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(57) Abstract: A programmable power distributing sequencer including a plurality of internal regulators, an internal memory
adapted to store a user programmable script including instructions for sequentially enabling and disabling the regulators, and a
controller adapted to enable and disable the regulators based on the script. The controller may receive the user programmable
script from a programming source, such as an applications processor, an external memory, or external programming device. Be-
fore using the user programmable script, the controller may execute a default script stored in the internal memory to initially pow-
er up the programming source. The sequencer may further include an external port for similarly controlling one or more external
regulators. The port may also be used to connect multiple sequencers together, such as in a cascaded, hierarchical, and/or redun-
dant manner. Additionally, the sequencer may include a fault detection module for detecting faulty operating regulators.
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SYSTEM AND METHOD FOR SEQUENTIALLY DISTRIBUTING POWER
AMONG ONE OR MORE MODULES

FIELD OF THE INVENTION

[0001] This invention relates generally to system and method for
sequentially distributing power among one or more modules, and in particular,

to a programmable power distributing sequencer.

BACKGROUND OF THE INVENTION

[0002] The powering up of several modules in an electronic system may be
a delicate process. In many cases, the modules should not be powered on at the
same time because it may cause damage to one or more modules, improper or
unintended operations, inefficient use of power, and other undesirable effects.
Often instead, the powering on (as well as powering off) of modules requires a
precise predetermined sequence. Generally, a power distributing sequencer is

employed to perform this operation.

[0003] Typically, a power distributing sequencer controls a plurality of
voltage regulators in order to supply voltages to various modules of an electronic
system. Often, some of these regulators supply several voltages to an
applications processor, and other modules depending on the configuration and
function of the electronic system. For example, if the electronic system is a
cellular telephone, the system may further include memory, audio circuitry,
display, radio frequency (RF) chipset, digital signal processor, and others. The
power distributing sequencer is typically hardwired to apply a predetermined
power on sequence for a specific applications processor. Once the processor has
been powered on, the processor provides discrete instructions to the sequencer on

how and when to power up and down the respective modules of the system.

[0004] Because the power distributing sequencer is hardwired for a specific
applications processor, if the system manufacturer decides to use another type of
processor, then a new power distributing sequencer needs to be designed that
will work properly with this type of processor. This has the adverse consequence

of a long lead design and manufacturing cycle for the sequencer, which, in turn,
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delays the development and manufacturing of the electronic system.
Furthermore, lots of interactions and time are spent between the sequencer
manufacturer, processor manufacturer, and system manufacturer in order to
properly design the sequencer so that it applies the appropriate power on and off
sequences to the processor. This is generally a time consuming and expensive
process. Moreover, if the system manufacturer has several products that uses
different applications processors, the system manufacturer, as well as the
sequencer manufacturer, have to manage and keep track of different types of

sequencers, which complicates inventory.

SUMMARY OF THE INVENTION

[0005] An aspect of the invention relates to a programmable power
distributing sequencer. The sequencer comprises a plurality of internal
regulators, an internal memory adapted to store a user programmable script
including instructions for enabling and disabling the regulators in a sequential
manner, and a controller adapted to enable and disable the regulators based on
the instructions of the user programmable script. The controller may receive the
user programmable script from a programming source, such as an applications

processor, an external memory, or external programming device.

[0006] In another aspect of the invention, the internal memory of the
programmable power distributing sequencer further stores a default or benign
script for sequentially enabling a plurality of regulators adapted to supply power
to the programming source. According to this aspect, the controller, in response
to an initial power on operation, accesses the default or benign script from the
internal memory, and executes the script to safely and properly power up the
programming source. Once the programming source has been successfully
powered up, the controller receives the user programmable script from the
programming source, stores the user programmable script in the internal
memory, and executes the script to power up and power down one or more
modules coupled to the sequencer, including re-powering up and powering down

the programming source. After the initial power on, the controller uses the user
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programmable script to power up and power down the modules coupled to the

sequencer, at least until the script is updated again.

[0007] In yet another aspect of the invention, the programmable power
distributing sequencer includes an external regulator port that may be coupled
to one or more external regulators. According to this aspect, the controller is
adapted to sequentially enable and disable the one or more external regulators
along with the internal regulators according to the instructions of the user
programmable script. With the external regulator port, a plurality of power
distributing sequencers may be coupled together in a cascaded, hierarchical,
and/or redundant manner to expand the control of regulators beyond those in a
single sequencer. In still another aspect of the invention, the programmable
power distributing sequencer may include a fault detection module adapted to
detect faulty operating regulators, and report that to the controller. The
controller may take actions in response to one or more faulty regulators,
including sending notification to an external device or performing a power down

operation of one or more affected, as well as non-affected, modules.

