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(57) Abstract: In one embodiment, a power management integrated circuit comprises a finite state machine having a first terminal to
receive a digital command signal, a second terminal to receive a clock signal, and a third terminal to receive a first reset signal to re -
set the finite state machine into a predetermined operational state. A plurality of diagnostic registers is configured to store a signal
state of the digital command signal or a clock state of the clock signal, or both in response to the first reset signal. The diagnostic re -
gisters are configured to maintain the signal state or the clock state, or both after powering down of the power management integ -
rated circuit in response to the first reset signal. The diagnostic registers are contigured to allow retrieval of the stored signal state or
the stored clock state, or both upon power on of the power management integrated circuit.
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DIAGNOSTIC SYSTEMS AND METHODS OF FINITE STATE MACHINES

RELATED APPLICATION
[0001] This application claims priority to U.S. Nonprovisional App. No. 14/172,090
filed February 4, 2014, the content of which is incorporated herein by reference in its

entirety for all purposes.
BACKGROUND

[0002] The disclosure relates to systems and methods for providing information for

diagnosing internal fault conditions of finite state machines.

[0003] Unless otherwise indicated herein, the approaches described in this section are

not admitted to be prior art by inclusion in this section.

[0004] Electronic devices, such as power management devices, often include multiple
finite states machines (FSM) for power up, autonomous charging, or other functions
based on input supplies and digital command signals. These finite state machines
require a valid input clock and proper digital command signals to be present in order to
sequence through the intended states to reach a fully powered up state. If any of these
clocks or digital command signals are not valid due to rare events within a system
environment, the device can become stuck in a fixed state and require a hard reset to

recover or battery removal to recover.

[0005] Once a power management device, such as a power management integrated
circuit (PMIC), is locked into a non-powered up state, there is very limited visibility
into the internal state of the device for root cause analysis of any power up issues.
Power up issues can often be very rare and intermittent. This can make it very difficult
to reproduce the problem, diagnose the root cause, and provide alternative hardware or
software solutions to fix the issue. Due to the issues described above, there is a need for
an improved diagnostics interface to the PMIC device that allows visibility into internal

infrastructure signals during fault conditions.

SUMMARY
[0006] The present disclosure describes systems and methods for diagnosing internal
fault conditions of finite state machines in power management integrated circuits. In

one embodiment, a power management integrated circuit comprises a finite state
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machine having a first terminal to receive a digital command signal, a second terminal
to receive a clock signal, and a third terminal to receive a first reset signal to reset the
finite state machine into a predetermined operational state. A plurality of diagnostic
registers is configured to store a signal state of the digital command signal or a clock
state of the clock signal, or both in response to the first reset signal. The diagnostic
registers are configured to maintain the signal state or the clock state, or both after
powering down of the power management integrated circuit in response to the first reset

signal.

[0007] In one embodiment, the diagnostic registers are configured to allow retrieval of
the stored signal state or the stored clock state, or both upon power on of the power

management integrated circuit.

[0008] In one embodiment, the diagnostic registers are configured to allow retrieval of
the stored signal state or the stored clock state, or both via a system interface while the

power management integrated circuit is powered down.

[0009] In one embodiment, the power management integrated circuit further
comprises a reset signal generator to generate the first reset signal in response to a loss

of main power to the power management integrated circuit.

[0010] In one embodiment, the power management integrated circuit further
comprises a reset signal generator to generate the first reset signal in response to a user

selected power off to the power management integrated circuit.

[0011] In one embodiment, the plurality of diagnostic registers is configured to clear
the stored signal state or the stored clock state, or both in response to the second reset

signal.

[0012] In one embodiment, the power management integrated circuit further
comprises a reset signal generator to generate the second reset signal in response to a

loss of backup power to the power management integrated circuit.

[0013] In one embodiment, the power management integrated circuit further
comprises a reset signal generator to generate the second reset signal in response to a

removal of a battery power to the power management integrated circuit.

