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DISTRIBUTING CLOCK AND PROGRAMMING 
PHASE SHIFT IN MULTIPHASE PARALLELABLE 

CONVERTERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] N/A 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] N/A 

BACKGROUND OF THE INVENTION 

[0003] The present application relates generally to multi 
phase poWer systems, and more speci?cally to improved 
circuits and methods of synchronizing controllers employed 
in such systems. 

[0004] In recent years, there has been a sharp increase in 
the demand for electrical and electronic products that are 
smaller, use less poWer, require less Printed Circuit Board 
(PCB) space, and are less costly. For this reason, small 
loW-poWer multi-phase poWer systems have been increas 
ingly employed in the poWer supplies of such electronic 
products and devices. For eXample, multi-phase poWer sys 
tems may be used to implement multi-phase poWer convert 
ers such as high frequency DC-to-DC converters. 

[0005] Some conventional multi-phase poWer systems 
typically include a plurality of multi-phase controllers and 
associated synchroniZation circuitry. For eXample, each 
multi-phase controller may comprise an LTC1629 “poly 
phase” controller, Which is sold by Linear Technology, Inc., 
Milpitas, Calif., USA. In such a multi-phase poWer system, 
a Phase-Locked Loop (PLL) circuit is typically used to 
synchroniZe the clocks and phases of the controllers, and to 
assure that appropriate phase shifts are achieved among the 
several controllers. In this Way, potentially harmful parasitic 
interactions betWeen the controllers are reduced, and the 
ef?ciency of the multi-phase poWer system is increased. 

[0006] One draWback of the above-described conventional 
multi-phase poWer system is that the PLL-based approach to 
synchroniZing the controllers generally produces jitter, 
Which can cause a signi?cant amount of noise to appear at 
the system output. Further, the PLL synchroniZation circuit 
normally requires a signi?cant amount of time to lock-on the 
desired clock frequency. Moreover, the total pin count of 
each controller package is relatively high, and the PLL 
circuit for synchroniZing the controllers typically comprises 
a number of discrete components. As a result, the amount of 
PCB space needed to implement the multi-phase poWer 
system Within an electrical or electronic product is 
increased, Which can lead to signi?cant increases in the 
electronic product’s overall siZe and cost. 

[0007] It Would therefore be desirable to have a multi 
phase poWer system implementation that overcomes the 
draWbacks of the above-described conventional systems and 
methods. 

BRIEF SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention, a highly 
ef?cient multi-phase poWer system is provided that has both 
reduced siZe and reduced cost. The presently disclosed 
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multi-phase poWer system achieves such siZe and cost 
reductions by employing a simpli?ed synchroniZation tech 
nique that includes directly synchroniZing a plurality of 
controllers Within the system to a single master clock. 

[0009] In one embodiment, the multi-phase poWer system 
includes a plurality of programmable multi-phase control 
lers. A ?rst controller is programmed to function as a 
“master” controller, and the remaining controller(s) are 
programmed to function as “slave” controllers. Each of the 
controllers includes a synchronous counter and control logic 
circuitry. The control logic is operatively coupled to the 
synchronous counter to generate at least one synchroniZation 
output signal based on the outputs of the counter and the 
programming state (i.e., master or slave) of the controller. 

[0010] In the presently disclosed embodiment, the master 
controller is con?gured to generate a master clock signal 
having a synchroniZing state encoded thereon. The master 
controller encodes the synchroniZing state on the master 
clock signal by conceptually skipping one or more prede 
termined cycles of the clock. By encoding the synchroniZing 
state on the master clock signal, the master controller 
effectively inserts one or more synchroniZing pulses into the 
clock signal. The master controller provides the master clock 
signal to each of the slave controllers. Each slave controller 
includes synchroniZation circuitry con?gured to receive the 
master clock signal, and to reset the synchronous counter 
included therein based on the synchroniZing state of the 
master clock, thereby assuring that appropriate phase rela 
tionships are maintained betWeen the respective controller 
outputs. 

[0011] By directly synchroniZing the clocks and phases of 
a plurality of controllers to a single master clock, a smaller 
and less costly multi-phase poWer system can be achieved 
Without reducing the ef?ciency of the poWer system. 

