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FPGA to a device that is to communicate according to voltage mode signaling. The
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according to the CML signaling to voltage mode signaling signals for receipt by
the device. Other embodiments are described and claimed.
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INTERFACE CIRCUITRY FOR ATEST APPARATUS

Background
[0001] Design and development of an integrated circuit (IC) is a complex, time

consuming, and expensive process. To aid in these activities, often times a design
team will use a field programmable gate array (FPGA), which is a programmable |C
that may be used for purposes of testing and prototyping aspects of the IC design.
Many FPGA'’s provide various configurable interfaces such as a high speed
input/output (I0) module that may be used to avoid the costly and time-consuming
process to perform application specific integrated circuit (ASIC) design and
fabrication. The flexibility and versatility of FPGAs provide a very cost effective
standard compliance testing apparatus in terms of both protocol and electrical
attributes. However, most FPGA’s configurable high-speed serial |O module, if not
all, are based on a current mode logic (CML) transceiver and are thus incompatible

with other electrical signaling modes such as voltage mode logic.

[0002] One area of IC development is with regard to designing ICs that incorporate
a physical layer based on the Mobile Industry Processor Interface (MIPI) Alliance
MIPI M-PHY specification Version 1.00.00 — 8 February 2011 (MIPI Board Approved
28-Apr-2011) (hereafter MIPI M-PHY specification), which is becoming widely
adopted as the high-speed low power |O standard for serial interfaces within mobile
devices. This physical layer, referred to herein as M-PHY, is developed as a stand-

alone physical layer, and is intended for use with various higher level protocols.

Brief Description of the Drawings

[0003] FIG. 1is a block diagram of a high level view of a system in accordance with

an embodiment of the present invention.

[0004] FIG. 2 is a schematic diagram of a test apparatus in accordance with an

embodiment of the present invention.

[0005] FIG. 3 is a schematic diagram of a detection mechanism in accordance with

one embodiment of the present invention.
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[0006] FIG. 4 is a flow diagram of a method for adapting current mode signals for
receipt by a voltage mode-based receiver in accordance with an embodiment of the

present invention.

[0007] FIG. 5is a flow diagram of a method for adapting voltage mode signals for
receipt by a current mode-based receiver in accordance with an embodiment of the

present invention.

[0008] FIG. 6 is a block diagram of a system-on-a-chip (SoC) in accordance with an

embodiment of the present invention.

[0009] FIG. 7 is a block diagram of a system in accordance with an embodiment of

the present invention.

Detailed Description

[0010] In various embodiments, interface logic may be provided to enable a FPGA
or other circuitry that communicates according to a CML electrical signaling mode to
adapt to other circuitry that communicates according to a different electrical signaling
mode, such as voltage mode logic. In particular embodiments, such interface logic
may enable a CML interface of a FPGA to be compatible with a voltage mode
interface such as a voltage mode transceiver of a device under test (DUT) that is in
accordance with the MIPI M-PHY specification. In general, CML signaling and
voltage mode signaling may both be implemented with differential signals; however,
the different modes may operate at different common mode levels, although they
may provide signals of the same swing. In an embodiment, this interface logic may
be implemented using various off-the-shelf components and radio frequency (RF)

modules.

[0011] In this way, an FPGA’s CML interface may be made compatible with a
voltage mode transceiver, e.g., using off-the-shelf components and RF modules.
The compatibility may be realized by enabling one or more CML transceiver modules
to emulate M-PHY interface’s electrical attributes, and enable a protocol engine
(e.g., an engine of an IC prototype design) implemented in the FPGA to
communicate with real world devices (e.g., DUTs) having voltage mode signaling

such as M-PHY-based designs.
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[0012] By utilizing a configurable high speed 10 module of a FPGA, cost efficient
and fast development of MIPI M-PHY-based |O protocols may occur, while avoiding
a costly and time-consuming process for ASIC design and fabrication. And, the
flexibility and versatility of an FPGA provide a very cost effective standard

compliance testing apparatus in terms of both protocol and electrical attributes.

