.

2. (Original) The power supply regulator of claim 1 further comprising an oscillator
having a first output to generate a sawtooth waveform, wherein the variable current limit

threshold is generated in response to the sawtooth waveform.

3. (Original) The power supply regulator of claim 2 wherein the feedback circuit is

coupled to receive the sawtooth waveform.
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4. (Original) The power supply regulator of claim 2 wherein the oscillator further has a
second output to generate a maximum duty cycle signal, wherein the control circuit is coupled to

generate the control signal further in response to the maximum duty cycle signal.

5. (Original) The power supply regulator of claim 2 wherein the control circuit includes a
latch to provide the control signal, wherein the latch includes a reset input coupled to the output

of the comparator.

6. (Original) The power supply regulator of claim 5 wherein the latch further includes a
set input coupled to be responsive to a clock signal generated from a third output of the

oscillator.

7. (Original) The power supply regulator of claim 5 wherein the reset input of the latch is
further coupled to be responsive to a maximum duty cycle signal from a second output of the

oscillator.

8. (Original) The power supply regulator of claim 5 wherein the feedback circuit
comprises a feedback comparator coupled to receive the feedback signal and the sawtooth
waveform, wherein the reset input of the latch is coupled to be responsive to an output of the

feedback comparator.

9. (Original) The power supply regulator of claim 1 wherein a duty cycle of the control

signal is modulated in response to an output of the feedback circuit.
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10. (Original) The power supply of regulator of claim 2 further comprising a current
mirror coupled to the oscillator to receive the sawtooth waveform, wherein the variable current

limit threshold is generated in response to the current mirror.

11. (Original) The power supply regulator of claim 1 wherein the switching of the switch
provides at the output of the power supply an output characteristic having an approximately

constant output current below an output voltage threshold.

12. (Original) The power supply regulator of claim 11 wherein the approximately

constant output current remains substantially constant at all line voltages.
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REMARKS/ARGUMENTS

Claims pending in the instant application are numbered 1-12. Claims 1-12 presently
stand rejected. The Applicant respectfully requests that the instant application be reconsidered in

view of the following remarks.

35 U.S.C. § 102 Rejections
In the April 5, 2010, Office Action, claims 1-4, 6-7, 9 and 11 are rejected under 35 U.S.C.
§ 102(b) as being anticipated by Pace et al., US Patent No. 5,028,861 (hereinafter Pace).
With regard to a rejection under 35 U.S.C. § 102, MPEP § 2131 sets forth that
“A claim is anticipated only if each and every element as set forth
in the claim is found, either expressly or inherently described, in a
single prior art reference.” Verdegaal Bros. v. Union Oil Co. of

California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir.
1987).

Independent claim 1 of the instant application expressly recites, among other things, a
comparator having "...a second input coupled to receive a variable current limit threshold that
increases during the on time of the switch . . ..” Therefore, independent claim 1 expressly recites
that an input of the comparator is coupled to receive a variable current limit threshold.

The April 5, 2010 Office Action asserts at page 3, that Pace allegedly discloses ". . . a
comparator (figure 2, item 56) ... " and ". . . a variable current limit (column 4, line 15-50) ... ."
The Applicant disagrees and respectfully submits that Pace fails to disclose a variable current
limit threshold, much less a comparator having an input coupled to receive a variable current
limit threshold, as expressly claimed by Applicant. Indeed, a fair reading of Pace simply reveals
that comparator 56, such as shown in figure 2, includes one input coupled to receive a regulated
1.55V signal and the other input is coupled to receive a voltage derived from the "B++ voltage"

(i.e., the output of the DC-DC converter). (Pace, col. 4, lines 5-12). Pace fails to disclose that
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either of the inputs to comparator 56 are a variable current limit threshold, as is more fully
explained below.

First, the 1.55V signal coupled to one input of comparator 56 of Pace is not a variable
current limit threshold. To be sure, attention is kindly directed to Pace, col. 4, lines 5-12, which
explicitly states ". . . voltage reference 54 . . . produces a regulated 1.55V," and "[o]ne input to
the comparator is coupled to the 1.55V signal . . .." Since Pace states that the 1.55V signal is
regulated, the reference necessarily fails to disclose that the 1.55V signal is a variable current
limit threshold, as claimed by Applicant.

Second, not only is the 1.55V signal not a variable current limit threshold, but the voltage
coupled to the other input of comparator 56 of Pace is also, not a variable current limit threshold.
Instead, Pace states that the other input of comparator 56 is ". . . coupled to a voltage derived
from the B++ voltage." (Pace, col. 4, lines 10-11). Pace further states, at col. 4, lines 12-17 that
". .. [t]he comparator, voltage reference, and voltage divider operate such that the output of the
comparator generates an ON signal in response to B++ being less than 3.04V and generates an
OFF signal in response to B++ being greater than 3.16V." That is, the voltage at the other input
of comparator 56 is a voltage derived from the B++ voltage (i.e., the output of the DC-DC
converter). Since Pace states that the voltage at the other input of comparator 56 is derived

Jfrom the B++ voltage (i.e., the output of the DC-DC converter), the reference necessarily fails

to disclose that the voltage at the other input of comparator 56 is a variable current limit
threshold, as claimed by Applicant.

Moreover, neither of the inputs to comparator 56 are variable current limit thresholds
because comparator 56 is not used to limit current. Instead, comparator 56 is coupled to enable
and disable the energy conversion process to regulate the B++ voltage. (Pace, col. 3, lines 64-

68). Thus, contrary to the suggestion in the Office Action, comparator 56 of Pace regulates the
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B++ voltage and does not limit current.

Furthermore, Pace expressly discloses a different element (see Figure 2, peak inductor
current control 80) that is coupled to sense current in a switch. This element, however, includes
a fixed threshold. To be sure, attention is kindly directed to col. 4, lines 55-57, which states ". . .
the voltage developed across resistor 79 is a function of the current through the conversion
devices [i.e., inductor 20, transistor 50, and diode 52 (Pace, col. 4, lines 35-36)]." Pace further
states at col. 5, lines 1-9, that "[t]he voltage across resistor 79 is monitored by the peak current
control 80," and "[w]hen the voltage reaches a predetermined level, 18mV in the preferred
embodiment, the peak current control generates a peak signal . . .." Since Pace teaches using a
fixed threshold (e.g., predetermined level of 18mV in the preferred embodiment) in peak
inductor current control 80, the Pace reference actually teaches away from a variable current
limit threshold, as expressly claimed by Applicant.

Thus, Pace fails to disclose, teach or even fairly suggest at least the above-discussed
elements. Consequently, Pace fails to disclose each and every element of claim 1, as required
under M.P.E.P. § 2131. Accordingly, the Applicant requests that the instant §102 rejection of
claim 1 be withdrawn.

Dependent claims 2-4, 6, 7, 9, and 11 depend either directly or indirectly from
independent claim 1. Thus, claims 2-4, 6, 7, 9, and 11 are novel for at least the same reasons as
independent claim 1 in addition to adding further limitations of their own. For example,
dependent claim 2 expressly recites, in part, ". . . an oscillator having a first output to generate a
sawtooth waveform . . .." Nowhere in this reference, does Pace disclose an oscillator having a
first output to generate a sawtooth waveform, as claimed by Applicants. To be sure, attention is
kindly directed to FIG. 2 of Pace, which clearly illustrates element 68 as an 83kHz Oscillator

which provides a clocking frequency. (Pace, col. 4, lines 25-27). However, nowhere does Pace
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disclose that the 83kHz Oscillator has an output to generate a sawtooth waveform, as claimed by
Applicants. Therefore, dependent claim 2 and all of its dependent claims are further
distinguishable from Pace for at least these additional reasons.

By way of another example, dependent claim 11 expressly recites, in part, ". . . wherein
the switching of the switch provides at the output of the power supply an output characteristic

having an approximately constant output current below an output voltage threshold . . . ."

Applicants respectfully assert that Pace fails to disclose a power supply regulator to control
switching of a switch to provide an output characteristic where the output characteristic includes
an approximately constant output current below an output voltage threshold for at least the
following reasons.

Pace fails to disclose providing a constant output current. Instead, Pace teaches
regulating an output (i.e., B++) voltage. (Pace, col. 3, lines 64-68). Pace fails to disclose
switching of the switch to provide an output characteristic having an approximately constant
output current below an output voltage threshold. Nowhere in this reference does Pace disclose
providing a constant oufput current. While Pace does teach regulating a current through the
energy conversion devices (i.e., inductor 20, transistor 50, and diode 52) (Pace, col. 4, lines 34-
48), nowhere does this reference disclose providing a constant output current, as claimed by
Applicants.

Accordingly, the Applicant respectfully requests that the instant §102 rejections of

dependent claims 2-4, 6, 7, 9, and 11 also be withdrawn.

35 U.S.C. § 103 Rejections
In the April 5, 2010, Office Action, claims 5, 8, 10, and 12 are rejected under 35 U.S.C. §

103(a) as being unpatentable over Pace in combination with Redl, US Patent No. 5,680,034
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(hereinafter Redl).

When combining prior art elements to establish a prima facie case of obviousness, the
M.P.E.P. requires a factual finding “...that the prior art include each element claimed....”
M.P.E.P. § 2143 (A)(1). “All words in a claim must be considered in judging the patentability
of that claim against the prior art.” M.P.E.P. § 2143.03.

As discussed above, Pace fails to disclose, teach or suggest at least a variable current limit
threshold. Redl also fails to disclose, teach or suggest at least a variable current limit threshold
and thus fails to cure at least the above-noted deficiencies of Pace. For example, Redl does teach
a comparator (see Fig 15, reference 610) that is coupled to sense current in a switch. This
comparator, however, includes a fixed threshold and, accordingly, Redl actually expressly
teaches away from a variable current limit threshold. (See Redl at 8:58-9:13.)

Dependent claims 5, 8, and 10 depend either directly or indirectly from independent claim
1 and dependent claim 2. Thus, claims 5, 8, and 10 are nonobvious for at least the same reasons
as discussed above with respect to independent claim 1 and dependent claim 2 in addition to
adding further limitations of their own. For example, dependent claim 10 expressly recites ". . . a
current mirror coupled to the oscillator to receive the sawtooth waveform . . . ." As discussed
above, Pace fails to disclose, teach or suggest an oscillator having a first output to generate a
sawtooth waveform. Thus, Pace necessarily fails to disclose, teach or suggest a current mirror
that is coupled to the oscillator to receive the sawtooth waveform. Redl also fails to disclose,
teach or suggest a current mirror that is coupled to an oscillator to receive a sawtooth waveform
as claimed by Applicants and thus further fails to cure this deficiency of Pace.

Dependent claim 12 depends from independent claim 1 and dependent claim 11. Thus,
claim 12 is nonobvious for at least the same reasons as discussed above with respect to

independent claim 1 and dependent claim 11 in addition to adding further limitations of its own.
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By way of example, dependent claim 12 expressly recites ". . . wherein the approximately
constant output current remains substantially constant at all line voltages." As discussed above
with respect to dependent claim 11, Pace fails to disclose, teach or suggest a power supply
regulator wherein the switching of the switch provides at the output of the power supply an
output characteristic having an approximately constant output current below an output voltage
threshold, as recited in Applicants' claim 11. Since Pace fails to disclose, teach or suggest an
output characteristic including an approximately constant output current, as claimed, the
reference necessarily fails to disclose, teach or suggest that the claimed approximately constant
output current remains substantially constant at all line voltages, as further recited in dependent
claim 12. Redl also fails to disclose, teach or suggest an approximately constant output current
that remains substantially constant at all line voltages, as claimed by Applicants, and thus further
fails to cure this deficiency of Pace.

Accordingly, the cited references fail to disclose each element of claims 5, 8, 10, and 12
as required under M.P.E.P. §2143. The Applicant respectfully request that the §103(a) rejections

of claims 5, 8, 10, and 12 be withdrawn.

Double Patenting

Claims 1-12 stand rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims of U.S. 7,646,184.

The Applicant respectfully requests that the enclosed timely filed terminal disclaimer in
compliance with 37 CFR § 1.321(c) be entered to overcome the instant nonstatutory double
patenting rejection, as suggested in the April 5, 2010 Office Action.

The Applicants wish to note that the filing of the enclosed terminal disclaimer in

compliance with 37 CFR § 1.321(c) is not an admission to the propriety of the rejection.
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M.P.E.P. § 804.02; Quad Environmental Technologies Corp. v. Union Sanitary District, 20
USPQ.2d. 1392 (Fed. Cir. 1991). As stated by the Federal Circuit in the Quad Environmental
Technologies decision, the “filing of a terminal disclaimer simply serves the statutory function of
removing the rejection of double patenting, and raises neither a presumption nor estoppel on the

merits of the rejection.”

Charge Deposit Account
If there is a deficiency in fees, please charge our Deposit Acct. No. 02-2666.

The Applicant respectfully requests that a timely Notice of Allowance be issued in this

case.

Respectfully submitted,

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
Date: May 28, 2010 /James Y. Go/

James Y. Go

Reg. No. 40,621
1279 Oakmead Parkway

Sunnyvale, CA 94085-4040
(206) 292-8600

CERTIFICATE OF MAILING/TRANSMISSION
I hereby certify that this correspondence is being submitted
electronically via EFS Web on the date shown below.

/Kristy A. Marvel/ May 28. 2010

Kristy A. Marvel Date
Attorney Docket No.: 5510P064C4 -11- Examiner: Rajnikant B. Patel
Application No. 12/581,054 Art Unit: 2838
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PTO/SB/26 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 5510P064C4

In re Application of: Balu Balakrishnan et al.
Application No.: 12/581,054

Filed: October 16, 2009
For: METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE VOLTAGE IN A SWITCH MODE

POWER SUPPLY
The owner*, Power Integrations, Inc. , of 100 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term prior patent No. 7,646,184 as the term of said prior patent is defined in 35 U.S.C. 154

and 173, and as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly owned. This
agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 and 173 of the prior patent, “as the term of said prior
patent is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. |:| For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

| hereby declare that all statements ma de herein of my own knowledge are true and that all statements made on in formation and
belief are belie ved to be true; a nd further that th ese statements were made with the knowledge that willful false s tatements and the like so
made are punis hable by fine or imprisonment, or both, under Se ction 1001 of Title 18 of the United States Code and that such  willful false
statements may jeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No._40,621

/James Y. Go/ May 28, 2010
Signature Date

James Y. Go
Typed or printed name

(206) 292-8600
Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0O-2038.

