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DYNAMIC PHASE TIMING CONTROL FOR
MULITIPLE REGULATORS OR PHASES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a reissue of U.S. Pat. No. 8,233,299 (Ser.
No. 12/650,772), filed on Dec. 31, 2009 and issued on Jul. 31,
2012, which claims priority from U.S. Provisional Patent
Application Ser. No. 61/150,386 filed on Feb. 6, 2009,
entitled DYNAMIC PHASE TIMING CONTROL FOR

MULTIPLE REGULATORS OR PHASES, [all] both of
which [is] are incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding, reference 1s now made
to the following description taken in conjunction with the
accompanying Drawings in which:

FI1G. 1 illustrates a master/slave configuration of multiple
voltage regulators;

FIG. 2 15 a block diagram illustrating a number of inter-
connected voltage regulators;

FI1G. 3 15 a block diagram more fully 1llustrating the inter-
nal components of the interconnected voltage regulators;

FI1G. 4 15 a block diagram more fully 1llustrating the inter-
nal components of a voltage regulator including dynamic
phase timing control;

FIG. § 1s a timing diagram 1llustrating the operation of the
phase number detector;

FIG. 6 1s a flow diagram describing the operation of the
phase number detector;

FIG. 7 1s a block diagram illustrating the circuitry for
providing automatic phase timing adjustment;

FIG. 8 1s a timing diagram illustrating the phase timing
adjustment;

FI1G. 9 1s a timing diagram illustrating reassignment of the
master clock control in the case of master failure;

FI1G. 10 1s a flow diagram describing the reassignment of a
master 1n the case of master failure; and

FIG. 11 1s a block diagram illustrating the current sharing
circuitry of the voltage regulator.

DETAILED DESCRIPTION

Referring now to the drawings, wherein like reference
numbers are used herein to designate like elements through-
out, the various views and embodiments of a dynamic phase
timing control for multiple regulators or phases are 1llustrated
and described, and other possible embodiments are
described. The figures are not necessarily drawn to scale, and
in some 1nstances the drawings have been exaggerated and/or
simplified 1n places for illustrative purposes only. One of

ordinary skill 1n the art will appreciate the many possible
applications and variations based on the following examples

of possible embodiments.

FI1G. 1 illustrates a block diagram of a plurality of voltage
regulators that are interconnected via a single bus 102. The
voltage regulators comprise a master 104 which ultimately

10

15

20

25

30

35

40

45

50

55

60

65

2

controls the transmission of information over the intercon-
necting bus 102 and a number of slaves 106 that interact with
the master 104 via the bus 102. At any particular time there 1s
only a single voltage regulator acting as the master 104.
However, 1n various configurations it 1s possible for any of the
voltage regulators to operate as the master 104. Thus, a slave
106 may take control of the system and operate as the master
104 1n the event that an existing master fails for some reason.
Existing master/slave configurations use daisy chain schemes
that are adapted to achieve the phase shiit between the various
voltage regulator modules. The prior art includes a number of
drawbacks such as when the master module 1s dead, the phase
shift and clock synchronization are lost. Additionally, the
phase shift within a regulator module’s clock depends on the
total number of regulator modules present. When adding or
removing voltage regulator modules, some components will
have to be replaced 1n order to compensate for the new set-
tings. Thus, there 1s presently no way to dynamically provide
for optimal phase time between multiple active phases or
outputs 1n point of load voltage regulators.

Referring now to FIG. 2, there are 1llustrated a number of
interconnected voltage regulator modules 202. The voltage
regulator modules 202 have an upper gate drive output 204
and a lower gate drive output 206 that are interconnected with
the gates of an upper gate switching transistor 208 and lower
gate switching transistor 210, respectively. The upper gate
switching transistor 208 comprises a P-channel or N-channel
transistor that 1s connected between the mnput voltage node
V. and a phase node 212. An mductor 214 1s connected
between phase node 212 and the output voltage node 216. A
capacitance 218 and resistor load 220 are connected 1n par-
allel between the output voltage node 216 and ground. The
output voltage node 216 may have multiple inductors 214
connected thereto to provide a multiple phase voltage node
216 as 1llustrated with respect to module #1 and module #2 or
may include additional output voltages as illustrated with
respect to module #3.

