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VIRTUAL GPIO

RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
61/714,118, filed October 15, 2012, the contents of which are hereby incorporated by

reference in their entirety.

TECHNICAL FIELD
[0002] This application relates to general purpose input/output (GPIO), and
more particularly to an integrated circuit configured to use a pair of pins as virtual GPIO

pins.

BACKGROUND

[0003] General purpose input/output (GPIO) enables an integrated circuit
designer to provide generic pins that may be customized for particular applications. For
example, a GPIO pin is programmable to be either an output or an input pin depending
upon a user’s needs. A GPIO module or peripheral will typically control groups of pins
which can vary based on the interface requirement. Because of the programmability of
GPIO pins, they are commonly included in microprocessor and microcontroller
applications. For example, an applications processor in mobile devices may use a
number of GPIO pins to conduct handshake signaling such as inter-processor
communication (IPC) with a modem processor.

[0004] With regard to such handshake signaling, a sideband signal is deemed as
“symmetric” if it must be both transmitted and received by a processor. If there are n

symmetric sideband signals that need to be exchanged, each processor requires n*2
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GPIOs (one GPIO to transmit a given signal and one GPIO to receive that signal). For
example, a symmetric IPC interface between a modem processor and an application
processor may comprise five signals, which translates to 10 GPIO pins being necessary
for the resulting IPC signaling. The need for so many GPIO pins for IPC
communication increases manufacturing cost. Moreover, devoting too many GPIOs for
IPC limits the GPIO availability for other system-level peripheral interfaces. The
problem cannot be solved by moving the IPC communication onto the main data bus
between the processors in that certain corner conditions are then violated.

[0005] Accordingly, there is a need in the art for a GPIO architecture that can
accommodate numerous input/output signals without requiring an excessive number of

pins.

SUMMARY

[0006] A virtual GPIO architecture is provided for communication between two
integrated circuits each having a processor. Each integrated circuit also includes a
GPIO interface for communicating with the remote processor using a set of signals.
This set of signals comprises a set of GPIO signals and a set of virtual GPIO signals.
Each integrated circuit thus includes a set of GPIO pins corresponding to the set of
GPIO signals.

[0007] In contrast to the set of GPIO signals, the set of virtual GPIO signals are
not transmitted over GPIO pins. Instead, each integrated circuit transmits and receives
the set of virtual GPIO signals using a dedicated transmit pin and a dedicated receive
pin. In that regard, the set of virtual GPIO signals comprises a transmit set and a
receive set. A finite state machine (FSM) in each integrated circuit is configured to

serially transmit the transmit set to the remote processor through the dedicated transmit
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pin. The finite state machine is further configured to serially receive the receive set of
virtual GPIO signals from the remote processor over the dedicated receive pin.

[0008] The processor provides a first set of signals to the GPIO interface. From
the GPIO interface, a portion of the first set of signals are transmitted to the remote
processor as a first set of GPIO signals over a first set of corresponding GPIO pins. A
remaining portion of the first set of signals from the processor is provided by the GPIO
interface in parallel to the FSM. The FSM can then serially transmit the remaining
portion as the transmit set of virtual GPIO signals over the dedicated transmit pin.

[0009] The GPIO interface also receives a second set of GPIO signals from the
remote processor over a second set of corresponding GPIO pins. In addition, the FSM
serially receives the receive set of virtual GPIO signals from the remote processor and
provides the receive set in parallel to the GPIO interface. The GPIO interface can then
provide a second set of signals that comprises the second set of GPIO signals from the
remote processor and the receive set of virtual GPIO signals to the processor.

[0010] In this fashion, the processor is “agnostic” as to whether the first set of
signals it provides to the GPIO interface includes any virtual GPIO signals. Similarly, it
makes no functional difference to the processor whether the second set of signals it
receives from the GPIO interface includes any virtual GPIO signals. The processor thus
needs no configuration or re-programming with regard to its integration with the virtual
GPIO architecture disclosed herein. Moreover, the finite state machine is independent
of the processor in that it is not software driven. The virtual GPIO architecture can thus
function independently while the processor is in a sleep mode or is otherwise inactive,
which saves power.