[0012] Other features, functions, and aspects of the inven 
tion Will be evident from the Detailed Description of the 
Invention that folloWs. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0013] The invention Will be more fully understood With 
reference to the folloWing Detailed Description of the Inven 
tion in conjunction With the draWings of Which: 

[0014] FIG. 1 is a schematic diagram illustrating a multi 
phase poWer system according to the present invention; 

[0015] FIG. 2 is a schematic diagram illustrating one of a 
plurality of multi-phase controllers included in the multi 
phase poWer system of FIG. 1; 

[0016] FIG. 3 is a timing diagram illustrating representa 
tive signals in the multi-phase poWer system of FIG. 1; 

[0017] FIG. 4 is a timing diagram illustrating synchroni 
Zation signals generated by one of the multi-phase control 
lers included in the multi-phase poWer system of FIG. 1; and 

[0018] FIG. 5 is a How diagram illustrating a method of 
operating the multi-phase poWer system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] A highly ef?cient multi-phase poWer system is 
disclosed that has reduced siZe requirements and reduced 
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cost. The presently disclosed multi-phase power system 
employs a synchronization technique that directly synchro 
niZes a plurality of controllers included in the system to a 
single master clock. 

[0020] FIG. 1 depicts an illustrative embodiment of a 
multi-phase poWer system 100, in accordance With the 
present invention. In the illustrated embodiment, the multi 
phase poWer system 100 includes a plurality of program 
mable multi-phase controllers 102.1-102.3, a clock genera 
tor 110, a voltage source (VDD) 112, enable logic circuitry 
108, and control logic circuitry 113.1-113 .3 and 114.1-114.3. 
As shoWn in FIG. 1, the multi-phase controllers 102.1-102.3 
are dual-channel controllers con?gured to produce synchro 
niZation signals over respective output channels Sync1 
Sync2. Accordingly, the multi-phase poWer system 100 of 
FIG. 1 including the three dual-channel controllers 102.1 
1023 forms a siX-phase poWer system. 

[0021] In the preferred embodiment, each of the multi 
phase controllers 102.1-1023 comprises a respective multi 
phase Pulse Width Modulation (PWM) controller. It should 
be understood, hoWever, that the multi-phase controllers 
102.1-102.3 may comprise any suitable type of controller 
having any suitable number of channels. For eXample, the 
multi-phase poWer system 100 may alternatively employ a 
plurality of single channel controllers at minimal con?gu 
ration. Further, the multi-phase poWer system 100 may 
include any suitable number of controllers. The multi-phase 
poWer system 100 includes the three dual-channel multi 
phase PWM controllers 102.1-102.3 for purposes of illus 
tration. 

[0022] As shoWn in FIG. 1, the multi-phase controller 
102.1 is designated as the “Master” controller, and the 
multi-phase controllers 102.2-102.3 are designated as the 
“Slave 1” and “Slave 2” controllers, respectively. The clock 
generator 110 is con?gured to provide a clock signal “clk” 
to an MCLK input of the Master controller 102.1, and the 
Master controller 102.1 in turn provides a master clock 
signal “clko” at an MCLKO output to the corresponding 
MCLK inputs of the respective Slave controllers 102.2 
1023. In the presently disclosed embodiment, the clocks 
and phases of the Slave controllers 102.2-102.3 are directly 
synchroniZed to the Master controller 102.1 via the single 
master clock clko. It is noted that each of the multi-phase 
controllers 102.1-102 .3 is operatively coupled to the voltage 
source 112 and to a ground connection (VSS) Moreover, each 
multi-phase controller 102.1-102.3 is put into an operational 
state via an enable signal “en” generated by the enable logic 
108 and applied to a respective EN input of the controller. 

[0023] As described above, the multi-phase controllers 
102.1-102.3 are designated as the Master, Slave 1, and Slave 
2 controllers, respectively. Each of the multi-phase control 
lers 102.1-102.3 are programmed to perform predetermined 
“master” or “slave” functions via the control logic 113.1 
1133 and 114.1-114.3. Speci?cally, the control logic 114.1 
is con?gured to apply a ?rst predetermined logic level “ms”, 
e.g., a “high” logic level to an MS input of the Master 
controller 102.1, and the control logic 113.2-113.3 are 
con?gured to apply second predetermined logic levels, e.g., 
“loW” logic levels to the corresponding MS inputs of the 
Slave controllers 102.2-102.3, respectively. 