[0013] Although the scope of the present invention is not limited in this regard,
embodiments may be used in IC development of various devices such as peripheral
devices, e.g., Unipro™ devices in accordance with the UniPro specification (1.40.00
version release April 28, 2011), camera devices in accordance with the developing
Camera Serial Interface (CSI-3) version 3, among others. The stand alone nature
and architecturally low power attribute of M-PHY also make it attractive to be
adapted with popular serial 10 technologies in a personal computer (PC) platform.
For example, a M-PHY may be adapted for use with a Super-Speed universal serial
bus (USB) or a Peripheral Component Interconnect Express (PCle™) protocol, to
develop new low power 10 technologies for future platforms, and other industry-wide
initiatives such as a Super Speed Inter Chip (SSIC) standard (also referred to as low
power Super-Speed USB) and low power PCle™ by adapting upper layers of these

communication protocols with a M-PHY physical layer.

[0014] Referring now to FIG. 1, shown is a block diagram of a high level view of a
system in accordance with an embodiment of the present invention. As seen in FIG.
1, system 10 may include multiple integrated circuits that are interconnected via
interface circuitry. More specifically a first integrated circuit 20 may couple via
interface circuitry 30 to a second integrated circuit 40. In an embodiment, first IC 20
may include programmable logic and may be a FPGA that includes various standard
programmable logic blocks as provided by an FPGA manufacturer, as well as one or
more programmable logic blocks of an IC or other circuit under development that
have been programmed into the FPGA. Relevant to the discussion here, first IC 20
includes a current mode logic (CML)-based transceiver 25 that may include both
receiver and transmitter, e.g., a high speed receiver and transmitter, that may
provide for communication of signals according to a given CML protocol such as via

a given type of low voltage differential signals. Or course, additional circuitry may be
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presentin first IC 20, including other low speed interface circuits, as well as other

fixed and programmable logic.

[0015] Different implementations of system 10 may exist in different embodiments.
For example, in one embodiment the system may be realized as a printed circuit
board in which the ICs are affixed to the circuit board, e.g., via soldering, surface
mounts or according to another connection technology. In turn, interface circuitry 30
may be implemented via various traces and in-circuit components of the circuit
board. Thus in such implementation a connectorless design may be provided in
which interface circuitry 30 is configured within internal components of a circuit
board. Instead, in other embodiments such as a test bench-based arrangement, the
ICs may be configured to a test apparatus, with interface circuitry implemented by
various off-the-shelf components that may be interconnected together using
standard types of connector mechanisms. Accordingly, in different implementations

a connector-based or a connectorless system may be realized.

[0016] As further seen in FIG. 1, IC 40 may also be present. This IC may be a
commercially available IC that includes a voltage mode (VM) transceiver 45. Thus
using interface circuitry 30, appropriate processing and manipulation of signals being
provided in both directions may be realized to accommodate different electrical
signaling protocols. As one example, second IC 40 may be an interface circuit such
as a display/graphics interface, e.g., according to a Display Port™ technology in
which the transceiver has an M-PHY physical layer. Although shown at this high
level in the embodiment of FIG. 1, understand the scope of the present invention is

not limited in this regard.

[0017] Referring now to FIG. 2, shown is a schematic diagram of a test apparatus
in accordance with an embodiment of the present invention. As shown in FIG. 2,
apparatus 100 may be used to provide compatibility between a CML interface of a
FPGA and a voltage mode transceiver. More specifically, apparatus 100 enables
CML transceiver modules of the FPGA to emulate voltage mode electrical attributes
of a device under test, which in an embodiment may be a M-PHY based device. In

this way, a protocol engine implemented in the FPGA (which is part of a design of an
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IC under development) may communicate with real M-PHY based devices. At a high

level, the apparatus includes a FPGA 101, an interface circuit 150, and a device 120.

[0018] In an embodiment FPGA 101 may include a configurable high-speed serial
IO module having a CML transceiver. In one embodiment the transceiver may be a
Xilinx Virtex series Rocket 10 or a GTX transceiver module and may include a
configurable CML transmitter 101.1 and a configurable receiver 101.2. Receiver
101.2 may include in front of its analog front end internal (on-chip) termination that
may be configured to be biased to a reference voltage (e.g., ground), a positive
voltage, or floating between differential positive and negative signal pins. Receiver
101.2 may also support AC coupling internally between its internal termination and
analog front end inputs. This receiver module may also provide the option to make
termination open circuit, as enabled by a switch 130, described further herein.
Although shown in FIG. 2 as a differential receiver, understand the scope of the

present invention is not limited in this regard.