[0011] The FSM in one processor transits the transmit set of virtual GPIO

signals in a frame demarcated by a start bit and an end bit. The FSM in a remote
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processor thus receives the transmitted frame as its receive set of virtual GPIO signals.
By monitoring whether it receives a complete frame including both the start bit and the

end bit, an FSM for one processor can detect whether the remote processor has failed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is block diagram of an example virtual GPIO architecture.

[0013] Figure 2A is a high-level block diagram for a virtual GPIO architecture
in which a processor communicates with a single remote processor.

[0014] Figure 2B is a high-level diagram for a virtual GPIO architecture in
which a processor communicates with two remote processors.

[0015] Figure 3 is a block diagram for a virtual GPIO finite state machine.

[0016] Figure 4 illustrates the timing relationship between transmission and
reception of a virtual GPIO frame.

[0017] Figure 5 is a flowchart for a method practiced by the GPIO architecture
of Figure 1.

[0018] Embodiments of the present invention and their advantages are best
understood by referring to the detailed description that follows. It should be appreciated
that like reference numerals are used to identify like elements illustrated in one or more

of the figures.

DETAILED DESCRIPTION

[0019] A virtual general purpose input/output (GPIO) architecture is provided
that enables a system to use a pair of pins as if they constituted a larger plurality of
GPIO pins. This architecture is deemed as virtual in that, to the system-level

applications creating the virtual GPIO signals, it is as if those virtual GPIO signals were
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being accommodated for input/output on conventional GPIO pins. In other words, a
system on chip (SoC) or processor having the virtual GPIO architecture disclosed herein
experiences no functional difference between GPIO signals and virtual GPIO signals.
However, only two pins are used to transmit and receive the virtual GPIO signals that
would otherwise each need their own dedicated pair of GPIO pins (if the GPIO signal is
symmetric).

[0020] The virtual GPIO architecture disclosed herein will be discussed with
regard to accommodating IPC between an applications processor and a modem
processor in a mobile telephone or other communication device. However, it will be
appreciated that the virtual GPIO circuits and techniques disclosed herein are widely
applicable to system on chip (SoC) or application specific integrated circuits (ASICs)
requiring GPIO capabilities.

[0021] The disclosed virtual GPIO architecture makes the health of the
transmitting node transparent to the receiving node. This is an important advantage,
particularly during the debugging stage for software implementation as it indicates to
the receiving processor the time that a transmitting processor became inoperative.

[0022] To enable such a robust virtual GPIO capability, each integrated circuit
includes a dedicated transmit pin coupled to transmit line on the circuit board and a
dedicated receive pin coupled to a receive line of the circuit board. In that regard, the
virtual GPIO signals may be divided into a transmit set for transmission over the
transmit line and a receive set for reception on the receive line. If the signaling is
symmetric, the number of signals in the transmit set for each processor is the same.
However, the virtual GPIO architecture disclosed herein can accommodate asymmetric
signaling in which the transmit set of virtual GPIO signals for one processor is not the

same size as the transmit set for a remote processor.
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[0023] Turning now to the drawings, Figure 1 illustrates a virtual GPIO
architecture 101 with regard to an application processor integrated circuit 100 and a
modem processor integrated circuit 105 in corresponding integrated circuits within a
mobile telephone or other communication device. Since each integrated circuit couples
to a dedicated transmit line and a dedicated receive line, a transmit line 110a for
application processor 100 is thus the receive line for modem processor 105. Similarly, a
transmit line 110b for modem processor 105 is the receive line for application processor
100. These lines or leads are carried on a circuit board (indicated by dashed line 150) or
other physical interconnect between the integrated circuits 100 and 105. Each
integrated circuit includes a dedicated transmit pin to couple to the corresponding
transmit line (e.g., line 110b for modem processor 105). Similarly, each processor
includes a dedicated receive pin to couple to the corresponding receive line (e.g., line
110a for modem processor 105). A finite state machine (FSM) 115 in each integrated
circuit controls the transmission and reception using these dedicated lines and pins with
regard to an external clock signal 120 from an external clock source such as a 32 KHz
sleep clock.