Each of the modules 202 includes a current sharing pin

(ISH) 222, a phase number detector pin (PND) 224, a system
clock pin (CLK) 226 and a module address pin (ADR) 228.
The current sharing pin 222 of each of the modules 202a and
202b which support a common output voltage are connected
with the current sharing line 230. The current sharing line 230
carries information about the average current within the mul-
tiphase system of voltage regulators. The phase number
detector line 232 carries information enabling a determina-
tion ol the total number of voltage modules 202 present
within the system and using this information, each module
can determine its relative order within the system. The clock
line 234 connects with the clock pin 226 and 1s used for
synchronizing all voltage regulator modules to operate rela-
tive to the same clock frequency. The address pin 228 enables
the address of each of the modules 202 to be assigned via an
associated resistor 238. An additional pin and line that may be
used with each of the modules 202 but 1s not illustrated in
FIG. 2 is the I°C pins and the I°C bus which enables each of
the modules to communicate using the I°C serial communi-
cations protocol.

Referring now to FIG. 3, there 1s 1llustrated a block dia-
gram of the internal components of one embodiment of a
voltage regulator module 202. The modules 202 include the
capability of fault tolerant synchronization and phase number
counting and ordering. Each module 202 1s connected to four
common bus lines. These include the current sharing line 230,
a clock synch line 234, a phase number detector line 232 and
the I°C bus line 316. Each module 202 includes a current
sharing interface 318 for providing current sharing informa-
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tion between the modules over the current sharing line 230.
The clock interface 320 enables communications over the
clock line 234 relating to the synchronization clock between
the modules 202. This enables each of the modules to achieve
synchronization with an associated master module. The phase
number detector interface 322 provides for communications
between each of the modules 202 relating to the total number
of modules 202 connected to the bus line and enables each
module to determine its relative order within the system. The
1°C interface block 324 enables the module to carry out com-
munications over the I°C interface using the I°C communi-
cations protocol.

Interface control logic 326 controls operations of the clock
interface block 320, PND interface block 322 and I*C inter-
face block 324 1n conjunction with address information deter-
mined by the address block 328. The address block 328 deter-
mines the address of the particular module 202 responsive to
the associated resistor 238. The PWM block 330 generates
PWM control signals to the driver circuitry 332 responsive to
current sharing information received from current sharing
block 318 and clock mformation received from the clock
intertace 320. The driver circuitry 332 provides the upper and
lower gate drive control signal via associated pins 204 and
206, respectively.

Referring now to FIG. 4, there 1s more particularly illus-
trated an embodiment of the voltage regulator drive module
202 that provides a number of key features mcluding mul-
tiphase capability, automatically/dynamically detecting an
operating phase number of the associated module 202, auto-
matic phase timing adjustments of the module 202 and the
ability to reassign a master clock in the case of master failure.
The module 202 additionally supports n+m redundancy. The
module 202 of FIG. 4 has 1ts address determined by the
resistor 238 connected to the address pin 228. The value of the
resistor 238 connected to the pin 228 i1s determined by the
ADC and counter circuit 402 and a current source 404. The
current source 404 will generate a voltage across the resistor
238 connected to the address pin 228. The analog-to-digital
converter 402 will read this voltage at the address pin 228 and
convert the voltage to an address assigned to the regulator
module 202 for I°C communications and to determine its
order within the system. The address information 1s provided
to the master/slave detector circuit 404 via an address line
406.

Current sharing block 408 determines the average current
within the system responsive to current sharing information
received from the other regulator modules 202 over the cur-
rent sharing pin 222. The oscillator/PLL block 410 generates
an mner clock signal and uses this clock as a synchronizing
clock within the regulator module 202 responsive to informa-
tion received from the master/slave detector block 404 and
external clock information recerved via the clock pin 226. The
master/slave detector block 404 1s able to determine whether
the master clock 1s active by monitoring for a clock signal on
the clock line via the clock pin 226. The master/slave detector
block 404 enables the module 202 to se1ze control of the clock
line as the master should the current master fail. The master/
slave detector 404 enables a regulator module 202 acting as a
master to control the clock bus through pin 226. Likewise, if
the module 202 1s acting as a slave, the master/slave detector
404 will enable the module to synchronize 1ts inner clock to
the clock signal recerved over pin 226.