[0014] In one embodiment, the power management integrated circuit further

comprises a halt detector having an input to receive the clock signal and having an
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output to provide a halt detection signal to at least one diagnostic register to store the

clock state in response to detection of a halt of the clock signal.
[0015] In one embodiment, the halt detector is an analog clockless circuit.

[0016] In another embodiment, a method comprises receiving, on inputs of a finite
state machine in a power management integrated circuit, a plurality of digital command
signals or one or more clock signals, or both; receiving a reset signal to reset the finite
state machine into a predetermined operational state; storing, in response to said reset
signal, a plurality of signal states of the plurality of digital command signals or one or
more clock states of the one or more clock signals, or both in a plurality of diagnostic
registers; and powering down the power management integrated circuit in response to
said reset signal. The diagnostic registers maintain the plurality of signal states or the
one or more clock states, or both after said powering down of the power management

integrated circuit.

[0017] In one embodiment, the method further comprises powering on the power
management integrated circuit; and retrieving the plurality of signal states and the one

or more clock states.

[0018] In one embodiment, the method further comprises generating the reset signal

in response to a loss of main power to the power management integrated circuit.

[0019] In one embodiment, the method further comprises clearing the stored plurality
of signal states and the stored one or more clock states in the plurality of diagnostic
registers in response to a loss of main power to the power management integrated

circuit.

[0020] In one embodiment, the method further comprises generating a second reset
signal to clear the plurality of signal states or the one or more clock states, or both in the
plurality of diagnostic registers in response to a removal of a battery power to the power

management integrated circuit.

[0021] In one embodiment, the method further comprises providing a halt detection
signal to at least one diagnostic register to store the one or more clock states of the one

or more clock signals in response to detection of a halt of the clock signal.

[0022] In yet another embodiment, a method comprises receiving, on inputs of a finite

state machine in an electronic device, a plurality of digital command signals or one or
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more clock signals, or both; receiving a reset signal to reset the finite state machine into
a predetermined operational state; storing, in response to said reset signal, a plurality of
signal states of the plurality of digital command signals or the one or more clock
signals, or both in a plurality of diagnostic registers; powering down the electronic
device in response to said reset signal; and maintaining the plurality of signal states in

the diagnostic registers after said powering down of the electronic device.

[0023] In one embodiment, the method further comprises powering on the electronic

device; and retrieving the plurality of signal states.

[0024] In one embodiment, the method further comprises communicating over a
system interface with the electronic device in the powered down state; and retrieving the

plurality of signal states from the diagnostic registers.

[0025] In one embodiment, the method further comprises generating a second reset
signal when a battery is removed from the electronic device; and resetting the plurality

of diagnostic registers by the second reset signal.

[0026] In one embodiment, the method further comprises providing a halt detection
signal to at least one diagnostic register to store the signal states of the one or more

clock signals in response to detection of a halt of the clock signal.

[0027] The following detailed description and accompanying drawings provide a

better understanding of the nature and advantages of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] With respect to the discussion to follow and in particular to the drawings, it is
stressed that the particulars shown represent examples for purposes of illustrative
discussion, and are presented in the cause of providing a description of principles and
conceptual aspects of the present disclosure. In this regard, no attempt is made to show
implementation details beyond what is needed for a fundamental understanding of the
present disclosure. The discussion to follow, in conjunction with the drawings, make
apparent to those of skill in the art how embodiments in accordance with the present

disclosure may be practiced. In the accompanying drawings:

[0029] Fig. I illustrates a block diagram of a power management integrated circuit

(PMIC) according to an embodiment.
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[0030] Fig. 2 illustrates a block diagram of a reset signal generator according to an

embodiment.

[0031] Fig. 3 is a block diagram illustrating a halt detector according to an

embodiment.

[0032] Figs. 4a and 4b illustrate simplified diagrams illustrating a process flow for

controlling diagnostics according to an embodiment.

[0033] Fig. 5 illustrates a timing diagram of a power management integrated circuit

according to an embodiment.