[0024] As known in the GPIO arts, each processor includes a GPIO interface
103 with which it interfaces with GPIO pins. Advantageously, that GPIO interface may
be unchanged in virtual GPIO architecture 101. In other words, each processor receives
and transmits signals through its GPIO interface 103 in a conventional manner such that
virtual GPIO architecture 101 is transparent to processors 100 and 105. A certain
portion of the signals processed through each GPIO interface 103 may be transmitted
and received on conventional GPIO pins 125 as GPIO signals 130. But a remaining
portion of the signals processed through GPIO interface 103 are not transmitted or

received through conventional GPIO pins 125. Instead, this remaining portion
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comprises a plurality of virtual GPIO signals 135 that is transmitted and received
through a FSM 115 using a dedicated transmit pin and a dedicated receive pin.

[0025] This remaining portion of the signals processed through GPIO interface
103 is designated as virtual GPIO signals 135 because they do not each have their own
dedicated pins as is the case for conventional GPIO signals 130. This is quite
advantageous in that each processor core requires no retooling of its GPIO interface 103
yet virtual GPIO architecture 101 achieves a significant reduction of pins as compared
to a conventional GPIO embodiment in which virtual GPIO signals 135 would each
require their own pin.

[0026] An integrated circuit may include just one FSM 115 or may include a
plurality of these elements for interfacing with multiple external systems. Figure 2A
illustrates a virtual GPIO architecture in which an integrated circuit 200 includes a
single FSM 115 for communicating with a remote processor in an integrated circuit 205,
which includes its own FSM 115. In contrast, an integrated circuit 220 shown in Figure
2B includes an FSM 115A and an FSM 115B for communicating with remote
processors in integrated circuits 225 and 230, respectively. In that regard, a system on a
chip (SoC) such as the processors discussed herein may be configured with as many
FSMs as is necessary to accommodate virtual GPIO signaling with other SoCs.
Regardless of the number of FSMs a processor may have, each FSM communicates
using its own dedicated transmit pin 240 and a receive pin 245 as indicated in Figure
2A.

[0027] Referring again to Figure 1, because virtual GPIO signals 135 are
accommodated using a finite state machine such as FSM 115, the processor cores may

be asleep or other type of dormant state yet be able to receive virtual GPIO signals 135.
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In this fashion, virtual GPIO architecture 101 not only advantageously economizes the
number of pins for each GPIO interface 103 but is also low power.

[0028] As used herein, “pin” is a generic term to cover the structure such as a
pad or an actual pin that an integrated circuit uses to couple to leads on circuit board or
other physical interconnect (e.g., package interconnect or through-hole via
interconnect). For example, if each integrated circuit has sixteen GPIO pins 125, then
these pins could be configured to accommodate eight symmetric GPIO signals 130 (for
illustration clarity, only four conventional GPIO signals #1 through #4 are shown in
Figure 1) or sixteen asymmetric GPIO signals 130. In addition, each integrated circuit
can accommodate the input/output interfacing of a plurality of n virtual GPIO signals
135 using lines 110a and 110b, wherein n is an arbitrary plural integer. With regard to
each processor core, there is no difference between GPIO signals 130 and virtual GPIO
signals 135: they are both simply signals that are transmitted and received as necessary
through GPIO interface 103. However, since virtual GPIO signals 135 do not have
dedicated pins in contrast to conventional GPIO signals 130, virtual GPIO signals 135
are serialized in FSMs 115 for transmission on lines 110a and 110b. Upon reception,
each FSM 115 deserializes the received serialized virtual GPIO signals. Thus, each
FSM 115 functions as a serializer/deserialize with regard to virtual GPIO signals 135.

