
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
8 

93
7

A
2

TEPZZ 7789¥7A T
(11) EP 2 778 937 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 14158760.0

(22) Date of filing: 11.03.2014

(51) Int Cl.:
G06F 13/40 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 15.03.2013 US 201313840885

(71) Applicant: Intel Corporation
Santa Clara, CA 95054 (US)

(72) Inventor: Bagger, Oluf
DK-9220 Aalborg (DK)

(74) Representative: Jennings, Vincent Louis
HGF Limited 
Fountain Precinct 
Balm Green
Sheffield S1 2JA (GB)

(54) Method, apparatus, and system for improving inter-chip and single-wire communication for 
a serial interface

(57) A system and method consistent with the
present disclosure includes a master device, bus inter-
face link, and slave device. The master device includes
a power supply and a detection unit to detect an imped-
ance of the power supply. The inverter provides a first
path to the power supply on a first stage of a clock signal
and. Further, the inverter provides a second path to a
first ground line on a second stage of a clock signal. The
bus interface link couples the master device to a slave
device. Additionally, a bi-directional communications line
is coupled to the bus interface link. A gating component
provides a second ground line to the power supply
through the first path. Furthermore, a receiver determines
bit values from a plurality of clock data signals transmitted
from the master device.
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Description

FIELD

[0001] This disclosure pertains to computing system,
and in particular (but not exclusively) to inter-chip com-
munication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]

FIG. 1 illustrates an embodiment of a block diagram
for a computing system including a multicore proc-
essor.
FIG. 2 illustrates an embodiment of a low power com-
puting platform.
FIG. 3 illustrates an embodiment of a bus master
coupled to a receiver, both consistent with the
present disclosure.
FIG. 4 illustrates an embodiment of a receiver con-
sistent with the present disclosure.
FIG. 5 illustrates a graph displaying how the voltage
of a capacitor changes within the receiver consistent
with the present disclosure as a function of the var-
ious clock pulses of a clock pulse train.
FIG. 6 illustrates a bus master coupled to multiple
digital microphones having circuitry consistent with
the present disclosure.
FIG. 7 illustrates an embodiment of a digital micro-
phone coupled to a receiver consistent with the
present disclosure.
FIG. 8 illustrates an embodiment of a method con-
sistent with the present disclosure.

DETAILED DESCRIPTION

[0003] In the following description, numerous specific
details are set forth, such as examples of specific types
of processors and system configurations, specific hard-
ware structures, specific architectural and micro archi-
tectural details, specific register configurations, specific
instruction types, specific system components, specific
measurements/heights, specific processor pipeline stag-
es and operation etc. in order to provide a thorough un-
derstanding of the present disclosure. It will be apparent,
however, to one skilled in the art that these specific details
need not be employed to practice the present disclosure.
In other instances, well known components or methods,
such as specific and alternative processor architectures,
specific logic circuits/code for described algorithms, spe-
cific firmware code, specific interconnect operation, spe-
cific logic configurations, specific manufacturing tech-
niques and materials, specific compiler implementations,
specific expression of algorithms in code, specific power
down and gating techniques/logic and other specific op-
erational details of computer system haven’t been de-
scribed in detail in order to avoid unnecessarily obscuring

the present disclosure.
[0004] Although the following embodiments may be
described with reference to energy conservation and en-
ergy efficiency in specific integrated circuits, such as in
computing platforms or microprocessors, other embodi-
ments are applicable to other types of integrated circuits
and logic devices. Similar techniques and teachings of
embodiments described herein may be applied to other
types of circuits or semiconductor devices that may also
benefit from better energy efficiency and energy conser-
vation. For example, the disclosed embodiments are not
limited to desktop computer systems or Ultrabooks™.
And may be also used in other devices, such as handheld
devices, tablets, other thin notebooks, systems on a chip
(SOC) devices, and embedded applications. Some ex-
amples of handheld devices include cellular phones, In-
ternet protocol devices, digital cameras, personal digital
assistants (PDAs), and handheld PCs. Embedded appli-
cations typically include a microcontroller, a digital signal
processor (DSP), a system on a chip, network computers
(NetPC), set-top boxes, network hubs, wide area network
(WAN) switches, or any other system that may perform
the functions and operations taught below. Moreover, the
apparatus’, methods, and systems described herein are
not limited to physical computing devices, but may also
relate to software optimizations for energy conservation
and efficiency. As will become readily apparent in the
description below, the embodiments of methods, appa-
ratus’, and systems described herein (whether in refer-
ence to hardware, firmware, software, or a combination
thereof) are vital to a ’green technology’ future balanced
with performance considerations.
[0005] As computing systems are advancing, the com-
ponents therein are becoming more complex. As a result,
the interconnect architecture to couple and communicate
between the components is also increasing in complexity
to ensure bandwidth requirements are met for optimal
component operation. Furthermore, different market
segments demand different aspects of interconnect ar-
chitectures to suit the market’s needs. For example, serv-
ers require higher performance, while the mobile ecosys-
tem is sometimes able to sacrifice overall performance
for power savings. Yet, it’s a singular purpose of most
fabrics to provide highest possible performance with
maximum power saving. Below, a number of intercon-
nects are discussed, which would potentially benefit from
aspects of the disclosure described herein.
[0006] Referring to FIG. 1, an embodiment of a block
diagram for a computing system including a multicore
processor is depicted. Processor 100 includes any proc-
essor or processing device, such as a microprocessor,
an embedded processor, a digital signal processor
(DSP), a network processor, a handheld processor, an
application processor, a co-processor, a system on a chip
(SOC), or other device to execute code. Processor 100,
in one embodiment, includes at least two cores-core 101
and 102, which may include asymmetric cores or sym-
metric cores (the illustrated embodiment). However,
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processor 100 may include any number of processing
elements that may be symmetric or asymmetric.
[0007] In one embodiment, a processing element re-
fers to hardware or logic to support a software thread.
Examples of hardware processing elements include: a
thread unit, a thread slot, a thread, a process unit, a con-
text, a context unit, a logical processor, a hardware
thread, a core, and/or any other element, which is capa-
ble of holding a state for a processor, such as an execu-
tion state or architectural state. In other words, a process-
ing element, in one embodiment, refers to any hardware
capable of being independently associated with code,
such as a software thread, operating system, application,
or other code. A physical processor (or processor socket)
typically refers to an integrated circuit, which potentially
includes any number of other processing elements, such
as cores or hardware threads.
[0008] A core often refers to logic located on an inte-
grated circuit capable of maintaining an independent ar-
chitectural state, wherein each independently main-
tained architectural state is associated with at least some
dedicated execution resources. In contrast to cores, a
hardware thread typically refers to any logic located on
an integrated circuit capable of maintaining an independ-
ent architectural state, wherein the independently main-
tained architectural states share access to execution re-
sources. As can be seen, when certain resources are
shared and others are dedicated to an architectural state,
the line between the nomenclature of a hardware thread
and core overlaps. Yet often, a core and a hardware
thread are viewed by an operating system as individual
logical processors, where the operating system is able
to individually schedule operations on each logical proc-
essor.
[0009] Physical processor 100, as illustrated in FIG. 1,
includes two cores-core 101 and 102. Here, core 101
and 102 are considered symmetric cores, i.e. cores with
the same configurations, functional units, and/or logic. In
another embodiment, core 101 includes an out-of-order
processor core, while core 102 includes an in-order proc-
essor core. However, cores 101 and 102 may be individ-
ually selected from any type of core, such as a native
core, a software managed core, a core adapted to exe-
cute a native Instruction Set Architecture (ISA), a core
adapted to execute a translated Instruction Set Architec-
ture (ISA), a co-designed core, or other known core. In
a heterogeneous core environment (i.e. asymmetric
cores), some form of translation, such a binary transla-
tion, may be utilized to schedule or execute code on one
or both cores. Yet to further the discussion, the functional
units illustrated in core 101 are described in further detail
below, as the units in core 102 operate in a similar manner
in the depicted embodiment.
[0010] As depicted, core 101 includes two hardware
threads 101a and 101b, which may also be referred to
as hardware thread slots 101a and 101b. Therefore, soft-
ware entities, such as an operating system, in one em-
bodiment potentially view processor 100 as four separate