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

12581054

Filing Date:

16-Oct-2009

Title of Invention:

METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT

WITH LINE VOLTAGE IN A SWITCH MODE POWER SUPPLY

First Named Inventor/Applicant Name:

Balu Balakrishnan

Filer:

James Go/Kristy Marvel

Attorney Docket Number:

5510P064C4

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Suzgs:;)l in
Miscellaneous:
Statutory disclaimer 1814 1 140 140
Total in USD ($) 140
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Electronic Acknowledgement Receipt

EFS ID: 7709377

Application Number: 12581054

International Application Number:

Confirmation Number: 1732

METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT

Title of Invention: WITH LINE VOLTAGE IN A SWITCH MODE POWER SUPPLY

First Named Inventor/Applicant Name: Balu Balakrishnan
Customer Number: 08791
Filer: James Go/Kristy Marvel
Filer Authorized By: James Go
Attorney Docket Number: 5510P064C4
Receipt Date: 28-MAY-2010
Filing Date: 16-0CT-2009
Time Stamp: 14:36:04
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $140

RAM confirmation Number 786

Deposit Account 022666

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document o . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
. . 63809
Amendment/Req. Reconsideration-After| 5510P064C4_Response_05281
1 . K no 11
Non-Final Reject 0.pdf
90f8a029ad094828c5b94ae715596¢025d5
220e6
Warnings:
Information:
5510P064C4_T inalDisclai >28%5
. . . _TerminalDisclaim
2 Terminal Disclaimer Filed er_052810.pdf no 2
e5b0%aeee11e516e38238e085b71c1fbb
<79db
Warnings:
Information:
30438
3 Fee Worksheet (PTO-875) fee-info.pdf no 2
e7397b1b7beca33418a2512d23ea00f72e7|
50d3
Warnings:
Information:
Total Files Size (in bytes):{ 150102

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 12/581,054 10/16/2009 | [ 7o be Mmailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY []  ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
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(37 CFR 1.16(h)) minus 3 = XS = XS =
If the specification and drawings exceed 100
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35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
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TOTAL TOTAL
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TOTAL TOTAL
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Legal Instrument Examiner:

/PATIENCE RESPER/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV

APl\P]%Il\(/igglleN I 37F fI(cIjVSAOTrE G%;?ET I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/581,054 10/16/2009 2838 1090 5510P064C4 12 1
CONFIRMATION NO. 1732
8791 CORRECTED FILING RECEIPT
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
1275 OAKMEAD PARKWAY L

SUNNYVALE, CA 94085-4040
Date Mailed: 04/20/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Balu Balakrishnan, Saratoga, CA;

Alex B. Djenguerian, Saratoga, CA;

Kent Wong, Fremont, CA;

David Michael Hugh Matthews, Windsor, UNITED KINGDOM,;
Assignment For Published Patent Application

Power Integrations, Inc., San Jose, CA

Power of Attorney:

Edwin Taylor--25129 Gregory Caldwell--39926
Eric Hyman--30139 James Go--40621

Michael Bernadicou--35934 Jan Little-Washington--41181
Michael Mallie--36591 Todd Becker--43487

William Schaal--39018 Mark Watson--46322

Domestic Priority data as claimed by applicant
This application is a CON of 11/784,560 04/06/2007 PAT 7,646,184
which is a CON of 11/397,524 04/03/2006 PAT 7,215,105
which is a CON of 10/892,300 07/15/2004 PAT 7,110,270
which is a CON of 10/253,307 09/23/2002 PAT 6,781,357
which claims benefit of 60/325,642 09/27/2001

Foreign Applications

If Required, Foreign Filing License Granted: 10/29/2009
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/581,054

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
Title

METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE
VOLTAGE IN A SWITCH MODE POWER SUPPLY

Preliminary Class
323

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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CERTIFICATE OF EFS-WEB TRANSMISSION

| hereby certify that this correspondence is being submitted electronically via EFS Web on the date shown below.

Kristy A. Marvel /Kristy A. Marvel/ April 8, 2010
(Name) (Signhature) (Date)
Attorney Docket No. 5510P064C4 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Balu Balakrishnan et al. Examiner: Not yet assigned
Application No. 12/581,054 Art Unit: 2816

Filed: October 16, 2009 Confirmation No.: 1732

For: METHOD AND APPARATUS FOR
MAINTAINING A CONSTANT LOAD
CURRENT WITH LINE VOLTAGE IN A
SWITCH MODE POWER SUPPLY

N N T N N N N N N

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

REQUEST TO CORRECT AN ERROR IN THE FILING RECEIPT

Dear Sir:

Applicants respectfully note the misspelling of an Applicant’s name on the Filing Receipt for the
above-identified application. The Filing Receipt lists the Applicant as, “Alx B. Djenguerian, Saratoga,
CA” (emphasis added.) The Applicant should be listed as, “Alex B. Djenguerian, Saratoga, CA”
(emphasis added). The enclosed copy of the Filing Receipt has been redlined to indicate the correct
spelling of the Applicant’s name for the above-identified application.

Therefore, Applicants respectfully request that a new filing receipt with the corrected spelling of

the Applicant’s name be issued for the present application.

Respectfully submitted,
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

Dated: April 8. 2010 /James Y. Go/
James Y. Go
Reg. No. 40,621

1279 Oakmead Parkway
Sunnyvale, California 94085-4040
206-292-8600

Attorney Docket No.: 5510P064C4 -1- Examiner: Not yet Assigned
Application No.: 12/581,054 Art Unit: 2816
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
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.2 0X

Alexandria, Virginia 22313-1450
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APPLICATION FILING o GRE ART
NUMBER 371(c) DATE UNIT I FIL ¥EE REC'D I ATTY DOCKET.NO ITOT CLA]MSI IND CLAIMS I
12/581,054 10/16/2009 2816 1090 5510P064C4 12 1
CONFIRMATION NO. 1732
8791 FILING RECEIPT

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

1575 OAKMEAD PARKWAY B O

SUNNYVALE, CA 94085-4040
Date Mailed: 11/03/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees fransmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s) Alex
_ é’lmcfm Saratoga, CA
< i

Kent Wong, Fremont, CA;

David Michael Hugh Matthews, Windsor, UNITED KINGDOM;
Assignment For Published Patent Application

Power Integrations, Inc., San Jose, CA

Power of Attorney:

Edwin Taylor--25129 Gregory Caldwell--39926
Eric Hyman--30139 James Go-40621

Michael Bernadicou--35934 Jan Little-Washington--41181
Michael Mallie--36591 Todd Becker--43487

William Schaal--39018 Mark Watson--46322

Domestic Priority data as claimed by applicant
This application is a CON of 11/784,560 04/06/2007
which is a CON of 11/397,524 04/03/2006 PAT 7,215,105
which is a CON of 10/892,300 07/15/2004 PAT 7,110,270
which is a CON of 10/253,307 09/23/2002 PAT 6,781,357
which claims benefit of 60/325,642 09/27/2001

Foreign Applications

If Required, Foreign Filing License Granted: 10/29/2009
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/581,054

Projected Publication Date: 02/11/2010
Non-Publication Request: No

Early Publication Request: No
Title

METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE
VOLTAGE IN A SWITCH MODE POWER SUPPLY

Preliminary Class
327

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member couniry. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not resultin a grant of "an international
patent” and does nat eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application’s filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp:/www.uspto.gov/web/offices/pac/doc/general/index.htmi.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www .stopfakes.gov. Part of a Depariment of Commerce initiative,
this website includes self-help "toolkits™ giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardiess of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof uniess
it is revoked. This ficense is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does notin any way lessen the responsibiiity of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current reguiations especiaily with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Impiements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No ficense under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED” DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 manths has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S8.C. 181, the licensee may foreign fite the application pursuant to 37 CFR 5.15(b).
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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P.O. Box 1450
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WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |

12/581,054 10/16/2009 Balu Balakrishnan 5510P064C4 1732
8791 7590 04/05/2010
BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP | EXAMINER |
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Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)

12/581,054 BALAKRISHNAN ET AL.
Office Action Summary Examiner Art Unit

RAJNIKANT B. PATEL 2838

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX] Responsive to communication(s) filed on 16 October 2009.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4K Claim(s) 1-12is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-12 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)(JAll  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 10/09 and 11/09. 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100330
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Application/Control Number: 12/581,054 Page 2
Art Unit: 2838

DETAILED ACTION

Claim Rejections - 35 USC § 102

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) The invention was patented or described in a printed publication in this or a foreign country or in public use
or on sale in this country, more than one year prior to the date of application for patent in the United States.

(e) The invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent granted on an
application for patent by another filed in the United States before the invention by the applicant for patent,
except that an international application filed under the treaty defined in section 351(a) shall have the effects for
purposes of this subsection of an application filed in the United States only if the international application
designated the United States and was published under Article 21(2) of such treaty in the English language.

(e) The invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international application by
another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the
invention thereof by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) and the Intellectual Property and High Technology Technical
Amendments Act of 2002 do not apply when the reference is a U.S. patent resulting
directly or indirectly from an international application filed before November 29, 2000.
Therefore, the prior art date of the reference is determined under 35 U.S.C. 102(e) prior
to the amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

2. Claims 1-4, 6-7, 9 and 11 are rejected under 35 U.S.C.102 (b) as being

anticipated by Pace et al. (U.S. Patent # 5,028,861).
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Application/Control Number: 12/581,054 Page 3
Art Unit: 2838

Pace et al. disclose the claimed subject matters a power supply (figure 2), including a
comparator (figure 2, item 56), a variable current limit (column 4, line 15-50), a saw
tooth wave form (column 5, line 1-50), a feedback, a maximum duty cycle circuit

(column 1, line 10-45), an oscillator, a clock signal (column 5, line 1-65).

Claim Rejections - 35 USC § 103

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth
in section 102 of this title, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obvious at the time the invention was made to a
person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived
by the manner in which the invention was made.

4. Claims 5, 8, 10 and 12 are rejected under 35 U.S.C. 103(a) as being
unpatentable over by Pace et al. (U.S. Patent # 5,028,861) in combinations with Redl|
(U. S. Patent # 5,680,034).

Pace et al. disclose the claimed subject matters as explained in the claims 1-4, 6-7, 9
and 11, above, except the utilization of the technique for latch technique, Redl teaches
the utilization of the similar technique for a latch. It would have been obvious one having
ordinary sill in the art at the time the invention was made to modify Pace et al.’s power
supply circuit by utilizing the technique taught by Redl for the purpose of increasing

efficiency of the power supply.
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Application/Control Number: 12/581,054 Page 4
Art Unit: 2838

Double Patenting

5. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

Claims1-12 are rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims of U.S. Patent No. 7,646,184. Although
the conflicting claims are not identical, they are not patentably distinct from each other
because both sets of claims are drawn to same subject matters such as “a power
supply regulator comprising a comparator having first and second input, a first input is
sense current flowing through switch, a variable current limit threshold, the control
signal to be coupled to a control terminal of the switch, oscillator is a saw tooth

waveform, a maximum duty cycle signal a latch and reset input of the latch. .
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Application/Control Number: 12/581,054 Page 5
Art Unit: 2838

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to RAJNIKANT B. PATEL whose telephone number is
(571)272-2082. The examiner can normally be reached on M-Th 7-5.30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Lewis Monica can be reached on 571-272-1838. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/RAJNIKANT B. PATEL/
Primary Examiner, Art Unit 2838

*k*k
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supply

(67)  The invention relates to a method and a circuit
to control the output voltage and current of a switched-
mode power supply. In order to restrict the output cur-
rent, a voltage value proportional to the primary current
of a switched-mode power supply is measured and
compared to a variable reference voltage Ug,; the value
of which is determined by the total effect of the constant
charging current of a capacitor C,; and a discharge cir-
cuit operating in step with the secondary diode of the
power supply. If the voltage value proportional to the pri-
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A method and circuit for controlling the output characteristics of a switched-mode power

mary current is bigger than said reference voltage, the
switching pulses of the primary current switch are short-
ened. In order to restrict the output voltage, an image
voltage is generated for the secondary voltage of the
power supply transformer which is filtered and rectified
and combined with the aforementioned reference volt-
age in order to produce pulse-width-modulated switch-
ing pulses of the primary current switch.
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1 EP 0 744 818 A1 2

Description

The invention relates to a method and circuit to
restrict the output current and voltage of a switched-
mode power supply.

Modern power converter systems often use various
switched-mode power supplies (SMPS) to converta DC
voltage (or also an AC voltage, if the coupling includes
suitable rectifying means) to a more suitable voltage
level and to stabilize the voltage and current fed to the
load in conditions where the supply power and the elec-
trical characteristics of the load may vary. In many differ-
ent applications it is necessary to restrict the output
current and voltage of the power supply below a certain
maximum value so as not to harm the load and the
power supply itself. In addition, it is often advantageous
that the output voltage and current can be simultane-
ously controlled in such a way that there is a connection
between their values. An example of such an applica-
tion is a charging device for charging batteries. When a
discharged battery is coupled to the charging device, its
terminal voltage is relatively low at first. During charg-
ing, the terminal voltage increases towards a maximum
value which depends on the materials and construction
of the battery. The temperature of the charging device
increases with the terminal voltage of the battery, and
the charging current must be limited so as to avoid dis-
advantageous phenomena, such as excessive warm-
ing. Towards the end of the charging process, the
current reception capability of the battery falls, where-
upon it is advantageous to reduce the output current of
the charging device and to limit its output voltage below
a certain maximum value so as to avoid losses and
other disadvantageous phenomena.

Fig. 1 shows, by way of example, the limit values of
the output characteristics of a battery charging device,
represented by the area confined by the boundary lines
in the figure. The device in question is used to charge a
battery the terminal voltage of which is 10 V when fully
charged. When a discharged battery is coupled to the
charger, its terminal voltage rises in a few seconds to a
certain minimum value, which in this case is about 5 V.
The figure shows that the accurately defined current-
voltage region, or the narrow "channel” between the
boundary lines, starts at five volts, where the output cur-
rent must be at least 0.76 A and no more than 0.84 A.
Below this voltage level the output characteristics of the
charger are of little importance as long the charger does
not produce a current peak of more than 0.84 A upon
switch-on.