[0008] Other aspects, advantages and novel features of the present
invention will become apparent from the following detailed description of the

invention when considered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1A illustrates a block diagram of an exemplary
programmable power distributing sequencer in accordance with an embodiment

of the invention.

[0010] Figure 1B illustrates a timing diagram of exemplary signals
generated in the programmable power distributing sequencer in accordance with

another embodiment of the invention.

[0011] Figure 2A illustrates a block diagram of another exemplary
programmable power distributing sequencer coupled to several exemplary

modules in accordance with another embodiment of the invention.
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[0012] Figure 2B illustrates a flow diagram of an exemplary method of
sequentially distributing power in accordance with another embodiment of the

invention.

[0013] Figure 3A illustrates a block diagram of another exemplary
programmable power distributing sequencer coupled to several exemplary

modules in accordance with another embodiment of the invention.

[0014] Figure 3B illustrates a flow diagram of another exemplary method
of sequentially distributing power in accordance with another embodiment of the

invention.

[0015] Figure 4A illustrates a block diagram of another exemplary
programmable power distributing sequencer coupled to several exemplary

modules in accordance with another embodiment of the invention.

[0016] Figure 4B illustrates a flow diagram of another exemplary method
of sequentially distributing power in accordance with another embodiment of the

invention.

[0017] Figure 5 illustrates a block diagram of another exemplary
programmable power distributing sequencer in accordance with another

embodiment of the invention.

[0018] Figure 6 illustrates a block diagram of a pair of exemplary
programmable power distributing sequencers in a master-slave configuration in

accordance with another embodiment of the invention.

[0019] Figure 7 illustrates a flow diagram of another exemplary method of
sequentially distributing power in accordance with another embodiment of the

invention.

[0020] Figure 8A illustrates a block diagram of another exemplary
programmable power distributing sequencer in accordance with another

embodiment of the invention.

[0021] Figure 8B illustrates a flow diagram of an exemplary method of
detecting and responding to one or more faulty regulators in accordance with

another embodiment of the invention.



WO 2010/147863 PCT/US2010/038418

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0022] Figure 1A illustrates a block diagram of an exemplary
programmable power distributing sequencer 100 in accordance with an
embodiment of the invention. In summary, the sequencer 100 includes a default
or benign power up sequence that is able to safely power up many types of
applications processor. Once the applications processor is powered up, the
sequencer 100 is able to receive a user programmable script from the
applications processor which includes instructions on how sequentially power up
and power down one or more modules connected to the sequencer. The user
programmable script from the applications processor may even include
instructions on how to sequentially re-power up the applications processor itself,

which may be different than the default or benign power up sequence.

[0023] In particular, the programmable power distributing sequencer 100
comprises a controller 102, an internal memory 104, a plurality of sequence
generators (A-G) 112-1 to 112-7, a first set of registers (A-G) 114-1 to 114-7, a
plurality of regulators 106-1 to 106-25, a plurality of select logic devices (1-25)
108-1 to 108-25, and a second set of registers (1-25) 110-1 to 110-25. Although,
in this example, there are seven (7) sequence generators, 25 regulators, and
related circuitry (registers and select logic devices), it shall be understood that

the sequencer 100 may include more or less of these components.

[0024] The sequence generators (A-G) 112-1 to 112-7 are respectively
coupled to the registers (A-G) 114-1 to 114-7, which, in turn, specify how and
when the generators are to generate a power up timing sequence and a power
down timing sequence. In this exemplary embodiment, the power up timing
sequence includes a plurality of periodic pulses (e.g., 16 pulses). Similarly, the
power down timing sequence includes a plurality of substantially periodic pulses
(e.g., 16 pulses). Information regarding the period for the sequence pulses is
stored in the corresponding register. The corresponding register (114-1 to 114-7)
also stores information as to whether the sequence generator should be initiated

via a software command or an external control input.
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[0025] The select logic devices (1-25) 108-1 to 108-25 enable and disable
the respective regulators (1-25) 106-1 to 106-25 based on information stored in
registers (1-25) 110-1 to 110-25, respectively. The corresponding register (110-1
to 110-25) specify the sequence generator to which the corresponding select logic
device (108-1 to 108-25) is to select, the time slot of the power on timing sequence
to enable the corresponding regulator (106-1 to 106-25), and the time slot of the
power down timing sequence to disable the corresponding regulator (106-1 to

106-25).

[0026] Upon detecting an initial power on, the controller 102 reads a
default or benign power on sequence instruction (e.g., a script) from the internal
memory 104, and writes the corresponding information into one or more of the
first set of registers (A-G) 114-1 to 114-7, and one or more of the second set of
registers 110-1 to 110-25. An applications processor, serving as a subsequent
programming source for the sequencer 100, is coupled to one or more of the
regulators 106-1 to 106-25 of the sequencer. As an example, the default or
benign power on sequence may be configured to safely power up an applications
processor via the one or more regulators coupled to the processor. Once the
applications processor is powered on, the controller receives a power up/down
user programmable script from the applications processor, which instructs the
sequencer 100 on how to sequentially power up and power down one or more

modules coupled to the regulators of the sequencer 100.