processors, i.e., four logical processors or processing
elements capable of executing four software threads con-
currently. As alluded to above, a first thread is associated
with architecture state registers 101a, a second thread
is associated with architecture state registers 101b, a
third thread may be associated with architecture state
registers 102a, and a fourth thread may be associated
with architecture state registers 102b. Here, each of the
architecture state registers (101a, 101b, 102a, and 102b)
may be referred to as processing elements, thread slots,
or thread units, as described above. As illustrated, archi-
tecture state registers 101a are replicated in architecture
state registers 101b, so individual architecture
states/contexts are capable of being stored for logical
processor 101a and logical processor 101b. In core 101,
other smaller resources, such as instruction pointers and
renaming logic in allocator and renamer block 130 may
also be replicated for threads 101a and 101b. Some re-
sources, such as re-order buffers in reorder/retirement
unit 135, ILTB 120, load/store buffers, and queues may
be shared through partitioning. Other resources, such as
general purpose internal registers, page-table base reg-
ister(s), low-level data-cache and data-TLB 115, execu-
tion unit(s) 140, and portions of out-of-order unit 135 are
potentially fully shared.
[0011] Processor 100 often includes other resources,
which may be fully shared, shared through partitioning,
or dedicated by/to processing elements. In FIG. 1, an
embodiment of a purely exemplary processor with illus-
trative logical units/resources of a processor is illustrated.
Note that a processor may include, or omit, any of these
functional units, as well as include any other known func-
tional units, logic, or firmware not depicted. As illustrated,
core 101 includes a simplified, representative out-of-or-
der (OOO) processor core. But an in-order processor
may be utilized in different embodiments. The OOO core
includes a branch target buffer 120 to predict branches
to be executed/taken and an instruction-translation buffer
(I-TLB) 120 to store address translation entries for in-
structions.
[0012] Core 101 further includes decode module 125
coupled to fetch unit 120 to decode fetched elements.
Fetch logic, in one embodiment, includes individual se-
quencers associated with thread slots 101a, 101b, re-
spectively. Usually core 101 is associated with a first ISA,
which defines/specifies instructions executable on proc-
essor 100. Often machine code instructions that are part
of the first ISA include a portion of the instruction (referred
to as an opcode), which references/specifies an instruc-
tion or operation to be performed. Decode logic 125 in-
cludes circuitry that recognizes these instructions from
their opcodes and passes the decoded instructions on in
the pipeline for processing as defined by the first ISA.
For example, as discussed in more detail below decoders
125, in one embodiment, include logic designed or adapt-
ed to recognize specific instructions, such as transac-
tional instruction. As a result of the recognition by decod-
ers 125, the architecture or core 101 takes specific, pre-
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defined actions to perform tasks associated with the ap-
propriate instruction. It is important to note that any of
the tasks, blocks, operations, and methods described
herein may be performed in response to a single or mul-
tiple instructions; some of which may be new or old in-
structions. Note decoders 126, in one embodiment, rec-
ognize the same ISA (or a subset thereof). Alternatively,
in a heterogeneous core environment, decoders 126 rec-
ognize a second ISA (either a subset of the first ISA or
a distinct ISA).
[0013] In one example, allocator and renamer block
130 includes an allocator to reserve resources, such as
register files to store instruction processing results. How-
ever, threads 101a and 101b are potentially capable of
out-of-order execution, where allocator and renamer
block 130 also reserves other resources, such as reorder
buffers to track instruction results. Unit 130 may also in-
clude a register renamer to rename program/instruction
reference registers to other registers internal to proces-
sor 100. Reorder/retirement unit 135 includes compo-
nents, such as the reorder buffers mentioned above, load
buffers, and store buffers, to support out-of-order execu-
tion and later in-order retirement of instructions executed
out-of-order.
[0014] Scheduler and execution unit(s) block 140, in
one embodiment, includes a scheduler unit to schedule
instructions/operation on execution units. For example,
a floating point instruction is scheduled on a port of an
execution unit that has an available floating point execu-
tion unit. Register files associated with the execution
units are also included to store information instruction
processing results. Exemplary execution units include a
floating point execution unit, an integer execution unit, a
jump execution unit, a load execution unit, a store exe-
cution unit, and other known execution units.
[0015] Lower level data cache and data translation
buffer (D-TLB) 150 are coupled to execution unit(s) 140.
The data cache is to store recently used/operated on
elements, such as data operands, which are potentially
held in memory coherency states. The D-TLB is to store
recent virtual/linear to physical address translations. As
a specific example, a processor may include a page table
structure to break physical memory into a plurality of vir-
tual pages.
[0016] Here, cores 101 and 102 share access to high-
er-level or further-out cache, such as a second level
cache associated with on-chip interface 110. Note that
higher-level or further-out refers to cache levels increas-
ing or getting further way from the execution unit(s). In
one embodiment, higher-level cache is a last-level data
cache-last cache in the memory hierarchy on processor
100-such as a second or third level data cache. However,
higher level cache is not so limited, as it may be associ-
ated with or include an instruction cache. A trace cache-
a type of instruction cache-instead may be coupled after
decoder 125 to store recently decoded traces. Here, an
instruction potentially refers to a macro-instruction (i.e. a
general instruction recognized by the decoders), which

may decode into a number of micro-instructions (micro-
operations).
[0017] In the depicted configuration, processor 100 al-
so includes on-chip interface module 110. Historically, a
memory controller, which is described in more detail be-
low, has been included in a computing system external
to processor 100. In this scenario, on-chip interface 110
is to communicate with devices external to processor
100, such as system memory 175, a chipset (often in-
cluding a memory controller hub to connect to memory
175 and an I/O controller hub to connect peripheral de-
vices), a memory controller hub, a northbridge, or other
integrated circuit. And in this scenario, bus 105 may in-
clude any known interconnect, such as multi-drop bus,
a point-to-point interconnect, a serial interconnect, a par-
allel bus, a coherent (e.g. cache coherent) bus, a layered
protocol architecture, a differential bus, and a GTL bus.
[0018] Memory 175 may be dedicated to processor
100 or shared with other devices in a system. Common
examples of types of memory 175 include DRAM, SRAM,
non-volatile memory (NV memory), and other known
storage devices. Note that device 180 may include a
graphic accelerator, processor or card coupled to a mem-
ory controller hub, data storage coupled to an I/O con-
troller hub, a wireless transceiver, a flash device, an audio
controller, a network controller, or other known device.
[0019] Recently however, as more logic and devices
are being integrated on a single die, such as SOC, each
of these devices may be incorporated on processor 100.
For example in one embodiment, a memory controller
hub is on the same package and/or die with processor
100. Here, a portion of the core (an on-core portion) 110
includes one or more controller(s) for interfacing with oth-
er devices such as memory 175 or a graphics device
180. The configuration including an interconnect and
controllers for interfacing with such devices is often re-
ferred to as an on-core (or un-core configuration). As an
example, on-chip interface 110 includes a ring intercon-
nect for on-chip communication and a high-speed serial
point-to-point link 105 for off-chip communication. Yet, in
the SOC environment, even more devices, such as the
network interface, co-processors, memory 175, graphics
processor 180, and any other known computer devic-
es/interface may be integrated on a single die or integrat-
ed circuit to provide small form factor with high function-
ality and low power consumption.
[0020] In one embodiment, processor 100 is capable
of executing a compiler, optimization, and/or translator
code 177 to compile, translate, and/or optimize applica-
tion code 176 to support the apparatus and methods de-
scribed herein or to interface therewith. A compiler often
includes a program or set of programs to translate source
text/code into target text/code. Usually, compilation of
program/application code with a compiler is done in mul-
tiple phases and passes to transform hi-level program-
ming language code into low-level machine or assembly
language code. Yet, single pass compilers may still be
utilized for simple compilation. A compiler may utilize any
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known compilation techniques and perform any known
compiler operations, such as lexical analysis, preproc-
essing, parsing, semantic analysis, code generation,
code transformation, and code optimization.
[0021] Larger compilers often include multiple phases,
but most often these phases are included within two gen-
eral phases: (1) a front-end, i.e. generally where syntactic
processing, semantic processing, and some transforma-
tion/optimization may take place, and (2) a back-end, i.e.
generally where analysis, transformations, optimiza-
tions, and code generation takes place. Some compilers
refer to a middle, which illustrates the blurring of deline-
ation between a front-end and back end of a compiler.
As a result, reference to insertion, association, genera-
tion, or other operation of a compiler may take place in
any of the aforementioned phases or passes, as well as
any other known phases or passes of a compiler. As an
illustrative example, a compiler potentially inserts oper-
ations, calls, functions, etc. in one or more phases of
compilation, such as insertion of calls/operations in a
front-end phase of compilation and then transformation
of the calls/operations into lower-level code during a
transformation phase. Note that during dynamic compi-
lation, compiler code or dynamic optimization code may
insert such operations/calls, as well as optimize the code
for execution during runtime. As a specific illustrative ex-
ample, binary code (already compiled code) may be dy-
namically optimized during runtime. Here, the program
code may include the dynamic optimization code, the bi-
nary code, or a combination thereof.
[0022] Similar to a compiler, a translator, such as a
binary translator, translates code either statically or dy-
namically to optimize and/or translate code. Therefore,
reference to execution of code, application code, pro-
gram code, or other software environment may refer to:
(1) execution of a compiler program(s), optimization code
optimizer, or translator either dynamically or statically, to
compile program code, to maintain software structures,
to perform other operations, to optimize code, or to trans-
late code; (2) execution of main program code including
operations/calls, such as application code that has been
optimized/compiled; (3) execution of other program
code, such as libraries, associated with the main program
code to maintain software structures, to perform other
software related operations, or to optimize code; or (4) a
combination thereof.
[0023] One interconnect fabric architecture includes
the Peripheral Component Interconnect (PCI) Express
(PCIe) architecture. A primary goal of PCIe is to enable
components and devices from different vendors to inter-
operate in an open architecture, spanning multiple mar-
ket segments; Clients (Desktops and Mobile), Servers
(Standard and Enterprise), and Embedded and Commu-
nication devices. PCI Express is a high performance,
general purpose I/O interconnect defined for a wide va-
riety of future computing and communication platforms.
Some PCI attributes, such as its usage model, load-store
architecture, and software interfaces, have been main-