During the charging process, the output current of
the charger described must be kept substantially con-
stant at about 0.8 amps. The boundary lines confine a
tolerance region which represents the allowed +5% var-
iation range for the current value. It is not practical to
specify the current value more accurately than this,
because the electrical characteristics of components
always vary within certain tolerances. The terminal volt-
age of the battery charged increases until it begins to
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near the nominal maximum value of 10.0 V. At this point,
the voltage limiter of the charger starts limiting its output
voltage to prevent it from exceeding the upper limit
value. The voltage limiter is designed for 10.0 volts, but
there is a +5% variation range about the nominal value
just as in the case of current limiting. When the charging
process ends, the output current of the charger is sub-
stantially zero and its output voltage at least 9.5 V and
not more than 10.5 V. After this, it is known to continue
charging using a so-called trickle charge function,
where a switch on the secondary side, i.e. on the load
side of the charger switches the charging repeatedly on
and off. Also in this case the limiter functions of the
charger must keep the output current and voltage within
allowed limits.

A switched-mode power supply which can be used
to realize the charging function described above typi-
cally comprises a transformer which divides the power
supply into a primary part and a secondary part. Input
voltage is connected to the input terminals in the pri-
mary. Typically the power supply includes a switching
element, advantageously a MOSFET or bipolar transis-
tor which chops the input voltage into pulses that supply
current to the primary winding of the transformer. Varia-
tion of the primary voltage and current stores magnetic
energy in the magnetic field of the transformer. With
suitable polarity in the primary and secondary windings
of the transformer and using rectifier diodes the stored
energy is transferred to the secondary winding and
therefrom to the secondary part of the switched-mode
power supply, where it produces an output voltage at
the power supply output terminals. There are several
known circuit topologies, or ways to arrange the compo-
nents in the power supply apparatus described in rela-
tion to each other in order to achieve the desired
operation. The most popular of these are the buck,
boost and flyback topologies.

The traditional approach in implementing stabiliza-
tion of output characteristics in a switched-mode power
supply like the one described here has been to measure
the output current and voltage in the secondary and
take the measuring data to the circuit element in the pri-
mary that determines the duty cycle, or the ratio of the
ON and OFF times of the switching transistor used to
chop the primary voltage. The longer the ON time in
proportion to the OFF time, the greater the amount of
energy stored in the transformer's magnetic field during
an ON-OFF cycle, and the greater the amount of energy
transferred through the secondary winding to the sec-
ondary of the circuit and further to the load. It depends
on the construction of the secondary part and on the
electrical characteristics of the load, whether it is the
output voltage, the output current or both that increases.
Correspondingly, decreasing the pulse ratio, or the pro-
portion of the ON time, reduces the amount of energy
transferred and hence the output voltage or the output
current or both.

In a switched-mode power supply like the one
described the power and voltages may be relatively
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high. As regards electrical safety, it is often preferable
that there is no galvanic contact between the primary
and the secondary. If it is desired to transfer the current
or voltage information measured in the secondary to
stabilize the output characteristics to the primary side, it
must be conveyed through an opto-isolator or a corre-
sponding component which realizes galvanic isolation.
The price and limited reliability and life of the opto-isola-
tor are disadvantageous factors from the manufacturing
standpoint.

The development of switched-mode power supplies
has been towards concentrating the control and limiting
functions in the primary part only. The idea is based on
the fact that the output characteristics can be deter-
mined on the basis of certain parameters of the primary
part. It is known to add to a transformer like the one
described a third, or additional, winding to generate an
image of the voltage waveform induced in the second-
ary winding during one cycle. It is also known to meas-
ure the primary current by connecting a small current
measuring resistor in series with the switching element
and measuring the voltage loss across said resistor. It is
beneficial to concentrate the control and limiting func-
tions in the primary because most of the necessary
measuring and adjusting connections can be integrated
in one 1C which also advantageously contains means to
produce the switching element ON and OFF signals.
The switching element can also be integrated in the
same circuit. The disadvantages of opto-isolators are
thus avoided.

Fig. 2 illustrates a known method to limit the output
current gyt in a flyback-type switched-mode power
supply. Transformer T1 includes a primary winding 11, a
secondary winding 12 and an additional winding 13.
The primary side includes a MOSFET transistor Q1
used for switching the primary current, a control circuit
F1 to control the gate voltage of said transistor, a cur-
rent measuring resistor Rg, a differential amplifier A1, a
constant current supply |, a so-called "external” capac-
itor Coyt, @ current path to discharge said capacitor
including a resistor R; and a switch S1, and a so-called
additional circuit 10. The word "external” is used
throughout this text simply to qualify the capacitor Cgy
and it does not necessarily mean that said capacitor is
physically located apart from the rest of the circuit. The
additional circuit 10 connected to the additional winding
13 is a detector the task of which is to detect the demag-
netization of transformer T1, or the moment at which the
energy stored in the magnetic field during one ON cycle
of transistor Q1 is completely transferred to the second-
ary of the power supply. The secondary of the power
supply according to Fig. 2 comprises a diode D1, a rel-
atively high-capacity capacitor C1 to stabilize output
voltage variation in one cycle, and a relatively large
shunt resistor R, the purpose of which is to serve as a
minimum load and to provide a discharge path for the
charge stored in capacitor C1 upon switch-off.

The circuit depicted in Fig. 2 operates as follows: At
the beginning of a cycle, the control circuit F1 switches
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the MOSFET transistor Q1 ON, i.e. into conductive
state. An increasing primary current I, starts to flow
through the primary winding 11, MOSFET transistor Q1
and the current measuring resistor Rg. Affected by the
inductance of winding 11, the primary current I,
increases linearly. The polarities of windings 11 and 12
and diode D1 are such that the magnetic field produced
by the primary current I, tries to induce in the secondary
winding 12 a voltage in relation to which the diode D1 is
reverse-biased. The diode prevents the flow of current
in the secondary circuit, whereby energy is stored in the
strengthening magnetic field. When the MOSFET tran-
sistor is switched OFF, the sign of the time derivative of
the magnetic field is reversed and a current is induced in
the secondary winding in relation to which the diode D1
is forward-biased. Part of the secondary current Ig pro-
duced is taken to the load as output current Iyt and
part of it charges the capacitor C1, which has main-
tained the output current Iyt by partly discharging
while the secondary current I was not flowing. When
the energy in the magnetic field has been completely
discharged, the secondary current I stops flowing and
the additional circuit 10, which measures the small cur-
rent |, induced in the additional winding, detects the sit-
uation and informs the control circuit F1. The signal
provided by the additional circuit affects the pulse ratio:
the less time was used to discharge the magnetic
energy, the longer the ON time in proportion to the OFF
time that is needed in the next cycle and vice versa.

During the ON cycle of the MOSFET transistor Q1
the primary current |, flows through a current measuring
resistor R, as described above. A differential amplifier
A1 compares the existing voltage loss of resistor Rg to a
reference voltage U between the terminals of the
external capacitor C,,;. If the existing voltage loss of
resistor Rg becomes greater than voltage Uy, the dif-
ferential amplifier A1 informs control circuit F1 that the
primary current has reached its peak value, whereupon
the MOSFET ftransistor Q1 is immediately switched
OFF.

In addition to controlling the gate voltage of the
MOSFET transistor Q1 the control circuit F1 controls
the position of switch S1. Switch S1 should always be
ON, i.e. conductive, when diode D1 is conductive, and
correspondingly OFF when diode D1 is non-conductive.
This is to keep the voltage U, between the terminals of
capacitor C,,; correct by providing a current path, which
comprises a switch S1 and a series resistor R, dis-
charging the capacitor when switch S1 is ON. The con-
trol circuit F1 sets switch S1 ON when switching the
MOSFET ftransistor Q1 OFF, and OFF when the addi-
tional circuit 10 informs that the transformer T1 has
been demagnetized.

By using the demagnetizing information to control
the pulse ratio and by preventing the primary current I,
from increasing too much the primary part of the
switched-mode power supply shown in Fig. 2 controls
the output current IgyT of the device. When the output
voltage UgyT increases, e.g. when a battery connected
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to the charger is being charged, the demagnetization
time of transformer T1 and the conduction time of diode
D1 become shorter. The power supply meets the grow-
ing demand for output current by increasing the pulse
ratio on the basis that also the ON time of switch S1 is
shortened, whereupon the voltage U, between the ter-
minals of capacitor C,,; is increased. In the opposite
case, slow demagnetization or very high primary cur-
rent mean excessive output current, with switch S1 in
conductive state for a long time during the cycle, which
decreases the voltage U, between the terminals of
capacitor Cgy;, which in turn decreases the pulse ratio.
As regards e.g. a battery charger like the one described
above, the disadvantage of this known arrangement is
that it includes no output voltage limiter.

Fig. 3a shows a known circuit used for estimating
the output voltage of a flyback type switched-mode
power supply. The circuit is intended to be used as part
of the primary of the power supply, but for reasons of
clarity the rest of the primary, with the exception of pri-
mary winding 11, are not shown. The voltage regulating
circuit (as it will be called hereinafter) according to Fig.
3a comprises a rectifying diode D2, series resistor R2,
resistors R3 and R4 for voltage division, capacitor C2
for stabilizing voltage variations at point A during one
cycle, and as a load, a constant resistance R,, which
could be replaced by a constant current load the current
I, of which would be advantageously about 10 mA. The
voltage regulating circuit also includes a voltage com-
parison stage which comprises a differential amplifier
A2.

The voltage regulating circuit according to Fig. 3ais
a kind of a mirror image of the secondary of the
switched-mode power supply and indeed it is designed
to produce a so-called image voltage U, at point A in the
same way that the secondary produces an output volt-
age Upyr at the output terminals of the switched-mode
power supply. The image voltage U, is measured via a
voltage divider comprising resistors R3 and R4 and
compared to an accurate reference voltage U, by
means of a differential amplifier A2. The output of the
differential amplifier A2 is used to control the primary
current switch (not shown) through a pulse width modu-
lator and a control circuit (not shown). The component
values are selected such that the power consumption in
the voltage regulating circuit is as small as possible.
Unfortunately this goal conflicts with the objective that
the image voltage U, should be a perfect image of the
controlled output voltage Upyrt

The fundamental flaw in the operation of the circuit
is related to the magnetic properties of transformer T1.
In a typical switched-mode power supply transformer
that includes an additional winding, such as transformer
T1 in Fig. 3a, there has to be an insulating layer
between the primary 11 and secondary 12 windings.
However, the additional winding 13 can be wound
directly over or under the primary winding 11 or even
interleaved with it. Therefore, the coupling coefficient
between the primary winding 11 and the additional

10

15

20

25

30

35

40

45

50

55

114

winding 13 is nearer to 1 than the coupling coefficient
between the primary winding 11 and the secondary
winding 12. In the case of the transformer shown in Fig.
3a, typical coupling coefficients can be about 0.99
between the primary and additional windings and about
0.98 between the primary and secondary windings. The
difference of the coupling coefficients means that when
the current through the primary winding 11 is shut off,
the energy stored by its leak inductance cannot be
transferred to the secondary winding 12, but part of it
can be transferred to the additional winding 13, which
results in a voltage peak across the additional winding.
The height of the peak depends on the amount of
energy stored in the leak inductance of the primary
winding. If the output power, or output current, of the
switched-mode power supply is high, a lot of energy is
transferred in one cycle and, correspondingly, more
energy is lost in the leak inductances than if the output
power were low. A great amount of energy stored in the
leak inductance means a high voltage peak across the
additional winding 13. Capacitor C2 partly rounds off
the effect of the voltage peak, but in any case it leads to
a nearly linear dependence between the image voltage
U, and the output voltage, as seen in Fig. 4.

A solution to the problem described above would be
to add an insulating layer between the primary 11 and
additional 13 windings in transformer T1, whereby the
coupling coefficient between them would be equal to
that between the primary and secondary windings. A
sandwich type transformer could also be used. How-
ever, the transformer is already the most expensive sin-
gle component in a switched-mode power supply, so itis
not preferable to make its construction more complex.

Another solution is to eliminate the voltage peak
using any arrangement known to one skilled in the art.
One such arrangement is shown in Fig. 3b where a low-
pass type coupling consisting of a resistor RS and a
capacitor C3 is added to the arrangement shown in Fig.
3a. A rectifying diode D3 and a capacitor C4 are also
added to the circuit. Resistors R3 and R4 comprise a
voltage dividing coupling connected in series with diode
D3, used for taking a voltage signal to the differential
amplifier A2, said voltage signal being proportional to
voltage Uy, at point B, i.e. to the rectification result of the
low-pass filtered image voltage. Voltage U, is a better
representation of the switched-mode power supply out-
put voltage Uoyt as a function of the output current
louT as can be seen from the curves in Fig. 4, but it still
depends, and non-linearly depends, on the output cur-
rent IOUT‘

The curves in Fig. 4 are the result of a laboratory
measurement wherein the output voltage Ugyt of the
switched-mode power supply was kept constant and
image voltage alternatives U, and U,, were studied as
the function of the oufput current loyt In a real
switched-mode power supply using a voltage regulating
circuit according to Fig. 3a or 3b, a differential amplifier
A2 compares voltage U, or U, to an accurate and con-
stant reference voltage U,¢;, SO it is implied that the
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image voltage U, or U, whichever is used, reflects the
output voltage UgyT realistically, being directly propor-
tional to it and wholly independent of the output current
louT- Since this is not the case, the output voltage UgyT
of the switched-mode power supply becomes too high
with a small output current lgy1

Several other ways to improve the output character-
istics of a switched-mode power supply are known. A
known arrangement includes a sampling circuit, which
does not measure the shape of the whole voltage pulse
induced in the additional winding, but takes a narrow
sample from it, advantageously near the trailing edge of
the pulse. The effect of the voltage peak mentioned
above is at its smallest near the trailing edge of the
pulse. The voltage sample is used to generate an image
voltage, which is used in the same manner as image
voltages U, and U, described above. The sampling cir-
cuit naturally adds to the complexity, manufacturing
costs and power consumption of the arrangement. It is
further known a solution in which a current integrator
used for measuring the output voltage is added to the
current limiting arrangement according to Fig. 2. The
solutions described have not been able to correct the
non-linear dependence between the output voltage and
output current in a switched-mode power supply, which
typically manifests itself in a sharp increase in the out-
put voltage when the output current is small.

Itis also known a method called burst mode control,
where an image voltage (above, U, and Uy) is meas-
ured and compared to a reference value. If the meas-
ured value is greater than the reference value indicating
the allowed maximum, a Schmitt trigger circuit grounds
the gate of the MOSFET transistor functioning as a pri-
mary current switch, i.e. switches the transistor OFF for
a predetermined period of time the duration of which is
determined by the component values. When the forced
grounding of the transistor gate ceases, the cycle starts
over again. The problem with this arrangement is that
when the forced grounding of the switching transistor
gate is ended, the switched-mode power supply imme-
diately starts operating at a high power, pumping a great
amount of magnetic energy into the transformer and
causing sharp voltage peaks in the voltage across the
additional winding. This has the same effect as the fact
that the image voltages U, and U, mentioned above
depend on the output current of the switched-mode
power supply: the open circuit voltage, or the output
voltage of the device increases when the output current
is small.