[0024] As further described above, the clocks and phases 
of the Slave controllers 102.2-102.3 are directly synchro 
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niZed to the single master clock clko generated by the Master 
controller 102.1. In the preferred embodiment, the total 
phase shift across the respective synchroniZation outputs 
Sync1-Sync2 of the multi-phase controllers 102.1-102.3 is 
equal to 180°. Accordingly, the phase shift betWeen the 
synchroniZation signals “m1” and “m1n” generated by the 
Master controller 102.1 is equal to 180°. Similarly, the phase 
shift betWeen the synchroniZation signals “s12” and “s12n” 
generated by the Slave controller 102.2, and the phase shift 
betWeen the synchroniZation signals “s22” and “s22n” gen 
erated by the Slave controller 102.3 are equal to 180°, 
respectively. 

[0025] The timing diagram of FIG. 3 depicts the phase 
relationships betWeen the synchroniZation signals m1, s12, 
s22, m1n, s12n, and s22n generated by the multi-phase 
controllers 102.1-102.3. As indicated in FIG. 3, the phase 
shift betWeen the signals m1 and s12, the phase shift 
betWeen the signals s12 and s22, and the phase shift betWeen 
the signals s22 and m1n are equal to 60°, respectively. 
Similarly, the phase shift betWeen the signals m1n and s12n, 
the phase shift betWeen the signals s12n and s22n, and the 
phase shift betWeen the signals s22n and m1 are equal to 
60°, respectively. Accordingly, as described above, the phase 
shift betWeen the signals m1 and m1n, the phase shift 
betWeen the signals s12 and s12n, and the phase shift 
betWeen the signals s22 and s22n are equal to 180° (60><3= 
180°), respectively. 

[0026] In the presently disclosed embodiment, the multi 
phase poWer system 100 (see FIG. 1) is programmed to 
provide predetermined phase shifts, e.g., 60° phase shifts 
betWeen the respective multi-phase controllers 102.1-102.3 
via the control logic 113.1-113.3 and 114.1-114.3. Speci? 
cally, the control logic 113.1 is con?gured to assign the 0° 
phase position to the Master controller 102.1 by applying, 
e.g., loW logic levels to inputs S11, S12, and S22 of the 
controller 102.1; the control logic 113.2 and 114.2 are 
con?gured to assign the 60° phase position to the Slave 
controller 102.2 by applying, e.g., loW logic levels to the 
inputs S11 and S22 and a high logic level to the input S12 
of the controller 102.2; and the control logic 113.3 and 114.3 
are con?gured to assign the 120° phase position to the Slave 
controller 102.3 by applying, e.g., loW logic levels to the 
inputs S11 and S12 and a high logic level to the input S22 
of the controller 102.3. 

[0027] FIG. 2 depicts an illustrative embodiment 200 of 
one of the plurality of multi-phase controllers 102.1-102.3 
included in the multi-phase poWer system 100 (see FIG. 1). 
It is noted that the multi-phase controllers 102.1-102.3 are 
substantially alike. In the illustrated embodiment, the multi 
phase controller 200 comprises a synchronous counter 201, 
control logic circuitry 203, clock logic circuitry 205, and a 
synchroniZation (“sync”) circuit 207. The counter 201 
includes a plurality of D-Flip-Flops (DFF) 202.1-202.6 
suitably arranged to form the synchronous counter. Each of 
the DFFs 202.1-202.6 receives the enable signal en gener 
ated by the enable logic 108 at its EN input and the master 
clock signal clko generated by the Master controller 102.1 
(see FIG. 1) at its MCLK input. Further, each DFF 202.1 
202.6 provides tWo outputs, e.g., the DFF 202.1 provides the 
outputs s1 and s1n (the inverse of s1). Similarly, the DFF 
202.2 provides the outputs s2 and s2n, the DFF 202.3 
provides the outputs s3 and s3n, the DFF 202.4 provides the 
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outputs s4 and s4n, the DFF 202.5 provides the outputs s5 
and s5n, and the DFF 202.6 provides the outputs s6 and s6n. 

[0028] The control logic 203 includes a plurality of 
NAND gates 226.1-226.8, a plurality of inverters 228.1 
228.8, and a plurality of OR gates 230 and 232. The NAND 
gates 226.1-226.8 receive the outputs (i.e., the outputs s1, 
s1n, s2, s2n, s3, s3n, s4, s4n, s5, s5n, s6, and/or s6n) 
provided by the counter 201. Further, the NAN D gates 226.2 
and 2264-2268 receive the logic levels provided by the 
control logic 1131-1133 and 1141-1143 at the respective 
inputs S1, S12, and S22, and the NAND gates 226.1 and 
226.3 receive logic levels indicative of the programming 
state (i.e., master or slave) of the controller at the input MS. 
The NAND gates 226.1-226.8, the inverters 2281-2288, 
and the OR gates 230 and 232 are suitably arranged to 
generate synchroniZation signals such as the signals m1 and 
m1n, s12 and s12n, or s22 and s22n (see FIG. 1) over the 
respective output channels Sync1-Sync2. 

