wo 2012/016207 A1 I 10K 000 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
2 February 2012 (02.02.2012)

2P0

(10) International Publication Number

WO 2012/016207 Al

International Patent Classification:
HO2M 1/36 (2007.01)

(51

(21) International Application Number:

PCT/US2011/046002

(22) International Filing Date:

29 July 2011 (29.07.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/369,202
13/077,421

30 July 2010 (30.07.2010)
31 March 2011 (31.03.2011)

Us
Us

(71) Applicant (for all designated States except US): CIR-
RUS LOGIC, INC. [US/US]; 2901 Via Fortuna, Austin,

Texas 78746 (US).

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): MELANSON,
John, L. [US/US]; 901 W. 9th Street, #201, Austin,
Texas 78703 (US). KING, Eric, J. [US/US]; 1050 Trail
Head Circle, Dripping Springs, Texas 78620 (US).

Agent: CHAMBERS, Kent, B.; Hamilton & Terrile,
LLP, P. O. Box 203518, Austin, Texas 78720 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: MULTIPLE POWER SOURCES FOR A SWITCHING POWER CONVERTER CONTROLLER

200

CIRCUIT
206
202
VAUX
|\ ~ -~~~ I~ — R I 210
[ VOLTAGE | I I
212
| | DIVIDER 12 | : ()_2/15 Ir
| AND  |Vams —{— AL -
v
o I'| voLTAGE b T |
208 ! |REGULATOR isu ipsu_om | |
. [V
\ 214 L | |
[E PN P4 S
216
CSo
CONTROLLER

FIGURE 2

204

(57) Abstract: An electronic system (200) includes two power supplies (202, 210) to supply an operating (VDD) voltage to a
switching power converter. The first power supply (202), referred to as a start-up power supply, includes a first source follower
transistor (212) to conduct a start-up current for a controller (204) and supply an operating voltage for the controller. The con-
troller controls operation of the switching power converter. A second power supply (210), referred to as an auxiliary power sup-
ply, includes a second source follower transistor (218) to conduct a steady-state operational current for the controller and supply
an operating voltage for the controller. In at least one embodiment, once the second power supply begins supplying the operating
voltage to the controller, the start-up power supply automatically ceases supplying the start-up current to the controller.
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MULTIPLE POWER SOURCES FOR A SWITCHING POWER CONVERTER
CONTROLLER

John L. Melanson
Eric J. King

CROSS-REFERENCE TO RELATED APPLICATION

[001]  This application claims the benefit under 35 U.S.C. § 119(e) and 37 C.F.R. § 1.78 of
U.S. Provisional Application No. 61/369,202, filed July 30, 2010, and entitled “LED Lighting
Methods and Apparatuses” which is incorporated by reference in its entirety. This
application also claims the benefit under 35 U.S.C. § 120 and 37 C.F.R. § 1.78 of U.S. of
U.S. Patent Application No. 13/077,421, filed March 31, 2011, and entitled “Multiple Power
Sources For A Switching Power Converter Controller” which is incorporated by reference in

its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[002]  The present invention relates in general to the field of electronics, and more
specifically to methods and systems of multiple power sources for a switching power

converter controller.

DESCRIPTION OF THE RELATED ART

[003] Many systems utilize integrated circuit controllers. Each controller generally
operates from an alternating current (AC) or direct current (DC) power source. In some
embodiments a higher voltage source, such as a 60 Hz/110 V line voltage in the United States
of America or a 50 Hz/220 V line voltage in Europe, is available to supply power to the
controller. However, the voltage requirements of the controller are generally significantly
less than the available line voltage. Thus, for efficiency, the controller often receives power
from an auxiliary power supply that supplies a voltage that more closely matches the
maximum voltage requirements of the controller. However, the auxiliary power supply often
generates power from the line voltage source and, thus, cannot begin delivering start-up

power to the controller instantaneously. Accordingly, many controllers receive start-up
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power from the higher voltage source and fully or partially switch the auxiliary power source

to deliver steady-state operating power.