The phase number detector 412 assists 1n determining the
number of phases associated with a particular system and
turther enables determination of the order of communication
of the associated module 202 with respect to the other mod-
ules responsive to information received over the phase num-
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4

ber detector pin 224. The phase number detector 412 enables
the module 202 to send a pulse to the PND bus via the PND
pin 224. The phase number detector 412 monitors the PND
line over the PND pin 224 1n order to determine the total phase
number of the multiphase regulator system associated with
the module 202 and determine 1ts order within the system as
will be more fully described herein below. Logic associated
with the phase number detector 412 and phase number detec-
tor pin 224 includes a pair of transistors connected between
the reference voltage VCC and ground. A P-channel transistor
414 has 1ts source/drain path connected between the VCC
node and node 416. An N-channel transistor 418 has 1ts drain/
source path connected between node 416 and ground. Node
416 1s connected to PND pin 224 and 1s also provided as an
input to the ADC and counter 402. The gate of transistor 414
1s connected to the output of a NAND gate 420. The inputs of
NAND gate 420 are connected to node 422 and node 424.
Each of these nodes are connected to the phase number detec-
tor 412. The gate of transistor 418 1s connected to the output
of an AND gate 426. The inverted input of AND gate 426 1s
connected to node 422 and the non inverted input of AND gate
426 1s connected to node 424.

Additional logic circuitry 1s also associated with the clock
pin 226, phase number detector 412 and oscillator 410 with
respect to providing the inner and external clock signals. A
P-channel transistor 428 has 1ts source/drain path connected
between the VCC node and node 430. An N-channel transis-
tor 432 has 1ts drain/source path connected between node 430
and the ground node. Node 430 1s connected to the CLK pin
226 and 1s also provided as an imnput to the oscillator/PLL 410
as the external clock signal. A NAND gate 434 has its output
connected to the gate of transistor 428. The mput of NAND
gate 434 1s connected to node 436 which 1s the mner clock
signal that 1s provided from the oscillator 410; this signal also
1s connected to the phase number detector 412. The other
input of NAND gate 434 1s connected to node 438. An AND
gate 440 has 1ts output connected to the gate of transistor 432.
Theinverted input of AND gate 440 1s connected to node 436.
The non-1nverted input of AND gate 440 1s connected to node
438.

The PWM block 442 provides the upper and lower gate
drive signals that are provided from the module 202 respon-
stve to the current sharing information from current sharing
block 408 and the clock signals provided from oscillator/PL L
410.

Referring now more particularly to FIG. 5, there 1s 1llus-
trated the manner in which the phase number detector 412
determines the number of phases associated with the system.
The CLK1 signal 502 represents the master clock signal with
which the internal clock of each module 202 connected with
the bus 1s synchronized. The clock signal controls the opera-
tion of the multiphase regulator system and the determination
of the number of phases by the phase number detector412. To
initiate the phase number detection by the phase number
detector 412, the master voltage regulator module will hold
the PND line high for two clock cycles. In the 1llustration in
FIG. § this occurs the first time from time T, to time T, . This
pulse 1s referred to as the head count start pulse and mitiates
the determination of the number of phases in the voltage
regulator. The master holds the PND line high by turning on
transistor 414 that connects the PND pin 224 to the reference
voltage VCC pulling the PND line high.

Each of the slave modules connected to the PND line waill
detect the PND line being pulled high for two clock cycles of
the CLK1 clock signal 502. At the falling edge of the head
count start pulse at time T, each slave module connected to
the PND line will mnitiate an internal timer to begin counting
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the number of pulses of the CLK1 signal 502 in order to
determine a time period that the associated modules should
wait before transmitting a short pulse on the PND line. Each
slave module connected to the PND line will raise the bus
high at a time delay corresponding to the address of the
module. The time delay T , 1s different for each module con-
nected to the system. This will ensure that there will be no
overlap between pulses transmitted by various modules
within the system.