The object of the invention is to provide a method
and a circuit for controlling the output voltage and output
current of a switched-mode power supply with couplings
in its primary part partly avoiding and partly reducing
the aforementioned disadvantages related to the prior
art solutions.

The object of the invention is achieved by combin-
ing to the operation of a current measuring and regulat-
ing circuit a simultaneous operation of a voltage
measuring and regulating circuit so that a compensat-
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ing voltage is generated which compensates for the
change that appears as a function of the output current
of the switched-mode power supply in the operation of
the voltage measuring and regulating circuit. Also, to
achieve the object of the invention, a compensating
coupling is provided from the voltage measuring and
regulating circuit to the current measuring and regulat-
ing circuit to compensate for the variation of the refer-
ence voltage used in the current regulation as a function
of the output current of the switched-mode power sup-
ply.

The method according to the invention, wherein a
first reference voltage and a first voltage signal and
switching pulses to switch the primary current switching
element are generated on the primary side of a
switched-mode power supply, is characterized in that
also on the primary side

- acombination is produced of said first voltage sig-
nal and said first reference voltage, and

- said switching pulses for switching the primary cur-
rent switching element are generated on the basis
of said combination.

The circuit according to the invention, which
includes a control circuit on the primary side to generate
said switching pulses, is characterized in that it further
includes on the primary side means for producing a
combination of said first reference voltage and first volt-
age signal and for directing said combination to said
control circuit to generate said switching pulses.

During the development work that led to the inven-
tion it was discovered that by combining the operation of
a prior art current regulating circuit with the operation of
a prior art voltage regulating circuit it is possible, with
suitable couplings, to produce a voltage the behaviour
of which as a function of the output current of the
switched-mode power supply is particularly advanta-
geous and which therefore may be used to compensate
for a similar but opposite signed change in the voltage
regulating circuit. Said voltage is produced between the
terminals of an "external” capacitor belonging to a prior
art current regulating circuit and its generation and
value as a function of the output current of the switched-
mode power supply will be discussed later.

Below, the invention is described in more detail
using certain embodiments as illustrative examples and
referring to the accompanying drawing, in which

Fig. 1 shows output current and output voltage lim-
its in a typical known charging device designed for
charging a series-connected battery comprising six
NiCd cells,

Fig. 2 is a circuit diagram of a known current limiting
circuit of a switched-mode power supply,

Fig. 3a is a circuit diagram of a known voltage limit-
ing circuit of a switched-mode power supply,

Fig. 3b is a modified version of the coupling shown
in Fig. 3a,
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Fig. 4 graphically illustrates three measured volt-
ages U,, U, and UgyT as a function of the output
current Igyt in the switched-mode power supply
according to the invention,

Fig. 5 graphically illustrates a measured and calcu-
lated reference voltage U,,; as a function of the out-
put current IgyT in the switched-mode power supply
according to the invention,

Fig. 6 graphically illustrates two measured voltages
UouT and Uy as a function of the output current
louT in the switched-mode power supply according
to the invention,

Fig. 7a is a circuit diagram of an embodiment of the
invention,

Fig. 7b is a block diagram of part of Fig. 7a,

Fig. 8 is a block diagram of the whole embodiment
shown in Fig. 7a,

Fig. 9 is an activity graph illustrating the flow of sig-
nals and information and the sequence of activities
in the switched-mode power supply according to
the invention, and

Fig. 10 is a circuit diagram of an embodiment of the
invention where most of the necessary components
are integrated in a single IC.

In all figures, like parts are denoted by like refer-
ence numbers.

A battery charging device will be described next in
order to illustrate the ways in which the invention can be
applied. However, the invention is not limited to the
embodiments described, but it is clear to one skilled in
the art that it can be used in all applications in which it is
desired to limit the output voltage and output current of
a switched-mode power supply by means of a circuit
arrangement in the primary part.

The method and circuit according to the invention
employ a known pulse width modulator controller
designed for switched-mode power supplies; said con-
troller will hereonafter be called a PWM circuit and as
far as the structure of the invention is concerned, said
circuit is thought to belong to the controller circuit of the
power field-effect transistor serving as a primary current
switch. A suitable PWM circuit is SGS-Thomson's
LM3524 but other corresponding PWM circuits known
to one skilled in the art can be used as well. The same
functions can also be implemented using separate com-
ponents. Parts and functions in the PWM circuit that are
significant from the point of view of the invention are

- a differential amplifier for comparing a certain
measured voltage to a certain reference voltage,

- apulse generator, which on the basis of an output
from said differential amplifier produces a pulse-
width-modulated switching pulse sequence to con-
trol the primary current switch in the switched-mode
power supply, and

- aclockpulse generator, which produces at a prede-
termined frequency the timing pulses needed for
controlling the operation of the whole circuit
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arrangement, said predetermined frequency being
advantageously 43 kHz, approximately, in the cir-
cuit and method according to the invention.

The method and circuit according to the invention
employ a switched-mode power supply transformer
which advantageously comprises three windings. A
suitable transformer is e.g. the Salcomp FM3750, but
other transformers can be used if the component values
in the circuit arrangement are slightly changed.

Fig. 7a shows a circuit diagram illustrating an
embodiment of the circuit according to the invention.
The circuit according to the invention uses in a known
manner a power FET Q1, hereonafter called a FET, to
interrupt the primary voltage and current in a switched-
mode power supply. The primary current I, chopped by
said FET Q1 flows through the primary winding 11 in
transformer T1. A relatively low-resistance current
measuring resistor Rg is connected in series with said
FET Q1 to direct said primary current Ip also through
said current measuring resistor Rg. A tuning resistor R6
can be connected in parallel with said current measur-
ing resistor as in the embodiment illustrated by Fig. 7a,
or other known methods can be used for accurately
selecting a value for the current measuring resistance.
The purpose of said current measuring resistor Ry is to
determine the intensity of the primary current Ip by
measuring the voltage loss across said current measur-
ing resistor. For the measurement, a connection is pro-
vided to a differential amplifier A1 at a point between the
FET Q1 and the current measuring resistor Rs. Advan-
tageously the connection is made via a voltage dividing
coupling consisting of resistors R7 to R10 so that the
first end (R7) of said voltage dividing coupling is con-
nected between said FET Q1 and said current measur-
ing resistor Rg and the second end (R10) to the input
voltage Ug of the switched-mode power supply. Connec-
tion from said voltage dividing coupling R7-R10 to the
positive input of said differential amplifier A1 is advanta-
geously made at a point between the first R7 and the
second R8 resistor of the voltage dividing coupling. The
purpose of the voltage dividing coupling R7-R10 is to
compensate for disturbances occurring in the measure-
ment, caused by variations in said input voltage Ug.

The negative input of said differential amplifier A1 is
connected to a first reference voltage U, which is the
voltage betweeen the terminals of an external capacitor
Caxt- The purpose of said differential amplifier A1 is to
compare a measured voltage proportional to the inten-
sity of the primary current I, to said first reference volt-
age. The output of the differential amplifier A1 is
connected to a circuit F1 controlling the gate voltage of
said FET Q1. If the voltage across the current measur-
ing resistor Ry measured by the differential amplifier A1
is greater than said first reference voltage Uy, the dif-
ferential amplifier A1 sends to circuit F1 a signal on the
basis of which circuit F1 switches FET Q1 OFF.

According to the embodiment shown in Fig. 7a, the
circuit according to the invention can advantageously
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include a second differential amplifier A3, and the same
voltage proportional to the intensity of the primary cur-
rent which was connected to the positive input of the dif-
ferential amplifier A1 is connected to the positive input
of said second differential amplifier A3. A second refer-
ence voltage U, which in the embodiment of Fig. 7a
is generated with a voltage divider comprising resistors
R24 and R25 at a point between +5V and the ground
potential, is connected to the negative input of said sec-
ond differential amplifier the purpose of which is to com-
pare said voltage proportional to the intensity of the
primary current to said second reference voltage U 0.
If the voltage across the current measuring resistor Rg
measured by differential amplifier A3 is greater than
said second reference voltage U, differential ampli-
fier A3 sends to circuit F1 a signal on the basis of which
circuit F1 switches FET Q1 OFF. The purpose of this
function is to improve the reliability of the circuit in a sit-
uation where the first reference voltage U,,; for some
reason exceeds the fixed second reference voltage
Uretz-

Next, we will discuss the value of said first refer-
ence voltage U, and how it is determined. Said voltage
is the voltage between the terminals of a so-called
external capacitor C.y; and to affect the voltage the cir-
cuit according to the invention includes a controlled cur-
rent path 81, R, which can be used to produce a
discharging coupling between the terminals of said
capacitor by making switch S1 conductive. The circuit
according to the invention also includes a constant cur-
rent supply 14 for continuously charging the external
capagcitor C,y; with a constant current I. From the point
of view of the invention, it is essential that voltage U,y is
determined as a function of the output current Iyt of
the switched-mode power supply, and it can be theoret-
ically calculated by assuming that the conduction time
tg of switch S1 is linearly dependent on the conduction
time tp of diode D1 in the secondary of the switched-
mode power supply. Above in the description of the prior
art, where a reference was made to Fig. 2, a similar con-
nection was made between the conduction times tg and
tp, where it was however assumed that as a result of the
operation of an additional circuit 10 and controller circuit
F1 the times tg and tp are the same. The linear depend-
ence proposed here is a more realistic assumption.

According to a known induction law

;
Uy + UD=Lst—‘§, 1)

where UgyT is the output voltage of a switched-mode
power supply, Up is the voltage loss across diode D1,
Lg is the inductance of the secondary winding, Tg is the
peak value of the secondary current, and tp is the con-
duction time of diode D1. Equation 1 is accurately true
only if the constant current load |, is zero. When calcu-
lating the connection between the peak current Ig and
the output current Iyt of the switched-mode power
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supply, an approximation can be made where the effect
of a constant current load connected to the additional
winding 13 is taken into account by adding to the output
current term Igyt @ constant term

n

a, _34, -
Tsla_” 10mA =20mA , @

where n, and ng are the numbers of turns of the addi-
tional and secondary windings and |, is the intensity of
the constant current load, 10 mA in the embodiment of
Fig. 7a. Now, the connection between the peak current
s and the output current lgyt of the switched-mode
power supply is given by

n U ou,) ; @)

1 -
é ’StD=(/OUT+FZ/a+R—O

where R, is the resistance of an output resistor (shunt
resistor) R, and T is the cycle time of the switched-
mode power supply, or the inverse of the operating fre-
quency, here assumed to be a constant. Also UgyT and
R, are substantially constant, so in equation 2, time tp
depends only on the current gyt By solving for the
peak current I we get

= 4)

N n
To = 2(/ e + Ao lat 2

and by inserting this in equation 1 we get, after a little
manipulation,

n [
2L (loy + =2 1g+ 22T
S [4 (5)
Uout + UD

tp=

for the conduction time of diode D1. For the voltage
between the terminals of the external capacitor we get

T
Uge=Rcle e (6)

where R¢ and I are the discharge current path resist-
ance and charging current according to Fig. 7a and tg is
the conduction time of switch S1. Above it was men-
tioned that a linear dependence is assumed between
the conduction times tg and tp, or that

@)

tg=xip+t,

where k and t are constants. Combining the results of
equations 5, 6 and 7, we get



13

IcRe

n u
2LS(Iout+ o

@

Uexe =

a out
Ia+—Ro) .
K +=

Wou+ UpT

for the voltage Uy, between the terminals of the exter-
nal capacitor C,;. A laboratory measurement has been
performed to determine the values of constants k and r,
wherein the constant values were determined as
k =0.9900 A t = 1.300psec (9)

at a probability of more than 99% in a series of more
than 30 measurements. The behaviour of voltage Ug,
as a function of the output current Ig T of the switched-
mode power supply, calculated on the basis of equation
8, is shown in Fig. 5 ("calc."”). For the sake of compari-
son, the figure also shows a measured voltage Ugy
("meas.") for a real circuit according to the invention.

To control switch S1 in the manner described above
the circuit according to the invention includes means to
detect the moments of time at which the demagnetiza-
tion of transformer T1 begins and ends during one
cycle. Below it will be described the structure and oper-
ation of these means in the embodiment illustrated by
Fig. 7a.

Demagnetization is started at the moment when
FET Q1 is switched OFF. Information about this is
brought to a demagnetization time simulation block 16
simply with a connection from the inverse of the gate
voltage of FET Q1 generated in a control circuit F1.
Detection of the end of demagnetization is more diffi-
cult, and therefore an additional winding 13 in the trans-
former in the embodiment of Fig. 7a produces a voltage
the shape of which corresponds to the shape of the volt-
age of the secondary winding 12. When energy stored
during a cycle in the magnetic field of the transformer
has been discharged, diode D1 in the secondary stops
conducting, which results in a drop in the induction volt-
age in all three windings 11, 12 and 13. Energy stored
in the capacitances of the windings and in the internal
capacitances of FET Q1 is discharged, which results in
damped voltage oscillation in the windings. The first
voltage swing is detected in the additional winding 13 as
negative and it is taken to a detector, which in the
embodiment of Fig. 7a is a differential amplifier coupling
15. On the basis of the detection it generates a signal
which is taken to the demagnetization time simulation
block 16.

On the basis of the start and end signals the
demagnetization time simulation block generates the
timing pulses that are needed for controlling switch S1
as described above. Then said first reference voltage
Uy is generated across capacitor Cey;.

Fig. 7b shows a partial block diagram of the embod-
iment of Fig. 7a, illustrating the generation of FET Q1
switching pulses in control circuit F1. The element that
decides the length of the switching pulse is a logic NOR
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gate 20, shown in the middle of Fig. 7b, included in con-
trol circuit F1 in the embodiment of Fig. 7a. lts output is
atlogic level 0 if at least one of its three inputs is at logic
level 1. The inputs are a pulse-width-modulated switch-
ing pulse train from a PWM circuit 3524, an inverted out-
put Q from a flip-flop circuit F2 and an output from the
demagnetization time simulation circuit 16, wherein
logic level 1 corresponds to conduction time tg of switch
S1 (not shown in Fig. 7b). At the beginning of the cycle
the rising edge of a clock pulse sets the value of the
inverted output Q of the flip-flop circuit F2 to 0 and at the
same time a O-level pulse is started in the pulse-width-
modulated switching pulse train. If the switched-mode
power supply is operating normally and not transiting to
continuous mode operation, switch S1 is non-conduc-
tive at the beginning of the cycle and, so, the level is 0
also at the output of the demagnetization time simula-
tion circuit 16. As a result of the logic NOR function,
gate 20 switches FET Q1 into conductive state through
control circuit 21. When the pulse from PWM circuit
3524 rises to level 1 or when one of the current measur-
ing amplifiers A1, A3 detects that primary current has
reached its peak value and resets the flip-flop circuit F2,
the logic NOR gate 20 receives one 1-level input and
switches FET Q1 into non-conductive state through
control circuit 21. So, the event that occurs first ends the
conduction of FET Q1.