[0029] A processor may need to receive an interrupt signal in response to
changes in selected ones of the GPIO signals. With respect to virtual GPIO signals 135,
a modem power manager (MPM) 140 monitors the selected GPIO signals as
programmed through interrupt configuration registers 145. Each virtual GPIO signal
135 has a corresponding interrupt configuration register 145. Should a virtual GPIO
signal 135 be required to generate an interrupt in response to that signal changing state,

the corresponding configuration register 145 would be programmed accordingly.
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Similarly, should a virtual GPIO signal 135 be one that does not generate an interrupt
regardless of whether that signal has changed state, the corresponding interrupt
configuration register would also be programmed accordingly. MPM 140 may also
comprise a finite state machine. Thus, just like FSM 115, MPM 140 is low power and
is active regardless of whether its processor is in a sleep mode or some other dormant
state.

[0030] Virtual GPIO signals 135 may be subdivided into a transmit set and a
receive set. In a symmetric system, each set would have the same number. However, it
will be appreciated that virtual GPIO architecture 101 is advantageous in that it can
readily accommodate an asymmetric signaling embodiment in which the transmit and
receive sets of virtual GPIO signals 135 have different sizes. Regardless of whether
architecture 101 is symmetric or asymmetric, each FSM 115 receives the transmit set of
virtual GPIO signals 135 in parallel from GPIO interface 103 in the sense that each
signal in the transmit set of virtual GPIO signals 135 is carried on its own lead 106
between GPIO interface 103 and FSM 115. In contrast, the resulting transmission of
this transmit set by FSM 115 takes place over a single transmit pin 240 as discussed
with regard to Figure 2A. This transmit set of virtual GPIO signals then becomes the
receive set for the remote processor. The remote processor’s FSM then deserializes the
receive set so that it may be presented in parallel to GPIO interface 103.

[0031] Each FSM 115 includes configuration registers 107 that store the
previous state for the transmit set of virtual GPIO signals 135. In this fashion, each
FSM 115 can monitor the present state of the transmit set as received from GPIO
interface 103 and only trigger a serial transmission of the transmit set if the present state
has changed with regard to the previous state. In other words, FSM 115 will trigger a

serial transmission of the transmit set only if one or more of the signals within the
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transmit set has changed state as detected through the storage of the previous state in
configuration registers 107.

[0032] As discussed above, each FSM 115 acts as a serializer/deserializer to
serialize the transmit set of virtual GPIO signals 135 and to deserialize the receive set of
virtual GPIO signals 135. Figure 3 is a block diagram of an FSM 115 to better illustrate
these operations. FSM 115 exchanges virtual GPIO signals 135 with the processor core
through a multiplexing module 300 via GPIO interface 103 (Figure 1). In one
embodiment, FSM 115 includes a logic circuit 301 that will authorize the transmission
of the transmit set of virtual GPIO signals 135 over transmit line 110a if there has been
a change in the transmit set. Logic circuit 301 thus compares the current state for the
transmit set of virtual GPIO signals 135 to the previous state for this set of transmit
signals as stored in configuration registers 107. For example, logic circuit 301 may
include an XOR gate 310 to perform this comparison. Multiplexing module 300 loads
the transmit set in parallel into a parallel-in-serial-out (PISO) shift register 315. If an
enable signal 320 from XOR gate 310 goes high (indicating a change between the
current state and the previous state for the transmit set), PISO shift register 315 is
enabled to serially shift out its contents onto transmit line 110a responsive to cycles of
external clock 120.

[0033] FSM 115 also deserializes a receive set of virtual GPIO signals in an
analogous fashion using a serial-in-parallel-out (SIPO) shift register 325. The receive
set of virtual GPIO signals 135 is generated by the remote processor and transmitted by
the remote processor onto receive line 110b. This receive set of virtual GPIO signals
135 is successively shifted into STPO shift register 325 responsive to cycles of external

clock 120. FSM 115 is configured to transmit the transmit set and to receive the receive
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set of virtual GPIO signals 135 in frames having a separate start bit and an end bit as
discussed further herein.

[0034] The frames have a predefined size. In one embodiment, the frame size
may be fixed to be a certain number of bits long. If the transmit set of virtual GPIO
signals is less than this fixed size, the unused bits within each frame may be don’t care
values. Alternatively, each FSM 115 may be configured to alter the size of the
transmitted frames depending upon the number of bits needed for a given application.