[0027] The one or more modules being powered up and down may include
the applications processor. Thus, the applications processor may send a script to
the sequencer 100 to cause the sequencer to re-power up the applications
processor. The re-powering up sequence of the applications processor may
configure the processor for improved performance over that of which the default
or benign sequence initially configures the processor. Although it may not
configure the corresponding applications processor to its optimized performance,
the default or benign sequence allows the sequencer to be used with many type of
applications processor. This has the advantages of improving the development of
electronic systems using the sequencer; reduces product defining interactions

between the designer of the sequencer, designer of the applications processor,
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and designer of the electronic system; and simplifies inventory for both
manufacturers of the sequencer and electronic system, since only a single type

sequencer needs to be tracked.

[0028] Figure 1B illustrates a timing diagram of exemplary signals
generated in the programmable power distributing sequencer 100 in accordance
with another embodiment of the invention. In this example, the sequencer 100
has been programmed to assign the power up/down timing sequences generated
by sequence generator (A) 112-1 to regulators (2, 7, 15, and 22) 106-2, 106-7, 106-
15, and 106-22; thereby forming a group whose power up/down timing
relationship is governed by the sequences generated by sequence generator (A)
112-1. The power up/down timing sequences generated by sequence generator
(A) 112-1 has been configured to generate 16 pulses (e.g., pulses 0-15) for the
power up sequence and another 16 pulses (e.g., 0-15) for the power down
sequence. Additionally, the sequence generator (A) 112-1 has been configured to
generate the pulses of the power up and power down sequences in a substantially
periodic manner, with a period, for example, of approximately 320 pus
(microseconds). It shall be understood that the sequences need not be periodic

pulses, need not have 16 pulses each, and need not have a period of 320 pus.

[0029] Regulator (2) 106-2, in turn, has been configured to be powered up
at substantially time slot (pulse) zero (0) of the power up sequence, and powered
down at substantially time slot (pulse) 15 of the power down sequence.
Regulator (7) 106-7, in turn, has been configured to be powered up at
substantially time slot three (3) of the power up sequence, and powered down at
substantially time slot seven (7) of the power down sequence. Regulator (15)
106-15, in turn, has been configured to be powered up at substantially time slot
10 of the power up sequence, and powered down at substantially time slot zero
(0) of the power down sequence. Finally, Regulator (22) 106-22, in turn, has been
configured to be powered up at substantially time slot 11 of the power up
sequence, and powered down at substantially time slot zero (0) of the power

down sequence.



WO 2010/147863 PCT/US2010/038418

[0030] In this example, the regulators (2, 7, 15, and 22) 106-2, 106-7, 106-
15, and 106-22 may be coupled respectively to power inputs of a particular
electronic module. The electronic module may require the power up and power
down sequences as shown in order to properly and safely turn on, and properly
and safely turn off. The enable signal, which may be provided by a software
command issued by the controller 102 or may be issued externally via the
external control, initiates the power up sequence when it changes from a low
logic state to a high logic state, and initiates the power down sequence when it
changes from the high logic state to the low logic state. As previously discussed,
the other sequence generators may be configured with different periods, and the
regulators coupled respectively to them may be configured to turn on and off at

the programmed time slots.

[0031] An advantage of the sequencer 100 is that a control signal line, such
as SEQ A as described above, may be used to commonly control a group of
regulators, such as regulators 106-2, 106-7, 106-15, and 106-22. The timing or
clocking information for controlling the regulator group is embedded in the
control signal line. Another advantage of the sequencer 100 is that a regulator
assigned to a group can immediately assume the correct on or off state, with
effectively no delay, due to the use of pulse detectors embedded in the select

logics 108-1 to 108-25, respectively.

[0032] Additionally, the sequencer 100 may be configured to reduce the
pulse detection time by the select logic. For example, the sequence generated by
sequencer generator A 112-1 may be configured with a relatively high frequency
to reduce the period of each pulse. This increments the counters in the select
logic and trigger power-up and power-down operations. The higher frequency
reduces the pulse detector time constant to a small, substantially fixed period,
saving area. The shorted detection time allows a regulator to quickly transition

on or off when programmed to a new group that is not in transition.