[0019] If a serial differential receiver has internal disableable floating termination,
and internal AC coupling sufficient for the lower end of the frequency band of M-PHY
signaling (e.g., tens of kilo Hertz), various components (e.g., components 126, 127,
128, 129, 130, 132, and 133) of interface circuit 150 may be omitted, and their
combined functionality may be equivalently realized by available on-chip features.
For many receivers in commercially available FPGA products, one or more of these
possibly optional components (e.g., components 126, 127, 128, 129, 130, 132, and
133) may be present to create an interface electrically compatible with a device

having voltage mode signaling such as an M-PHY device.

[0020] In an arrangement including one or more external components, internal DC
coupling may be enabled for the receiver’s analog front end, and internal termination

may be configured as floating or disabled.

[0021] Still referring to FIG. 2, a low speed IO bank 101.3 may include a plurality of
interfaces that may be configured as low voltage differential signaling (LVDS) or low
voltage positive-emitter coupled logic (LVPECL) compatible differential receivers (or

combinations thereof). According to one embodiment, four such differential
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receivers may be used to realize a detection function for special link signaling modes
of the MIPI M-PHY specification (e.g., DIF-N and DIF-P), as will be described further

below.

[0022] A low speed logic 1O bank 101.4 may be configured to provide transistor-
transistor logic (TTL) compatible logic signals for controlling external switches.
Nodes 102 and 103 are positive and negative output nodes of the differential
transmitter output from FPGA 101, respectively. In various embodiments, these
nodes may be configured as mounted RF connectors, such as SMA or other types of
standard connectors. In an implementation having no connections, these nodes may
be configured as impedance controlled printed circuit board traces. Coupled to
nodes 102 and 103 is a differential transmission line pair 104 and 105. In various
embodiments, these transmission lines may be implemented as a coaxial cable pair
in a connector-based implementation, or impedance controlled printed circuit board
traces in a connectionless arrangement. Note that various components of the
interface circuitry may be similarly implemented using mounted RF connectors, such
as SMA or other types of standard connectors. Alternately in an implementation
having no connections, these components may be configured as impedance

controlled printed circuit board traces.

[0023] As further shown in FIG. 2, a pair of RF splitters 106 and 107 may be
coupled to the differential line pair and may be implemented as connector-based
stand-alone modules, or as solder-down components in a no connector
implementation. Note that for ease of discussion various components of the circuitry
are referred to in pairs; however understand that in the differential implementation
shown, a reference to a single component may be considered to include a pair of
such components, both positive and negative. Each of the three ports of each
splitter 106 and 107 is impedance matched to 50 ohms. As seen, one port of each
splitter is coupled to ground with 50 ohm termination impedances 108 and 109. With

such termination, CML transmitter-required electrical attributes may be satisfied.

[0024] Coupled to the output ports of RF splitters 106 and 107 are a pair of DC
blocks 110 and 111. These DC blocks output a differential AC signal realized from
the signal output by CML transmitter 101.1. In an embodiment these DC blocks may
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be implemented using series capacitors. Coupled to the DC blocks are a pair RF
bias tees 112 and 113 that add correct common mode voltage to the extracted AC
differential signal to form M-PHY compatible electrical signals. In an embodiment,
the bias tee ports interfacing DC blocks 110 and 111 and nodes 116 and 117 are of

50 ohm impedance.

[0025] A corresponding switch 114 and 115 may be coupled to one port of each of
the corresponding RF bias tees 112 and 113. In an embodiment, these switches
may be single pole triple throw (SP3T) switches that may be implemented as a field
effect transistor (FET) switch, electro-mechanical relay switch, or electro-opto relay
switch. As seen in FIG. 2, these switches may be controlled from a switch control
signal communicated from low speed IO module 101.4. The control signal may be

TTL signal compatible, in an embodiment.