[004]  Figure 1 depicts an electronic system 100 that includes an IC controller 102 that
controls delivery of power by switching power converter 104. Voltage source 106 supplies
an alternating current (AC) input voltage Viy to a full bridge diode rectifier 108. The voltage
source 106 is, for example, a public utility, and the AC voltage Vx is, for example, a 60
Hz/110 V line voltage in the United States of America or a 50 Hz/220 V line voltage in
Europe. The full bridge rectifier 108 supplies a rectified AC voltage V to the switching
power converter 104. Capacitor 110 filters high frequency components from rectified voltage

Vx.

[005]  Voltage source 112 supplies an initial start-up current iy and an operating voltage
Vpp. Voltage source 112 includes resistor 114 and capacitor 116. Resistor 114 is connected
between node 118 at rectified voltage Vx , and node 120 and supplies a current path for the
initial start-up current isy. The initial start-up current isy charges capacitor 116, and capacitor

116 holds node 120 at a direct current (DC) operating voltage level Vpp.

[006]  When node 120 reaches the operating voltage level Vpp, controller 102 begins
controlling switching power converter 104. Switching power converter 104 is a boost-type
power converter that boosts the rectified voltage Vx to generate a substantially DC link
voltage Vimk across link capacitor 122. Link capacitor 122 supplies current to energize the
primary coil 123 of transformer 125 when FET switch 127 conducts. To control the
switching power converter 104, controller 102 generates switch control signal Cy to control
the conduction state of a field effect transistor (FET) switch 124. When switch 124 conducts,
the inductor current iy, energizes inductor 126. Diode 127 prevents link capacitor 122 from
discharging through switch 124. When switch 124 stops conducting, inductor 126
discharges, and inductor current iy, replenishes the charge on link capacitor 122 to maintain
the link voltage Vink at a substantially constant value. Controller 102 also generates switch
control signal C; to control conductivity of switch 127, and, thus, control current flow into

primary-side coil 123.

[007]  Transformer 125 includes two secondary-side coils. When the controller 102 begins
controlling switching power converter 104 and switching power converter 104 begins
generating the link voltage Vg and energizing primary-side coil 123, secondary-side coil

128 supplys a load voltage Vip across capacitor 130 to load 132. Diode 133 prevents

R
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capacitor 130 from discharging through the secondary-side coil 128. Load 132 can be any
type of load, such as a lighting system that includes any type of light source(s) such as one or
more light emitting diodes (LEDs) or one or more fluorescent light sources, one or more

motors, or one or more portable power sources.

[008]  Electronic system 100 includes an auxiliary power supply 133 that supplies power
to controller 102 during steady-state operation. The auxiliary power supply 133 includes
auxiliary coil 134, and auxiliary coil 134 represents the other secondary-side coil of
transformer 125. Auxiliary coil 134 energizes when secondary-side coil 128 begins
energizing. Auxiliary coil develops a voltage equal to the operating voltage Vpp and supplies
a post start-up, operating current ipsy op to controller 102. The auxiliary power supply 133
also includes diode 136 and Zener diode 138. Diode 136 prevents reverse current flow into
auxiliary coil 134, and Zener diode 138 maintains the voltage at node 120 at the operating
voltage Vpp. In some embodiments of electronic systems 100, switching power converter
100 includes optional FET switch 140. Until the voltage across auxiliary coil 134 reaches the
operating voltage Vpp, controller 102 generates switch control signal C, to cause switch 140
to conduct. When the voltage across auxiliary coil 134 reaches the operating voltage Vpp,
controller 102 generates switch control signal C, to cause switch 140 to conduct and stop the

start-up current isy through resistor 114.

[009]  Electronic system 100 has several inefficiencies. For example, without switch 140,
the start-up current isy continues to flow through resistor 114 when the auxiliary coil 134 is
energized and supplying current ipsy op. Current flow through resistor 114 generates power
losses equal to the square of start-up current igy times the resistance value of resistor 114, If
electronic system 100 includes switch 140, controller 102 includes extra, well-known
complexity to generate the control signal C,. Additionally, switch 140 is generally a high

voltage FET, which is more expensive than a low voltage FET.

SUMMARY OF THE INVENTION

[0010] In one embodiment of the present invention, an apparatus includes a first power
supply having a first source follower transistor to conduct a start-up current for a controller
and supply an operating voltage for the controller. The apparatus further includes a second
power supply having a second source follower transistor to conduct a steady-state operational

current for the controller and supply an operating voltage for the controller.