[0029] The clock logic circuitry 205 includes an inverter 
206, a NAND gate 208, and a NAND gate 210. As described 
above, the Master controller 102.1 receives the clock signal 
clk generated by the clock generator 110 at its MCLK input, 
and provides the master clock signal clko at its MCLKO 
output to the corresponding MCLK inputs of the Slave 
controllers 102.2-102.3 (see also FIG. 1). Accordingly, the 
operation of the clock logic circuitry 205 is dependent upon 
the programming state (i.e., master or slave) of the control 
ler. 

[0030] In the event the multi-phase controller 200 is 
programmed to be the Master controller (e.g., a high logic 
level is applied to the MS input), the NAND gate 210 is 
enabled. Further, the inverter 206 receives the clock signal 
clk at the MCLK input, and the NAN D gate 208 receives the 
s1 and s2n outputs from the counter 201. The inverter 206 
and the NAND gate 208 provide their respective outputs to 
the NAN D gate 210, Which generates the master clock signal 
clko at the MCLKO output. In this Way, the Master con 
troller encodes a synchroniZing state on the master clock 
signal. The use of the synchroniZing state by the multi-phase 
poWer system is described beloW. In the event the multi 
phase controller 200 is programmed to be a Slave controller 
(e.g., a loW logic level is applied to the MS input), the 
NAND gate 210 is disabled and no clock signal is provided 
at the MCLKO output. 

[0031] As shoWn in FIG. 2, the sync circuit 207 includes 
an inverter 212, a NAND gate 214, a sWitch 216, a current 
source 218, a capacitor 219, voltage sources 220 and 222, a 
comparator 224, and a NAND gate 204. The NAND gate 
214 and the comparator 224 each receive the enable signal 
en generated by the enable logic 108 (see FIG. 1). As 
described above, the clocks and phases of the Slave con 
trollers 102.2-102.3 (see FIG. 1) are directly synchroniZed 
to the Master controller 102.1 via the master clock signal 
clko. Accordingly, like the clock logic circuitry 205, the 
operation of the sync circuit 207 is dependent upon the 
programming state (i.e., master or slave) of the controller. 

[0032] The NAND gate 214 receives the enable signal en 
generated by the enable logic 108 and the master clock 
signal clko generated by the Master controller 102.1 (see 
FIG. 1). In the event the multi-phase controller 200 is 
programmed to be a Slave controller (e.g., a loW logic level 
is applied to the MS input), the inverter 212 provides a high 
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logic level to the NAND gate 214 to enable the gate 214. It 
should be noted that the clock logic circuitry 205 of the 
Slave controller is disabled. The output of the NAND gate 
214 de-activates/activates the sWitch 216 to charge/dis 
charge the capacitor 219. In the event the multi-phase 
controller 200 is programmed to be a Master controller (e. g., 
a high logic level is applied to the MS input), the inverter 
212 provides a loW logic level to the NAND gate 214 to 
disable the gate 214, thereby disabling the sync circuit 207. 

[0033] As described above, the master clock signal clko 
generated by the Master controller 102.1 (see FIG. 1) has a 
synchroniZing state encoded thereon. The Master controller 
102.1 encodes the synchroniZing state on the master clock 
signal clko by conceptually skipping one or more predeter 
mined cycles of the clock clk, e.g., every 12th clock cycle. 
By encoding the synchroniZing state on the master clock 
signal clko, the Master controller 102.1 effectively inserts 
one or more synchroniZing pulses into the clock signal. The 
sync circuit 207 of the Slave controller 1022-1023 is 
con?gured to detect the synchroniZing state encoded on the 
master clock signal clko. Further, in response to the syn 
chroniZing state, the sync circuit 207 is con?gured to gen 
erate a sync signal for directly synchroniZing the Slave 
controller to the master clock signal clko. 