FIG. 5 1llustrates three modules, module #1, module #3 and
module #N that are connected to the PND bus. Module #1 will
generate a pulse on the PND line at time T,. The delay
betweentime T, and T, 1s equivalentto the delay time T . The
next 1llustrated pulse 1s generated by module #3 at time T,.
The time period between time T, and time T, represents 3
times the delay time T ,. Finally, the final pulse from module
#N 1s generated at time T.. In this case, the time delay
between time T, and time T represents the delay time T xN.
FIG. 5 separately illustrates each of the pulses generated by
module #1, module #3 and module #N at 504, 506 and 508,
respectively. Similarly, the same pulse 1s reflected on the
wavetorm PND 510 following the head count start pulse such
that the PND 510 waveform represents the accumulated
pulses on the PND line.

During execution of the pulses following the head count
start pulse, each module via phase number detector 412 will
count the number of pulses occurring both before and atter the
time which 1t transmuits 1ts own pulse. During the head count
activity 1nitiated by the head count start pulse, each module
202 will be monitoring the PND line. At the end of the wait
time from the head count start pulse, each module will know
the number of modules present ahead of itself by counting the
number of pulses before transmission of 1ts own pulse. Each
module will also know the number of modules present after
itsell by counting the number of pulses transmitted after 1t
transmits 1ts own pulse. Finally, each module will note the
total number of modules present by counting the total number
of pulses that have been transmitted. Each module uses this
information to adjust 1ts relative phase shift with respect to the
entire system as will be described more tully herein below. As
can be seen, the phase number detector may repeat this pro-
cess as many times as necessary by pulling the head count
start pulse high for the determined number of cycles that
initiates the process.

Referring now to FIG. 6, there 1s 1llustrated a flow diagram
describing the operation of the phase number detector within
the system. The process 1s mnitiated at step 602 and the head
count start pulse 1s initiated on the PND line at step 604 by the
master module. Phase number detectors within the slave
modules determine at inquiry step 606 whether the PND has
gone high for the correct number of cycles. I1 not, the N+1
slave module pulls the PND high at step 607. Once inquiry
step 606 determines that the PND line has gone high for a
suificient period of time, a pulse 1s transmitted from the first
module after the appropriate delay at step 608. The pulse from
a module 1s transmitted after the appropriate delay of T ..
Inquiry step 610 determines 11 this 1s the last module within
the system if it counts zero pulses after it has transmitted its
own pulse or 11 1t has reached the pre-determined limit on the
number ol modules for the system, and 11 not, control passes
to step 612 wherein the next module transmits 1ts pulse after
the appropriate delay. Once each of the modules has trans-
mitted a pulse as determined at inquiry step 610, the total
number of phases within the system may be determined at
step 614. With the total number of phases determined, the
phases associated with each module may be phase shifted as
necessary at step 616. The process 1s completed at step 618.
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Retferring now to FI1G. 7, there 1s illustrated the circuitry for
generating the approprate phase shitt within the module 202.
This circuitry would be located 1n the oscillator block at 410.
In a prior art multiphase system, the relative phase shiit 1s
manually set and 1s fixed during operation of the regulator.
Each module has no knowledge of an individual phase of the
regulator shutting down and cannot react to this event. Within
the present system, the number of phases i1s automatically
detected at system 1nitialization and will keep operating dur-
ing run time. With knowledge of the adjustment 1n the number
of phases, the phase shift of the remaining phases may be
adjusted 1n real time to ensure a smooth voltage output. The
number of phases determined by the phase number detector
412 may be provided to decoding circuitry 702 via an input
704. Based upon the number of phases, the decoder circuitry
702 can select a particular input from a resistor divider net-
work 706. The resistor divider network 706 provides a variety
of different voltages to the decoding circuitry 702 from a
voltage vtop down to a voltage vbottom. The decoding cir-
cuitry 702 outputs the decoded voltage V , representing the
phase voltage shiit to a first input of a comparator 708. The
other mput of the comparator 708 receives a ramp voltage
having a peak to peak voltage of VPP. The output of the
comparator 708 provides a PWM switching signal CLK_SW
that1s provided to the PWM circuit442. The CLK_SW signal
1s used by the PWM block 442 to generate a PWM pulse inthe
proper firing order.