[0033] Figure 2A illustrates a block diagram of an exemplary electronic
system 200 including an exemplary programmable power distributing sequencer

210 coupled to various modules in accordance with another embodiment of the
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invention. In this example, the electronic system 200 may be a cellular
telephone or other device. The electronic system 200 comprises the
programmable power distributing sequencer 210, an applications processor 228,
an external memory 230, an audio module 220, a display 222, a radio frequency
(RF) chipset 224, and a digital signal processor (DSP) 226. The programmable
power distributing sequencer 210, in turn, comprises a controller 212, an
internal memory 214, a sequencer module 216, a select module 218, and 25

regulators 1-25.

[0034] In this example, regulators 1-8 are configured to provide power to
the applications processor 228. Regulators 9-12 are configured to provide power
to the external memory 230. Regulators 22-24 are configured to provide power to
the audio module 220. Regulators 19-21 are configured to provide power to the
display 222. Regulators 15-18 are configured to provide power to the RF chipset
224. And, regulators 13-14 and 25 are configured to provide power to the DSP
226. The sequencer module 216 generates the various power up/down timing
sequences for the various modules. As an example, the sequencer module 216
may generate a power up/down sequence for regulators 1-8 to properly power
up/down the applications processor 228. The sequencer module 216 may
generate another power up/down sequence for regulators 9-12 to properly power
up/down the memory 230. The sequencer module 216 may also generate
corresponding sequences for the remaining modules. It shall be understood that
a particular sequence generated by the sequence module 216 may be applied to
regulators coupled to different modules. Additionally, a particular module may
be coupled to regulators driven by different sequences generated by the sequence

module 216.

[0035] The select module 218 generates an enable and disable signal for
the regulators 1-25 based on the sequences generated by the sequencer module
216 and the power up/down instructions provided by the controller 212. The
internal memory 214, which may be configured as a non-volatile memory, stores
a default or benign power up script that instructs the controller 212 to control
the select module 218 in a manner that enables one or more of regulators 1-8 in a

particular sequence in order to safely and properly power up the applications

10
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processor 228. Additionally, after a successful power up of the applications
processor 228, the internal memory 214 may be updated with a user
programmable script that provides instructions on how to sequentially power up
and down the various modules (applications processor 228, memory 230, audio
220, display 222, RF chipset 224 and DSP 226) of the electronic system 200. The
following describes an exemplary operation performed by the programmable

power distributing sequencer 210.

[0036] Figure 2B illustrates a flow diagram of an exemplary method 250 of
sequentially distributing power in accordance with another embodiment of the
invention. According to the method 250, the controller 212 of the programmable
power distributing sequencer 210 detects an initial power on operation of the
electronic system 200 (e.g., such as when a user initially turns on the system)
(block 252). In response to detecting the power on operation, the controller 212
executes a default power up script stored in the internal memory 214 to cause
the applications processor 228 and external memory 230 to safely and properly
turn on (block 254). This may require the controller 212 to enable one or more of
the regulators 1-8 coupled to the applications processor 228, and one or more of

the regulators 9-12 coupled to the external memory 230.

[0037] After the applications processor 228 and memory 230 have
successfully turned on, the applications processor 228 reads a power up/down
user programmable script for one or more modules of the electronic system 200
from the memory 230, and sends the script to the internal memory 214 via the
controller 212 (block 256). The controller 212 then executes the power up portion
of the script to generate a power up operation for one or more modules based on
the instructions provided in the script (block 258). As previously discussed, the
one or more modules may include the audio module 220, the display 222, the RF
chipset 224, and the DSP 226.

[0038] Subsequently, after the successful power up operation of the various
modules of the electronic system 200, the controller 212 detects a power down
operation of the electronic system 200 (e.g., such as when a user turns off the

system) (block 260). In response to detecting the power off operation, the

11
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controller 212 executes the power down portion of the new script stored in the
internal memory 214 to cause the one or more modules of the electronic system
200 to turn off according to the instructions provided by the script (block 262).
Subsequently, the controller 212 detects another power on operation of the
electronic system 200 (e.g., such as when a user turns on the system again)
(block 264). In this case, the controller 212 need not execute the default or
benign script, because the new script has already been stored in the non-volatile
internal memory 214. Thus, the controller 212 reads and executes the new script
to generate a power on operation of the applications processor 228 and memory
230 (block 266), and one or more modules based on the instructions of the script
(block 258). It shall be understood that the applications processor 228 may on
occasion update the power up/down user programmable script stored in the

internal memory 214.

[0039] Figure 3A illustrates a block diagram of another exemplary
electronic system 300 including an exemplary programmable power distributing
sequencer 310 coupled to various modules in accordance with another
embodiment of the invention. Similar to the previous embodiment 200, the
electronic system 300 may be a cellular telephone or other device. The electronic
system 300 comprises the programmable power distributing sequencer 310, an
applications processor 328, an external memory 330, an audio module 320, a
display 322, an RF chipset 224, and a DSP 326. The programmable power
distributing sequencer 310, in turn, comprises a controller 312, an internal
memory 314, a sequencer module 316, a select module 318, and 25 regulators 1-
25. Regulators 1-4, 5-12, 22-24, 19-21, 15-18, and 13-14 and 25 are configured to
provide power to the external memory 330, applications processor 328, audio

module 320, display 322, RF chipset 324, and DSP 326, respectively.