tained through its revisions, whereas previous parallel
bus implementations have been replaced by a highly
scalable, fully serial interface. The more recent versions
of PCI Express take advantage of advances in point-to-
point interconnects, Switch-based technology, and pack-
etized protocol to deliver new levels of performance and
features. Power Management, Quality Of Service (QoS),
Hot-Plug/Hot- Swap support, Data Integrity, and Error
Handling are among some of the advanced features sup-
ported by PCI Express.
[0024] Referring to FIG. 2, an embodiment of a low
power computing platform is depicted. In one embodi-
ment, low power computing platform 200 includes a user
endpoint, such as a phone, smartphone, tablet, ultrap-
ortable notebook, a notebook, a desktop, a server, a
transmitting device, a receiving device, or any other
known or available computing platform. The illustrated
platform depicts a number of different interconnects to
couple multiple different devices. Exemplary discussion
of these interconnect are provided below to provide op-
tions on implementation and inclusion. However, a low
power platform 200 is not required to include or imple-
ment the depicted interconnects or devices. Further-
more, other devices and interconnect structures that are
not specifically shown may be included.
[0025] Starting at the center of the diagram, platform
200 includes application processor 205. Often this in-
cludes a low power processor, which may be a version
of a processor configuration described herein or known
in the industry. As one example, processor 200 is imple-
mented as a system on a chip (SoC). As a specific illus-
trative example, processor 200 includes an Intel® Archi-
tecture Core™-based processor such as an i3, i5, i7 or
another such processor available from Intel Corporation,
Santa Clara, CA. However, understand that other low
power processors such as available from Advanced Mi-
cro Devices, Inc. (AMD) of Sunnyvale, CA, a MIPS-based
design from MIPS Technologies, Inc. of Sunnyvale, CA,
an ARM-based design licensed from ARM Holdings, Ltd.
or customer thereof, or their licensees or adopters may
instead be present in other embodiments such as an Ap-
ple A5/A6 processor, a Qualcomm Snapdragon proces-
sor, or TI OMAP processor.
[0026] Serial interfaces are used for control and com-
munication between integrated circuits (IC’s) and devic-
es in electronic equipment. Many integrated circuits and
devices in electronic equipment have high pin-count
which is a significant cost adder for components and cir-
cuit boards. For example, serial interfaces between IC’s
in conventional mobile telephone feature two wires per
interface. Notably, conventional mobile telephones in-
clude clock and bi-directional data pins, possibly with the
addition of chip enable a bus-specific power supply pin.
MIPI RFFE and I2C standard protocols, for example, pro-
vide two wires per interface.
[0027] In fact, some digital microphone interfaces re-
quire four connections to the microphone-power, ground,
clock, and data. As such, present digital microphone in-
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terface technology is a regression from the analog inter-
face which features a two pin connection for ground and
power/signal.
[0028] The present disclosure provides a single wire
bi-directional interface capable of full-duplex operation
at high data bit rates (e.g., MB/s bit-rates). In addition,
the present disclosure enables implementing digital mi-
crophones using two physical pins. Furthermore, the
present disclosure provides an embodiment which ena-
bles two identical microphones to be attached to the
same bus interface link for noise cancellation. Advanta-
geously, a master device and receiver slave device dis-
closed herein may be implemented , at least in part, with-
in other devices such as, but not limited to, digital micro-
phones, personal computers, televisions, track pads,
computer mice, GPS receivers, SIM card readers, blue
tooth connectors and the like.
[0029] FIG. 3 illustrates an embodiment of a bus mas-
ter 300 coupled to a digital microphone 350, both con-
sistent with the present disclosure. However, neither de-
vice nor their components are required to practice the
present disclosure. As shown, bus master 300 is coupled
to digital microphone 350 via bus interface 320. In some
embodiments, bus master 300 and digital microphone
350, shown in FIG. 3 are both components in a mobile
telephone (also referred to in some embodiments as a
user endpoint (UE) with voice communication capability).
More specifically, both bus master 300 and digital micro-
phone 350 are components of a digital microphone in
accordance with some embodiments of the present dis-
closure.
[0030] In some embodiments, a bus master consistent
with the present disclosure (e.g., bus master 300) may
include a receiver and antenna (neither shown) which
receives audio data from a slave receiver device (e.g.,
digital microphone 350), processes the received data,
and transmits the audio data (e.g., in the form of radio
waves) to a receiver in another device.
[0031] In some embodiments, bus master 300 contin-
uously transmits (e.g., downlinking) data in the form of
clock signals to digital microphone 350 in the form of
encoded symbols to maintain synchronization between
each device. In addition, digital microphone 350 may con-
tinuously send data (e.g., audio data) to bus master 300.
[0032] One having ordinary skill in the art may appre-
ciate that digital microphone 350 may receive audio sig-
nals which may strike and cause an element (e.g., such
as a diaphragm) therein to vibrate. The vibrations may
be converted to electrical signals according to a sampling
frequency.
[0033] For example, a digital microphone consistent
with the present disclosure may sample audio data (e.g.,
speech) in accordance with conventional sampling fre-
quencies such as 20 kHz, 44 kHz, 48 kHz, and 96 kHz.
[0034] Moreover, a digital microphone or other slave
receiver device consistent with the present disclosure
may perform an action according to command(s) issued
by a bus master which may require the digital micro-