[0026] During high-speed data transmissions from transmitter 101.1, switches 114
and 115 may be switched to position 2, applying a common mode voltage (e.g., a M-
PHY compatible common mode voltage) from a corresponding voltage source 141
and 142. Voltage sources 141 and 142 may be used to set common mode voltage
and DIF-N/DIF-P voltage amplitude. In various embodiments, the voltage source
may be realized by variable voltage sources or power supplies. When the link state
is to be controlled to be set to the M-PHY defined DIF-N signal, switch 114 switches
to position 1, and switch 115 switches to position 3 (in an embodiment) to thus cause
both lines to communicate a diff-N signal (with the positive signal line coupled to
ground and the negative line coupled to a supply voltage). To set the lines as DIF-P,
switch 114 moves to position 3, and switch 115 switches to position 1 (in an
embodiment), to thus cause both lines to communicate a DIF-P signal (with the
positive signal line coupled to a supply voltage and the negative line coupled to

ground).

[0027] Nodes 116 and 117 are positive and negative input nodes of a differential
receiver 120.1 of a M-PHY device 120, respectively. These nodes may be mounted
RF connectors, such as SMA or other types of standard connectors, or impedance

controlled printed circuit board traces in a no connector implementation.
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[0028] In various embodiments, device 120 may be any type of device such as a
peripheral device, a baseband processor, or an interface device that communicates
according to a protocol that uses a M-PHY physical layer. As seen, device 120 has
a M-PHY interface including receiver 120.1 and transmitter 120.2. Of course, not
shown in FIG. 2 for ease of illustration is the various logic of the IC, which receives
signals from receiver 120.1 and provides signals to transmitter 120.2 for output. Also
understand that in other embodiments, the interface may be according to another
voltage mode-based scheme. Coupled to transmitter module 120.2 are positive and
negative output nodes 118 and 119, which may be mounted RF connectors, such as
SMA or other types of standard connectors, or impedance controlled printed circuit

board traces in a no connector implementation.

[0029] Coupled to these output nodes is a differential transmission line pair 122
and 123, connecting transmitter 120.2 to receiver 101.2 of FPGA 101. A pair of RF
splitters 124 and 125 having 50 ohm port impedance couple respective elements of
the transmission line pair to enable line signals to be tapped to 10 module 101.3
within FPGA 101. The tapped or split signals connected via lines 124.1 and 125.1
may be received within IO module 101.3 to realize M-PHY-required squelch and DIF-
N/DIF-P detection functions.

[0030] An additional pair of RF splitters 126 and 127 (also having 50 ohm port
impedance) forward differential signals into receiver 101.2 of FPGA 101, while
forming a receiver termination branch between positive and negative nodes. In the
embodiment shown, DC blocks 132 and 133 may be coupled to the output of RF
splitters 126 and 127, respectively. Note that the placement order of RF splitters 124
and 126 may be reversed so that splitter 124 is located between DC block 132 and
splitter 126 (and similarly the placement order of splitters 125 and 127 may be
reversed, with splitter 125 located between DC block 133 and splitter 127). This

alternative placement of components realizes the equivalent functionality.

[0031] To enable appropriate terminations, a pair of resistors 128 and 129, each
which may be configured as a 50 ohm series resistor, form a 100 ohm floating
impedance termination between the input nodes of receiver 101.2. As seen, these

resistors may be switchably controlled to be switched into or out of the transmission
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path to FPGA 101. In the embodiment shown a switch 130 may control the selection
of these resistors. In one embodiment, switch 130 is a single pole single throw
(SPST) switch that is controlled by a TTL level signal communicated from low speed
|O interface 101.4.

[0032] Embodiments provide for configurability of the test apparatus to enable
emulation and handling of the different operations set forth in the MIPI M-PHY
specification. These operations include certain link states to enable low power
modes of operation. In an embodiment, available low power link states include a
Hibern8, STALL, and SLEEP link states. During any of these low power link states,
switch 130 may be configured in an open circuit between its 2 terminals. Thus, the
termination at the receiver input is disabled. Hibern8, STALL and SLEEP are 3
power saving states of an M-PHY link. Hibern8 state enables ultra-power
consumption of an M-PHY transceiver in which the M-PHY transmitter is high
impedance, and the receiver holds the line at DIF-Z. STALL is the power saving
state for M-PHY’s high speed mode in which the receiver is unterminated, and the
transmitter drives DIF-N. SLEEP is the power saving state for low-speed mode, in
which the receiver is unterminated, and the transmitter drives DIF-N. Line state DIF-
P is a positive differential voltage driven by the M-PHY transmitter. Line state DIF-N
is a negative differential voltage driven by the M-PHY transmitter. Line state DIF-Z is

a weak zero differential voltage maintained by the M-PHY receiver.