WO 2012/016207 PCT/US2011/046002

[0011] In another embodiment of the present invention, a method includes supplying a
start-up current for a controller and supplying an operating voltage for the controller from a
first power supply having a first source follower transistor to conduct the start-up current.
The method further includes supplying a steady-state operational current for the controller
and supplying an operating voltage for the controller from a second power supply having a

second source follower transistor to conduct the steady-state operational current.

[0012] In a further embodiment of the present invention, an apparatus includes a switching
power converter and a a controller coupled to the switching power converter to control
operation of the switching power converter. The apparatus also includes a first power supply
having a first source follower transistor to conduct a start-up current for the controller and
supply an operating voltage for the controller. The apparatus further includes a second power
supply having a second source follower transistor to conduct a steady-state operational

current for the controller and supply an operating voltage for the controller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention may be better understood, and its numerous objects, features
and advantages made apparent to those skilled in the art by referencing the accompanying
drawings. The use of the same reference number throughout the several figures designates a

like or similar element.

[0014] Figure 1 (labeled prior art) depicts an electronic system having two voltage sources

for supplying power to a switching power converter controller.

[0015] Figure 2 depicts an electronic system having two voltage sources with source-

follower transistors for supplying power to a switching power converter controller.
[0016] Figure 3 depicts an embodiment of the electronic system of Figure 2.

[0017] Figure 4 depicts an embodiment of a transformer for use in the electronic system of

Figure 3.

[0018] Figure 5 depicts exemplary, superimposed operating voltage waveforms for the

electronic system of Figure 3.
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DETAILED DESCRIPTION

[0019] An electronic system includes two power supplies to supply an operating voltage to
a switching power converter. The first power supply, referred to as a start-up power supply,
includes a first source follower transistor to conduct a start-up current for a controller and
supply an operating voltage for the controller. The controller controls operation of the
switching power converter. A second power supply, referred to as an auxiliary power supply,
includes a second source follower transistor to conduct a steady-state operational current for
the controller and supply an operating voltage for the controller. In at least one embodiment,
once the second power supply begins supplying the operating voltage to the controller, the
start-up power supply automatically ceases supplying the start-up current to the controller.
Thus, in at least one embodiment, components of the start-up power supply do not dissipate
power and, therefore, do not present power losses in the electronic system during steady state

operation.

[0020] In at least one embodiment, the controller controls a source of the first source
follower transistor to control the switching power converter. In at least one embodiment, the
first and second source follower transistors are field effect transistors, and the gates of the
first and second FET transistors are biased by the same gate voltage. In at least one
embodiment, the second transistor is a low voltage FET, and the controller controls operation
of the second transistor to regulate the operating voltage. In at least one embodiment, the
second transistor is more efficient than a conventional Zener diode that regulates an operating

voltage.

[0021] DEFINITION. A source follower transistor is a transistor whose conductivity is
controlled by a feature of the transistor that supplies electrons. For example, a FET includes
gate, drain, and source features. The FET is a source follower when a bias of the source of
the FET controls conductivity of the FET. For example, a bipolar junction transistor (BJT)
includes base, collector, and emitter features. In at least one embodiment, the BJT is a source

follower when a bias of the emitter of the BJT controls conductivity of the BJT.

[0022] Figure 2 depicts an electronic system 200 having a start-up power supply 202 to
supply power to integrated circuit (IC) controller 204 during start-up of the controller 204.
“Start-up” is a phase of the operation of controller 204 during which controller 204 initializes
and begins to operate and control circuit 206. In at least one embodiment, circuit 206 is a

switching power converter, such as a boost converter, buck converter, boost-buck converter,

-5-
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or a Cuk converter. The start-up power supply 202 receives power from a voltage supply 208
that supplies a supply voltage Vsup. Voltage supply 208 can be any type of AC or DC
voltage supply. In at least one embodiment, voltage supply 208 is a rectified line voltage
source that generates a voltage identical to rectified voltage Vx of Figure 1. In at least one

embodiment, voltage supply 208 is a battery.