It is possible, particularly when the output voltage is
relatively low, that a flyback type switched-mode power
supply starts to operate in a so-called continuous mode.
This can happen, for example, as a result of a short-cir-
cuit between output terminals or if a wholly discharged
battery is connected to the charging device. Continuous
mode operation means that the transformer T1 is not
completely demagnetized when FET Q1 is switched
back ON. In prior art systems, this may lead to very high
primary and secondary currents and thus damage the
components or conductors. Furthermore, in continuous
mode operation, the current limiting algorithm described
above will not function properly. By bringing an output
from the demagnetization time simulation circuit 16, in
which logic level 1 corresponds to conduction time tg of
switch S1, as an input to NOR gate 20 in the manner
described above, it is possible to limit the continuous
mode output current, but in order for the circuit accord-
ing to the invention to completely prevent the switched-
mode power supply from entering the continuous mode,
it includes an anti-continuous mode block 17, hereinaf-
ter referred to as the ACM block. Next it will be
described the structure and operation of this block in the
embodiment illustrated by Figs. 7a and 8.

Start of cycle, i.e. switching of FET Q1 ON, occurs
at the rising edge of the clock pulse controlling the oper-
ation of the system. In the embodiment of Figs. 7a to 8,
the clock pulse is generated by an appropriate block in
the PWM circuit 3524. If the power supply were operat-
ing in continuous mode, said rising edge of clock pulse
would occur during the conduction time tp of diode D1 in
the secondary, which is the same as conduction time tg



15 EP 0 744 818 A1 16

of switch S1, presuming that there is no delay between
said conduction times. The ACM block 17 used in the
circuit according to the invention includes a logic AND
gate which in the embodiment of Fig. 7a comprises a
PNP transistor pair 18 and resistors R20 to R23 and the
inputs of which are said clock pulse controlling the oper-
ation of the system and the gate voltage of the switching
transistor S1. A positive gate voltage naturally means
that the switching transistor S1 is conductive. Said logic
AND gate 18, R20-R23 issues an output signal "1", i.e.
a positive voltage signal if the clock pulse is positive
simultaneously with the positive gate voltage, or the
conduction time tg, of the switching transistor S1. The
output of said logic AND gate is connected to switch S2,
which is advantageously a transistor, as in the embodi-
ment of Fig. 7a, in which case said output is connected
SO as to serve as its gate voltage. Between the gate of
said transistor S2 and the ground potential there is a rel-
atively high resistance so that a positive gate voltage
pulse keeps said transistor conductive for a time of suf-
ficient duration.

When said switch S2 is in conductive state, it pro-
vides a current path between the terminals of an exter-
nal capacitor Cg This current path includes
advantageously a series resistor, resistor Ragy in Fig.
7a, the resistance value of which provides a means to
control the capacitor discharging effect of the current
path. If said logic AND gate 18, R20-R23 produces a
positive signal, capacitor Cg,; loses its charge through
said current path S2, Racy, wherefore a differential
amplifier A1 sends to control circuit F1 a signal which
causes FET Q1 to be switched OFF according to the
operating principle described above. The structure and
operation of the ACM block 17 described above have
the advantage that, in a way, the block is "ahead of the
time", which means that it starts to limit the ON time of
FET Q1 before the switched-mode power supply would
enter the continuous mode. This is due to the fact that
the signal taken as a second input to the ACM block 17
which represents the conduction time tg of switch S1
and which is compared to the clock pulse marking the
start of the next cycle, is slightly behind the conduction
time tp of diode D1, due to delays in the circuit.

Next it will be discussed the limitation of the output
voltage of a switched-mode power supply in a method
and circuit according to the invention. The additional
winding 13 in transformer T1 is used also for this pur-
pose. In the method and circuit according to the inven-
tion, an image voltage is generated for the output
voltage Ug T of the switched-mode power supply using
a method shown in Fig. 3b, based on the obvious devel-
opment of a known method described above in connec-
tion with the prior art. The image voltage is generated
using a low-pass filter, which in the embodiment of Fig.
7a comprises a coupling of resistor R5 and capacitor C3
connected in series and a diode D3 connected to this
coupling. The low-pass filter R5, C3 is connected in par-
allel with the additional winding 13 so as to eliminate the
effect of sudden voltage spikes induced in the additional
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winding. The anode of diode D3 is connected in the mid-
dle of said low-pass filter, between resistor R5 and
capacitor C3, and its cathode is connected via capacitor
C4 to the ground potential. So, the cathode of diode D3,
marked as B, shows an image voltage Uy, the behaviour
of which as a function of the output current I of the
switched-mode power supply is shown graphically in
Fig. 4.

However, in the method and circuit according to the
invention, the image voltage Uy, is not taken directly to
the differential amplifier controlling the operation of the
PWM circuit, as described above in connection with the
discussion about the prior art and the obvious develop-
ment related to it, referring to Fig. 3b. According to the
invention, a linear combination is produced of said
image voltage U, and the aforementioned first refer-
ence voltage U,y since these two voltages undergo a
change that is substantially similar but of the opposite
sign, as a function of the output current IgyT of the
switched-mode power supply. In the embodiment of Fig.
7a, said linear combination is produced using a two-
input resistor network comprising resistors R11 to R14.
Resistors R11 and R12 constitute a series connection
which is the series resistance of the first input and
through which the image voltage U, is connected to
said resistor network. Resistor R13 is the series resist-
ance of the second input through which said first refer-
ence voltage U, is connected to said resistor network.
Ends of the series resistances of said first input and
second input are connected together at point C and
resistor R14 is connected to the ground potential
through this point. Voltage U at point C is a linear com-
bination of voltages U,,; and Uy, or

Uy=mUy + nU g, , (10)
where constants m and n depend on the resistances of
resistors R11 to R14. The embodiment of Fig. 7a also
includes an amplifier A5, the amplification of which is
advantageously 1 and the purpose of which is to pre-
vent the voltage signals from being connected back
from point C to the current regulating system which was
described above and which is based on the voltage
across the external capacitor Cgyy. Voltage U, is taken
to a differential amplifier A4 which controls the operation
of the PWM circuit and which in the embodiment of Fig.
7a is included in PWM circuit 3524. Amplifier A4 com-
pares voltage U4 to a third reference voltage U, i3 which
is generated by a voltage divider comprising resistors
R15 and R16. PWM circuit 3524 uses the output signal
of said differential amplifier to control the pulse ratio
when generating FET Q1 switching pulses taken to con-
trol circuit F1. This is normal operation of a known, com-
mercially available PWM circuit and therefore it is not
described in further detail here.

In addition to the parts described above, the
embodiment of the circuit according to the invention,
illustrated in Fig. 7a, includes other parts which are
known but the operation of which is related to the stabi-
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lization of the output characteristics of the switched-
mode power supply and which therefore will be
described below. To limit said first reference voltage Ug,
below a certain maximum value, a limiter circuit is used
comprising a PNP transistor Q2 and resistors R17 and
R18. Said resistors constitute a voltage dividing cou-
pling between the +5V potential and ground potential,
and there is a connection from a point between them to
the base of said transistor Q2. The emitter of transistor
Q2 is connected to the positive side of the external
capacitor Cg,y, and its collector is connected to the
ground potential.

The embodiment of Fig. 7a also includes a rela-
tively high-resistance compensating coupling R19 con-
nected between point B (cathode of the image voltage
rectifying diode, or the point at which image voltage U,
appears) and the positive side of the external capacitor
Coxt- In the mathematical discussion of the first refer-
ence voltage U,,; above it was implied that there is no
delay in the circuit between diode D1 of the secondary
and the switching operation of switch S1. As a matter of
fact, there is always a small delay between them, and
therefore the conduction time tg of switch S1 is a little
too long with a high output voltage of the switched-mode
power supply, which results in that the output current
loyT increases when the output voltage Ug 1 drops. If a
voltage proportional to the output voltage Uyt is used
to produce a small additional charge in capacitor Cqy;, it
is possible to compensate for the capacitor overdis-
charge which is caused by the excessive conduction
time of switch S1 with a high output voltage Ugyt The
image voltage Uy, is suitably proportional to the output
voltage, so by arranging a relatively high-resistance
compensating coupling from it to the capacitor Cgy in
the manner described above a desired stabilizing effect
is achieved.

In above descriptions and especially in Fig. 7a the
circuit according to the invention was regarded as a
whole constituted by discrete components. However,
there is a strong tendency in modem electronic equip-
ment towards integration, with all applicable compo-
nents realized within one integrated circuit, or IC. Fig. 10
shows an embodiment of the present invention in which
most of the components and blocks that were shown
discrete in Figs. 7a and 8 are realized as one applica-
tion specific integrated circuit, or ASIC. For the sake of
clarity, some of the lines describing connections have
been left out in Fig. 10 and many of the component
groups are shown only as functional blocks, but in prin-
ciple the structure and operation of the coupling is the
same as in the embodiment of Fig. 7a. In Fig. 10, com-
ponents that are not included in the ASIC are either too
big to fit in or intended to be easily replaceable so that
the circuit characteristics can be altered according to
the use. The embodiment shown in Fig. 10 only serves
illustrative purposes and is by no means the only possi-
ble ASIC implementation of the method and circuit
according to the invention. It is obvious to a person
skilled in the art that many different ASIC applications
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can be realized within the scope of the claims set forth
below.

Above it was described the use of the method and
circuit according to the invention in a situation in which
the transformer of the switched-mode power supply
comprises three windings. However, the method and
circuit according to the invention can with minor modifi-
cations be implemented using a two-coil transformer.
Then the demagnetization information and generation
of image voltage occur in a circuit connected directly in
parallel with the primary winding. The two-coil solution
requires certain safety measures to prevent the high pri-
mary power from being directly connected to the
demagnetization information and image voltage circuits
dimensioned for small signals. In an ASIC circuit this
means that inside the circuit there must be a greater
number of relatively wide isolation zones, which require
space, and therefore the embodiment discussed above
is considered better for the time being. In any case, it is
possible to apply the method according to the invention
to a switched-mode power supply employing a two-coil
transformer.

Next it will be discussed only the method according
to the invention to control the output characteristics of a
switched-mode power supply with reference to Fig. 9
and without directly referring to any particular physical
embodiment. The method comprises several operations
applied simultaneously, so it is impossible to present an
accurate temporal order.

The method according to the invention, illustrated
by Fig. 9, realizes all the measures described above in
connection with the descriptions of the physical embod-
iments. Rectangular blocks depict functional steps of
the method and designations in oval frames clarify the
type and meaning of information transferred in the form
of signals or pulses or in other ways.

In the method according to the invention, output
current limiting includes at least the following steps:

- current flowing through the primary current switch-
ing element, or power FET, is measured 100 and
the measurement result is converted to a voltage
value,

- a first reference voltage is generated 101 on the
basis of information 102 about the beginning and
end of demagnetization,

- said voltage value representing the current through
the switching element is compared 103 to said first
reference voltage, and

- the result from said comparison is used for dimen-
sioning the primary current switch control pulses
such that if said voltage value representing the cur-
rent through the switching element indicates that
the current exceeds a certain limit value, the control
pulses will be shortened 104 in order to decrease
the current.

In addition, output current limiting may include the
following steps:
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- said first reference voltage is compensated for with
a small compensating signal 105 the size of which
is proportional to an image voltage generated from
the secondary voltage of the switched-mode power
supply,

- said first reference voltage is further compensated
for by altering its value so that if the simultaneous-
ness of the clock pulse 110 and demagnetization
time signal 102 indicates 111 that the switched-
mode power supply is about to enter continuous
mode operation, the value of the first reference volt-
age is changed 106 such that it causes the shorten-
ing of the switching pulses of the switching element,

- said first reference voltage is further compensated
for with a limiter circuit which limits it below a certain
maximum value (not shown in Fig. 9), and

- said voltage value representing the current through
the switching element is compared to a fixed sec-
ond reference voltage (not shown in Fig. 9) and the
result from the comparison is used in the same way
as the result from said first comparison.

In the method according to the invention, the
switched-mode power supply output voltage control
includes at least the following steps:

- an image voltage is generated 107 that corre-
sponds to the voltage of the secondary winding in
the switched-mode power supply,

- a combination is produced 108 of said image volt-
age and the first reference voltage mentioned
above, and

- a pulse-width-modulated pulse train is produced
109 on the basis of said combination in order to
switch the primary current switching element.

In the method according to the invention, the
switched-mode power supply output voltage control
may further include the following steps:

- said image voltage is compensated for by removing
from it unwanted phenomena such as sudden volt-
age spikes, and

- said linear combination is compared to a third refer-
ence voltage in order to produce 109 a pulse-width-
modulated pulse train.

The method and circuit according to the invention
are suitable for producing a very stable switched-mode
power supply output voltage UgT as a function of the
output current IoyT, as can be seen from Fig. 6, which
for the sake of comparison also shows the first refer-
ence voltage U, across capacitor Cgyy. The solution is
very simple which means operational reliability, small
manufacturing costs and good throughput in mass pro-
duction. The method and circuit according to the inven-
tion eliminate the need for sandwich-type transformers
or otherwise complex inductive elements, and the circuit
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has no need for opto-isolated connections between the
primary and the secondary.

Claims

1. A circuit to control the output current and output
voltage in a switched-mode power supply that com-
prises a transformer (T1) equipped with primary
and secondary windings (11, 12, 13) through which
power is transferred from the primary to the sec-
ondary, and a first switching element (Q1) on the
primary side to interrupt the primary current (l,)
flowing through the primary winding (11) of said
transformer, which circuit comprises on the primary
side

- acontrol circuit (F1) to regulate the output volt-
age of the power supply by means of pulse
width modulation by adjusting the pulse ratio of
the switching pulses of said first switching ele-
ment (Q1),

- means (14, S1, Rg, Cyy) for producing a first
reference voltage (Ug,y), and

- means (D2, R2, C2, I,, R5, D3, C3, C4) for pro-
ducing a first voltage signal (U,),

characterized in that

it further comprises on the primary side means
(R11-R14) for producing a combination of said first
reference voltage (U.y) and first voltage signal (Uy,)
and for taking said combination to said control cir-
cuit (F1) in order to produce said switching pulses.