[0033] Instead, during an enabled power mode in which an active link state is in
effect to enable communication of information via the link, such as a HS-Burst or
Sys-Burst link state, switch 130 may be configured to electrically connect its 2
terminals to enable termination at the receiver input. To minimize the impedance
discontinuity impact to high speed signaling, the 2 terminals (ports) of switch 130
may have a characteristic impedance of 50 ohm for impedance matching with
resistors 128 and 129. In an embodiment, switch 130 may be realized by a RF FET

switch, RF electro-mechanical switch, or electro-opto relay switch.

[0034] Still referring to FIG. 2, FPGA 101 includes a generic low speed
programmable 10 module 101.3 that may be implemented as a plurality of banks

(generally bank 101.3). In an embodiment, this 10 bank 101.3 may be configured as
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LVPECL receivers. Although only a single bank is shown for ease of illustration,

understand that embodiments may include a plurality of 10 banks.

[0035] In one particular embodiment, four low speed 10 banks 101.3 may be
present to enable receipt of 4 independent differential signals. In this way, the 10
banks may be used to realize DIF-N/DIF-P link signal detection functionality that
enables an M-PHY transceiver’s link state transition signaling. A voltage source 143
may be coupled to 1O bank 101.3 to provide voltage signals that may be used for
threshold comparisons. As an example, voltage source 143 may provide high and
low voltage thresholds for determining whether the line signal is in a DIF-N, DIF-P or
squelch state. Of course, while a single voltage source is shown, understand that a
plurality of such sources may be provided, each to provide multiple voltage signals to
a corresponding 10 bank. Or in other embodiments, a single voltage source may be
configured to provide multiple voltage signals to the present IO banks. In an
embodiment, voltage source 143 may be realized by any variable voltage source or

power supply.

[0036] FIG. 3 is a schematic diagram of a detection mechanism in accordance with
one embodiment of the present invention. As seen in FIG. 3, an input circuit 170
(which may be implemented as a plurality of 10 bank) uses LVDS or LVPECL
differential signals tapped off from the main signal path coupled between a DUT and
the FPGA. Specifically, a plurality of comparators 171, 172, 173, and 174 each are
coupled to receive at a positive input terminal one of the positive data signal RXP,
obtained from positive data line 124.1 (in FIG. 2) and the negative data signal RXN,
tapped off negative data line 125.1 of FIG. 2. The determination as to whether a
DIF-N, DIF-P, or squelch (DIF-Z) state is presented on the differential transmission
lines may be based on the output of these comparators. As further seen, each
comparator is coupled to receive at a negative input terminal one of multiple
threshold voltages, with ViL being a low threshold voltage and ViH being a high

threshold voltage.

[0037] In an embodiment, the high threshold voltage may be set as a logic high

voltage less a margin, e.g., 50 millivolts (mV). In turn, the low threshold voltage may
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be set as a logic low voltage plus a margin, e.g., 50 mV. In one embodiment: ViH =
VoH — 50 mV and ViL = VoL + 50 mV.

[0038] As further seen in FIG. 3, the outputs of the various comparators may be
coupled to a collection logic 175 which may include logic to receive these signals
and to determine a state on the line based on the values. This collection logic may
be part of an IO module, or may be implemented in a logic programmed into the

FPGA. In an embodiment, the determination may be in accordance with Table 1

below.
Table 1
DO D1 D2 D3
DIF-P 1 0 1 0
DIF-N 0 1 0 1

DIF-Z Any other
combinations

[0039] Thus based upon the receipt of these tapped signals, collection logic 175
may determine whether device 120 is driving a DIF-P or DIF-N line state. In the M-
PHY protocol, a transition from DIF-N to DIF-P indicates that the link state going out
of a power saving state, e.g., STALL or SLEEP state. DIF-N signal indicates that the
link is in a power saving state. DIF-Z is a weak differential zero maintained by
receiver, indicating that the link is in HIBERNS state. Transmitter 101 may drive the
line to DIF-N state to signal that the link is transitioning out of the HIBERNS state.
Note that this collection logic may thus generate a state signal to indicate the state
on the link and provide this signal, e.g., to logic of the FPGA, such as logic of the IC
under development to enable various testing, compatibility, or other operations with

regard to these states.