DETAILED DESCRIPTION
[0034] In the following description, for purposes of explanation, numerous examples
and specific details are set forth in order to provide a thorough understanding of the
present disclosure. It will be evident, however, to one skilled in the art that the present
disclosure as expressed in the claims may include some or all of the features in these
examples, alone or in combination with other features described below, and may further

include modifications and equivalents of the features and concepts described herein.

[0035] Fig. I illustrates a block diagram of a power management integrated circuit
(PMIC) 100 according to an embodiment. PMIC 100 comprises one or more finite state
machines (FSM) 102, a diagnostics interface 104, a reset signal generator 106, and other

PMIC circuits 108. PMIC 100 can be part of a device, such as a mobile phone or tablet.

[0036] FSM 102 receives a plurality of digital command signals 122 and one or more
clock (CK) signals 124. The digital command signals 122 may be synchronous or
asynchronous inputs, for example. If any of the input signals (digital command signals
122 or clock signals 124) to FSM 102 become invalid due to a fault condition, FSM 102
can stay in a stuck state and not respond to external power or trigger inputs because of
an crror condition, a defect, or other abnormal condition in FSM 102. The state of
signals, registers, and clocks of FSM 102 can be provided to diagnostics interface 104

as 18 described below.

[0037] Diagnostics interface 104 comprises a halt detector 112 and one or more

diagnostic registers (D-Reg) 114-1 through 114-n. Diagnostics interface 104 provides
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test access to the PMIC infrastructure internal signals via read signals 140-1 through
140-n from diagnostic registers 114-1 through 114-n, respectively, during a fault
condition for debug and root cause analysis. Halt detector 112 generates a halt detection
signal 142 in response to detection of a halt of clock signals 124. In some

embodiments, halt detector 112 is an analog clock-less circuit. In this example, one halt
detector 112 is shown. However, in some embodiments, one or more halt detectors 112
can be used on each module of PMIC 100. For example, one halt detector 112 can be
used on a power on (PON) module and one halt detector 112 can be used on each

infrastructure module of PMIC 100.

[0038] Diagnostic registers 114 store and maintain the signal states for the digital
command signals 122, the clock states of the clock signals 124 in response to a reset
signal 126, and the state 142 (such as signal states and register states) of FSM 102. In
some embodiments, the storing may be limited to asynchronous input signals and clock
signals on a power management integrated circuit, such as on a power on (PON)

module.

[0039] In one embodiment, halt detector 112 monitors the clock signals 124 for FSM
102 locally within the PON module and other infrastructure modules and stores the
clock states in one or more diagnostic registers 114 when the clock signal 124 fails. In
various embodiments, diagnostic registers 114 maintain the plurality of signal states and
clock states after the electronic device is powered down. Diagnostic registers 114 can
receive a different reset signal (e.g., a raw reset signal 128) generated when a battery is
removed, for example, to clear the stored signal states and clock states. Thus,
diagnostic registers 114 maintain the state information after FSM 102, PMIC 100, and
the electronic device are turned off and restarted unless cleared by the raw reset signal

128.

[0040] In this example, diagnostic register 114-1 stores the state of clock signal 124.
Diagnostic register 114-2 stores the state of digital commands 122. Diagnostic register
114-3 stores the state 142 of FSM 102, such as FSM state critical signals. Diagnostic
register 114-n stores the state of halt detection signal 142. Halt detector 112 is

described in more detail in conjunction with Fig. 3.

[0041] Diagnostic registers 114 can be coupled to an interface, such as a system

power management interface (SPMI), so that diagnostic registers 114 can be read
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without PMIC 100 being powered back on. If a lock up failure of FSM 102 results in
damage to PMIC 00 that prevents full recovery and power back up after a hard reset, the
ability to read the states from diagnostic registers 114 may provide useful information

about the cause of the failure.

[0042] Reset signal generator 106 generates the reset signal 126 and the raw reset
signal 128 in response to a main battery voltage 130, a charger pre-regulator voltage
132, a backup battery voltage 134, and a hard reset key signal 136. In this example,
reset signal generator 106 generates reset signal 126 if voltages from both the main
battery and the charger pre-regulator are below a first threshold (e.g., 2.1 Volts). Reset
signal generator 106 generates raw reset signal 128 if voltages from both the main
battery and a backup battery are below a second threshold (e.g., 1 Volt). Reset signal

generator 106 is described in more detail in conjunction with Fig. 2.