[0040] The programmable power distributing sequencer 310 differs from
the previous embodiment 210 in that sequencer 310 is able to read the new
power up/down user programmable script directly from the external memory
330, instead of receiving it from the applications processor 328. As shown, the
controller 312 is directly coupled to the memory 330 in order to read the power

up/down user programmable script from the memory 330. The following

12
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describes an exemplary operation performed by the programmable power

distributing sequencer 310.

[0041] Figure 3B illustrates a flow diagram of an exemplary method 350 of
sequentially distributing power in accordance with another embodiment of the
invention. According to the method 350, the controller 312 of the programmable
power distributing sequencer 310 detects an initial power on operation of the
electronic system 300 (e.g., such as when a user initially turns on the system)
(block 352). In response to detecting the power on operation, the controller 312
executes a default power up script stored in the internal memory 314 to cause
the external memory 330 to safely and properly turn on (block 354). This may
require the controller 312 to enable one or more of the regulators 1-4 coupled to

the external memory 330.

[0042] After the external memory 330 has successfully turned on, the
controller 312 reads a power up/down user programmable script for one or more
modules of the electronic system 300 from the external memory 330, and stores
the script in the internal memory 314 (block 356). The controller 312 then
executes the power up portion of the script to generate a power up operation for
one or more modules based on the instructions provided in the script (block 358).
As previously discussed, the one or more modules may include the applications
processor 328, the audio module 320, the display 322, the RF chipset 324, and
the DSP 326.

[0043] Subsequently, after the successful power up operation of the various
modules of the electronic system 300, the controller 312 detects a power down
operation of the electronic system 300 (e.g., such as when a user turns off the
system) (block 360). In response to detecting the power off operation, the
controller 312 executes the power down portion of the new script stored in the
internal memory 314 to cause the one or more modules of the electronic system
300 to turn off according to the instructions provided by the script (block 362).
Subsequently, the controller 312 detects another power on operation of the
electronic system 300 (e.g., such as when a user turns on the system again)

(block 364). In this case, the controller 312 need not execute the default or

13
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benign script, because the new script has already been stored in the non-volatile
internal memory 314. Thus, the controller 312 reads and executes the new script
to generate a power on operation of the memory 330 (block 366), and one or more
modules based on the instructions of the script (block 358). It shall be
understood that the controller 312 may on occasion access the external memory

330 to receive updates to the power up/down user programmable script.

[0044] Figure 4A illustrates a block diagram of another exemplary
electronic system 400 including an exemplary programmable power distributing
sequencer 410 coupled to various modules in accordance with another
embodiment of the invention. Similar to the previous embodiments 200 and 300,
the electronic system 400 may be a cellular telephone or other device. The
electronic system 400 comprises the programmable power distributing sequencer
410, an applications processor 428, an external memory 430, an audio module
420, a display 422, an RF chipset 424, and a DSP 426. The programmable power
distributing sequencer 410, in turn, comprises a controller 412, an internal
memory 414, a sequencer module 416, a select module 418, and 25 regulators 1-
25. Regulators 1-8, 9-12, 22-24, 19-21, 15-18, and 13-14 and 25 are configured to
provide power to the applications processor 428, the external memory 430, the
audio module 420, the display 422, the RF chipset 424, and the DSP 426,

respectively.

[0045] The programmable power distributing sequencer 410 differs from
the previous embodiments 210 and 310 in that sequencer 410 is able to receive
the new power up/down user programmable script from an external
programming device, instead of the applications processor 428 or the external
memory 430. As shown, the controller 412 is coupled to an external
programming device for receiving the power up/down user programmable script.
The external programming device could be any type of device that is able to
communicate a power up/down script to the sequencer 410, such as an external
computer. The following describes an exemplary operation performed by the

programmable power distributing sequencer 410.

14
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[0046] Figure 4B illustrates a flow diagram of another exemplary method
450 of sequentially distributing power in accordance with another embodiment of
the invention. According to the method 450, the controller 412 of the
programmable power distributing sequencer 410 detects an initial power on
operation of the electronic system 400 (e.g., such as when a user initially turns
on the system) (block 452). In response to detecting the power on operation, the
controller 412 receives a power up/down user programmable script for one or
more modules of the electronic system 400 from the external programming
device (block 454), and stores the script to the internal memory 414 (block 456).
The controller 412 then executes the power up portion of the script to generate a
power up operation for one or more modules based on the instructions provided
in the script (block 458). As previously discussed, the one or more modules may
include the applications processor 428, the memory 430, the audio module 420,
the display 422, the RF chipset 424, and the DSP 426.