[0040] Embodiments thus may be used as low cost and fast prototyping method for
M-PHY related IP development. In addition, embodiments may be used for

compliance testing fixture/method for various communication protocols.

[0041] Referring now to FIG. 4, shown is a flow diagram for adapting current mode
logic signals for communication to a voltage mode-based device. As seen in FIG. 4,

method 200 may begin by transmitting a CML signal from a transmitter of a first IC
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along a first transmission line (block 210). As one example, the signal may be a
differential signal communicated along a differential transmission line, e.g., such as
an LVDS or an LVPECL signal. As seen, at block 220 the CML signal may be
terminated and AC coupled to a first port of an RF bias tee. At block 230 a selected
voltage may be switched to a second port of the RF bias tee. This selection may be
realized by switching a given voltage to the RF bias tee port based on the signal to
be communicated. As examples, depending on the type of signal, a ground voltage,
a supply voltage, or a common mode voltage may be provided to the second port of
the RF bias tee.

[0042] As such, at block 240 a voltage mode signal may be realized and output
from a third port of the bias tee. At block 250 this voltage mode signal may be
received in a receiver of the second IC. Although described at this high level in the
embodiment of FIG. 4, understand the scope of the present invention is not limited in

this regard.

[0043] Referring now to FIG. 5, shown is a method for adapting voltage mode
signals for receipt by a current mode-based receiver. As seen in FIG. 5, method 300
may begin by transmitting a voltage mode signal from a transmitter of a second IC
along a second transmission line (block 310). Again, in certain embodiments, this
second signal may be a differential signal. Next at block 320, this voltage mode
signal may be tapped. The tapped signal may be provided to an 10 bank of the first
IC. Note that although only a single 10 bank is described, in many implementations

multiple such banks may be provided, each of which may receive the tapped signal.

[0044] Next at block 330 this tapped signal may be compared to at least one
threshold voltage. In an embodiment, multiple threshold voltages may be provided,
e.g., a high and low threshold voltage may be provided to enable a comparison to
the tapped signal which in an embodiment may be a differential signal. Based on
this comparison, at block 340 it may be determined whether a special state is being
communicated on the second transmission line. Although the scope of the present
invention is not limited in this regard, the special state may be one of a DIF-N, DIF-P,

or a squelch state (DIF-Z).
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[0045] Based on this determination, termination of the voltage mode signal may be
controlled. For example, a termination impedance may be coupled between
differential lines of the second transmission line if a normal data signal is being
communicated on the line. Instead in a special state of the line, such as a low power
state, this termination may be opened or disabled. Still referring to FIG. 5, at block

360 a current mode signal may be received in a receiver of the first IC.

[0046] Accordingly, the embodiments of FIGS. 4 and 5 provide methods to adapt
signals of one type of electrical signaling to another type of electrical signaling to
enable their ready communication between different ICs using interface circuitry in

accordance with an embodiment of the present invention.

[0047] Referring now to FIG. 6, shown is a block diagram of a SoC that may be
designed in part using a test apparatus in accordance with an embodiment of the
present invention. As shown in FIG. 6, SoC 400 may be any type of SoC for
implementation into various types of platforms, ranging from relatively small low
power portable devices such as smartphones, personal digital assistants (PDAs),
tablet computers, netbooks, Ultrabooks™ and so forth, to more advanced SoCs that
may be implemented in higher level systems. This SoC may be designed by
programming various logic of the SoC into a FPGA and testing it with a test

apparatus as described herein.

[0048] Asseenin FIG. 6, SoC 400 may include one or more cores 4100-410;,.
Thus in various embodiments, a multicore SoC is possible, where the cores all may
be homogeneous cores of a given architecture, e.g., an in-order or out-of-order
processor. Or there may be heterogeneous cores, e.g., some relatively small low
power cores, e.g., of an in-order architecture, with additional cores present that may
be of a larger and more complicated architecture, e.g., an out-of-order architecture.
A protocol stack enables communication of data between one or more of these cores
and other components of a system. As seen, this stack may include software 415,
which may be higher level software such as OS, firmware, and application level
software that executes on one or more of the cores. In addition, the protocol stack
includes a transaction layer 420 and a data link layer 430. In various embodiments,

these transaction and data link layers may be of a given communication protocol
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such as a PCle™ protocol. Of course, layers of different protocol stacks such as in
accordance with a universal serial bus (USB) protocol stack may be present in other
embodiments. Also, in some implementations low power PHY circuitry as described

herein may be multiplexed with existing alternate protocol stacks.