[0023] Electronic system 200 also includes an auxiliary power supply 210 to supply power
to controller 204 during post start-up operations of controller 204. “Post start-up operations”
of controller 204 can also be referred to as “steady state” operations and refer to a phase of
the operation of controller 204 when controller 204 is controlling circuit 206 and auxiliary
power supply 210 is able to obtain a sufficient auxiliary operating voltage Vaux from circuit

206 to supply an operating voltage Vpp to controller 204.

[0024] During start-up of controller 204, voltage supply 208 begins supplying the supply
Vsup to start-up power supply 202. Start-up power supply 202 includes a source follower
transistor 212, such as a FET or BJT. During start-up of controller 204, voltage divider and
voltage regulator 214 and source follower transistor 212 conduct a start-up current isy
through diode 216 and supply the operating voltage Vpp to controller 204. The voltage
divider and voltage regulator 214 step down the supply voltage Vs to bias source follower
transistor 212 with the voltage Vpias. During post start-up operations, controller 204
generates a control signal CSy to control a source of source follower transistor 212 to control
operation of circuit 206. An exemplary controller to control the source follower transistor
212 is described in U.S. Patent Application No. 12/496,457, filed on June 30, 2009, entitled
Cascode Configured Switching Using At Least One Low Breakdown Voltage Internal,
Integrated Circuit Switch To Control At Least One High Breakdown Voltage External Switch,
inventor John L. Melanson, and assignee Cirrus Logic, Inc. U.S. Patent Application No.
12/496,457, referred to herein as Melanson I, is hereby incorporated by reference in its
entirety. In at least one embodiment, the gates of FET based source follower transistors 212
and 218 share a common bias voltage Vgias and, in at least one embodiment, are connected
together. In at least one embodiment, the bases of BJT based source follower transistors 212
and 218 also share a common bias voltage Vpias and, in at least one embodiment, are

connected together.

[0025] When controller 204 begins to control circuit 206, circuit 206 supplies an auxiliary
voltage Vaux to auxiliary power supply 210. Auxiliary power supply 210 also includes a
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source follower transistor 218 to conduct a steady state, post start-up operating current ipsuy op
and supply the operating voltage Vpp to controller 204. In at least one embodiment, once the
auxiliary power supply 210 begins supplying the operating voltage Vpp to the controller 204,
the start-up power supply 202 ceases supplying the start-up current igy to the controller 204.
By ceasing operation, start-up power supply 202 prevents any power losses that can occur

during operation of start-up power supply 202.

[0026] Figure 3 depicts an electronic system 300, which represents one embodiment of
electronic system 200. As subsequently described in more detail, electronic system 300
includes a start-up power supply 302, which includes a source follower FET 304, to conduct
a start-up current iy for a controller 306 and supply an operating voltage Vpp for the
controller 306. Electronic system 300 also includes an auxiliary power supply 308, which
includes a source follower FET 310, to conduct a steady-state operational current ipsu op for
the controller 306 and, in at least one embodiment, regulate the operating voltage Vpp for the

controller 306. In at least one embodiment, controller 306 is identical controller 204.

[0027] Voltage source 106, rectifier 108, and capacitor 110 function as described with
reference to Figure 1 to generate the rectified voltage Vx. Capacitors 312 and 314 establish a
voltage divider to set a gate bias voltage V, for FET 304. In at least one embodiment, the
particular capacitance values of capacitors 312 and 314 are a matter of design choice. In at
least one embodiment, the capacitance of capacitor 312 is 22-47 nF, and the capacitance of
capacitor 314 is 47 nF. Resistor 313 has a resistance in the range of, for example, 1 kohm to
20 kohm. Resistor 313 shapes the start-up current isy charging capacitor 314 and limits peak
start-up current isy. Diode 316 prevents the gate current i, from being conducted to the
voltage reference Vggr, such as a ground reference. The gate current i, is conducted through
diode 318, which prevents reverse current flow of the gate current i, to the gate of source
follower FET 304. Zener diode 320 clamps the gate of source follower FET 304 to the gate
voltage V,.