2. The circuit of claim 1, characterized in that to pro-
duce said combination it comprises a two-input
resistor network (R11-R14) wherein said first refer-
ence voltage (U,y) is substantially connected to the
first input and said first voltage signal (Up) is sub-
stantially connected to the second input.

3. The circuit of claim 1 or 2, characterized in that it
comprises means (Rg; R7-R10) for measuring the
current flowing through said first switching element
(Q1) and for converting it to a second voltage sig-
nal.

4. The circuit of claim 3, characterized in that it com-

prises means (A1) for comparing said second volt-
age signal to said first reference voltage (Ugy) and
for taking the signal representing the result from
said comparison to said control circuit (F1).

5. The circuit of any one of the preceding claims,
characterized in that it comprises means for pro-
ducing an image voltage which represents the volt-
age of the secondary winding in said transformer
(T1) and which substantially is said first voltage sig-
nal (Uy).
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The circuit of claim 5, characterized in that in addi-
tion to a primary winding (11) and secondary wind-
ing (12) said transformer (T1) includes an additional
winding (13) to produce said image voltage and first
voltage signal (Uy).

The circuit of any one of the preceding claims,
characterized in that it comprises means (17) for
preventing continuous mode operation of the
switched-mode power supply.

The circuit of claim 7, characterized in that it com-
prises on the secondary side a secondary diode
(D1) and that said means (17) for preventing contin-
uous mode operation of the switched-mode power
supply comprises a comparison element (18) for
comparing the signal, which indicates conduction of
said secondary diode (D1), with the clock signal
controlling the operation of said circuit.

The circuit of any one of the preceding claims,
characterized in that it comprises means (R19) for
conducting a compensating signal between said
first voltage signal (U,) and said first reference volt-
age (Uex)-

The circuit of any one of the preceding claims,
characterized in that it comprises means (R24,
R25, A3) for producing a second reference voltage
(Uer2) and for comparing said second voltage sig-
nal to said second reference voltage (U,qs) and for
taking the signal representing the result from said
comparison to said control circuit (F1).

The circuit of any one of the preceding claims,
characterized in that it comprises means (R7-R10)
for eliminating disturbances caused by variations in
the input voltage from the result of the measure-
ment of the current (Ip) flowing through said first
switching element (Q1).

The circuit of any one of the preceding claims,
characterized in that it comprises means (A5) for
preventing a back coupling from the part where said
combination is generated to the part where said
first reference voltage (Ug,) is generated.

The circuit of any one of the preceding claims,
characterized in that it comprises means (Q2,
R17, R18) for limiting said first reference voltage
(Ugxp) below a predetermined maximum value.

A method for controlling the output current and out-
put voltage of a switched-mode power supply in
which power is transferred by means of a trans-
former from the primary to the secondary, a switch-
ing element is switched on the primary side, and the
output voltage is controlled by means of changing
the pulse ratio of the switching pulses of said

10

15

20

25

30

35

40

45

50

55

12

122

EP 0 744 818 A1

15.

16.

17.

18.

19.

20.

21.

22,

22

switching element, and wherein, on the primary
side of the switched-mode power supply,

- afirst reference voltage is produced and
- afirst voltage signal is produced,

characterized in that also on the primary side

- a combination is produced of said first voltage
signal and said first reference voltage and

- on the basis of said combination, said switch-
ing pulses are generated in order to switch the
primary current switching element.

The method of claim 14, characterized in that said
combination is compared to a third reference volt-
age in order to produce said switching pulses.

The method of claim 14, characterized in that said
combination is a linear combination.

The method of any one of claims 14 to 16, charac-
terized in that in it the primary current of the
switched-mode power supply is measured, the
measurement result is compared to said first refer-
ence voltage, and the result from said comparison
is used for controlling said switching element.

The method of claim 17, characterized in that
when said comparison indicates that said primary
current is greater than a predetermined maximum
value, the switching pulses of said switching ele-
ment are shortened.

The method of claim 18, characterized in that the
switching pulses are shortened with different com-
ponents than those used to produce a pulse-width-
modulated switching pulse train.

The method of any one of claims 14 to 19, charac-
terized in that in it information is produced about
the start and end times of demagnetization of the
transformer in the switched-mode power supply
and said first voltage signal is produced on the
basis of said information and said first voltage sig-
nal represents the secondary voltage of the
switched-mode power supply transformer.

The method of any one of claims 14 to 20, charac-
terized in that if the switched-mode power supply is
about to enter continuous mode operation, the
value of said first reference voltage is changed such
that it causes the switching pulses of the switching
element to be shortened.

The method of any one of claims 14 to 21, charac-
terized in that between the generation of said first
voltage signal and the generation of said combina-
tion said first voltage signal is shaped in order to
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produce better correspondence between it and said

secondary voltage.

The method of claim 22, characterized in that said

shaping is realized as low-pass filtering.

The method of any one of claims 20 to 23, charac-
terized in that the information about the end of
transformer demagnetization is produced by com-
paring the voltage across one winding of the trans-

former to a substantially constant voltage.
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(54) SWITCHING POWER SUPPLY DEVICE

(57)Abstract:

PROBLEM TO BE SOLVED: To supply a
switching power supply device with constant-
current output characteristics for reducing cost
and size by eliminating the need for a secondary

output current error detection circuit and making
equal output constant-current characteristics and T

)4

eddy current protection characteristics. il
SOLUTION: A switching element 1 and a current
detection circuit 10 for converting current flowing
through the switching element 1 and for

outputting it are connected in series via a

primary winding 2a of a transformer 2. Further,

the output of the current detection circuit 10 is connected to the first input
terminal of a comparator 9a and a serially-connected circuit of a diode and a
capacitor is connected in parallel between the output of an output voltage
monitoring circuit 14 for converting a voltage obtained by rectifying and
smoothing a second primary winding 2b of the transformer 2 where a voltage
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proportional to the secondary winding voltage 2c of the transformer 2 is
generated and the primary winding 2b of the transformer 2 at the second input
terminal of the above comparator 9a.
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METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD
CURRENT WITH LINE VOLTAGE IN A SWITCH MODE POWER SUPPLY

RELATED APPLICATION

This application is a continuation of U.S. Application Serial No.
11/784,560, filed April 6, 2007, now pending, which is a continuation of U.S.
Application Serial No. 11/397,524, filed April 3, 2006, now US 7,215,105 B2,
which is a continuation of U.S. Application Serial No. 10/892,300, filed July 15,
2004, now US 7,110,270 B2, which is a continuation of U.S. Application Serial
No. 10/253,307, filed September 23, 2002, now US 6,781,357 B2, which claims
the benefit of and priority to U.S. provisional application serial no. 60/325,642,
filed September 27, 2001, entitled “Method And Apparatus For Maintaining A

Constant Load Current With Line Voltage In A Switch Mode Power Supply.”

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to power supplies and, more specifically,
the present invention relates to a switched mode power supply.

Background Information

All electronic devices use power to operate. A form of power supply that
is highly efficient and at the same time provides acceptable output regulation to
supply power to electronic devices or other loads is the switched-mode power

supply. In many electronic device applications, especially the low power off-line
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adapter/charger market, during the normal operating load range of the power
supply an approximately constant output voltage is required below an output
current threshold. The current output is generally regulated below an output
voltage in this region of approximately constant output voltage, hereafter referred
to as the output voltage threshold.

In known switched mode power supplies without secondary current
sensing circuitry, minimizing the variation of the output current at the output
voltage threshold is performed with complex control schemes. Typically, these
schemes include the measurement of input voltage, output diode conduction time
and peak primary current limit. Some or all of this measured information is then
used to control the regulator in order to reduce the variation of the output current

at the output voltage threshold.
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SUMMARY OF THE INVENTION

A power supply that maintains an approximately constant load current
with line voltage below the output voltage threshold is disclosed. In one
embodiment, a regulation circuit includes a semiconductor switch and current
sense circuitry to sense the current in the semiconductor switch. The current
sense circuitry has a current limit threshold. The regulation circuit current limit
threshold is varied from a first level to a second level during the time when the
semiconductor switch is on. In one embodiment, the regulation circuit is used in a
power supply having an output characteristic having an approximately constant
output voltage below an output current threshold and an approximately constant
output current below an output voltage threshold. In another embodiment, a
power supply is described, which includes a power supply input and a power
supply output and that maintains an approximately constant load current with line
voltage below the output voltage threshold. In one embodiment, the power supply
has an output characteristic having an approximately constant output voltage
below an output current threshold and an approximately constant output current
below an output voltage threshold. A regulation circuit is coupled between the
power supply input and the power supply output. The regulation circuit includes
a semiconductor switch and current sense circuitry to sense the current in the
semiconductor switch. The current sense circuitry has a current limit threshold.
The regulation circuit current limit threshold is varied from a first level to a

second level during the time when the semiconductor switch is on. In another
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aspect, the current limit threshold being reached coincides with the power supply
output characteristic transitioning from providing an approximately constant
output voltage to supplying an approximately constant output current. In yet
another aspect, the semiconductor switch is a MOSFET. Additional features and
benefits of the present invention will become apparent from the detailed

description and figures set forth below.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention detailed illustrated by way of example and not
limitation in the accompanying figures.

Figure 1 is a schematic of one embodiment of a switched mode power
supply regulator in accordance with the teachings of the present invention.

Figure 2 is a diagram illustrating one embodiment of sawtooth, duty cycle
and intrinsic current limit waveforms in accordance with the teachings of the
present invention.

Figure 3 shows one embodiment of a power supply that has an
approximately constant voltage and constant current characteristic in accordance
with the teachings of the present invention.

Figure 4 shows one embodiment of a power supply that has an
approximately constant voltage and constant current characteristic in accordance
with the teachings of the present invention.

Figure 5 is a diagram illustrating the typical relationship between the
output current and output voltage of one embodiment of a power supply in

accordance with the teachings of the present invention.
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DETAILED DESCRIPTION

Embodiments of methods and apparatuses for maintaining a power supply
output current substantially constant independent of input voltage at the point
where the power supply output characteristic transitions from providing an
approximately constant output voltage to supplying an approximately constant
output current are disclosed. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one having ordinary skill in the art that
the specific detail need not be employed to practice the present invention. In
other instances, well-known materials or methods have not been described in
detail in order to avoid obscuring the present invention.

Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least one embodiment of the
present invention. Thus, the appearances of the phrases “in one embodiment” or
“in an embodiment” in various places throughout this specification are not
necessarily all referring to the same embodiment. Furthermore, the particular
features, structures or characteristics may be combined in any suitable manner in
one or more embodiments.

In one embodiment here, a switched mode power supply is described in
which the output current below the output voltage threshold, is regulated to be

approximately constant. This provides an approximate constant voltage/constant
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current output characteristic. The output current level at the output voltage
threshold in known power supplies sensed at the output of the power supply to
provide feedback to a regulator circuit coupled to the primary winding of the
power supply. If however, the approximate constant current functionality is
achieved without feedback from the secondary winding side of the power supply,
the output current at the output voltage threshold is a function of a peak current
limit of the primary regulator.

Embodiments of the present invention reduce the variation of the output
current at the output voltage threshold by reducing the peak current limit variation
with changing input voltage. In general, the intrinsic peak current limit is set by
internal circuitry in the regulator to be constant. In one embodiment, once the
drain current reaches a current limit threshold, the switching cycle should, in
theory, terminate immediately. However, a fixed delay is inherent from the time
the threshold is reached until the power metal oxide semiconductor field effect
transistor (MOSFET) is finally disabled. During this delay, the drain current
continues to ramp up at a rate equal to the direct current (DC) input voltage
divided by the primary inductance of the transformer (drain current ramp rate).
Therefore, the actual current limit is the sum of the intrinsic current limit
threshold and a ramp-rate dependent component (the overshoot), which is the
drain current ramp rate multiplied by the fixed delay. Thus, at higher DC input
voltages, the actual current limit ramps to a higher level above the intrinsic

current limit level than at low DC input voltages. This can result in variations in
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the output current delivered to the load at the output voltage threshold over a
range of input line voltages.

The actual current limit is the sum of the intrinsic current limit and the
ramp-rate dependent component (the overshoot). The goal is to maintain a
constant actual current limit over DC input voltage variations. Since the ramp-
rate component (the overshoot) increases with respect to the DC input voltage, the
only way to maintain a relatively constant current limit would be to reduce the
intrinsic current limit threshold when the DC input voltage rises.

In discontinuous power supply designs, the point in time during the
switching cycle in which the current limit is reached is dependent on the DC input
voltage. In fact, the time it takes from the beginning of the cycle to the point
where current limit is inversely proportional to the DC input voltage. Thus, the
time elapsed from the beginning of the cycle can be used to gauge the DC input
voltage.

Therefore, in order to create an intrinsic current limit which decreases
relative to the DC input voltage, the time elapsed can be used. It is simply
necessary to increase the intrinsic current limit as a function of the time elapsed
during the cycle. A first approximation for increasing the intrinsic current limit
with time can be obtained by using the Equation 1 below:

I veintrinsic = K+ Ko # tejapsed, (Equation 1)
where is It v-ivtrinsic the intrinsic current limit, K; and K, are constants and tejapsea

is the time elapsed.
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In one embodiment, the time elapsed can be detected by the internal
oscillator output waveform. In one embodiment, this waveform is a triangular
one. It starts at its minimum at the beginning of the cycle. It gradually ramps
until it reaches the point of maximum duty cycle.

In one embodiment, he ramp is substantially linear with time. In another
embodiment, the ramp can also be nonlinear depending on the requirements of the
power supply in which the regulator is used. The intrinsic current limit threshold
is basically proportional to the voltage seen at the input of the current limit
comparator. This bias voltage is the product of the resistor value and the current
delivered to this resistor. One way to increase the intrinsic current limit linearly
as a function of the elapsed time would then be to derive a linearly increasing
(with elapsed time) current source and deliver this current to the resistor. This
linearly increasing (with elapsed time) current source can thus be derived from the
oscillator.