phones to send data back to the bus master device.
[0035] Bus master 300 may enable communication di-
rectly with other components (e.g. slaves) which may be
under command of the CPU. Further, bus master 300
may control the bus interface link 320 on which address,
control, and data signals flow. In some embodiments,
digital microphone 350 is a slave unit of bus master 300.
Advantageously, bus mastering may increase the oper-
ating system’s data transfer rate, conserves system re-
sources and boosts performance and response time.
[0036] In some embodiments of the present disclo-
sure, bus master 300 creates wide and narrow clock puls-
es and transmits these clock pulses to the slave device-
digital microphone 350 across a bus interface link 320.
In addition, bus master 300 may have an internal clock
which has a higher frequency than the frequency along
the bus interface link 320. In particular, in some embod-
iments, the frequency of the internal clock of bus master
300 is an integer number greater (e.g., 10) than the fre-
quency along the bus interface link 320.
[0037] For example, if a bus master clock has a fre-
quency of 100 Mhz, the frequency along the bus interface
link 320 may be 10Mhz. As such, according to this ex-
ample, the bus master clock may generate ten clock cy-
cles for each clock cycle propagated along the bus inter-
face link 320 (e.g., BUSCLK). Bus master 300 may con-
tain an internal state machine to generate the BUSCLK
signal based on the data to transmit.
[0038] In some embodiments, an output driver may
drive the BUSCLK line high and low, respectively. In ad-
dition, a clock voltage may be Vcc for high and Vss for
low as will be described in more detail below (see FIG. 6).
[0039] To create a narrow clock pulse, bus master 300
may direct the BUSCLK to go high for a brief time and
then have the BUSCLK go low for a longer period of time.
For example, BUSCLK may be directed to go high for 3
clock cycles and then go low for 7 clock cycles.
[0040] Alternatively, to create a wide clock pulse, bus
master 300 may direct the BUSCKLK to go high for an
extended period of clock cycles (e.g., 7 clock cycles) and
then directed to go low for a brief period of clock cycles
(e.g., 3 clock cycles).
[0041] Furthermore, in some embodiments, for each
10 BUSCLK cycles, 10 bits of data may be transmitted
to a receiver slave unit (e.g., digital microphone 350)
which corresponds to one 8b/10b symbol. In time, the
8b/10b symbol may be decoded by a 8b/10b decoder in
the receiver slave unit. The transmitted 8b/10b symbols
may include comma, data, or command symbols accord-
ing to the 8b/10b coding protocol.
[0042] One having ordinary skill in the art may appre-
ciate that the present disclosure is not limited to 8b/10b
coding protocol. As such, other coding protocols may be
utilized which allow bus master 300 to transmit data, com-
mands, or the like to a slave receiver (e.g., digital micro-
phone 350).
[0043] As shown in the figure, bus master 300 includes
a detection unit 302 which provides circuitry to detect
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whether bus master 300 receives a 1 or 0 during uplink
from a slave digital microphone 350. In some embodi-
ments, the clock frequency within detection unit 302 may
be much higher than the frequency along the bus inter-
face 320. For example, the clock frequency within detec-
tion unit 302 may be approximately up to ten times greater
than the clock frequency along the bus interface 320.
Bus master 300 further includes a power source 303
which is accessible to digital microphone 350.
[0044] In addition, bus master 300 includes a CMOS
inverter 304 which is coupled to power source 303 and
ground 306 (Vss). Furthermore, bus master 300 includes
a PAD 305 which allows the integrated circuit which com-
prises the bus master 300 to connect to external devices.
[0045] In some embodiments, CMOS inverter 304 in-
cludes a PMOS transistor 365 and a NMOS transistor
366 therein. Typically, the PMOS and NMOS transistors
365, 366 within the CMOS inverter 304 are complimen-
tary such that when one transistor is on, the other tran-
sistor is off.
[0046] As further shown in FIG. 3, the PMOS transistor
365 is coupled to power supply 303 such that when a
voltage or current is applied thereto, power is released
to charge PAD 305.
[0047] Alternatively, NMOS transistor 366 is coupled
to ground such that when a voltage or current is applied
thereto, PAD 305 is discharged to ground.
[0048] In some embodiments, when a clock signal
within bus master 300 is high, the PMOS transistor 365
connects PAD 305 to power supply 303 whereas when
the clock signal is low, NMOS transistor 366 connects
PAD 305 to ground line 306.
[0049] Digital microphone 350 may include a bi-direc-
tional communications wire 335 which allows clock data
signals to be received and data signals to be transmitted
therefrom. As shown, bi-directional communications wire
335 receives clock data signals during downlink and
transmits data during uplink.
[0050] During downlink, bus master 300 may transmit
clock data signals to the digital microphone 350. In some
embodiments, the data signals are transmitted in the form
of clock pulses as shown by clock pulse train 321. As
shown, clock pulse train 321 includes a plurality of narrow
and wide clock pulses 301, 302.
[0051] In some embodiments, a receiver component
330 of digital microphone 350 may detect whether a 1 or
0 bit value is transmitted from bus master 300 as will be
described in more detail below.
[0052] During uplink, digital microphone 350 may
transmit data by drawing or declining from drawing cur-
rent from the power source 303 on the bus master 300.
In some embodiments, the detection unit 302 detects
whether power is drawn from digital microphone 350 dur-
ing the falling edge of each clock cycle. In some embod-
iments, detection unit 302 may detect a difference in the
impedance within the power source 303.
[0053] Furthermore, digital microphone 350 may trans-
mit a 1 during uplink to bus master 300 by declining to

draw current from power source 303. As such, transmis-
sion data train 331 illustrates the low output signal 312
which is indicative of neither power (e.g., low power) nor
current drawing from the power source 303.
[0054] Alternatively, digital microphone 350 transmits
a 0 during uplink to bus master 300 by drawing current
from power source 303. In some embodiments, detection
unit 302 detects whether the digital microphone 350 is
drawing current from power source 303 during the falling
edge of each clock cycle. As such, transmission data
train 331 illustrates the high output signal 311 which is
indicative of power or current drawn from power source.
[0055] In order words, when digital microphone 350
transmits a 0 during uplink, transistor 340 provides a con-
duit from power supply 303 on the bus master 300 to
ground line 306. In some embodiments, while current is
drawn from the power supply 303 to the digital micro-
phone 350, detection unit 302 detects low impedance.
[0056] In contrast, when digital microphone 350 trans-
mits a 1 during uplink, transistor 340 blocks electrical
access from power supply 303 to the ground line 306.
As such, when current is not being drawn, detection unit
302 may detect high impedance.
[0057] As such, the process of uplinking data from a
slave receiver (e.g., digital microphone 350) to a bus
master (e.g., bus master 300), as described herein, may
be characterized as impedance or amplitude shift keying
according to some embodiments of the present disclo-
sure. In addition, the process of downlinking data from a
bus master to a slave receiver, in the manner described
herein, may be characterized as phase shift keying.
[0058] FIG. 4 illustrates an embodiment of a receiver
400 consistent with the present disclosure. The receiver
400 may be implemented within the digital microphone
350 shown in FIG. 3. In some embodiments, receiver 400
receives an encoded data stream from a master device
such as a bus master. For example, the data stream re-
ceived may be 8b/10b encoded.
[0059] As shown, a clock data signal is input into digital
microphone 400 which is propagated to paths (wires)
401a, 401b, and 401c. For example, clock data signals
may be propagated along the path 401b to become an
input 405 to an XOR gate 406 and an input into AND gate
425 (along path 408). Further, an output 412 of AND gate
425 is applied to transistor 416 (M1) as will be described
in more detail below.
[0060] In addition, output 407 of XOR gate 406 is in-
putted into AND gates 425, 430 (via paths 409, 410)
which in part determines the polarity of each clock pulse
applied to transistors 416, 418.
[0061] In addition, receiver 400 provides a path to
transmit clock data signals to a second input 404 of XOR
gate 406. Most notably, the aforementioned path in-
cludes two inverters 403, 414 and a delay element 402.
The inverters 403, 414 and delay element 402 delays
clock signals propagated within the receiver 400.
[0062] As shown, delay element 402 includes a resistor
435 and a capacitor 436. In some embodiments, the
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amount of delay depends upon the size of the resistor
435 and capacitor 436.
[0063] For example, resistor 435 may have a resist-
ance of 200 kΩ and capacitor 436 may have a capaci-
tance of 100 X 10^-15 (fempto) farads.
[0064] In some embodiments, the inverters 403, 414
and delay element 402 cause the clock pulse (P1) prop-
agated from output 412 to occur before a clock pulse (P2)
is propagated from output 413. For example, the P1 clock
pulse may be dispatched on the rising edge of a clock
signal whereas the P2 clock pulse may be dispatched on
the falling edge of a clock cycle (or signal) in accordance
with some embodiments of the present disclosure.
[0065] Further, path 401a propagates clock signal
through inverter 414, which inverts clock signals and
transmits the signals to input 411 of AND gate 430. The
output of AND gate 430 is propagated to transistor 418.
Finally, path 401c provides a path for clock signals to
propagate to the bottom half of the receiver circuitry 400
as shown.
[0066] In some embodiments, upon the rising edge of
a clock signal, the output 412 of AND gate 425 propa-
gates a short clock pulse (P1) to transistor 426 which will
turn on the transistor 426 and will subsequently discharge
the C2 capacitor 415. In addition, once the short P1 pulse
transpires, the C2 capacitor 415 will begin to charge
through the R2 resistor 429.
[0067] In some embodiments, the R2 resistor 429 has
a resistance of 10 MΩ. Further, C2 capacitor 415 has a
capacitance of 100 X 10^-15 farads. Likewise, both tran-
sistors 416, 418 are NMOS transistors with a length of
approximately 180 nm and a width of approximately 500
nm.
[0068] In addition, on the falling edge of a clock cycle,
a short P2 clock pulse discharges a portion of the C2
capacitor 415 such that the voltage therein is copied on
or sampled to the C3 capacitor 417. As such, a P2 clock
pulse causes the C2 capacitor 415 and the C3 capacitor
417 to have the same voltage.
[0069] In other words, when the P2 clock pulse is high,
the C2 capacitor 415 voltage is copied on to the C3 ca-
pacitor 417. In contrast, when the P2 clock pulse is low,
the voltage on the C3 capacitor 417 is compared with an
average voltage across the C3 capacitor 417 in previous
clock cycles as will be described in more detail below.
[0070] Furthermore, when the P2 clock pulse is low,
the C2 capacitor 415 will continue to discharge until the
rising edge of a clock signal causes the C2 capacitor 415
to recharge. In some embodiments, the size of the C2
capacitor 415 may be much larger than the size of the
C3 capacitor 417. For example, the size of the C2 ca-
pacitor 415 may be approximately ten times larger than
the size of the C3 capacitor 417. For instance, the ca-
pacitance of the C2 capacitor 415 is 100 X 10^-15 farads
whereas the capacitance of the C3 capacitor 417 is ap-
proximately 10 X 10^-15 farads.
[0071] Further, once a voltage is copied on the C3 ca-
pacitor 417, this voltage may be propagated to the output