[0028] The gate bias voltage V, minus the source voltage Vs of FET 304 exceeds a
threshold voltage of FET 304. FET 304 conducts the start-up current isy through resistor
324, FET 304, and diode 326 to charge capacitor 328 to the operating voltage Vpp. The
capacitance of capacitor 328 is, for example, 10uF. At start-up, the operating voltage Vpp
across capacitor 328 equals the Zener voltage Vz minus the threshold voltage Vizo4 of FET

304 minus the diode voltage V4 across diode 326, i.e. at start-up Vpp = Vz-V304-V4. FET
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304 is a high voltage FET that is used to control boost-type switching power converter 330,
and the threshold voltage Vo4 of FET 304 is, for example, approximately 3V. FET 304 is
included in both the start-up power supply 302 and switching power converter 330.

[0029] When the voltage at node 332 reaches the operating voltage Vpp, controller 306
initializes and begins generating the switch control signal CSq as described in, for example,
Melanson I. Once controller 306 begins generating switch control signal CS, switching
power converter 330 generates the link voltage Vg across link capacitor 122 as described

with reference to switching power converter 104 (Figure 1).

[0030] The link voltage Vimk energizes the primary-side coil 332 of transformer 334 and
induces a load voltage Vp via secondary-side coil 128 for load 132 as described with
reference to the electronic system 100 (Figure 1). The primary-side coil 332 also induces an
auxiliary voltage Vaux in secondary-side coil 336. The auxiliary voltage Vaux causes the
steady state, post start-up operating current ipsy op to flow through diode 338 and source
follower FET 310 to capacitor 328. The gates of FETs 304 and 310 are connected together.
Thus, once FET 310 begins conducting, controller 306 enters post-start-up operation, and the
operating voltage Vpp equals the Zener voltage Vz minus the threshold voltage Vs, i.€.
during post start-up operation, Vpp = Vz — V1310. Source follower-FET 310 is a low voltage
FET, and, thus, the threshold voltage V31 is less than the threshold voltage V304 of source
follower FET 304. The threshold voltage V1319 is, for example, approximately 2V, and, as
previously mentioned, the threshold voltage V1304 of FET 304 is, for example, approximately
3V. Thus, the ratio of V310 to V304 18, in at least one embodiment, 2:3. Since the gates of
FETs 304 and 310 are connected and biased by gate V,, during post start-up operation, Vpp >
Vz — (V1304 — Vg), start-up power supply 302 ceases operation, and the start-up current isy

ceascs.

[0031] During post start-up operation, FET 310 has a source-drain energy loss. However,
the source-drain loss of FET 310 is generally less than an energy loss of Zener diode 138
(Figure 1). Additionally, in at least one embodiment, electronic system 300 does not have a
high voltage FET, such as FET 140, to shut off start-up power supply 302 once the auxiliary
power supply 308 begins supplying the steady state, post start-up operating current ipsy op
and supplying the operating voltage Vpp. Since the auxiliary voltage Vaux is a lower voltage

than the supply voltage Vsup, supplying the operating voltage Vpp from from the auxiliary



WO 2012/016207 PCT/US2011/046002

voltage Vaux is more efficient than supplying the operating voltage from the rectified supply

voltage Vx.

[0032] Figure 4 depicts transformer 400. Transformer 400 generates the auxiliary voltage

Vaux using a primary side coil 402. Transformer 400 can be substituted for transformer 334
in electronic system 300 (Figure 3). Substituting transformer 400 for transformer 334 allows
the primary-side coil 133 to transfer energy to the secondary-side coil 128 without

transferring energy to the auxiliary coil 404 and, thus, taking power from the load 132.

[0033] Figure 5 depicts exemplary, superimposed operating voltage waveforms for
electronic system 300. Referring to Figures 3 and 5, at time to, the rectified voltage Vx
activates, and the start-up current igy generated by start-up power supply 302 causes the gate
voltage V, to cause FET 304 to conduct. Once FET 304 begins conducting at time to,
capacitor 328 begins charging from time t, to time t; to raise the voltage at node 332 to
operating voltage Vpp. Between times t; and t,, controller 306 begins controlling switching
power converter 330. At time t,, the switching power converter 330 generates the auxiliary
voltage Vaux. The auxiliary voltage Vaux then causes steady state, post start-up operating
current ipsy op to flow to node 332 and maintain the voltage across capacitor 328 at the
operating voltage Vpp. Also at time t,, the source voltage Vs of FET 304 rises, thus causing
the start-up current igy to stop flowing and start-up power supply 302 to cease operation. The
controller 306 then controls the source voltage Vs of FET 304 to control operation of the

switching power converter 330 as, for example, described in Melanson 1.