[0035] To detect the receipt of a complete frame for the receive set of virtual
GPIO signals 135, FSM 115 may include a logic circuit 350 that counts the necessary
number of cycles for external clock 120 after a receipt of the start bit for the frame. For
example, suppose the receive set comprises ten virtual GPIO signals that are received
responsive to ten cycles of external clock 120. After detection of the start bit and
waiting another ten cycles of external clock 120, logic circuit 350 would then expect
receipt of the end bit. Should the end bit be detected accordingly, logic circuit 350 may
then strobe an output latch 351 to receive in parallel the receive set of virtual GPIO
signals that had been shifted into SIPO shift register 325 as a complete frame. The
latched receive set of virtual GPIO signals may then be presented to GPIO interface 103
through multiplexing module 300.

[0036] Referring again to PISO shift register 315, it will be appreciated that this
register is configured to frame the transmit set of virtual GPIO signals with the start and
end bits. The transmit set of virtual GPIO signals is thus transmitted in a frame
demarcated by the start and end bits. Since the transmit set for a processor becomes the
receive set for the remote processor, the receive set is also framed accordingly. This
framing is advantageous in that each processor can then monitor the health of the

remote processor without needing any additional dedicated pins. For example, each
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weakly pull transmit line 110a) to a supply voltage during a default state (no change in
the current state versus the previous state for the transmit set of virtual GPIO signals).
The start bit would be a logical zero for such an embodiment such that FSM 115
grounds transmit line 110a for transmission of the start bit. In this fashion, each FSM
115 may readily detect receipt of the start bit by detecting that receive line 110b has
been pulled towards ground. In one embodiment, the start and stop bits are logical
complements of each other.

[0037] There is the possibility that a processor has failed such that it
inappropriately pulls its transmit line 110a to ground. The remote processor would thus
detect this as a start bit and logic circuit 350 would begin counting toward the end of the
frame accordingly. But the end bit is a logical one in this embodiment such that each
FSM 115 charges transmit line 110a to the supply voltage to signal the end of a frame
transmission. If a processor has failed such that the remote FSM has detected what is
deemed to be a start bit, logic circuit 350 will not detect the end bit and will notify its
processor of the failure of the remote processor accordingly.

[0038] Figure 4 shows an exemplary timing with regard to external clock 120
for the transmission and reception of a virtual GPIO frame 400. To allow sufficient
setup time for reception, transmission should take place with regard to a first clock edge
and reception with regard to a remaining clock edge. For example, the bits in PISO
shift register 315 may be shifted out for transmission on transmit line 110a responsive to
the falling edges or negative edges for external clock 120. Conversely, received bits on
receive line 110b may be shifted into SIPO shift register 325 responsive to the rising

edges or positive edges of clock 120.
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[0039] For one processor to detect an inactive state in the remote processor,
each FSM 115 may be configured to weakly pull its transmit line high in a default state
(in which there are no frames to transmit). The start and stop bits have opposite logical
states. A start bit 405 may thus be a zero such that transmit line 110a is pulled low for
its transmission whereas a stop bit 410 may be a binary one value such that the transmit
line 110a is pulled high for its transmission. Referring again to Figure 3, logic circuit
350 is configured to monitor receive line 110b with respect to the rising edges on
external clock 120. A default logic state of a no-frame transmission is indicated by
receive line 110b simply remaining high because of its weak pull-up as discussed
earlier. Should logic circuit 350 detect at one of rising edges for external clock 120 that
receive line 110b has been pulled low (indicating the zero value of start bit 405), logic
circuit 350 waits for a sufficient number of clock cycles according to the predefined size
of frame 400 to then detect the logic high value of stop bit 410. Receipt of stop bit 410
indicates to logic circuit 350 that a complete frame 400 has been fully shifted into SIPO
shift register 325. At that point, logic circuit 350 strobes SIPO shift register 325 so that
the received frame is provided in parallel to multiplexing module 300 through latch 351.
The receive set of virtual GPIO signals may then be provided to the processor core
accordingly through GPIO interface 103.