428 of operational amplifier 419 (opamp 419). Advanta-
geously, the voltage of the C3 capacitor 417 can be ap-
plied to an input 427 of the opamp 419.
[0072] In some embodiments, the opamp 419 may
have a characteristic high-input impedance. For in-
stance, the resistance of resistor 444 of opamp 419 may
be as large as 1 GΩ. Accordingly, opamp 419 may func-
tion as an ideal operational amplifier such that the C3
voltage applied to the input 427 (Vin) is propagated to
the output 428 of the opamp 419 (Vout).
[0073] As further illustrated, the voltage at the output
428 is propagated to a first input 431 of operational am-
plifier 420. Most notably, the average C3 voltage of pre-
vious clock cycles may be stored in the C4 capacitor 422
of the low pass filter 433.
[0074] The average voltage stored in the low pass filter
433 may be a function of the size of the resistor and
capacitor components 421, 422 within the filter 433. As
such, a low pass filter 433 may be designed according
to a RC time constant which may be defined as the
amount of time required to charge a capacitive compo-
nent (C4 capacitor 422) across a resistive component
(resistor 421) to about 63% of its final value. Therefore,
the larger the RC time constant, the more C3 capacitor
voltage cycles can be accounted into the average C3
capacitor voltage (i.e., voltage on C4 capacitor). In some
embodiments, resistor 421 may be 30, 40, or 100 MΩ
whereas C4 capacitor 422 may be 100 X 10^-15 farads.
[0075] Accordingly, once the C3 capacitive voltage is
propagated to the first input 431 and the average voltage
(C4 capacitor 422) is applied to the second input 432,
the opamp 420 performs a comparison. Afterwards, the
opamp 420 generates a 1 or 0 output. In some embodi-
ments, when the present C3 capacitive voltage is greater
than the average voltage (e.g., C4 capacitive voltage),
then opamp 420 outputs a 1. In contrast, when the
present C3 capacitive voltage is less than the average
voltage, then opamp subsequently outputs a 0.
[0076] On having ordinary skill in the art should appre-
ciate that a series of 1’s and 0’s may be decoded (e.g.,
from an 8b/10b encoding scheme) to carryout various
commands in accordance with messages such as com-
mands sent from a bus master. For example, the decoded
commands may include, but are not limited to, program-
ming the gain in the digital microphone during uplink or
setting the amount of current drawn when transmitting a
0 to the bus master from a slave device.
[0077] FIG. 5 illustrates a graph 500 displaying how
the voltage of the C2 capacitor changes within a receiver
consistent with the present disclosure as a function of
the various clock pulses 501, 502 of a clock pulse train.
[0078] Notably, each wide clock pulse 501 represents
a 1 whereas each narrow pulse 502 represents a 0. Each
wide clock pulse 501 includes a rising edge 501a, high
state 501b and falling edge 501c. Likewise, each narrow
pulse 502 includes a rising edge 502a, high state 502b
and falling edge 502c.
[0079] Now referring to FIG. 4 and FIG. 5, on the rising
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edge of a clock signal (e.g., 501a or 502a of FIG. 5), a
short P1 clock pulse is applied to transistor 416 (FIG. 4)
and discharges the C2 capacitor 415 through transistor
416.
[0080] In addition, once the P1 pulse subsides and the
clock signal remains at a high state (501b or 502b), the
C2 capacitor 415 is charged through the resistor 429.
Alternatively, on the falling edge of a clock cycle (e.g.,
501c or 502c), a short P2 clock pulse is applied to the
transistor 418 such that the voltage of the C2 capacitor
415 is sampled on to the C3 capacitor 417.
[0081] FIG. 5 further shows how the voltage of the C2
capacitor 415 changes as the as the clock pulse train
varies from wide clock pulses 501 to narrow clock pulses
502 and so on. As shown, at time 0.0, the clock signal is
at a rising edge state and therefore the voltage at C2
capacitor 415 is 0V because the capacitor is discharged.
[0082] However, once the clock signal reaches the
high state (501b or 502b), the C2 capacitor 415 begins
to charge through resistor 429 as indicated by voltage
rises 503a, 504a in the figure. Eventually, the clock signal
will reach its falling edge (501c or 502c) and the voltage
on the C2 capacitor 415 will be copied on to the C3 ca-
pacitor 417.
[0083] In some embodiments, when the voltage on the
C2 capacitor 415 is sampled on to the C3 capacitor 417,
the voltages on both capacitors are approximately the
same. Accordingly, the decrease in voltage on the C2
capacitor 415 is shown by voltage falls 503b, 504b. The
clock cycle repeats again with a rising edge (503c, 504c)
which causes the C2 capacitor 415 to discharge as
shown in FIG. 5.
[0084] Continuing on through the figures, FIG. 6 illus-
trates a bus master 600 coupled to multiple digital micro-
phones 650, 660 having circuitry consistent with the
present disclosure. As shown, bus master 600 contains
circuitry to support data exchange with two digital micro-
phones 650, 660. One having ordinary skill in the art may
appreciate that multiple digital microphones within a tel-
ecommunications device may be useful for noise cancel-
lation. Most notably, the system shown in FIG. 6 is con-
figured such that only two pin connections are needed
between bus master 600 and the two digital microphones
650, 660.
[0085] As illustrated, bus master 600 contains two de-
tection units 602, 612. Detection units 602, 612 collec-
tively provide circuitry to detect whether bus master 600
receives a 1 or 0 during uplink from slave digital micro-
phones 650, 660. In some embodiments, digital micro-
phones 650, 660 uplink their data to bus master 600 at
certain stages of a clock signal. For instance, one of the
digital microphones 650, 660 may uplink data on a rising
edge of a clock signal whereas the other digital micro-
phone may uplink data on a falling edge of a clock cycle.
[0086] Furthermore, the clock frequency within detec-
tion units 602, 612 may be much higher than the frequen-
cy along bus interface links 620a, 622a. For example,
the clock frequency within detection units 602, 612 may