Figure 1 shows a schematic of one embodiment of a switched mode power
supply in accordance with the teachings of the present invention. All of the
circuitry shown in this schematic is used to control the switching of the power
MOSFET 2. The timing of the switching is controlled by oscillator 5. Oscillator
5 generates three signals: Clock 10, DMAX (Maximum duty cycle) 15, and
Sawtooth 20. The rising edge of Clock signal 10 determines the beginning of the
switching cycle. As shown in the illustrated embodiment, when Clock signal 10

is high, output latch 90 is set, which results in a control signal output from output

9.
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latch 90 to enable power MOSFET 2 to begin conducting. The maximum
conducting time is determined by DMAX 15 signal being high. When DMAX 15
signal goes low, latch 90 is reset, thus causing the control signal output from latch
90 to disable power MOSFET 2 from conducting.

The intrinsic current limit is, to the first order proportional to the voltage
on node 22. As stated earlier, the goal of the invention is to generate an intrinsic
current limit proportional to the time elapsed in the switching cycle. The saw
tooth waveform 20 can be used to perform this task. As the base voltage of NPN
transistor 30 rises, the emitter voltage also rises at the same rate. Thus, the
current through resistor 25 is linearly increasing with time elapsed during the
switching cycle. After mirroring this current through current mirror 40, the
linearly increasing (with elapsed time) current source 27 is derived. The current
limit threshold 22 is thus proportional to the product of the combination of
linearly increasing current source 27 and constant current source 50 with the
resistor 17. The voltage on node 37 is proportional to the power MOSFET drain
voltage because of the voltage divider network formed by resistors 55 and 60.
The drain current is proportional to the drain voltage. As the drain current 7
ramps up during the switching cycle, the voltage on node 37 rises proportionately.
After the voltage on node 37 exceeds the voltage on current limit threshold node

22, comparator 70 disables the power MOSFET by ultimately resetting latch 90.
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PWM Comparator 32 modulates the duty cycle based on the feedback
signal coming from the output of the power supply. The higher the feedback
voltage, the higher the duty cycle will be.

Figure 2 shows an embodiment of three waveforms: sawtooth 20, duty
cycle max 15, and intrinsic current limit 22. The sawtooth waveform 20 and the
duty cycle max waveform 15 are generated by the oscillator 5. The duty cycle
max 15 signal determines the maximum duration of a power MOSFET switching
cycle, when it is high. The sawtooth waveform 20 starts increasing at the low
point when the duty cycle max waveform 15 goes high. This signals the
beginning of the power MOSFET switching cycle. The high point of the
sawtooth 20 is reached at the end of the cycle, at the same time the duty cycle
max signal 15 goes low. The intrinsic current limit 22 signal starts at the low
point at the beginning of the cycle and then linearly increases with elapsed time
throughout the cycle. At a time elapsed of zero, the intrinsic current limit is at K
As time elapsed increases, the current limit increases by a factor of Ky * tejapsed.
As can be seen in Figure 2 therefore, the intrinsic current limit (Iy pv.inTrRINSIC) 1S
the sum of K and K™ tejapsed.

Figure 3 shows one embodiment of a power supply that has an
approximately constant voltage and constant current characteristic in accordance
with the teachings of the present invention. An energy transfer element 220 is
coupled between DC output 200 and HV DC input 255. In one embodiment,

energy transfer element is a transformer including an input winding 225 and an
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output winding 215. Regulation circuit 250 is coupled between HV DC input 255
and energy transfer element 220 to regulate DC output 200. In the illustrated
embodiment, feedback information responsive to DC output 200 is provided to
the regulator 250 at its control pin. The current at the control pin is proportional
to the voltage across resistor 235, which in turn is related to the output voltage at
DC output 200.

In operation, the regulator circuit reduces the duty cycle of the power
MOSFET when the voltage across resistor 235 increases above a threshold. In
this section, the output is in approximately constant voltage mode. The regulator
circuit reduces the current limit of the power MOSFET when the voltage across
resistor 235 decreases below a threshold. The current limit is reduced as a
function of the voltage across resistor 235 to keep the output load current
constant. Thus, the load current is proportional to the current limit of the power
MOSFET in regulator 250. By keeping the current limit invariant to line voltage,
the output load current would remain constant at all line voltages.

Figure 4 shows one embodiment of a power supply that has an
approximately constant voltage and constant current characteristic in accordance
with the teachings of the present invention. The feedback information is provided
to the regulator 350 at its control pin. The current at the control pin is
proportional to the voltage across resistor 335, which in turn is related to the
output voltage. The regulator circuit reduces the duty cycle of the power

MOSFET when the voltage across resistor 335 increases above a threshold. In
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this section, the output is in approximately constant voltage mode. The regulator
circuit reduces the current limit of the power MOSFET when the voltage across
resistor 335 decreases below a threshold. The current limit is reduced as a
function of the voltage across resistor 335 to keep the output load current
approximately constant. Thus, the load current is proportional to the current limit
of the power MOSFET in regulator 350. By keeping the current limit
substantially constant with line voltage, the output load current would remain
substantially constant at all line voltages.

Figure 5 is a diagram illustrating the typical relationship between the
output current and output voltage of one embodiment of a power supply in
accordance with the teachings of the present invention. As can be seen in curve
400, the power supply utilizing the invention exhibits an approximately constant
output current and constant output voltage characteristic. That is, as output
current increases, the output voltage remains approximately constant until the
output current reaches an output current threshold. As the output current
approaches the output current threshold, the output voltage decreases as the output
current remains approximately constant over the drop in output voltage until a
lower output voltage threshold is reached when the output current can reduce
further as shown by the range of characteristics. It is appreciated that the constant
output voltage and constant output current characteristics of the present invention
are suitable for battery charger applications or the like.

In the foregoing detailed description, the method and apparatus of the

-13-
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present invention has been described with reference to specific exemplary

embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope
of the present invention. The present specification and figures are accordingly to

be regarded as illustrative rather than restrictive.
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CLAIMS

What is claimed is:

1. A power supply regulator, comprising:

a comparator having a first input coupled to sense a voltage representative
of a current flowing through a switch during an on time of the switch, the
comparator having a second input coupled to receive a variable current limit
threshold that increases during the on time of the switch;

a feedback circuit coupled to receive a feedback signal representative of
an output voltage at an output of a power supply; and

a control circuit coupled to generate a control signal in response to an
output of the comparator and in response to an output of the feedback circuit, the
control signal to be coupled to a control terminal of the switch to control

switching of the switch.

2. The power supply regulator of claim 1 further comprising an oscillator
having a first output to generate a sawtooth waveform, wherein the variable

current limit threshold is generated in response to the sawtooth waveform.

3. The power supply regulator of claim 2 wherein the feedback circuit is

coupled to receive the sawtooth waveform.

-15-
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4. The power supply regulator of claim 2 wherein the oscillator further
has a second output to generate a maximum duty cycle signal, wherein the control
circuit is coupled to generate the control signal further in response to the

maximum duty cycle signal.

5. The power supply regulator of claim 2 wherein the control circuit
includes a latch to provide the control signal, wherein the latch includes a reset

input coupled to the output of the comparator.

6. The power supply regulator of claim 5 wherein the latch further
includes a set input coupled to be responsive to a clock signal generated from a

third output of the oscillator.

7. The power supply regulator of claim 5 wherein the reset input of the
latch is further coupled to be responsive to a maximum duty cycle signal from a

second output of the oscillator.

8. The power supply regulator of claim 5 wherein the feedback circuit
comprises a feedback comparator coupled to receive the feedback signal and the
sawtooth waveform, wherein the reset input of the latch is coupled to be

responsive to an output of the feedback comparator.
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9. The power supply regulator of claim 1 wherein a duty cycle of the

control signal is modulated in response to an output of the feedback circuit.

10. The power supply of regulator of claim 2 further comprising a current

mirror coupled to the oscillator to receive the sawtooth waveform, wherein the

variable current limit threshold is generated in response to the current mirror.

11. The power supply regulator of claim 1 wherein the switching of the

switch provides at the output of the power supply an output characteristic having

an approximately constant output current below an output voltage threshold.

12. The power supply regulator of claim 11 wherein the approximately

constant output current remains substantially constant at all line voltages.
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ABSTRACT OF THE DISCLOSURE

A power supply regulator including a variable current limit threshold that
increases during an on time of a switch. In one aspect, a power supply regulator
includes a comparator that has a first input coupled to sense a voltage
representative of a current flowing through a switch during an on time of the
switch. The comparator has a second input coupled to receive a variable current
limit threshold that increases during the on time of the switch. A feedback circuit
is coupled to receive a feedback signal representative of an output voltage at an
output of a power supply. A control circuit is coupled to generate a control signal
in response to an output of the comparator and in response to an output of the
feedback circuit. The control signal is to be coupled to a control terminal of the

switch to control switching of the switch.
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(® Customer Number | (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number

08791

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
11784560 Continuation of 11397524 2007-04-06
Prior Application Status | Patented
Aﬁﬂ:;zifn Continuity Type Prior;\ﬁ;r)r?tl)igftion (Y\'(:\i:i\r;-gMDlvla-th) Patent Number (Y\I(S\?\L;?MDNT -tBD)
11397524 Continuation of 10892300 2006-04-03 7215105 2007-05-08
Prior Application Status | Patented |
Aﬁrﬂiﬁztgsn Continuity Type Prior’\ﬁrr)r?tl)igftion (Y\';\"(i:;?MD,\?_th) Patent Number (Y\I(S;\L;?MDN? _th)
10892300 Continuation of 10253307 2004-07-15 7110270 2006-09-19
Prior Application Status | Patented |
Aﬂ‘ﬂﬁgi?n Continuity Type Prio;\lAuEféigftion (Y\'(:\i:i\r;?MDMa-th) Patent Number (Y\I(Si\lfMDN?_tSD)
10253307 Continuation of 60325642 2002-09-23 6781357 2004-08-24
Prior Application Status | Expired :
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

60325642

2001-09-27
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PTO/SB/14 (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 5510P064C4
Application Data Sheet 37 CFR 1.76

Application Number

METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE VOLTAGE IN

Title of Invention | \ wiTCH MODE POWER SUPPLY

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

Application Number Country' Parent Filing Date (YYYY-MM-DD) Priority Claimed
O Yes ® No

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1

If the Assignee is an Organization check here. X

Organization Name Power Integrations, Inc.

Mailing Address Information:

Address 1 5245 Hellyer Avenue

Address 2

City San Jose State/Province CA
Country \ us Postal Code 95138
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add
button.

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature [/JamesY. Go/ Date (YYYY-MM-DD)| 2009-10-16
First Name | JamesY. Last Name | Go Registration Number | 40621
EFS Web22.2
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PTO/SB/14 (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 5510P064C4

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHOD AND APPARATUS FOR MAINTAINING A CONSTANT LOAD CURRENT WITH LINE VOLTAGE IN
A SWITCH MODE POWER SUPPLY

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were|
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Attorney's Docket No.: 005510.P064 PATENT

ION AND POWER OF R TEN |
As a below named inventor, | hereby declare that:
My residence, ﬁost office address and citizenship are as stated below, next to my name.
I believe | am the original, first, and sole inventor (if only one name is listed below) or an original, first,

and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which
a patent is sought on the invention entitled . '

OD AN INTAININ 0
VOLTAGE IN A SWITCH MODE POWER SUPPLY
the specification of which
_____ Is attached hereto.
X was filed on (MM/DD/YYYY) September 23, 2002 as
United States Application Number 10/253,307

or PCT Intemational Application Number
and was amended on (MM/DD/YYYY)

(if applicable)

| hereby state that | have reviewed and understand the contents of the above-identified specification,
including the claim(s), as amended by any amendment referred to above.

| acknowledge the duty to disclose all information known to me to be material to patentability as defined
in Title 37, Code of Federal Regulations, Section 1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d), of any
foreign application(s) for patent or inventor's certificate listed below and have also identified below any
foreign application for patent or inventor's certificate having a filing date before that of the application on
which priority is claimed: :

Priority
oreign Appli n Claimed
Number Country (Foreign Filing Date - Yes No
MM/DD/YYYY)

Number Country (Foreign Filing Date - Yes No
MM/DD/YYYY)

Number Country (Foreign Filing Date - Yes No
MM/DD/YYYY)

| hereby claim the benefit under Title 35, United States Code, Section 119(e) of any United States
provisional application(s) listed below: :

60/325,642 September 27, 2001

Application Number (Filing Date — MM/DD/YYYY)

Application Number (Filing Date — MM/DD/YYYY)
Rev. 07/25/02 (D2) -1-
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| hereby claim the benefit under Title 35, United States Code, Section 120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this application is
not disclosed in the prior United States application in the manner provided by the first paragraph of Tite
35, United States Code, Section 112, | acknowledge the duty to disclose all information known to me to
be material to patentability as defined in Title 37, Code of Federal Regulations, Section 1.568 which
became available between the filing date of the prior application and the national or PCT intemnational
filing date of this application:

Application Number (Filing Date - MM/DD/YYYY)  Status — patented,
: - pending, abandoned

Application Number {Filing Date - MM/DD/YYYY) _ Status — patented,
pending, abandoned

| hereby appoint the persons listed on Appendix A hereto (which is incorporated by reference and a part
of this document) as my respective patent attorneys and patent agents, with full power of substitution
and revocation, to prosecute this application and to transact all business in the Patent and Trademark
Office connected herewith. '

Send correspondence to __James Y. Go , BLAKELY, SOKOLOFF, TAYLOR &
(Name of Attorney or Agent)
ZAFMAN LLP, 12400 Wilshire Boulevard 7th Floor, Los Angeles, California 90025 and direct
telephone calls to _ James Y. Go , (408) 720-8300.
(Name of Attorney or Agent)

| hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and bellef are belleved to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may Jeopardize the validity of the application or any
patent issued therson.

Full Name of Sole/First Inventor _Balu Balakrishnan

Inventor's Signature 2‘ p.f Ly 2;;,{’ Z L\.]"}gts‘txebt— Date 12~&~ 20070

Residence _Saratoga, California Citizenship _USA
(City, State) _ (Country)
Post Office Address '

-13917 Albar Court_
Saratoga, CA 95070

Full Name of Second/Joint Inventor Alex B. Dienguerian

Inventor's Signature A/"‘\D D_j ey A~ N~ —Pate___ |- |!-PD
Residence Saratoga, California Citizenship U.S.A.

(City, State) (Country)
Post Office Address 20602 Sevilla L ane

—Saratoga, Califomia 95070

Rev. 07/25/02 (D2) -2-
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Full Name of Third/Joint Inventor Kent Wong

"

N -

Date ,L/$ /ZOUL

Inventor's Signature [ CJ‘"

Residence Fremont, California

Citizenship U.S.A.