Referring now to FIG. 8, there are illustrated the wave
forms associated with generation of the CLK_SW signal. The
clock signal 802 1s provided on the CLK pin 226 of the
module 202. The oscillator/PLL 410 utilizes the clock signal
to generate the inner clock signal 804 that 1s used for gener-
ating the mternal clock to all components within the module
202. The oscillator/PLL 410 recerves the ramp signal 806 and
the phase shift voltage 808 and utilizes the intersection of
these wavelorms to generate the CLK_SW pulse 810. As can
be seen, the CLK_SW pulse 1s generated each time the ramp
signal 806 falls below the phase shift voltage V , 808. Based
on the total phase number n and the address of the module, the
phase shiit 1s equal to ADDRx360 divided by n. If the peak to
peak voltage of the oscillator ramp signal 806 1s VPP, the
threshold voltage V , used for the time delay 1s given by
V ~(N-ADDR)xVPP/N and can be calculated by V_=Vbot+
(Vtop—Vbot) the number of phases before/the number of
phases after. Based on the total phase number, and the phase
number of the module, a proper voltage offset V , can be
generated. By comparing the oscillator ramp signal with the
ollset voltage V _, the clock for the PWM control (CLK_SW)
can be generated.

The master clock signal 1s normally provided on the CLK
line of the system from the master module and 1s monitored
and used by each of the slave modules for synchronizing their
inner clock signal. Referring now to FIG. 9, this 1s 1llustrated
from time T, to time T, wherein the clock signal 902 1s used
for generating the synchronous inner clock signal 904. After
the occurrence of a power on reset or 1f the master module 1s
down due to being disabled or dead, there will be no clock
signal on the CLK bus line. This process 1s illustrated at times
T, and T;. After waiting for a period of n clock cycles when no
clock pulses are detected, where n depends upon the address
of a particular module, each module 202 will attempt to
become the new master by sending its inner clock signal to the
clock bus line. During this process, i case of a conflict
between two different modules 202 trying to take control of
the clock line at the same time, each module will output a
clock signal onto the clock bus. Both will compare the clock
bus signal to their own 1mner clock signal. If these are difier-
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ent, the module will give up control and become a slave. Thus,
the module with the higher clock frequency will give up clock
control. This module will fail to pull the clock bus high while
the other module 1s attempting to pull the clock bus low. This
1s due to the fact that the pulling down capability of the clock
output stage 1s much stronger than the pulling up capability.

Referring now back to FIG. 4, the pulling up capability of
the clock logic 1s mnitiated by turning on transistor 428. This
connects the clock pin 226 to the reference voltage VCC. The
pull down capability of the clock line 1s initiated by turning on
transistor 432. This connects the clock pin 226 to ground. The
particular module 202 1s imnitiated as the master by pulling the
master line high as 1llustrated just past time T5. This occurs by
pulling the master line from the phase detector 412 high
which drives node 438 applied to NAND gate 434 and AND
gate 440 high which causes the mner clock signal applied to
NAND gate 434 and AND gate 440 to be output at the clock
pin 226.

Referring now also to FIG. 10, there 1s 1llustrated a flow
diagram describing the operation of the automatic assignment
ol a master module. The process 1s mitiated at step 1002 and
cach of the slave devices will monitor for the occurrence of
the clock signal on the clock line at step 1004. Inquiry step
1006 determines 11 a clock voltage 1s detected on the clock
signal line. IT a clock signal 1s detected, the clock output of the
monitoring slave 1s set to a high impedance level at step 1008,
and the inner clock signal 1s synchronized with the clock
signal at step 1010. If inquiry step 1006 determines that no
pulse was detected, inquiry step 1012 determines how long no
pulse has been detected. IT 1t has not occurred for a desired
number of x cycles, control passes back to step 1004 to
continue monitoring for the clock signal.

When 1nquiry step 1012 determines that the clock signal
has been gone for a suificient number of cycles, a module will
attempt to take over master control at step 1014. Inquiry step
1016 will determine 1f the module can pull the clock line high.
I1 the module cannot pull the clock line high, the module will
cease attempting to obtain master control and become a slave
module at step 1018. If inquiry step 1016 determines that it
can pull the bus high, the output stage of the module will be
set to enable the module to provide the master clock at step
1020. The process 1s completed at step 1022 and the new
master remains 1n control until 1t 1s reset or fails.