be approximately up to ten times greater than the clock
frequency along the bus interface 620a, 622a.
[0087] In addition, bus master 600 further includes two
power sources 603, 613 which may be accessible to dig-
ital microphones 650, 660. In some embodiments, digital
microphones 650, 660 draws current from either power
source 603, 613 to transmit a 0 bit value and declines
from drawing current from either power source 603, 613
to transmit a 1 bit value.
[0088] Initially, a plurality of clock signals may be re-
ceived by bus master 600 from a crystal oscillator, PLL,
or DLL. Based on these clock signals and the data, bus
master 600 should transmit to the slave devices a state
machine in the bus master 600 which may generate a
BUSCLK signal to be applied to the input connection 601.
[0089] The BUSCLK signal may comprise wide and
narrow pulses encoded so on average, an equal number
of wide and narrow pulses are transmitted in a given in-
terval. In some embodiments, the encoding is 8b/10b en-
coding. However in yet another embodiment, the encod-
ing is DC-free coding. The generated clock signal may
be propagated to each sub-unit of the bus master 600
via paths 601a and 601b.
[0090] The received clock signals may be propagated
to each sub-unit of the bus master 600 via paths 601a
and 601b. In particular, the clock signals may be sent to
CMOS inverter 604 along path 601a whereas the clock
signals may be sent to CMOS inverter 614 along path
601b. As shown, CMOS inverters 604, 614 are coupled
to power sources 603, 613 and ground connections 606,
616, respectively (Vss).
[0091] In some embodiments, each CMOS inverter
604, 614 includes PMOS (665, 667) and NMOS (666,
668) transistors therein. Typically, the PMOS and NMOS
transistors within the CMOS inverters 604, 614 are com-
plimentary such that when one transistor is on, the other
transistor is off.
[0092] As further shown in FIG. 6, the PMOS transis-
tors 665, 667 are coupled to power supplies 603, 613
such that when a voltage or current is applied thereto,
power is released to charge PADS 605, 615. Alternative-
ly, NMOS transistors 666, 668 are coupled to ground
such that when a voltage or current is applied thereto,
PADS 605, 615 are discharged to ground.
[0093] For example, when a clock signal within bus
master 600 is high, the PMOS transistor 667 connects
PAD 615 to power supply 613 whereas when the clock
signal is low, NMOS transistor 668 connects PAD 615 to
ground line 616.
[0094] In addition, when a clock signal within bus mas-
ter 600 is high, inverter 607 may invert the clock signal
such that the PMOS transistor 665 connects PAD 605 to
power supply 603. Alternatively, a low clock signal is in-
verted such that the NMOS transistor 666 connects PAD
605 to ground line 606.
[0095] Therefore, in some embodiments of the present
disclosure, clock data signals may be transmitted to dig-
ital microphone 650 on the rising edge of a clock signal
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whereas clock data signals may be transmitted to digital
microphone 660 on the falling edge of a clock cycle. Thus,
when CLKP signal is high, the CLKN signal is low.
[0096] In particular, during uplink, current may flow
from CLKP to CLKN on the rising edge of the BUSCLK
signal and from CLKN to CLKP on the falling edge. Fur-
thermore, the transistor (coupled to Vdd) within digital
microphone 660 may conduct during the rising edge of
the BUSCLK signal whereas the transistor (coupled to
Vdd) within digital microphone 650 may conduct during
the falling edge of the BUSCLK signal. Moreover, a sam-
pling circuit on the CLKP of bus master 600 may sample
on an early BUSCLK cycle (e.g., cycle 1) whereas a sam-
pling circuit on CLKN may sample on a later BUSCLK
cycle (e.g., cycle 8).
[0097] Furthermore, PADS 605, 615 allow the bus
master 600 and an integrated circuit that the bus master
600 is disposed on to connect to external devices. PADS
605, 615 may be connected to each bi-directional com-
munications line within the digital microphones 650, 660
via bus interface links 620a, 622a.
[0098] In addition, bus interface link 620a may provide
an input for CLKP along path 620b to bi-directional com-
munications line 655 within digital microphone 650. Ad-
ditionally, bus interface link 620a may provide an input
for CLKN along path 620c to bi-directional communica-
tions line 658 within digital microphone 660.
[0099] In addition, bus interface link 622a may provide
an input for CLKP along path 622b to bi-directional com-
munications line 657 within digital microphone 660 and
an input for CLKN along path 622c to bi-directional com-
munications line 656.
[0100] Accordingly, digital microphones 650, 660 may
include bi-directional communications wires 655, 666,
667, 668 which allow clock data signals to be received
and data signals to be transmitted therefrom. In some
embodiments, bi-directional communications wires 655,
666, 667, 668 receive clock signals during downlink and
transmits data during uplink.
[0101] During uplink, digital microphones 650, 660
may transmit data by drawing current from the power
sources 603, 613 on the bus master 600. In some em-
bodiments, the detection units 602, 612 detect whether
power is drawn from each digital microphone 650, 660.
For instance, detection unit 602, 612 may detect a differ-
ence in the impedance within the power sources 603,
613.
[0102] In some embodiments of the present disclo-
sure, when digital microphones 650, 660 transmit a 0 bit
value during uplink, transistors 682, 692 provides a con-
duit from power supplies 603, 613 on the bus master 600
to ground lines 625, 635. Likewise, while current is drawn
from power supplies 603, 613 to the digital microphones
650, 660, detection units 602, 612 detects low imped-
ance.
[0103] In contrast, when digital microphones 650, 660
transmit a 1 bit value during uplink, transistors 682, 692
blocks electrical access from power supplies 603, 613 to

ground lines 625, 635. As such, when current is not being
drawn, detection units 602, 612 detect high impedance.
[0104] As such, the process of uplinking data from a
slave receiver (e.g., digital microphones 650, 660) to a
master device (e.g., bus master 600), as described here-
in, may be characterized as impedance or amplitude shift
keying according to some embodiments of the present
disclosure. In addition, the process of downlinking data
from a bus master to a slave receiver, in the manner
described herein, may be characterized as phase shift
keying.
[0105] In some embodiments, bus interface links 620a,
622a are differential bus interfaces and digital micro-
phones 650, 660 are differential receivers. In some em-
bodiments, the differential digital microphone receivers
650, 660 may automatically detect the polarity of the dif-
ferential clock signal.
[0106] In addition, digital microphones 650, 660 each
have two pins such that CLKP is connected to a first pin
on one digital microphone and CLKN is connected to a
second pin on the other digital microphones. Accordingly,
the two digital microphones 650, 660 may uplink data
signals on the rising and falling edge of each clock cycle
respectively.
[0107] In some embodiments, each digital microphone
650, 660 may uplink data when the clock signal is high.
However, the inverter 607 on bus master 600 provides
an inverse bus clock signal to CMOS inverter 604 such
that digital microphones 650, 660 uplinks data in se-
quence.
[0108] As such, detection units 602 may determine
what data is transmitted by the digital microphones 650,
660 when the inverted clock signal is high-which is a low
bus clock signal. Alternatively, detection unit 612 may
determine what data is transmitted by the digital micro-
phones 650, 660 when the bus master clock signal is
high.
[0109] In some embodiments, when CLKN is the most
positive voltage within the digital microphones, Vss
ground lines 625, 635 will be off because diodes 624,
634 (of rectifiers of 623, 633) may prevent current from
flowing to each respective ground line 623, 633.
[0110] It should be understood to one having ordinary
skill in the art that when CLKN is the most positive voltage
in the digital microphones 650, 660, CLKP will be the
most negative voltage within the digital microphones. Ac-
cordingly, because CLKN and CLKP changes polarity,
"virtual ground" alternates from one pin of the digital mi-
crophone to the other pin of the other digital microphone.
[0111] As such, when CLKN is the most positive volt-
age within the digital microphones 650, 660, CLKN will
charge Vdd lines 621, 631 via diodes 626, 636. In some
embodiments, each digital microphone 650, 660 includes
a voltage regulator 627, 637 to regulate the voltage within
the microphones 650, 660.
[0112] Alternatively, when CLKP is the most positive
voltage within the digital microphones 650, 660, CLKN
will be the most negative voltage. CLKP will charge Vdd
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power rails 621, 631 via diodes 681, 691, respectively.
[0113] If the CLKN voltage is more negative than the
voltage on ground lines 625, 635, current may flow from
ground lines 625, 635 to CLKN such that ground lines
625, 635 will have the most negative voltage within each
respective digital microphone 650, 660.
[0114] Therefore, rectifiers 623, 633 are configured
such that the most positive voltage is coupled to Vdd
power rails 621, 631. Rectifiers 623, 633 are also con-
figured such that the most negative voltage is coupled to
Vss ground lines 625, 635. As such, Vdd power rails 621,
631 will always be as high as the most positive voltage
whereas Vss lines 625, 635 will always be as low as the
most negative voltage.
[0115] Each bi-directional communications line is cou-
pled to an input of an opamp 628, 638 within the digital
microphones 650, 660. Opamps 628, 638 compare the
voltage of CLKP and CLKN and outputs the voltage as-
sociated with CLKP according to some embodiments of
the present disclosure. In yet some embodiments, each
opamp 628, 638 has a high gain (e.g., 10k) such that the
outputs 685, 695 of the opamps 628, 638 will ideally be
no higher than Vdd or no lower than Vss.
[0116] Opamps 628, 638 may be configured to transmit
its output to a receiver 685, 686 consistent with the
present disclosure. In some embodiments, receiver 685,
686 is consistent with the receiver 400 illustrated in FIG.
4.
[0117] FIG. 7 illustrates an embodiment of a digital mi-
crophone 750 coupled to a receiver 775 consistent with
the present disclosure. Most notably, the output of oper-
ational amplifier 728 is transmitted via path 729 to receiv-
er 775, a component of digital microphone 750.
[0118] Receiver 775 may be configured to detect a
wide clock pulse and a narrow clock pulse transmitted
by a bus master. In some embodiments, receiver 775
outputs a bit value of 1 for wide clock pulses and a bit
value of 0 for narrow pulses. Afterwards, the bit values
which may be 8b/10b encoded are subsequently decod-
ed to determine a message (e.g., a symbol) transmitted
from the bus master. For example, the decoded symbols
may include a command for the digital microphone 750
to perform a certain action such as to increase or de-
crease the gain within the microphone 750.
[0119] FIG. 8 illustrates an embodiment of a method
800 consistent with the present disclosure. Method 800
may begin with block 801 which provides forming a bus
interface link between a master device and a slave device
wherein the master device includes a power supply which
is accessible to the slave device. The master device may
include a bus master. The slave device may include a
digital microphone, GPS receiver, Bluetooth connector,
SIM card reader, and may be implemented within per-
sonal computers, televisions, track pads, or computer
mice.
[0120] Next, coupling a bi-directional communications
line(s) of the slave device to the bus interface link to re-
ceive a plurality of clock signals from the master device