[0043] Other PMIC circuits 108 can include a power on module, a battery charger, a

battery fuel gauge, a real time clock (RTC), and other infrastructure modules or circuits.

[0044] Initially, PMIC 100 may be powered in an ON state. If a module in PMIC
100, such as a power on (PON) module or other infrastructure module, loses a clock
signal 124 or is stuck in a particular state, a user may produce a hard key reset signal
136 to recover the device (e.g., by pressing a reset or power button on an electronic
device). The hard key reset 136 may be received as reset 126 via reset signal generator
106 by FSM 102 to power off all registers and clear all logic and power down PMIC
100 and the electronic device, for example. The reset signal 126 is also used to store
signal states for the digital command signals 122 and the clock signal 124 in diagnostic
registers 114. For example, a rising edge of the reset signal 126 may latch the signal

states and clock states in diagnostic registers 114.

[0045] A user may press the reset button again to power up the electronic device,
PMIC 100, and FSM 102, which may restore FSM 102 into a predetermined operational
state (a default state). The signal states and clock states may then be retrieved from
diagnostic registers 114 and analyzed to determine the root cause of the failure. In an
illustrative example described in more detail in conjunction with Fig. 5, diagnostic
registers 114 may indicate that a power on module (PON) was in a particular state with

no clock signal 124 and other particular signal states during the time the device was
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locked up, which may provide useful information in determining the cause of the

lockup.

[0046] Fig. 2 illustrates a block diagram of reset signal generator 106 according to an
embodiment. Reset signal generator 106 comprises a plurality of maximum voltage
selectors 202 and 204, a low-dropout (LOD) regulator 206, a multiplexer 208, a
plurality of comparators 210 and 212, and a plurality of AND gates 214 and 216.
Maximum voltage selector 202 generates a maximum VDD voltage VDD(Max) in
response to the main battery voltage 130 and the charger pre-regulator voltage 132.

This voltage is the main battery voltage 130 if a charger is not connected to the device.
Maximum voltage selector 204 generates a maximum VDD voltage xVDD(Max) in
response to the maximum VDD voltage VDD(Max) and the backup battery voltage 134.
This voltage is the backup battery voltage 134 if the main battery is disconnected,

discharged, or weak and the charger is not connected to the device.

[0047] Comparator 210 compares the maximum VDD voltage VDD(Max) to a first
reference voltage, and in accordance therewith, generates a main battery supply
dependent reset 220. In this example, the first reference voltage is 2.1 Volts. In this
example, the main battery supply dependent reset 220 is high (e.g., ‘1’) in an out of
reset state and low (e.g., ‘0’) in a reset state. The main battery supply dependent reset

220 is provided to multiplexer 208 and AND gate 216.

[0048] AND gate 214 generates a global reset trigger 222 in response to a hard reset
key trigger 224, an over-temperature trigger 226 and watchdog timer 228. In this
example, the hard reset key trigger 224, the over-temperature trigger 226 and the
watchdog timer 228 reset low. AND gate 216 generates the reset signal 126 in response
to global reset trigger 222 and main battery supply dependent reset 220. In this

example, the reset signal 126 resets low.

[0049] The maximum VDD voltage VDD(Max) from maximum voltage selector 202
and the maximum VDD voltage xVDD(Max) from maximum voltage selector 204 are
provided to respective inputs of multiplexer 208. Responsive to a high state or a low
state of the main battery supply dependent reset 220, multiplexer 208 provides
maximum VDD voltage VDD(Max) or maximum VDD voltage xVDD(Max),
respectively, to LDO regulator 206. Responsive to the received voltage, LDO regulator
206 provides a voltage dVDD to comparator 212.
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[0050] Comparator 212 compares the voltage dVDD to a second reference voltage,
and in accordance therewith, generates the raw reset signal 128. In this example, the
second reference voltage is about 1 Volt. In this example, the raw reset signal 128 is

high (e.g., ‘1’) in an out of reset state and low (e.g., ‘0’) in a reset state.