Referring now to FIG. 11, there 1s more particularly 1llus-
trated the circuitry within the current sharing block 408 asso-
ciated with the current sharing pin 222. An amplifier 1102 has
its iput connected to recerve a sensing current ISEN. The
input of the buller amplifier 1102 and the ISEN current are
also connected to the non-inverting mput of an amplifier
1104. The output of the buifer amplifier 1102 1s connected to
a resistor which 1s then connected to the current sharing pin
222. The output of buiter amplifier 1102 1s also connected to
the 1inverting 1put of the amplifier 1104. The output of the
amplifier 1104 goes to a summing circuit 1106 wherein the
output of the amplifier 1104 1s subtracted from a sensed
voltage VSEN. The output of the summing circuit 1106 1s
provided through a resistor 1108 to the mnverting imnput of an
error amplifier 1110. The error amplifier 1110 compares the
teedback voltage recerved through resistor 1108 with a refer-
ence voltage V.- applied to its non-inverting input to gen-
erate an error voltage COMP. This uses a current sharing
scheme that can be adopted for multiple modules running 1n
parallel which are each connected to the current sharing via
the current sharing pin 222.

For existing regulators which support n+m redundancy or
which support dynamic phase adding or dropping, phase
timing remains fixed in the nominal state as phases are dis-
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abled. The present disclosure provides a method to dynami-
cally adjust the timing of the remaining enabled phases so that
the phase timing 1s optimally spaced. The benefit of this
scheme 1s minimized mput and output ripple regardless of the
number of active phases for a given multiphase regulator. For
a mult1 output regulator, the benefit 1s limited to minimize
input ripple only. An additional benefit of the mvention 1s to
support n+m redundancy support for multiple input rails up to
1 per phase or regulator.

It will be appreciated by those skilled 1n the art having the
benelit of this disclosure that this dynamic phase timing con-
trol for multiple regulators or phases provides a realtime
adjustment of the number of phases and the phase shift asso-
ciated with a regulator. It should be understood that the draw-
ings and detailed description herein are to be regarded 1n an
illustrative rather than a restrictive manner, and are not
intended to be limiting to the particular forms and examples
disclosed. On the contrary, included are any further modifi-
cations, changes, rearrangements, substitutions, alternatives,
design choices, and embodiments apparent to those of ordi-
nary skill in the art, without departing from the spirit and
scope hereol, as defined by the following claims. Thus, 1t 1s
intended that the following claims be interpreted to embrace
all such turther modifications, changes, rearrangements, sub-
stitutions, alternatives, design choices, and embodiments.

What 1s claimed 1s:
1. A drive control circuit for generating switching drive
signals for a single phase of a multiphase voltage regulator,
comprising;
an interface for connecting the drive control circuit to a
single bus, said interface including at least a clock inter-
face for connecting to a clock line of the single bus and
a phase number detect interface for connecting to a
phase number detect line of the single bus;
driver circuitry for generating the switching drive signals
for the voltage regulator responsive to a clock signal;

clock circuitry for generating the clock signal responsive to
a monitored external clock signal provided on the clock
interface; and

a phase number detector for determining a number of

active phases 1n the multiphase voltage regulator 1n real
time responsive to an indicator recerved over the single
bus on the phase number detect interface monitored by
the phase number detector, wherein the phase number
detector adjusts a phase timing of a phase associated
with the drive control circuit responsive to the deter-
mined number of active phases.

2. The drive control circuit of claim 1, wherein the phase
number detector generates a pulse on the single bus over the
phase number detect interface at a predetermined period of
time responsive to a detection of the indicator on the phase
number detect interface.

3. The dnive control circuit of claim 1, wherein the phase
number detector determines the total number of active phases
in the multiphase voltage regulator responsive to a plurality of
pulses detected on the phase number detect interface, wherein
cach of the plurality of pulses are associated with another
drive control circuit connected to the single bus.