[0047] Subsequently, after the successful power up operation of the various
modules of the electronic system 400, the controller 412 detects a power down
operation of the electronic system 400 (e.g., such as when a user turns off the
system) (block 460). In response to detecting the power off operation, the
controller 412 executes the power down portion of the new script stored in the
internal memory 414 to cause the one or more modules of the electronic system
400 to turn off according to the instructions provided by the script (block 462).
Subsequently, the controller 412 detects another power on operation of the
electronic system 400 (e.g., such as when a user turns on the system again)
(block 464). In this case, the controller 412 need not receive the script from the
external programming device since it has already stored it in the non-volatile
internal memory 414. Thus, the controller 412 reads and executes the new script
to generate a power on operation of one or more modules based on the
instructions of the script (block 458). It shall be understood that the controller
412 may on occasion receive updates to the user programmable script from the

external programming device.

[0048] Figure 5 illustrates a block diagram of an exemplary programmable

power distributing sequencer 500 in accordance with another embodiment of the
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invention. The programmable power distributing sequencer 500 is similar to the
previous embodiments 210, 310, and 410, and includes a controller 512, an
internal memory 514, a sequencer module 516, a select module 518, and a
plurality of internal registers 1-24. Additionally, the programmable power
distributing sequencer 500 further includes an external regulator port for
coupling to one or more external regulators. With the external regulator port,
the programmable power distributing sequencer 500 may control external
regulators in a similar manner as it controls the internal regulators 1-24. For
example, using the power up/down user programmable script stored in internal
memory 514, the controller 512 is able to enable and disable any external
registers coupled to the external register port based on instructions provided in
the script. This has the benefit of expanding the functionality of the
programmable power distributing sequencer 500 by allowing the addition of

external regulators subject to the control of the sequencer.

[0049] Figure 6 illustrates a block diagram of an exemplary system 600
including a pair of exemplary programmable power distributing sequencers 610
and 650 in a master-slave configuration in accordance with another embodiment
of the invention. The programmable power distributing sequencers 600 and 650
are similar to the previous embodiment 500, and respectively include controllers
612 and 652, internal memories 614 and 654, sequencer modules 616 and 656,
select modules 618 and 658, and a plurality of internal registers 1-24 each.
Additionally, in this example, the programmable power distributing sequencer
600 further includes an external regulator port coupled to an external control of
the programmable power distributing sequencer 650. In this configuration, the
“master” programmable power distributing sequencer 600, using a master script
stored in internal memory 614, may send a control signal (via the external
regulator port and external control port) to the “slave” programmable power
distributing sequencer 650 to initiate the slave’s power up/down operation
dictated by the “slave” script stored in internal memory 654. This has the
benefit of forming cascaded, hierarchical, or redundant configuration of
sequencers, thereby substantially expanding the functionality and improving

reliability of the power sequencing operation.
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[0050] Figure 7 illustrates a flow diagram of another exemplary method
700 of sequentially distributing power in accordance with another embodiment of
the invention. As discussed, in any of the previous embodiments, the power
up/down user programmable script stored in the internal memory may be
updated as required. The exemplary method 700 merely underscores this
feature of the embodiments described herein. According to the method 700, the
corresponding controller detects a power on operation (block 702).
Subsequently, the corresponding controller receives a first set of power/up down
instructions (e.g., a first user programmable script) from a programming source
(e.g., applications processor, external memory, external programming device,
etc.) (block 704). The corresponding controller then generates a power up/down
operation for one or more modules based on the first set of power up/down

instructions (block 706).

[0051] Then, subsequently, the corresponding controller receives a second
set of power/up down instructions (e.g., a second user programmable script) from
a programming source (e.g., applications processor, external memory, external
programming device, etc.) (block 708). The corresponding controller then
generates a power up/down operation for one or more modules based on the
second set of power up/down instructions (block 710). This process of updating
the power up/down script may continue as needed by changes in the system
and/or its operations. This provides much flexibility to designers using the
programmable power distributing sequencer, and facilitates designing,

manufacturing, and inventory control, as previously discussed.

[0052] Figure 8A illustrates a block diagram of another exemplary
programmable power distributing sequencer 800 in accordance with another
embodiment of the invention. The programmable power distributing sequencer
800 is similar to the previous embodiments 210, 310, 410, and 500, and includes
a controller 812, an internal memory 814, a sequencer module 816, a select

module 818, and a plurality of registers 1-12.