[0051] Fig. 3 is a block diagram illustrating a halt detector 112 according to an
embodiment. Halt detector 112 comprises a plurality of PMOS transistors 302 and 304,
a plurality of NMOS transistors 306 and 308, a plurality of capacitors 310 and 312, an
OR gate 314 and an inverter 316, PMOS transistors 302 and 304 are biased to slowly
charge capacitors 310 and 312, respectively. NMOS transistors 306 and 308 are
coupled in parallel to capacitors 310 and 312, respectively, to selectively ground and
discharge the respective capacitors 310 and 312 in response to clock signal 124 or an
inverted clock signal 124, respectively. While the clock signal 124 runs, capacitors 310
and 312 never fully charge. However, if the clock signal 124 stops, then either the clock
signal 124 or the inverted clock signal 124 is low, and one of the NMOS transistors 306
and 308 is off. Accordingly, one of the capacitors 310 and 312 is not discharged, and
charges and triggers the output of OR gate 314 to generate the halt detection signal 142
to indicate the detection of a halt of clock signal 124.

[0052] In various embodiments, halt detector 112 can include a counter for counting
the number of relaxation-oscillator pulses in a clock cycle. Halt detector 112 can
determine if the clock signal 124 is properly running based on whether the number of

pulses is within a certain range. In this example, the range is 256-1,024 pulses.

[0053] Figs. 4a and 4b illustrate simplified diagrams illustrating a process flow 400
for controlling diagnostics according to an embodiment. At 402, PMIC 100 is powered
on and operating in a normal state. At 404, PMIC 100 receives a power down trigger
and powers down. The power down trigger may be, for example, keypad power down
(KYPDPWR N), an undervoltage-lockout (UVLO), or other power down trigger. At
406, a PMIC fault condition occurs. The PMIC fault condition, at 406, can also occur
while the device is powered on. Power down by hard reset at 404, can occur after the
fault condition, at 406, has already occurred. The PMIC fault condition may be, for
example, power on clock stops or FSM synchronous or asynchronous input signal
transitions to an improper state. At 408, a PMIC powered on trigger is applied to PMIC
100. At410, FSM 102 does not respond to the power on trigger and sits idle in an
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unknown state with unknown inputs. At 412, a hard reset 126 is received. At 414,
diagnostic registers 114 latch the state of FSM 102, clock halt detect, and digital
commands 122 on falling edge of hard reset key signal 136. If at 416, the hard reset 126
does not restore PMIC 100 to a default state, at 418, PMIC 100 reduces the battery
voltage to 2 Volts to cause the reset signal 126 to reset via a power removal. Otherwise,
if at 416, the hard reset 126 restores PMIC 100 to a default state, at 420, a power on
trigger is applied to the device and power is applied to PMIC 100 and the device. At
422, stored values in diagnostic registers 114 are read. At 424, the state of the clock

signals 124, state of signals 122, and states 142 at the locked up time are determined.

[0054] Fig. 5 illustrates a timing diagram 500 of PMIC 100 according to an
embodiment. At a time 502, PMIC 100 is powered on. The clock signal 124 (shown as
PMIC 32K clock in Fig. 5) to the power on (PON) FSM 102 is normal. Two status
signals corresponding to two states 142, namely system (phone) power ready signal
(VPH_PWR_OK) and master bandgap ready signal (MBG_OK), are both high
indicating that the system (phone) power voltage and the master bandgap reference

voltage, respectively, are good.

[0055] Atatime 504, PMIC 100 receives a power down signal, which is shown as
Keypad Power Down (KYPDPWR N), from an actuation of a keypad button of the
device that powers down PMIC 100 and the device. The clock signal 124 (PMIC 32K
clock) to the power on (PON) FSM 102 stops. A halted clock on the halt detection
signal 142 (shown as Clock HALT in Fig. 5) indicates the clock signal 124 has stopped.
System (phone) power ready signal (VPH_PWR_OK) and master bandgap ready signal
(MBG_OK) are both low indicate that the system (phone) power voltage and the master

bandgap reference voltage, respectively, are bad or off.