4. The drive control circuit of claim 1 further including a
master detector module for monitoring the external clock
signal on the clock interface of the drive control circuit and
attempting to provide the clock signal of the drive control
circuit as the external clock signal over the single bus for the
multiphase voltage regulator responsive to the external clock
signal not being present on the clock input for a predeter-
mined period of time.
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5. The drive control circuit of claim 4, wherein the master
detector module attempts to pull the clock line on the single
bus to a logical low level through the clock interface to
attempt to provide the clock signal as the external clock
signal.
6. The drive control circuit of claim 4, wherein the master
detector sets the clock mterface at a high impedance level 1f
the clock signal may not be provided as the external clock
signal.
7. The drive control circuit of claim 1, further including;:
a current source for applying a current across an external
resistor connected to an address pin of the drive control
circuit to create a voltage across the external resistor;
and
an analog to digital converter for determining an address
associated with the drive control circuitresponsive to the
voltage across the external resistor.
8. A multiphase voltage regulator, comprising:
a plurality of drive control circuits providing drive control
signals, each drive control circuit associated with a
phase of the multiphase voltage regulator;
a plurality of voltage regulators, each associated with one
of the plurality of drive control circuits, for generating an
output voltage responsive to an input voltage and the
drive control signals of the associated drive control cir-
cuit:
wherein each of the drive control circuits further com-
prises:
an 1nterface for connecting the drive control circuit to a
single bus, said interface including at least a clock
interface for connecting to a clock line of the single
bus and a phase number detect interface for connect-
ing to a phase number detect line of the single bus;

driver circuitry for generating [the] switching drive sig-
nals for the voltage regulator responsive to a clock
signal;

clock circuitry for generating the clock signal responsive
to a monitored external clock signal provided on the
clock interface; and

a phase number detector for determining a number of
active phases 1n the multiphase voltage regulator in
real time responsive to an indicator on [a] #kze phase
number detect interface monitored by the phase num-
ber detector, wherein the phase number detector fur-
ther adjusts a phase timing of the phase associated
with the drive control circuit responsive to the deter-
mined number of active phases.

9. The multiphase voltage regulator of claim 8, wherein the
phase number detector determines the total number of active
phases 1n the multiphase voltage regulator responsive to a
plurality of pulses detected on the phase number detect inter-
face, wherein each of the plurality of pulses are associated
with another drive control circuit connected to the single bus.

10. The multiphase voltage regulator of claim 8 further
including a master detector module for monitoring the exter-
nal clock signal on the clock interface of the drive control
circuit and attempting to provide the clock signal of the drive
control circuit as the external clock signal over the single bus
tor the multiphase voltage regulator responsive to the external
clock signal not being present on the clock input for a prede-
termined period of time.

11. The multiphase voltage regulator of claim 10, wherein
the master detector module attempts to pull the clock line on
the single bus to alogical low level through the clock interface
to attempt to provide the clock signal as the external clock
signal.
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12. The drive control circuit of claim 10, wherein the mas-
ter detector sets the clock mterface at a high impedance level
if the clock signal may not be provided as the external clock
signal.

13. The multiphase voltage regulator of claim 8, further
including:

a current source for applying a current across an external
resistor connected to an address pin of the drive control
circuit to create a voltage across the external resistor;
and

an analog to digital converter for determining an address
associated with the drive control circuit responsive to the
voltage across the external resistor.

14. A method for determinming a number of active phases in

a multiphase voltage regulator having a plurality of voltage
regulators interconnected over a single bus, comprising the
steps of:

generating a plurality of pulses having a preselected width
on a phase number detector line of the single bus;

determiming the number of active phases 1n the multiphase
voltage regulator 1n real time responsive to the plurality
of pulses on the phase number detector line of the single
bus; and

adjusting a phase timing of a phase associated with each of
a plurality of drive control circuits responsive to the
determined number of active phases, each of the plural-
ity of drive control circuits including an interface for
connecting the drive control circuit to the single bus, said
interface including at least a clock interface for connect-
ing to a clock line of the single bus and a phase number
detect interface for connecting to a phase number detect
line of the single bus.