[0040] A relatively slow external clock 120 such as a 32 KHz sleep clock is
ample for the signaling requirements of IPC. For example, suppose that the minimum
setup and hold requirements for the transmission of the virtual GPIO signals is two
nanoseconds each and that the maximum expected lead or lag for receipt of external
clock 120 at a virtual GPIO FSM is six nanoseconds. It can be readily shown that the

resulting maximum frequency for external clock 120 would be 62 MHz. A 32 KHz
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frequency such as from a sleep clock would thus provide very large margins of safety
for such an embodiment.

[0041] A method of operation for architecture 101 is summarized in the
flowchart of Figure 5. The method begins with the GPIO interface receiving a set of
signals from its processor in a step 500. From the GPIO interface, the set of signals are
then provided to the FSM in a step 505. The FSM serially transmits the set of signals
over the dedicated transmit pin responsive to cycles of the external clock in a step 510.

[0042] Consider the advantages of the disclosed virtual GPIO architecture: only
two pins and a common clock source are necessary yet any number of virtual GPIO
signals can be serialized and deserialized through the finite state machines. The only
limit is the timing requirements for the virtual GPIO signals with respect to external
clock 120 and any expected amount of clock lag or lead. Moreover, no other pins are
necessary to make the health of one processor transparent to the opposing processor.

[0043] As those of some skill in this art will by now appreciate and depending
on the particular application at hand, many modifications, substitutions and variations
can be made in and to the materials, apparatus, configurations and methods of use of the
devices of the present disclosure without departing from the spirit and scope thereof. In
light of this, the scope of the present disclosure should not be limited to that of the
particular embodiments illustrated and described herein, as they are merely by way of
some examples thereof, but rather, should be fully commensurate with that of the claims

appended hereafter and their functional equivalents.
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CLAIMS

1 An integrated circuit, comprising:
a processor;
a GPIO interface configured to receive a first set of signals from the processor;
a dedicated transmit pin; and
a finite state machine (FSM) configured to receive the first set of signals from
the GPIO interface and to serially transmit the first set of signals as a transmit set of
virtual GPIO signals to a remote processor over the dedicated transmit pin responsive to

cycles of an external clock.

2. The integrated circuit of claim 1, further comprising a dedicated receive pin, the
FSM being further configured to serially receive a receive set of virtual GPIO signals
from the remote processor over the dedicated receive pin responsive to cycles of the
external clock and to provide the receive set of virtual GPIO signals to the GPIO

interface.

3. The integrated circuit of claim 1, further comprising dedicated GPIO pins;
wherein the GPIO interface is further configured to receive a second set of signals from
the processor and to transmit the second set of signals as GPIO signals to the remote

processor through corresponding ones of the dedicated GPIO pins.

4. The integrated circuit of claim 3, wherein the processor comprises an application

processor.
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5. The integrated circuit of claim 3, wherein the processor comprises a modem
processor.
6. The integrated circuit of claim 2, wherein the FSM comprises a parallel-in-

serial-out (PISO) shift register and a serial-in-parallel-out (SIPO) shift register.

7. The integrated circuit of claim 1, wherein the FSM is further configured to
serially transmit the transmit set of virtual GPIO signals in a frame demarcated by a

start bit and an end bit.

8. The integrated circuit of claim 2, wherein the FSM is further configured to
serially receive the receive set of virtual GPIO signals in a frame demarcated by a start

bit and an end bit.

0. The integrated circuit of claim 8, wherein the FSM is further configured to
detect a failure of the remote processor by detecting a failure to receive the end bit for

the frame.

10. The integrated circuit of claim 2, wherein the FSM is configured to serially
transmit the transmit set of virtual GPIO signals responsive to first clock edges for the
external clock and to serially receive the receive set of virtual GPIO signals responsive

to opposing second clock edges for the external clock.

11. The integrated circuit of claim 10, wherein the first clock edges are rising clock

edges and wherein the second clock edges are falling clock edges.
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12. The integrated circuit of claim 1, wherein the FSM is further configured to
compare a current state to a previous state for the transmit set of virtual GPIO signals,
and wherein the FSM is further configured to serially transmit the transmit set when the
current state has changed in comparison to the previous state, the FSM being further
configured to maintain a default logic state on the dedicated transmit pin when the

current state has not changed in comparison to the previous state.