[0034] Thus, a start-up power supply and an auxiliary power supply each include source
follower transistors to supply an operating voltage Vpp and respectively supply a start-up
current and a steady state, post start-up operating current. During post start-up operation, the
start-up power supply ceases operation, thus, reducing losses associated with the start-up
power supply. Additionally, in at least one embodiment, the start-up power supply does not
include a high voltage FET, thus, reducing cost. Additionally, in at least one embodiment,
the auxiliary power supply includes a low voltage FET that incurs smaller energy losses than

a conventional Zener diode.

[0035] Although embodiments have been described in detail, it should be understood that
various changes, substitutions, and alterations can be made hereto without departing from the

spirit and scope of the invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a first power supply having a first source follower transistor to conduct a start-up

current for a controller and supply an operating voltage for the controller; and

a second power supply having a second source follower transistor to conduct a steady-
state operational current for the controller and supply an operating voltage for

the controller.

2. The apparatus of claim 1 wherein the first and second source follower

transistors are field effect transistors.

3. The apparatus of claim 2 wherein a gate of the first transistor is connected to a

gate of the second transistor.

4, The apparatus of claim 1 wherein first and second transistors are bipolar

junction transistors.

5. The apparatus of claim 1 further comprising:
a switching power converter; and

the controller, coupled to the switching power converter, to control a source of the
first source follower transistor to control operation of the switching power

converter.

6. The apparatus of claim 1 wherein the first power supply includes a voltage
divider to supply an operational voltage to the controller during a start-up period of the

controller.

7. The apparatus of claim 6 wherein the voltage divider comprises a plurality of

series coupled capacitors.

-10-
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8. The apparatus of claim 1 wherein the second power supply comprises an

auxiliary winding of a transformer.

9. The apparatus of claim 1 wherein when the second power supply supplies the
operating voltage to the controller, the first power supply automatically ceases supplying the

start-up current to the controller.

10. The apparatus of claim 1 wherein the second source follower transistor

regulates the operating voltage supplied to the controller from the second power supply.

11. An method comprising;:

supplying a start-up current for a controller and supplying an operating voltage for the
controller from a first power supply having a first source follower transistor to

conduct the start-up current; and

supplying a steady-state operational current for the controller and supplying an
operating voltage for the controller from a second power supply having a
second source follower transistor to conduct the steady-state operational

current.

12. The method of claim 11 wherein the first and second source follower

transistors are field effect transistors.

13. The method of claim 12 wherein a gate of the first transistor is connected to a

gate of the second transistor.

14. The method of claim 11 wherein first and second transistors are bipolar

junction transistors.

15. The method of claim 11 further comprising:

controlling a source of the first source follower transistor to control operation of a

switching power converter.

-11-
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16. The method of claim 11 further comprising:

supplying an operational voltage to the controller during a start-up period of the
controller using a voltage divider to divide a supply voltage supplied to the

first power supply.

17. The method of claim 16 wherein the voltage divider comprises a plurality of

series coupled capacitors.

18. The method of claim 11 wherein supplying a steady-state operational current
for the controller and supplying an operating voltage for the controller from a second power

supply comprises:

receiving an auxiliary supply voltage from an auxiliary winding of a transformer.

19. The method of claim 11 further comprising:

automatically ceasing supplying the start-up current to the controller from the first
power supply when the second power supply supplies the operating voltage to

the controller.

20. The method of claim 11 further comprising:

regulating the operating voltage supplied for the controller from the second power

supply with the second source follower transistor.

21.  An apparatus comprising:
a switching power converter,

a controller coupled to the switching power converter to control operation of the

switching power converter;

a first power supply having a first source follower transistor to conduct a start-up
current for the controller and supply an operating voltage for the controller;

and

-12-
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a second power supply having a second source follower transistor to conduct a steady-
state operational current for the controller and supply an operating voltage for

the controller.

22. The apparatus of claim 21 further comprising a load coupled to the switching

power converter.

23.  The apparatus of claim 22 wherein the load comprises one or more members
of'a group consisting of one or more light emitting diodes, one or more fluorescent light

sources, one or more motors, and one or more portable power sources.

13-
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