[0034] The timing diagram of FIG. 3 depicts the clock 
signal clk generated by the clock generator 110 (see FIG. 1), 
the master clock signal clko generated by the Master con 
troller 102.1, and the sync signal generated by the compara 
tor 224 (see FIG. 2). As shoWn in FIG. 3, the synchroniZing 
state is encoded on the master clock signal clko by concep 
tually skipping every 12th cycle of the clock. In the presently 
disclosed embodiment, the master clock signal clko is at a 
high logic level for the entire 12th clock cycle. In effect, 
positive synchroniZing pulses each having a duration of 
about 1% cycles of the master clock are inserted into the 
master clock signal at the start of every 12th cycle of the 
clock. It is understood that the synchroniZing state may 
alternatively comprise one or more negative pulses inserted 
into the master clock signal, and that the duration of each 
synchroniZing pulse may be a suitable fraction or multiple of 
a clock cycle. 

[0035] It should further be appreciated that in the event the 
multi-phase controller 200 is programmed to be a Slave 
controller, the clock signal provided to the NAND gate 214 
via the MCLK input corresponds to the master clock signal 
clko depicted in FIG. 3. As described above, the output of 
the NAND gate 214 de-activates/activates the sWitch 216 to 
charge/discharge the capacitor 219. In the illustrated 
embodiment, a predetermined value of the capacitor 219 and 
a predetermined level of the capacitor charging current are 
selected so that (1) upon receiving the clock pulses of the 1St 
through 11th cycles of the master clock signal clko via the 
NAND gate 214, the sync circuit 207 does not alloW the 
capacitor voltage to exceed the threshold voltage at the 
inverting input of the comparator 224, and (2) upon receiv 
ing the high logic level of the synchroniZing state during the 
12th clock cycle, the sWitch 216 is de-activated for a su?i 
cient time to alloW the voltage of the charging capacitor to 
eXceed the comparator threshold voltage, thereby causing 
the comparator 224 to produce the sync signal. 

[0036] The timing diagram of FIG. 4 depicts the voltage 
402 across the capacitor 219 superimposed on the sync 
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signal 404 produced by the comparator 224. As shoWn in 
FIG. 4, upon receiving the high logic level of the synchro 
niZing state during every 12th clock cycle (e.g., at about 4 
psec, 5 psec, 6 ysec, and 7 psec; see FIG. 4), the capacitor 
voltage 402 increases and eventually exceeds the compara 
tor threshold voltage “X”, thereby causing the comparator 
224 to produce the high logic level (“Hi”) of the sync signal 
404. Further, upon receiving the pulses of the remaining 
cycles of the master clock signal clko, the sync circuit 207 
does not alloW the capacitor voltage 402 to exceed the 
comparator threshold voltage X. As a result, the logic level 
of the sync signal 404 remains loW (“Lo”). 

[0037] As shoWn in FIG. 2, the NAND gate 204 receives 
the inverse of the signal at the MS input, the sync signal 
produced by the comparator 224, and the master clock signal 
clko. Because the sync circuit 207 is operational When the 
multi-phase controller 200 is programmed as a Slave con 
troller (i.e., When the MS input signal is loW), the inverse of 
the MS signal input is a high logic level. As a result, When 
the sync signal has a high logic level, the NAND gate 204 
alloWs the master clock signal clko to pass to the DFFs 
2021-2026 as a “set” signal, Which is depicted in FIG. 3 as 
occurring at times t1-t4. The set signal sets (or resets) the 
DFFs 2021-2026 of the counter 201, thereby synchroniZing 
the multi-phase controller 200 to the master clock signal 
clko. When the synchroniZing state expires on the master 
clock signal clko, the counter 201 and the control logic 
circuitry 203 resume normal operation. 

[0038] A method of operating a multi-phase poWer system 
including a plurality of multi-phase controllers, as described 
herein, is illustrated by reference to FIG. 5. As depicted in 
step 502, a ?rst multi-phase controller is designated as the 
Master controller, and at least one second multi-phase 
controller is designated as the Slave controller. Next, the 
Master controller encodes, as depicted in step 504, a syn 
chroniZing state on a master clock signal, and provides, as 
depicted in step 506, the master clock signal With the 
synchroniZing state to the Slave controller. The Slave con 
troller then detects, as depicted in step 508, the synchroniZ 
ing state on the master clock signal, and synchroniZes, as 
depicted in step 510, the phase relationship betWeen at least 
one output signal provided by the Slave controller and at 
least one output signal provided by the Master controller 
using the detected synchroniZing state. In this Way, the 
clocks and phases of the plurality of multi-phase controllers 
are synchroniZed to the single master clock. 