13. The integrated circuit of claim 12, wherein the FSM is further configured to
serially transmit the transmit set of virtual GPIO signals in a frame demarcated by a
start bit and an end bit, and wherein the start bit has a different logic state than the

default logic state.

14. The integrated circuit of claim 13, wherein the end bit comprises the default

logic state.

15. A method, comprising:

at a GPIO interface, receiving a first set of signals from a processor,

from the GPIO interface, providing in parallel the first set of signals to a finite
state machine (FSM); and

in the FSM, serially transmitting the first set of signals as a transmit set of virtual
GPIO signals to the remote processor over a dedicated transmit pin responsive to cycles

of an external clock.

16. The method of claim 15, further comprising:
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at the FSM, serially receiving a receive set of virtual GPIO signals from the
remote processor over a dedicated receive pin responsive to cycles of the external clock;

from the FSM, providing the receive set of virtual GPIO signals in parallel to the
GPIO interface; and

from the GPIO interface, providing the receive set of virtual GPIO signals to the

processor as a second set of signals.

17. The method of claim 15, further comprising:
at the GPIO interface, receiving a second set of signals; and
transmitting the second set of signals to the remote processor through

corresponding GPIO pins.

18. An integrated circuit, comprising:
a processor;

a GPIO interface configured to receive a first set of signals from the processor
and to transmit a portion of the first set of signals as first GPIO signals to a remote
processor through corresponding GPIO pins;

a dedicated transmit pin; and

first means for receiving a remaining portion of the first set of signals from the
GPIO interface and for serially transmitting the remaining portion as a transmit set of
virtual GPIO signals to the remote processor over the dedicated transmit pin responsive

to cycles of an external clock.

19. The integrated circuit of claim 18, further comprising:

a dedicated receive pin, and
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second means for serially receiving a receive set of virtual GPIO signals from
the remote processor over the dedicated receive pin responsive to cycles of the external
clock and for presenting the receive set of virtual GPIO signals in parallel to the GPIO

interface.

20. The integrated circuit of claim 19, wherein the GPIO interface is further
configured to provide a second set of signals to the processor, and wherein the second
set comprises the receive set of virtual GPIO signals and a second set of GPIO signals

from the remote processor.

21. The integrated circuit of claim 18, wherein the processor comprises an

application processor in a mobile telephone.

22. The integrated circuit of claim 18, wherein the processor comprises a modem

processor in a mobile telephone.



PCT/US2013/065017

WO 2014/062661

1/5

mmrA

210D
J0SS8201d
P

0€1 <

| 'Ol

90IN0Sg
0Cl— %90[D
Sl sioysiboy : sio)sibay
uoneNBYUOD I N « « uoReNBYUOD I N
sJ101s169Yy B0L1 sJo)s169y
uoneinblyuon w uoneinbyuon
u A > u A
C-U#OIdOA cw OIdOA pazijeuss OIdOA |w|0I C-U#OIdOA
| 0L ] R , 90! |

| Gl 0L gy |

_ —¢0l 01— €0l — _

_ _ _
p#01dO < _ > p#0ldO
£#01dO spey | " > spey £#01dO
¢#OIdO 0OldS D0S |= I » OldO O0S ¢#OIdO
L#O1dO - m P L#01d9

AT INSW/sddy w | wopo
001 4} | PN

810D

10SS900.d
P

Lo
—



WO 2014/062661 PCT/US2013/065017

2/5
2?0
240 245
-
205~ _{VGPIO |4 i VSSPI\I/IO
115| FSM =245 240 S
| External T 115
Clock
120
FIG. 2A
2?0
»  vGPIO
225 vGPIO
11? FSM < FSM
=] )
External 115A
*— Clock
120 11S58
<—
vGPIO vGPIO
230~ 11? FSM | " Fsm