[0056] At atime 506, PMIC 100 receives a power up signal, which is shown as
Keypad Power Down (KYPDPWR N), from an actuation of a keypad button of the
device that powers up PMIC 100 and the device. The clock signal 124 (PMIC 32K
clock) to the power on (PON) FSM 102 is normal. System (phone) power ready signal
(VPH_PWR_OK) and master bandgap ready signal (MBG_OK) are low and high,
respectively, indicating that the system (phone) power voltage and the master bandgap

reference voltage, respectively, are off (or bad) and good, respectively.

10
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[0057] Atatime 508, a power on module of the device and the associated FSM 102
loses the clock signal 124 (PMIC 32K clock). In this example, power on module is
stuck in a state 3 shown as PON FSM in Fig. 5. The clock signal 124 (PMIC 32K clock)
to the power on (PON) FSM 102 stops. A halted clock on the halt detection signal 142
(Clock HALT) indicates the clock signal 124 has stopped. System (phone) power
ready signal (VPH_PWR_OK) and master bandgap ready signal (MBG_OK) are both
low indicating that the system (phone) power voltage and the master bandgap reference

voltage, respectively, are bad or off.

[0058] Atatime 510, PMIC 100 receives the hard reset key signal 136 to recover the
device. In this example, the hard reset key signal 136 is shown as signal RESIN N. In
this example, diagnostic registers 114 latch upon the falling edge of the hard reset
(RESIN_N) signal 136.

[0059] Atatime 512, PMIC 100 powers off, and FSM 102 and other PMIC circuits
108 are cleared in response to the reset signal 126 (shown as dVdd_rb reset).
Diagnostic registers 114 are not cleared. In this example, the raw reset signal 128

(shown as raw_xVdd rb) is not set to clear diagnostic registers 114.

[0060] Atatime 514, PMIC 100 receives a power up signal, which is shown as
Keypad Power Down (KYPDPWR N), from an actuation of a keypad button of the
device that powers back up PMIC 100 and the device with default settings. The clock
signal 124 (PMIC 32K clock), system (phone) power signal (VPH_PWR_OK), and
master bandgap ready signal (MBG_OK) operate as they did at 502.

[0061] Atatime 516, diagnostic registers 114 are read to determine the state of PMIC
100 at time 508. In this example, diagnostic registers 114 are read via a system power
management interface (SPMI) that is clocked by a SPMI_CLK clock. In this example,
diagnostic registers 114 provide read signals 140 that indicate status of digital
commands 122. Specifically, a power on diagnostic register (PON_FSM diag reg)
signal indicates that the power on(PON) module was in state 3 with no clock at time
510, A clock halt diagnostic register (Clock Halt diag reg) signal indicates that the halt
detector 112 indicated a halted clock on the halt detection signal 142 (Clock HALT) at
time 510, Two status signals corresponding to two digital commands 122 indicate the
digital command 122 , namely system (phone) power signal (VPH_PWR_OK) and
master bandgap ready signal (MBG_OK) were both high during the locked state

11
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indicating that the system (phone) power voltage and the master bandgap reference

voltage, respectively, were good at time 510.

[0062] The above description illustrates various embodiments of the present
disclosure along with examples of how aspects of the particular embodiments may be
implemented. The above examples should not be deemed to be the only embodiments,
and are presented to illustrate the flexibility and advantages of the particular
embodiments as defined by the following claims. Based on the above disclosure and
the following claims, other arrangements, embodiments, implementations and
equivalents may be employed without departing from the scope of the present disclosure

as defined by the claims.

12
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What 1s claimed is:

1. A power management integrated circuit comprising:

a finite state machine having a first terminal to receive a digital
command signal, a second terminal to receive a clock signal, and a third terminal to
receive a first reset signal to reset the finite state machine into a predetermined
operational state; and

a plurality of diagnostic registers configured to store a signal state of the
digital command signal or a clock state of the clock signal, or both in response to the
first reset signal, the diagnostic registers are configured to maintain the signal state or
the clock state, or both after powering down of the power management integrated circuit

in response to the first reset signal.