[0049] Still referring to FIG. 6, in turn this protocol stack may couple to a physical
unit 440 that may include multiple physical units that may provide for communication
via multiple interconnects. In one embodiment, a first physical unit 450 may be a low
power PHY unit that in one embodiment may correspond to an M-PHY in
accordance with the MIPI specification to provide communication via a primary
interconnect 480. In addition, a sideband (SB) PHY unit 444 may be present. In the
embodiment shown, this sideband PHY unit may provide for communication via a
sideband interconnect 470, which may be a consolidated sideband to provide certain
sideband information, e.g., at slower data rates than primary interconnect 480 that is
coupled to first PHY 450. In some embodiments, the various layers of the protocol
stack may have a separate sideband coupling to this SB PHY 444 to enable

communication along this sideband interconnect.

[0050] In addition, PHY unit 440 may further include an SB link manager 442 that
may be used to control SB PHY 444. |n addition, a link training and state manager
445 may be present and may be used to adapt the protocol stack, which is of a first
communication protocol, to first PHY 450, which is of a second communication

protocol, as well as providing overall control of first PHY 450 and interconnect 480.

[0051] As further seen, various components may be present in first PHY 450. More
specifically, transmitter and receiver circuitry (namely TX 453 and RX 454) may be
present. In general, this circuitry may be used to perform serialization operations,
deserialization operations along with the transmission and receipt of data via primary
interconnect 480. A save state manager 451 may be present and may be used to
save a configuration and other state information regarding first PHY 450 when it is in
a low-power state. Also, a coder 452 may be present to perform line coding, e.g.,

according to an 8b/10b protocol.
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[0052] As further seen in FIG. 6, a mechanical interface 458 may be present. This
mechanical interface 458 may be a given interconnection to provide communication
from root complex 400, and more specifically to/from first PHY 450 via primary
interconnect 480. In various embodiments, this mechanical connection may be by
way of pins of the semiconductor device such as a ball grid array (BGA) or other

surface mount, or plated through hole connection.

[0053] In addition to these main communication mechanisms, an additional
communication interface may be by way of a low power serial (LPS) PHY unit 455,
coupled via a separate stack including a software layer 416, a transaction layer 421,
and a link layer 431 between cores 410 and one or more off-chip devices 460a-c,
which may be various low data rate peripheral devices such as sensors,
accelerometers, temperature sensors, global positioning system (GPS) circuitry,
compass circuitry, touch-screen circuitry, keyboard circuitry, mouse circuitry and so
forth. Note that in various embodiments, both the sideband interconnect 470 and
primary interconnect 480 may couple between SoC 400 and another semiconductor

component, e.g., another IC, such as a multi-band radio solution.

[0054] Devices designed using a test apparatus in accordance with an embodiment
may be implemented in many different system types. Referring now to FIG. 7,
shown is a block diagram of a system in accordance with an embodiment of the
present invention. As shown in FIG. 7, multiprocessor system 700 is a point-to-point
interconnect system, and includes a first processor 770 and a second processor 780
coupled via a point-to-point interconnect 750. As shown in FIG. 7, each of
processors 770 and 780 may be multicore processors, including first and second
processor cores (i.e., processor cores 774a and 774b and processor cores 784a and

784b), although potentially many more cores may be present in the processors.

[0055] Still referring to FIG. 7, first processor 770 further includes a memory
controller hub (MCH) 772 and point-to-point (P-P) interfaces 776 and 778. Similarly,
second processor 780 includes a MCH 782 and P-P interfaces 786 and 788. As
shown in FIG. 7, MCH’s 772 and 782 couple the processors to respective memories,
namely a memory 732 and a memory 734, which may be portions of system memory

(e.g., DRAM) locally attached to the respective processors. First processor 770 and
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second processor 780 may be coupled to a chipset 790 via P-P interconnects 752
and 754, respectively. As shown in FIG. 7, chipset 790 includes P-P interfaces 794
and 798.