and to exchange a plurality of data signals with the master
device according to block 802. A bi-directional commu-
nications line consistent with the present disclosure en-
ables a slave device to receive clock data signals from
a master device in addition to enabling the slave device
to transmit data signals back to the master device.
[0121] Furthermore, transmitting at least one data sig-
nal along the bi-directional communications line of the
slave device to the master device along the bus interface
link by drawing current from the power supply to send a
0 bit value and by declining to draw current from the power
supply to send a 1 bit value according to block 803.
[0122] One having ordinary skill in the art may appre-
ciate that the present disclosure is not limited to the afore-
mentioned bit value assignment. For example, a system
consistent with the present invention may configure the
master and slave devices such that drawing current from
a power source indicates a bit value of 1 whereas declin-
ing to draw current from a power source indicates a bit
value of 0.
[0123] Next, according to block 804, monitoring an im-
pedance value of the power supply at a certain stage of
a clock signal to determine whether a 1 bit value or a 0
bit value was transmitted from the slave device. In some
embodiments of the present disclosure, the use of an
impedance or amplitude shift keying technique is utilized
to detect a data signal transmitted by the slave device.
[0124] The following examples pertain to further em-
bodiments. Specifics in the examples may be used any-
where in one or more embodiments. For instance, all
optional features of the apparatus or system described
herein may also be implemented with respect to the meth-
od or process described herein.
[0125] Example 1: A system, comprising: a master de-
vice, including: a power supply; a detection unit to detect
an impedance of the power supply; an inverter to provide
a first path to the power supply on a first stage of a clock
signal and to provide a second path to a first ground line
on a second stage of a clock signal; a bus interface link
to couple the master device to a slave device. Further-
more, the slave device including: a bi-directional com-
munications line to receive a plurality of narrow and wide
clock pulses from the master device over the bus inter-
face link; a gating component to provide a conductive
path from the first path to the power supply through the
bi-directional communications line to a second ground
line; and a receiver to assign bit values associated with
a plurality of narrow and wide clock pulses transmitted
from the master device.
[0126] Example 2: The master device includes a bus
master.
[0127] Example 3: The slave device includes a digital
microphone.
[0128] Example 4; The inverter includes a CMOS in-
verter.
[0129] Example 5: The master device further compris-
es a bus clock.
[0130] Example 6: The gating component includes a
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transistor.
[0131] Example 7: The detection unit may detect a
change in impedance of the power supply.
[0132] Example 8: The bi-directional communications
line may propagate the plurality of narrow and wide clock
pulses and current from the power supply concurrently.
[0133] Example 9: A portion of the assigned bit values
is a command for slave device.
[0134] Example 10: A device, comprising: a rectifier
coupled to be coupled to a ground line and a power rail,
the rectifier to enable the ground line to discharge when
a negative clock voltage is coupled to the rectifier and to
enable the power rail to charge when a positive clock
voltage is coupled to the rectifier; and a set of bi-direc-
tional communications lines to transmit data in response
to a clock data signal.
[0135] Example 11: The device of further comprising
a ground line and a power rail.
[0136] Example 12: The at least one of the set of bi-
directional communications line is to uplink data by draw-
ing changing an impedance of a power supply.
[0137] Example 13: At least one of the set of bi-direc-
tional communications line is to uplink data by declining
from changing an impedance of a power supply.
[0138] Example 14: A receiver to assign a bit value to
each received clock data signal.
[0139] Example 15: The rectifier is coupled to a bus
interface link.
[0140] Example 16: The set of bi-directional commu-
nications lines is coupled to a gating element which may
provide a path from a power source to a ground line within
the slave device.
[0141] Example 17: A device, comprising: a first de-
tection unit to detect a first impedance of a first power
supply; a first inverter to provide a first path to the first
power supply on a first stage of a clock signal and to
provide a second path to a first ground line on a second
stage of a clock signal; a second detection unit to detect
a second impedance of a second power supply; a second
inverter to provide a third path to the second power supply
on the second stage of the clock signal and to provide a
fourth path to a second ground line on the first stage of
the clock signal; and a third inverter, the third inverter
coupled to the first inverter to invert a clock signal inputted
into the first inverter.
[0142] Example 18: The device previously described
comprising a master clock.
[0143] Example 19: The first inverter and the second
inverter each include a complementary set of transistors.
[0144] Example 20: The first electrical connection and
a second electrical connection to transmit clock data sig-
nals to two slave devices.
[0145] Example 21: A clock to generate clock data sig-
nals.
[0146] Example 22: The device further comprising at
least one of a receiver, antenna, or encoder.
[0147] Example 23: A method, comprising: forming a
bus interface link between a master device and a slave

device wherein the master device includes a power sup-
ply which is accessible to the slave device; coupling a bi-
directional communications line of the slave device to the
bus interface link; downlinking a plurality of clock data
signals from the master device to the slave device
through the bus interface link and the bi-directional com-
munications line; and
uplinking at least one data signal along the bi-directional
communications line of the slave device to the master
device along the bus interface link by drawing current
from the power supply to send a first bit value and by
declining to draw current from the power supply to send
a second bit value.
[0148] Example 24: Monitoring an impedance value of
the power supply to determine whether the first bit value
or the second bit value was transmitted from the slave
device.
[0149] Example 25: Monitoring an impedance value of
the power supply at a falling edge of a clock signal.
[0150] Generating a plurality of clock pulses with var-
ying widths by scaling down a clock frequency along the
bus interface link from a clock frequency within the master
device and setting a clock voltage high along the bus
interface link for a period of clock cycles corresponding
to a desired width for each clock pulse.
[0151] The slave device transmits the at least one data
signal by drawing current from the master device on a
rising edge of a clock signal.
[0152] The master device includes a bus master and
the slave device includes a digital microphone.
[0153] Encoding the plurality of clock data signals ac-
cording to an 8b/10 coding protocol.
[0154] The slave device draws current from the power
supply by applying a threshold voltage to a transistor cou-
pled between the power supply and a ground line such
that the transistor provides a conductive pathway be-
tween the power supply and the ground line.
[0155] A device comprising: an integrated circuit (IC)
configured to be coupled to a wire, the IC including In-
put/Output (I/O) logic to transmit to and receive informa-
tion from the wire, wherein the I/O logic to transmit infor-
mation to the wire comprises the I/O logic to transmit a
first clock signal with a first duty cycle to represent a first
data logic level and transmit the second clock signal with
a second duty cycle, which is different from the first duty
cycle, to represent a second data logic level.
[0156] The I/O logic to transmit information to the wire
further comprises the I/O logic to provide 8b10b encoded
data, wherein the 8b10b encoded data includes the first
clock signal with the first duty cycle and the second clock
signal with the second duty cycle.
[0157] The IC is to be coupled to a receiver device
through the wire, the receiver device to include receiver
I/O logic to receive the first clock signal and the second
clock signal from the wire, to determine the first clock
signal is to represent the first data logic level based on
the first duty cycle, and to determine the second clock
signal is to represent the second data logic level based
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on the second duty cycle.
[0158] The receiver device includes a first microphone,
and wherein the IC further includes second I/O logic to
couple to a second microphone through a second wire,
wherein the second I/O logic is to vary a duty cycle of a
clock signal to be transmitted on the second wire to the
second microphone to represent data.
[0159] While the present invention has been described
with respect to a limited number of embodiments, those
skilled in the art will appreciate numerous modifications
and variations therefrom. It is intended that the appended
claims cover all such modifications and variations as fall
within the true spirit and scope of this present invention.
[0160] A design may go through various stages, from
creation to simulation to fabrication. Data representing a
design may represent the design in a number of manners.
First, as is useful in simulations, the hardware may be
represented using a hardware description language or
another functional description language. Additionally, a
circuit level model with logic and/or transistor gates may
be produced at some stages of the design process. Fur-
thermore, most designs, at some stage, reach a level of
data representing the physical placement of various de-
vices in the hardware model. In the case where conven-
tional semiconductor fabrication techniques are used,
the data representing the hardware model may be the
data specifying the presence or absence of various fea-
tures on different mask layers for masks used to produce
the integrated circuit. In any representation of the design,
the data may be stored in any form of a machine readable
medium. A memory or a magnetic or optical storage such
as a disc may be the machine readable medium to store
information transmitted via optical or electrical wave
modulated or otherwise generated to transmit such in-
formation. When an electrical carrier wave indicating or
carrying the code or design is transmitted, to the extent
that copying, buffering, or re-transmission of the electrical
signal is performed, a new copy is made. Thus, a com-
munication provider or a network provider may store on
a tangible, machine-readable medium, at least tempo-
rarily, an article, such as information encoded into a car-
rier wave, embodying techniques of embodiments of the
present invention.
[0161] A module as used herein refers to any combi-
nation of hardware, software, and/or firmware. As an ex-
ample, a module includes hardware, such as a micro-
controller, associated with a non-transitory medium to
store code adapted to be executed by the micro-control-
ler. Therefore, reference to a module, in one embodi-
ment, refers to the hardware, which is specifically con-
figured to recognize and/or execute the code to be held
on a non-transitory medium. Furthermore, in another em-
bodiment, use of a module refers to the non-transitory
medium including the code, which is specifically adapted
to be executed by the microcontroller to perform prede-
termined operations. And as can be inferred, in yet an-
other embodiment, the term module (in this example)
may refer to the combination of the microcontroller and