FIG. 2B



PCT/US2013/065017

WO 2014/062661

3/5

GLL—

0G€—~ oiBoT

o

N

—
o)

—>
O—»

00€
, _
_
_
2qo.AS _J_H_ﬂ_ﬂ_ﬂ_ﬂ_1+J_n_
I'r_ou_ml_ ”_DQ”_DO|'_ 1T 1T 1T T 1T 1 _—.lu\—\mm " QO,—\—\
(Jo15160y B m <
WUS INO-[9ljesed ul-leuss)  [e——— |
GCE — JOAIDOSY “
_
b oc, |
D)
_
m o\rm —Gl€ | E0LI
Joysibay YIYS INO-feuss _ _
« / u-|g|jeJed apis Bunywsuel | I
_
O AAAA A AL _
& 3§ |
n_ﬂum.n\n.uah_..m O_@O|_ —t 1 [ L1 ON—\ "
< <
— _
JR W "
0L 10¢ 00€ |



PCT/US2013/065017

WO 2014/062661

4/5

v Ol 0zl
,
y Ly Ly Ly Ly Ly Ly Ly Ly Y Lrsmems
oty (10 507
uq u-)g 219 L-1g 0-id Hg- +— 00V
-dojs Hels
+ abp3-baN uo x|
0cl




WO 2014/062661 PCT/US2013/065017

5/5

At the GPIO interface, receiving a set of signals
from the processor

l

Providing the set of signals to the FSM — 505

l

Serially transmitting the set of signals to the
remote processor over the dedicated transmit — 510
pin responsive to cycles of an external clock

— 500

FIG. 5



INTERNATIONAL SEARCH

REPORT

International application No

PCT/US2013/065017

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F13/42
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 1 February 2000 (2000-02-01)
figure 4

figure 10

paragraphs [0006],
[0078]

US 6 020 760 A (SAMPLE STEPHEN P [US] ET

WO 98/54664 Al (QUICKTURN DESIGN SYSTEMS
INC [US]) 3 December 1998 (1998-

EP 2 309 395 Al (ACTIONS SEMICONDUCTOR CO
LTD [CN]) 13 April 2011 (2011-04-13)
[0040] - [0043],

1-6,10,
15-20
7-9,
11-14,
21,22

7-9,
11-14,
21,22

12-03)

1-22

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 January 2014

Date of mailing of the international search report

23/01/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Albert, Jozsef

m PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/065017

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[US] ET AL) 13 December 2001 (2001-12-13)
the whole document

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/037621 Al (BOOMER JAMES B [US] ET 1-22
AL) 5 February 2009 (2009-02-05)
paragraph [0026]
A US 2001/050921 Al (BARKER KENNETH JAMES 1-22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/065017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6020760 A 01-02-2000 US 6020760 A 01-02-2000
Us 6285211 Bl 04-09-2001

WO 9854664 Al 03-12-1998 AT 225058 T 15-10-2002
CA 2291738 Al 03-12-1998
DE 69808286 D1 31-10-2002
DE 69808286 T2 31-07-2003
EP 0983562 Al 08-03-2000
IL 132983 A 25-07-2002
JP 4424760 B2 03-03-2010
JP 2002507294 A 05-03-2002
KR 20010013190 A 26-02-2001
TW 440796 B 16-06-2001
Us 5960191 A 28-09-1999
Us 6377912 Bl 23-04-2002
US 2002161568 Al 31-10-2002
US 2003074178 Al 17-04-2003
WO 9854664 Al 03-12-1998

EP 2309395 Al 13-04-2011 CN 101329663 A 24-12-2008
EP 2309395 Al 13-04-2011
US 2011102053 Al 05-05-2011
WO 2010012236 Al 04-02-2010

US 2009037621 Al 05-02-2009 CN 101809556 A 18-08-2010
JP 2010535453 A 18-11-2010
KR 20100103451 A 27-09-2010
TW 200919194 A 01-05-2009
US 2009037621 Al 05-02-2009

US 2001050921 Al 13-12-2001 US 2001050921 Al 13-12-2001
US 2006029095 Al 09-02-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