(City, State)

Post Office Address 34347 Enea Terrace
Fremont, California 94555

(Country)

Full Name of Fourth/Joint Inventor. Dq? ﬁgghaii Hui_nm
Inventor's Signature N\M AT ‘7&‘ Dateéunn_o Q_QQQ_

Residence_Sunnyvale, Califomia Citizenship _Britain

(City, State) (Country)
Post Office Address _1249 | akesid ve, Apt. 3058

—Sunnyvale, CA 94085

Full Name of Fifth/Joint Inventor
Inventor's Signature Date
Residence Citizenship

(City, State) (Country)
Post Office Address
Full Name of Sixth/Joint Inventor
Inventor's Signature Date
Residence Citizenship

(City, State) (Country)
Post Office Address
Full Name of Seventh/Joint inventor
Inventor's Signature Date
Residence Citizenship

(City, State) (Country)
Post Office Address

Rev. 07/25/02 (D2)
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Ramin Aghevii, Reg. No. 43,462; William E. Alford, Reg. No. 37,764; Farzad E. Amini, Reg. No. 42,261, W.
Thomas Babbitt, Reg. No. 39,591; Jordan M. Becker, Reg. No. 39,602; Todd M. Becker, Reg. No. 43,487;
Michael A. Bemadicou, Reg. No. 35,934; Roger W. Blakely, Jr., Reg. No. 25,831; R. Alan Bumnett, Reg. No.
46,149; Gregory D. Caldwell, Reg. No. 39,926; Thomas M. Coester, Reg. No. 39,637, Robert P. Cogan, Reg.
No. 25,049; Florin A. Corie, Reg. No. 46,244; Mimi D. Dao, Reg. No. 45,628, Stephen M. De Klerk, Reg. No.
46,503; Daniel M. De Vos, Reg. No. 37,813; Sanjeet Dutta, Reg. No. 46,145; Tarek N. Fahmi, Reg. No.
41,402; Thomas S. Ferrill, Reg. No. 42,532; George L. Fountain, Reg. No. 37,374; Angelo J. Gaz, Reg. No.
45,907; Andre M. Gibbs, Reg. No. 47,583; James Y. Go, Reg. No. 40,621; Mark A. Goldstein, Reg. No.
50,759: Michael D. Graham, Reg. No. 51,751; Melissa A. Haapala, Reg. No. 47,622, Alan E. Heimlich, Reg.
No. 48,808; James A. Henry, Reg. No. 41,064; William E. Hickman, Reg. No. 46,771; Willmore F. Hoibrow Ili,
Reg. No. 41,845; Sheryl Sue Holloway, Reg. No. 37,850; George W Hoover i1, Reg. No. 32,992; Libby H.
Hope, Reg. No. 46,774; Eric S. Hyman, Reg. No. 30,139; William W. Kidd, Reg. No. 31,772; Walter T. Kim,
Reg. No. 42,731; Eric T. King, Reg. No. 44,188; Steve Laut, Reg. No. 47,736; Suk S. Lee, Reg. No. 47,745;
Gordon R. Lindeen lll, Reg. No. 33,192; Jan C. Little, Reg. No. 41,181; Julio Loza, Reg. No. 47,758; Joseph
Lutz, Reg. No. 43,765; Lawrence E. Lycke, Reg. No. 38,540; Michael J. Mallie, Reg. No. 36,591; Andre L.
Marals, Reg. No. 48,095; Raul D. Martinez, Reg. No. 46,904; Paul A. Mendonsa, Reg. No. 42,879; Jonathan
S. Miller, Reg. No. 48,534; Richard A. Nakashima, Reg. No. 42,023; Thien T. Nguyen, Reg. No. 43,835; Thinh
V. Nguyen, Reg. No. 42,034; Robert B. O'Rourke, Reg. No. 46,972; Daniel E. Ovanezian, Reg. No. 41,236,
Gregg A. Peacock, Reg. No. 45,001; Philip A. Pedigo, Reg. No. P-52,107; Marina Portnova, Reg. No. 45,750,
Michae! A. Proksch, Reg. No. 43,021; Joseph A. Pugh, Reg. No. P-62,137; James H. Salter, Reg. No. 35,668;
William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 31,195; Saina S. Shamilov, Reg. No.
48,266; Kevin G. Shao, Reg. No. 45,095; Stanley W. Sokoloff, Reg. No. 25,128; Judith A. Szepesi, Reg. No.
39,393; Edwin H. Taylor, Reg. No. 25,129; Lisa Tom, Reg. No. P-52,291; John F. Travis, Reg. No. 43,203;
Thomas J. Treutler, Reg. No. 51,126; Kerry D. Tweet, Reg. No. 45,959; Mark C. Van Ness, Reg. No. 39,865;
Thomas A. Van Zandt, Reg. No. 43,219; Lester J. Vincent, Reg. No. 31,460; Glenn E. Von Tersch, Reg. No.
41,364; John P. Ward, Reg. No. 40,216; Mark L. Watson, Reg. No. 46,322; Thomas C. Webster, Reg. No.
46,154; and Norman Zafman, Reg. No. 26,250; my patent attorneys, and Brent E. Vecchia, Reg. No. 48,011,
and Lehua Wang, Reg. No. 48,023; my patent agents, of BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP,
with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025, telephone (310)
207-3800, and James R. Thein, Reg. No. 31,710, my patent attorney with full power of substitution and
revocation, to prosecute this application and to transact all business in the Patent and Trademark Office:
connected herewith.

Rev. 07/25/02 (D2) -4-
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Title 37, Code of Federal Regulations, Section 1.56
to D 3 * AL G 31 i Pate

MGON

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and
the most effective patent examination occurs when, at the time an application is being examined, the Office i
aware of and evaluates the teachings of all information material to patentability. Each individual associated with
the filing and prosecution of a patent application has a duty of candor and good faith in dealing with the Office,
which includes a duty to disclose to the Office all information known to that individual to be material to patentability
as defined in this section. The duty to disclose information exists with respect to each pending claim until the
claim is cancelled or withdrawn from consideration, or the application becomes abandoned. Information material
to the patentability of a claim that is cancelled or withdrawn from consideration need not be submitted if the
information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disciose
all information known to be material to patentability is deemed to be satisfied if all information known to be material
to patentability of any cleim issued in a patent was cited by the Office or submiited to the Office in the manner
prescribed by §§1.97(b)}-{d) and 1.98. However, no patent will be granted on an application in connection with
which fraud on the Office was practiced or attempted or the duty of disclosure was violated through bad faith or
intentional misconduct. The Office encourages applicants to carefully examine:

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and

(2) The closest information over which individuals assoclated with the filing or prosecution of a
patent application believe any pending ciaim patentably defines, to make sure that any material information
contained therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not cumulative to information
alreaqy of record or being made of record in the application, and

(1) It establishes, by itself or in combination with other information, a prima facie case of
unpatentability of a claim; or

(2) It refutes, or is inconsistent with, a position the applicant takes in:
(i) Opposing an argument of unpatentabiliity relied on by the Office, or
(i) Asserting an argument of patentability.
A prima facie case of unpatentability is established when the information compels a
conclusion that a claim is unpatentable under the preponderance of evidence, burden-of-
proof standard, giving each term in the claim its broadest reasonable construction consistent

with the specification, and before any consideration is given to evidence which may be
submitted in an attempt to establish a contrary conclusion of patentability.

(c) Individuals associated with the filing or prosecution of a-patent application within the meaning of this
section are:

(1) Each inventor named in the application;
(2) Each attorney or agent who prepares or prosecutes the application; and

(3) Every other person who is substantively involved in the preparation or prosecution of the
application and who is associated with the inventor, with the assignee or with anyone to whom there is an

obligation to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing
information to the attomey, agent, or inventor.

(e) In any continuation-in-part application, the duty under this section includes the duty to disclose to the
Office all information known to the person to be material to patentability, as defined in paragraph (b) of this

section, which became available between the filing date of the prior application and the national or PCT
intemational filing date of the continuation-in-part application.

Rev. 07/25/02 (D2) -5-
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Attorney’s Docket No. 5510P064C4 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of:

Balu Balakrishnan et al. Examiner: Not Yet Assigned
Application No.: New Patent Application Art Unit:  Not Yet Assigned
Filed: Concurrently Herewith Confirmation No.: Not Yet Assigned

For: METHOD AND APPARATUS FOR
MAINTAINING A CONSTANT LOAD
CURRENT WITH LINE VOLTAGE IN A
SWITCH MODE POWER SUPPLY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

REQUEST UNDER 37 C.F.R. § 1.32(c)(3) FOR RECOGNITION OF A
MAXIMUM OF TEN PRACTITIONERS FROM THOSE NAMED IN
DECLARATION AND POWER OF ATTORNEY

Dear SirY/Madam:

Accompanying this Request is a Declaration and Power of Attorney that names
more than ten patent practitioners. In accordance with 37 C.F.R. § 1.32(c)(3),
applicant(s) hereby request that the following patent practitioners (maximum of ten) from
those named in that Declaration and Power of Attorney be recognized by the U.S. Patent
and Trademark Office as being of record for the patent application to which the

Declaration and Power of Attorney is directed:

Attorney Docket No.: 5510P064C4 -1- Examiner: Not yet assigned
Application No.: New Application Art Unit: Not yet assigned
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Attorney Reg. No. Attorney Reg. No.
James Y. Go 40,621 William W. Shaal 39,018
Edwin H. Taylor 25,129 Gregory D. Caldwell 39,926
Eric S. Hyman 30,139 Mark L. Watson 46,322
Jan Little-Washington 41,181 Michael A. Bernadicou 35,934
Michael J. Mallie 36,591 Todd M. Becker 43,487

If there are any additional charges, please charge Deposit Account No. 02-2666.

Dated: QOctober 16, 2009

Respectfully submitted,

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

/James Y. Go/

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(206) 292-8600

Attorney Docket No.: 5510P064C4
Application No.: New Application

James Y. Go

Reg. No. 40,621

195

CERTIFICATE OF MAILING/TRANSMISSION
T hereby certity that this correspondence is being submitted
electronically via EFS Web on the date shown below.

/Kristy A. Marvel/

October 16, 2009

Kristy A. Marvel

Date

Examiner: Not yet assigned
Art Unit: Not yet assigned



Attorney Docket No. 5510P064C4 Patent
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:

Balu Balakrishnan et al. Examiner: Not yet assigned

Application No.: New Patent Application Art Unit: Not yet assigned

Filed: Concurrently Herewith Confirmation No.: Not yet assigned
For: METHOD AND APPARATUS FOR
MAINTAINING A CONSTANT LOAD
CURRENT WITH LINE VOLTAGE
IN A SWITCH MODE POWER
SUPPLY

M N/ N N N N N N N N N N N N

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Enclosed is a copy of Information Disclosure Citation Form PTO-1449 or PTO/SB/08
together with copies of the documents cited on that form. It is respectfully requested that the
cited documents be considered and that the enclosed copy of Information Disclosure Citation
Form PTO-1449 or PTO/SB/08 be initialed by the Examiner to indicate such consideration and a
copy thereof returned to applicant(s).

Pursuant to 37 C.F.R. § 1.97, the submission of this Information Disclosure Statement is

not to be construed as a representation that a search has been made and is not to be construed as

an admission that the information cited in this statement is material to patentability.

Attorney Docket No.: 5510P064C4 -1- Examiner: Not Yet Assigned
Application No.: New Patent Application Art Unit: Not Yet Assigned
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Pursuant to 37 C.F.R. § 1.97, this Information Disclosure Statement is being submitted

under one of the following (as indicated by an “X” to the left of the appropriate paragraph):

X 37 C.F.R. §1.97(b).

37 C.F.R. §1.97(c). If so, then with this Information Disclosure Statement
please note the following:

Statement pursuant to 37 C.F.R. §1.97(e) or

Please charge our deposit account no. 02-2666 for
$180.00 for the fee under 37 C.F.R. §1.17(p).

37 C.E.R. §1.97(d). If so, then enclosed with this Information Disclosure
Statement are the following:

(D) A statement pursuant to 37 C.F.R. §1.97(e); and

(2) A check for $ for the fee under 37 C.F.R. §1.17(p) for
submission of the Information Disclosure Statement.

If there are any additional charges, please charge Deposit Account No. 02-2666.
Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date:_ October 16, 2009 /James Y. Go/
James Y. Go
Reg. No. 40,621

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
(206) 292-8600

CERTIFICATE OF MAILING/TRANSMISSION
I hereby certify that this correspondence is being
submitted electronically via EFS Web on the date
shown below.

/Kristy A. Marvel/ October 16, 2009

Kristy A. Marvel Date

Attorney Docket No.: 5510P064C4 -2- Examiner: Not Yet Assigned
Application No.: New Patent Application Art Unit: Not Yet Assigned
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Filing Date:

10/16/09

PTO/SB/06 (12-04)

Approved for use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reductlon Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

*

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875
12/581,054
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) NIA N/A NIA N/A 330
SEARCH FEE i
(37 CFR 1.16(k), (i), or (m)) NIA N/A NIA N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (9, or (@) N/A N/A N/A N/A 220
TOTAL CLAIMS
(37 CFR 1.16(i)) 12 ius20 = x$26 OR x§52
INDEPENDENT CLAIMS .
(37 CFR 1.16(h) 1 2 x$110 x$220
If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See
' 35 U.S.C. 41(a)(1)(G) and 37 CFR
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())) 195 390
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
APPLICATION AS AM D- TI
ENDE PAR ! OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST .

ADDI- ADDI-
< RER"Q;'QNG PR’LL\’,“I"C?S?LY PSEf,EET RATE (§) TIONAL RATE (5) TIONAL
E AMENDMENT PAID FOR FEE ) FEE®)
w Total . . - _ - OR -

Z |37 crr1.160) Minus = X = X =

Z | Independent |, . ex - = =

& | @7 crR 1.16(m) Minus = X = or | =

< | Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR  ADD'TFEE
(Column 1) (Column 2) (Column 3) OR
CLAIMS HIGHEST
ADDI-. ADDI-
REMAINING NUMBER PRESENT

] AFTER PREVIOUSLY EXTRA RATE (8) ’T:g“’;t RATE (8) }T:'Eoé“(”;

e AMENDMENT PAID FOR ®)

w

Total N . N _ - OR -

E (37 CFR 1.16(7)) Minus |** - = X = X =

z Independent .

w * wn = = =

= | 37 cFr 1.160)) Minus X or | *

< ["Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A

TOTAL TOTAL
ADD'T FEE OR  ADD'T FEE

If the entry in column 1 is less than the entry in column 2, write “0” in columri 3.
** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20".

*** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3".
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Pateni
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS.
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SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.