[0053] Additionally, the programmable power distributing sequencer 800
further includes a fault detection module 820 adapted to detect faulty operation
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in one or more of the regulators 1-12. In particular, the outputs of the regulators
1-12 are coupled to the fault detection module 820. The fault detection module
820, in turn, is coupled to the controller 812. In response to detecting one or
more faults respectively among the one or more regulators 1-12, the fault
detection module 820 informs the controller 812 of the identity of the one or more
faulty regulators 1-12. In response, the controller 812 may take appropriate
action based on the one or more faulty regulators. These actions may include
sending a notification of the one or more faulty regulators to the applications
processor or other device, and/or perform a power down operation to power down
one or more modules affected by faulty one or more regulators, as well as other
non-affected one or more modules. The following describes an exemplary

operation of the programmable power distributing sequencer 800.

[0054] Figure 8B illustrates a flow diagram of an exemplary method 850 of
detecting and responding to one or more faulty regulators in accordance with
another embodiment of the invention. According to the method 850, the
controller 812 detects a power on operation of the corresponding electronic
system (block 852). In response to detecting the power on operation, the
controller 812 may execute a default or benign power up operation stored in the
internal memory 814 to power up the applications processor and/or external
memory (block 854). Subsequently, the controller 812 receives a power up/down
user programmable script for one or more modules from a programming source
(e.g., an applications processor, external memory, external programming device,
etc.), and stores the script in the internal memory 814 (block 856). The controller
812 then executes the script to power up one or more modules based on the

instructions provided by the script (block 858).

[0055] While the programmable power distributing sequencer 800 is
operational, the fault detection module 820 monitors the regulators 1-12 for
faulty operation. If the fault detection module 820 detects faulty operation
among the one or more of the regulators, the fault detection module 820
communicates the identity of the one or more faulty regulators to the controller
812 (block 860). In response, the controller 812 determines whether the one or

more faulty regulators provides power to one or more critical modules (block
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862). If it does, the controller 812 generates a power down operation to power
down the one or more critical modules (and possibly other one or more unaffected
modules) (block 864). Otherwise, the controller 812 may send a notification of
the one or more faulty regulators to the applications processor or other device,

which, in turn, may take some responsive action.

[0056] While the invention has been described in connection with various
embodiments, it will be understood that the invention is capable of further
modifications. This application is intended to cover any variations, uses or
adaptation of the invention following, in general, the principles of the invention,
and including such departures from the present disclosure as come within the

known and customary practice within the art to which the invention pertains.
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What is claimed is:

1. A programmable power distributing sequencer, comprising:

a plurality of regulators;

a first memory adapted to store a first user programmable script including
instructions for enabling and disabling the regulators in a sequential manner;
and

a controller adapted to enable and disable the regulators based on the

instructions of the first user programmable script.

2. The programmable power distributing sequencer of claim 1,
wherein the controller is adapted to:

receive the first user programmable script from an applications processor;
and

store the first user programmable script in the first memory.

3. The programmable power distributing sequencer of claim 2,
wherein the first memory is further adapted to store a default script including
instructions for sequentially enabling regulators coupled to the applications
processor, and wherein the controller is further adapted to enable the regulators
coupled to the applications processor based on the instructions of the default

script.

4. The programmable power distributing sequencer of claim 3,
wherein the controller is adapted to enable the regulators coupled to the
applications processor based on the default script prior to receiving the first user

programmable script from the applications processor.
5. The programmable power distributing sequencer of claim 4,

wherein the controller is adapted to enable the regulators coupled to the

applications processor based on the first user programmable script.
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6. The programmable power distributing sequencer of claim 3,
wherein the controller is adapted to enable the regulators coupled to the
applications processor based on the default script in response to detecting an

initial power on operation.

7. The programmable power distributing sequencer of claim 1,
wherein the controller is adapted to:
receive the first user programmable script from a second memory; and

store the first user programmable script in the first memory.

8. The programmable power distributing sequencer of claim 7,
wherein the first memory is further adapted to store a default script including
instructions for enabling one or more regulators coupled to the second memory,
and wherein the controller is further adapted to enable one or more regulators

coupled to the second memory based on the instructions of the default script.

9. The programmable power distributing sequencer of claim 8,
wherein the controller is adapted to enable the one or more regulators coupled to
the second memory based on the default script prior to receiving the first user

programmable script from the second memory.

10. The programmable power distributing sequencer of claim 9,
wherein the controller is adapted to enable the one or more coupled to the second

memory based on the first user programmable script.

11. The programmable power distributing sequencer of claim 8,
wherein the controller is adapted to enable the one or more regulators coupled to
the second memory based on the default script in response to detecting an initial

power on operation.

12. The programmable power distributing sequencer of claim 1,

wherein the controller is adapted to:
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receive the first user programmable script from an external programming
device; and

store the first user programmable script in the first memory.