[0039] The presently disclosed system and method sim 
pli?es the synchroniZation of controllers in a multi-phase 
poWer system. As described above, the multi-phase poWer 
system 100 (see FIG. 1) can synchroniZe the clocks and 
phases of the multi-phase PWM controllers 1021-1023 
using at most tWo pins on each controller Integrated Circuit 
(IC) package, e.g., the MCLK input pin and the MCLKO 
output pin of the Master controller IC package. Conven 
tional multi-phase poWer systems may require as many as 
four or more pins on each controller IC package to perform 
the synchroniZation function. As a result, smaller and less 
costly IC packages may be employed for the controllers 
102.1-102.3, thereby alloWing the payload to have more 
PCB area than the poWer supply in embedded electrical and 
electronic systems. 

[0040] It Will further be appreciated by those of ordinary 
skill in the art that modi?cations to and variations of the 

Nov. 25, 2004 

above-described distributing clock and programming phase 
shift in multi-phase parallelable converters may be made 
Without departing from the inventive concepts disclosed 
herein. Accordingly, the invention should not be vieWed as 
limited except as by the scope and spirit of the appended 
claims. 

What is claimed is: 
1. A multi-phase poWer system, comprising: 

a plurality of Pulse Width Modulation (PWM) controllers 
including a ?rst PWM controller and at least one 
second PWM controller, 

Wherein the ?rst PWM controller is con?gured to generate 
at least one ?rst output signal based on a ?rst clock 
signal, to insert at least one synchroniZing pulse into the 
?rst clock signal, and to provide the ?rst clock signal 
including the synchroniZing pulse to the second PWM 
controller, and 

Wherein the second PWM controller is con?gured to 
generate at least one second output signal based on the 
?rst clock signal, and to synchroniZe the generation of 
the ?rst and second output signals using the synchro 
niZing pulse Within the ?rst clock signal, thereby main 
taining a predetermined phase relationship betWeen the 
?rst and second output signals. 

2. The system of claim 1 Wherein the ?rst PWM controller 
is con?gured for inserting the synchroniZing pulse into the 
?rst clock signal during one or more predetermined cycles of 
the ?rst clock signal. 

3. The system of claim 1 Wherein the synchroniZing pulse 
has a duration approximately equal to one cycle of the ?rst 
clock signal. 

4. The system of claim 1 Wherein each of the ?rst and 
second PWM controllers is con?gurable to set a predeter 
mined phase shift betWeen the ?rst and second output 
signals. 

5. The system of claim 1 Wherein each controller is 
con?gured to generate a plurality of output signals and 
con?gurable to set predetermined phase shifts betWeen the 
output signals. 

6. The system of claim 1 Wherein each controller com 
prises a multi-phase PWM controller. 

7. The system of claim 1 Wherein each PWM controller 
includes a counter and control logic circuitry operatively 
coupled to the counter for generating the controller output 
signals. 

8. The system of claim 7 Wherein the ?rst PWM controller 
further includes logic circuitry operatively coupled to the 
counter for inserting the synchroniZing pulse into the ?rst 
clock signal. 

9. The system of claim 7 Wherein the second PWM 
controller further includes synchroniZation circuitry con?g 
ured to receive the ?rst clock signal including the synchro 
niZing pulse, and to generate a reset signal based on the 
synchroniZing pulse to reset the counter, thereby synchro 
niZing the generation of the ?rst and second output signals. 

10. A method of operating a multi-phase poWer system 
including a plurality of Pulse Width Modulation (PWM) 
controllers, comprising the steps of: 

generating at least one ?rst output signal based on a ?rst 
clock signal by a ?rst PWM controller; 
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inserting at least one synchronizing pulse into the ?rst 
clock signal by the ?rst PWM controller; 

providing the ?rst clock signal including the synchroniZ 
ing pulse to at least one second PWM controller by the 
?rst PWM controller; 

generating at least one second output signal based on the 
?rst clock signal by the second PWM controller; and 

synchroniZing the generation of the ?rst and second 
output signals using the synchroniZing pulse Within the 
?rst clock signal by the second PWM controller, 
thereby maintaining a predetermined phase relationship 
betWeen the ?rst and second output signals. 
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11. The method of claim 10 Wherein the inserting step 
includes inserting the synchroniZing pulse into the ?rst clock 
signal during one or more predeterrnined cycles of the ?rst 
clock signal by the ?rst PWM controller. 

12. The method of claim 10 further including setting a 
predetermined phase shift betWeen the ?rst and second 
output signals by at least one of the ?rst and second PWM 
controllers. 

13. The method of claim 10 further including generating 
a plurality of output signals by at least one of the ?rst and 
second PWM controllers, and setting predeterrnined phase 
shifts betWeen the output signals. 

* * * * * 