15. The method of claim 14 further including the steps of:

monitoring an external clock signal on a clock line of the
single bus of the multiphase voltage regulator;

detecting an absence of the external clock signal on the
clock line for a predetermined period of time; and

attempting to provide a clock signal of at least one of the
drive control circuits as the external clock signal for the
multiphase voltage regulator responsive to the external
clock signal not being present on the clock line for the
predetermined period of time.

16. The method of claim 15, wherein the step of attempting
to provide a clock signal further includes the step of attempit-
ing to pull the clock line to a logical low level.

17. The method of claim 15, further including the step of
setting a clock put associated with one of the plurality of
drive circuits to a high impedance level 1f the clock signal may
not be provided as the external clock signal.

18. The method of claim 14, turther including the step of:

applying a current across an external resistor connected to
an address pin of the drive control circuit to create a
voltage across the external resistor; and

determiming an address associated with the at least one
drive control circuit responsive to the voltage across the
external resistor.

19. A drive control circuit for generating switching drive
signals for a single phase of a multiphase voltage regulator,
COmMprising:

an interface for connecting the drive control circuit to a
single bus, said interface including at least a clock inter-
Jace for connecting to a clock line of the single bus and
a phase number detect interface for connecting to a
phase number detect line of the single bus;

driver cirvcuitry for generating the switching drive signals
for the voltage regulator vesponsive to a clock signal;
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clock circuitry for generating the clock signal responsive to Jace for connecting to a clock line of the single bus and
a monitored external clock signal provided on the clock a phase number detect interface for connecting fo a
interface; and phase number detect line of the single bus;

driver cirvcuitry for genervating switching drive signals for
the voltage regulator responsive to a clock signal;
clock circuitry for generating the clock signal vesponsive to
a monitored external clock signal provided on the clock
interface; and
a phase number detector for determining a number of
active phases in the multiphase voltage regulator
responsive to an indicator on the phase number detect
interface monitoved by the phase number detector,
wherein the phase number detector further adjusts a
phase timing of the phase associated with the drive
control circuit vesponsive to the determined number of
active phases.
23. A method for determining a number of active phases in
a multiphase voltage regulator having a plurality of voltage
regulators interconnected over a single bus, comprising the

a phase number detector for determining a number of
active phases in the multiphase voltage rvegulator >
responsive to an indicator received over the single bus
on the phase number detect interface monitoved by the
phase number detector, wherein the phase number
detector adjusts a phase timing of a phase associated
with the drive control circuit vesponsive to the deter- 1
mined number of active phases.

20. The drive control circuit of claim 19, wherein the phase
number detector genervates a pulse on the single bus over the
phase number detect interface at a predetermined period of
time responsive to a detection of the indicator on the phase 15
number detect interface.

21. The drive control circuit of claim 19, wherein the phase
number detector determines the total number of active phases
in the multiphase voltage regulator responsive to a plurality

of pulses detected on the phase number detect interface, =Y steps of: _ _ , ,
wherein each of the plurality of pulses are associated with generating a plurality of pulses having a preselected width

another drive control circuit connected to the single bus. orap I?QSE number detectort line of rke_ single bm:;
22. A multiphase voltage regulator, comprising: determining the number of active phases in the multiphase

a plurality of drive control circuits providing drive control voltage regulator responsive _m the plur fffl ity of pulses on
. . L : : 55 the phase number detector line of the single bus; and
signals, each drive control circuit associated with a L o _ _
phase of the multiphase voltage regulator; adjusting a phase timing of a phase associated with each of

a plurality of voltage regulators, each associated with one a plurality of drive control circuits responsive to the

of the plurality of drive control circuits, for generating (ffeter main?d Humbe,}" Of act{ve?k?sz.?, each Of the plural-
an output voltage responsive to an input voltage and the ity of drive control circuits including an interface for

drive control signals of the associated drive control cir- 3 CO;fme?ctmg theidnve ‘comml cireuit 1o ﬂ“‘f" single bus,
said interface including at least a clock interface for

Cult; ' i ast @ cloc rface
wherein each of the drive control circuits further com- connecting o a clocr tine of t ¢ Singie bus anda d pnase
prises. number detect interface for connecting to a phase num-

an interface for connecting the drive control circuit to a ber detect line of single bus.

single bus, said interface including at least a clock inter- %k ok % ok
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