13. The programmable power distributing sequencer of claim 1, further
comprising an external regulator port, wherein the controller is adapted to
sequentially enable and disable one or more external regulators coupled to the
external regulator port based on instructions of the first user programmable

script.

14. The programmable power distributing sequencer of claim 1, further
comprising a port, wherein the controller is adapted to control a second power
distributing sequencer coupled to the port based on instructions of the first user

programmable script.

15. The programmable power distributing sequencer of claim 1,
wherein the controller is further adapted to:

receive a second user programmable script including instructions to
sequentially enable and disable the regulators;

store the second user programmable script in the first memory; and

enable and disable the regulators based on the instructions of the second

user programmable script.

16. The programmable power distributing sequencer of claim 1, further
comprising a fault detection module adapted to detect a faulty operation of one or

more of the regulators.
17. The programmable power distributing sequencer of claim 16,

wherein the fault detection module is adapted to communicate an identity of the

one or more faulty operating regulators to the controller.
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18. The programmable power distributing sequencer of claim 17,
wherein the controller is adapted to send a notification of the one or more faulty

operating regulators.

19. The programmable power distributing sequencer of claim 17,
wherein the controller is adapted to sequentially disable the regulators in

response to receiving the communication from the fault detection module.

20. The programmable power distributing sequencer of claim 19,
wherein the controller is adapted to sequentially disable the regulators based on

instructions from the first user programmable script.

21. The programmable power distributing sequencer of claim 1, further
comprising:

a sequencer module adapted to respectively generate a plurality of timing
sequences; and

a select module adapted to generate enable and disable signals for the

regulators based on the timing sequences and instructions from the controller.

22. The programmable power distributing sequencer of claim 21,
wherein the sequencer module comprises a plurality of sequence generators

adapted to respectively generate the timing sequences.

23. The programmable power distributing sequencer of claim 22,
further comprising a first set of registers adapted to provide information
respectively to the sequence generators on how to generate the respective timing

sequences.

24. The programmable power distributing sequencer of claim 23,
wherein the select module comprises:
a plurality of select logic devices for generating the enable and disable

signals respectively for the regulators; and
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a second set of registers adapted to provide information respectively to the
select logic devices on the respective timing sequences and respective time slots

to use to generate the enable and disable signals respectively for the regulators.

25. A method of sequentially enabling and disabling a plurality of
internal regulators, comprising:

accessing a user programmable script including instructions for
sequentially enabling and disabling the internal regulators; and

enabling and disabling the internal regulators based on the instructions of

the user programmable script.

26. The method of claim 25, further comprising receiving the user

programmable script from a programming source.

27. The method of claim 26, further comprising enabling one or more
internal regulators coupled to the programming source based on instructions

from a default script.

28. The method of claim 26, wherein the programming source comprises

an external programming device, a memory, or an applications processor.

29. The method of claim 25, further comprising enabling and disabling
one or more external regulators based on the instructions of the user

programmable script.
30. The method of claim 25, further comprising controlling an external
power distributing sequencer based on the instructions of the wuser

programmable script.

31. The method of claim 25, further comprising:

detecting a faulty operation of one or more internal regulators; and
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sending a notification of the faulty operating one or more internal
regulators in response to detecting the faulty operation of the one or more

internal regulators.

32. The method of claim 25, further comprising:
detecting a faulty operation of one or more internal regulators; and
disabling one or more of the internal regulators in response to detecting

the faulty operation of the one or more internal regulators.

33. An electronic system, comprising:
an applications processor;
an external memory coupled to the applications processor;
one or more modules; and
a programmable power distributing sequencer, comprising:
a first set of regulators coupled to the applications processor;
a second set of regulators coupled to the external memory;
a third set of regulators coupled to the one or more modules; and
an internal memory adapted to store a user programmable script
including instructions for enabling and disabling the regulators of the first,
second, and third sets in a sequential manner; and
a controller adapted to enable and disable the regulators of the first,

second, and third sets based on the instructions of the user programmable script.

34. A sequencer, comprising:
a first group of regulators; and
a controller adapted to apply a first control signal including timing

information for controlling an enabling and disabling of the group of regulators.

35. The sequencer of claim 34, further comprising a pulse detector for
each regulator, wherein the pulse detector is adapted to detect pulses in the first
control signal that control the enabling and disabling of the corresponding

regulator.
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36. The sequencer of claim 34, wherein the controller is adapted to:

reassign one or more of the regulators in the first group to a second group
of regulators; and

apply a second control signal to the second group of regulators for

controlling an enabling and disabling of the group of regulators.

37. The sequencer of claim 36, wherein the first and second control
signals respectively comprise pulses at distinct frequencies to govern the
enabling and disabling of the first and second group of regulators in distinct

manners.
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