2. The power management integrated circuit of claim 1 wherein the
diagnostic registers are configured to allow retrieval of the stored signal state or the

stored clock state, or both upon power on of the power management integrated circuit.

3. The power management integrated circuit of claim 1 wherein the
diagnostic registers are configured to allow retrieval of the stored signal state or the
stored clock state, or both via a system interface while the power management

integrated circuit is powered down.

4. The power management integrated circuit of claim 1 further
comprising a reset signal generator to generate the first reset signal in response to a loss

of main power to the power management integrated circuit.

5. The power management integrated circuit of claim 1 further
comprising a reset signal generator to generate the first reset signal in response to a user

selected power off to the power management integrated circuit.

6. The power management integrated circuit of claim 1, wherein the
plurality of diagnostic registers is configured to clear the stored signal state or the stored

clock state, or both in response to the second reset signal.
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7. The power management integrated circuit of claim 6 further
comprising a reset signal generator to generate the second reset signal in response to a

loss of backup power to the power management integrated circuit.

8. The power management integrated circuit of claim 6 further
comprising a reset signal generator to generate the second reset signal in response to a

removal of a battery power to the power management integrated circuit.

9. The power management integrated circuit of claim 1 further
comprising a halt detector having an input to receive the clock signal and having an
output to provide a halt detection signal to at least one diagnostic register to store the

clock state in response to detection of a halt of the clock signal.

10. The power management integrated circuit of claim 9 wherein the

halt detector is an analog clockless circuit.

11. A method comprising:

receiving, on inputs of a finite state machine in a power management
integrated circuit, a plurality of digital command signals or one or more clock signals, or
both;

receiving a reset signal to reset the finite state machine into a
predetermined operational state;

storing, in response to said reset signal, a plurality of signal states of the
plurality of digital command signals or one or more clock states of the one or more
clock signals, or both in a plurality of diagnostic registers; and

powering down the power management integrated circuit in response to
said reset signal, wherein the diagnostic registers maintain the plurality of signal states
or the one or more clock states, or both after said powering down of the power

management integrated circuit.

12. The method of claim 11 further comprising;:
powering on the power management integrated circuit; and

retrieving the plurality of signal states and the one or more clock states.

13.  The method of claim 11 further comprising generating the reset

signal in response to a loss of main power to the power management integrated circuit.
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14.  The method of claim 11 further comprising clearing the stored
plurality of signal states or the stored one or more clock states, or both in the plurality of
diagnostic registers in response to a loss of main power to the power management

integrated circuit.

15.  The method of claim 11 further comprising generating a second
reset signal to clear the plurality of signal states or the one or more clock states, or both
in the plurality of diagnostic registers in response to a removal of a battery power to the

power management integrated circuit.

16.  The method of claim 11 further comprising providing a halt
detection signal to at least one diagnostic register to store the one or more clock states of

the one or more clock signals in response to detection of a halt of the clock signal.

17. A method comprising:

receiving, on inputs of a finite state machine in an electronic device, a
plurality of digital command signals or one or more clock signals, or both;

receiving a reset signal to reset the finite state machine into a
predetermined operational state;

storing, in response to said reset signal, a plurality of signal states of the
plurality of digital command signals or the one or more clock signals in a plurality of
diagnostic registers, or both;

powering down the electronic device in response to said reset signal; and

maintaining the plurality of signal states in the diagnostic registers after

said powering down of the electronic device.

18. The method of claim 17 further comprising;:
powering on the electronic device; and

retrieving the plurality of signal states.

19. The method of claim 17 further comprising;:
generating a second reset signal when a battery is removed from the
clectronic device; and

resetting the plurality of diagnostic registers by the second reset signal.
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20.  The method of claim 17 further comprising providing a halt
detection signal to at least one diagnostic register to store the signal states of the one or

more clock signals in response to detection of a halt of the clock signal.
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