the non-transitory medium. Often module boundaries
that are illustrated as separate commonly vary and po-
tentially overlap. For example, a first and a second mod-
ule may share hardware, software, firmware, or a com-
bination thereof, while potentially retaining some inde-
pendent hardware, software, or firmware. In one embod-
iment, use of the term logic includes hardware, such as
transistors, registers, or other hardware, such as pro-
grammable logic devices.
[0162] Use of the phrase ’to’ or ’configured to,’ in one
embodiment, refers to arranging, putting together, man-
ufacturing, offering to sell, importing and/or designing an
apparatus, hardware, logic, or element to perform a des-
ignated or determined task. In this example, an apparatus
or element thereof that is not operating is still ’configured
to’ perform a designated task if it is designed, coupled,
and/or interconnected to perform said designated task.
As a purely illustrative example, a logic gate may provide
a 0 or a 1 during operation. But a logic gate ’configured
to’ provide an enable signal to a clock does not include
every potential logic gate that may provide a 1 or 0. In-
stead, the logic gate is one coupled in some manner that
during operation the 1 or 0 output is to enable the clock.
Note once again that use of the term ’configured to’ does
not require operation, but instead focus on the latent state
of an apparatus, hardware, and/or element, where in the
latent state the apparatus, hardware, and/or element is
designed to perform a particular task when the appara-
tus, hardware, and/or element is operating.
[0163] Furthermore, use of the phrases ’capable of/to,
’ and or ’operable to,’ in one embodiment, refers to some
apparatus, logic, hardware, and/or element designed in
such a way to enable use of the apparatus, logic, hard-
ware, and/or element in a specified manner. Note as
above that use of to, capable to, or operable to, in one
embodiment, refers to the latent state of an apparatus,
logic, hardware, and/or element, where the apparatus,
logic, hardware, and/or element is not operating but is
designed in such a manner to enable use of an apparatus
in a specified manner.
[0164] A value, as used herein, includes any known
representation of a number, a state, a logical state, or a
binary logical state. Often, the use of logic levels, logic
values, or logical values is also referred to as 1’s and 0’s,
which simply represents binary logic states. For example,
a 1 refers to a high logic level and 0 refers to a low logic
level. In one embodiment, a storage cell, such as a tran-
sistor or flash cell, may be capable of holding a single
logical value or multiple logical values. However, other
representations of values in computer systems have
been used. For example the decimal number ten may
also be represented as a binary value of 1010 and a
hexadecimal letter A. Therefore, a value includes any
representation of information capable of being held in a
computer system.
[0165] Moreover, states may be represented by values
or portions of values. As an example, a first value, such
as a logical one, may represent a default or initial state,
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while a second value, such as a logical zero, may repre-
sent a non-default state. In addition, the terms reset and
set, in one embodiment, refer to a default and an updated
value or state, respectively. For example, a default value
potentially includes a high logical value, i.e. reset, while
an updated value potentially includes a low logical value,
i.e. set. Note that any combination of values may be uti-
lized to represent any number of states.
[0166] The embodiments of methods, hardware, soft-
ware, firmware or code set forth above may be imple-
mented via instructions or code stored on a machine-
accessible, machine readable, computer accessible, or
computer readable medium which are executable by a
processing element. A non-transitory machine-accessi-
ble/readable medium includes any mechanism that pro-
vides (i.e., stores and/or transmits) information in a form
readable by a machine, such as a computer or electronic
system. For example, a non-transitory machine-acces-
sible medium includes random-access memory (RAM),
such as static RAM (SRAM) or dynamic RAM (DRAM);
ROM; magnetic or optical storage medium; flash memory
devices; electrical storage devices; optical storage de-
vices; acoustical storage devices; other form of storage
devices for holding information received from transitory
(propagated) signals (e.g., carrier waves, infrared sig-
nals, digital signals); etc., which are to be distinguished
from the non-transitory mediums that may receive infor-
mation there from.
[0167] Instructions used to program logic to perform
embodiments of the invention may be stored within a
memory in the system, such as DRAM, cache, flash
memory, or other storage. Furthermore, the instructions
can be distributed via a network or by way of other com-
puter readable media. Thus a machine-readable medium
may include any mechanism for storing or transmitting
information in a form readable by a machine (e.g., a com-
puter), but is not limited to, floppy diskettes, optical disks,
Compact Disc, Read-Only Memory (CD-ROMs), and
magnetooptical disks, Read-Only Memory (ROMs), Ran-
dom Access Memory (RAM), Erasable Programmable
Read-Only Memory (EPROM), Electrically Erasable Pro-
grammable Read-Only Memory (EEPROM), magnetic or
optical cards, flash memory, or a tangible, machine-read-
able storage used in the transmission of information over
the Internet via electrical, optical, acoustical or other
forms of propagated signals (e.g., carrier waves, infrared
signals, digital signals, etc.). Accordingly, the computer-
readable medium includes any type of tangible machine-
readable medium suitable for storing or transmitting elec-
tronic instructions or information in a form readable by a
machine (e.g., a computer).
[0168] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, the appearanc-
es of the phrases "in one embodiment" or "in an embod-
iment" in various places throughout this specification are

not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or char-
acteristics may be combined in any suitable manner in
one or more embodiments.
[0169] In the foregoing specification, a detailed de-
scription has been given with reference to specific exem-
plary embodiments. It will, however, be evident that var-
ious modifications and changes may be made thereto
without departing from the broader spirit and scope of
the invention as set forth in the appended claims. The
specification and drawings are, accordingly, to be regard-
ed in an illustrative sense rather than a restrictive sense.
Furthermore, the foregoing use of embodiment and other
exemplarily language does not necessarily refer to the
same embodiment or the same example, but may refer
to different and distinct embodiments, as well as poten-
tially the same embodiment.

Claims

1. A device, comprising:

a rectifier coupled to be coupled to a ground line
and a power rail, the rectifier to enable the
ground line to discharge when a negative clock
voltage is coupled to the rectifier and to enable
the power rail to charge when a positive clock
voltage is coupled to the rectifier; and
a set of bi-directional communications lines to
transmit data in response to a clock data signal.

2. The device of claim 1 further comprising a ground
line and a power rail.

3. The device of claim 1, wherein at least one of the set
of bi-directional communications line is to uplink data
by drawing changing an impedance of a power sup-
ply.

4. The device of claim 1, wherein at least one of the set
of bi-directional communications line is to uplink data
by declining from changing an impedance of a power
supply.

5. The device of claim 1 further comprising a receiver
to assign a bit value to each received clock data sig-
nal.

6. The device of claim 1, wherein the rectifier is coupled
to a bus interface link.

7. The device of claim 1, wherein the set of bi-direc-
tional communications lines is coupled to a gating
element which may provide a path from a power
source to a ground line within the slave device.

8. A device, comprising:
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a first detection unit to detect a first impedance
of a first power supply;
a first inverter to provide a first path to the first
power supply on a first stage of a clock signal
and to provide a second path to a first ground
line on a second stage of a clock signal;
a second detection unit to detect a second im-
pedance of a second power supply;
a second inverter to provide a third path to the
second power supply on the second stage of the
clock signal and to provide a fourth path to a
second ground line on the first stage of the clock
signal; and
a third inverter, the third inverter coupled to the
first inverter to invert a clock signal inputted into
the first inverter.

9. The device of claim 8 further comprising a master
clock.

10. The device of claim 8, wherein the first inverter and
the second inverter each include a complementary
set of transistors.

11. The device of claim 8 further comprising a first elec-
trical connection and a second electrical connection
to transmit clock data signals to two slave devices.

12. The device of claim 8 further comprising a clock to
generate clock data signals.

13. A method, comprising:

forming a bus interface link between a master
device and a slave device wherein the master
device includes a power supply which is acces-
sible to the slave device;
coupling a bi-directional communications line of
the slave device to the bus interface link;
downlinking a plurality of clock data signals from
the master device to the slave device through
the bus interface link and the bi-directional com-
munications line; and
uplinking at least one data signal along the bi-
directional communications line of the slave de-
vice to the master device along the bus interface
link by drawing current from the power supply
to send a first bit value and by declining to draw
current from the power supply to send a second
bit value.

14. The method of claim 13 further comprising monitor-
ing an impedance value of the power supply to de-
termine whether the first bit value or the second bit
value was transmitted from the slave device.

15. The method of claim 13 further comprising monitor-
ing an impedance value of the power supply at a

falling edge of a clock signal.
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