[0056] Furthermore, chipset 790 includes an interface 792 to couple chipset 790
with a high performance graphics engine 738, by a P-P interconnect 739. In turn,
chipset 790 may be coupled to a first bus 716 via an interface 796. As shown in FIG.
7, various input/output (I/O) devices 714 may be coupled to first bus 716, along with
a bus bridge 718 which couples first bus 716 to a second bus 720. Various devices
may be coupled to second bus 720 including, for example, a keyboard/mouse 722,
communication devices 726 and a data storage unit 728 such as a disk drive or other
mass storage device which may include code 730, in one embodiment. Further, an
audio 1/0O 724 may be coupled to second bus 720. Embodiments may be
incorporated into other types of systems including mobile devices such as a smart

cellular telephone, tablet computer, netbook, or so forth.
[0057] The following examples pertain to further embodiments.

[0058] In an embodiment, an apparatus includes an FPGA including a first
transmitter to communicate first signals according to CML signaling and a first
receiver to receive second signals according to the CML signaling; and an interface
circuit to couple the FPGA to a device that is to communicate according to voltage
mode signaling, the interface circuit to adapt the first signals communicated by the
first transmitter according to the CML signaling to voltage mode signaling signals for
receipt by the device.

The interface circuit may include: a first differential transmission line coupled to the
first transmitter of the FPGA,; a first RF splitter to couple the first differential
transmission line to a first DC block, the first RF splitter further coupled to a first
termination circuit; and a first RF bias tee coupled to the first DC block to provide the

first signals according to the voltage mode signaling to the device.

[0059] The interface circuit further may include a first switch coupled to the first RF

bias tee to couple a selected voltage to a first port of the first RF bias tee.
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[0060] The FPGA may include an 1O interface to communicate a switch control
signal to the first switch to select the selected voltage from a first plurality of

voltages.

[0061] The device may include an IC having a second receiver to receive signals
according to the voltage mode signaling and a second transmitter to transmit signals
according to the voltage mode signaling, the second receiver and the second

transmitter including a physical layer according to a MIPI M-PHY specification.

[0062] The FPGA may include logic of an IC under development, the IC under
development to include a communication protocol stack having upper layers
according to a PCI specification and a physical layer according to the MIPI M-PHY

specification.

[0063] The interface circuit may include a second differential transmission line
coupled to the second transmitter of the IC to receive the second signals according
to the voltage mode signaling, a second RF splitter to couple the second differential
transmission line to a second IO interface of the FPGA, and a third RF splitter to
couple the second RF splitter to a second DC block, where the second DC block is
to provide the second signals according to the CML signaling to the first receiver of
the FPGA.

[0064] The apparatus may include a second voltage source to couple at least one
selected threshold voltage to the second IO interface of the FPGA.

[0065] The second IO interface may include a plurality of banks, each including a
comparator to compare a level on one of a positive and a negative portion of the
second differential transmission line to a corresponding selected voltage level and to

output a comparison signal.

[0066] A collection logic may receive the comparison signal from each of the

plurality of banks and to provide a link state signal to a state machine logic.

[0067] The third RF splitter may include a positive splitter circuit to couple a positive

splitter circuit of the second RF splitter and a positive DC block of the second DC
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block, and a negative splitter circuit to couple a negative splitter circuit of the second

RF splitter and a negative DC block of the second DC block.

[0068] The apparatus may include a first termination impedance coupled to a first
port of the positive splitter circuit of the third RF splitter and a second termination

impedance coupled to a first port of the negative splitter circuit of the third RF splitter.

[0069] The apparatus may include a second switch to switchably couple the first
termination impedance and the second termination impedance when active signals

are communicated on the second differential transmission line.

[0070] In an embodiment, a method includes transmitting a CML signal from a
transmitter of a first IC, and communicating the CML signal through an interface
circuit to couple a voltage mode signal corresponding to the CML signal to a receiver
of a second IC, including terminating the CML signal via a first termination circuit and
AC coupling the first signal to a first port of a first RF bias tee; switching a selected
voltage to a second port of the first RF bias tee; and outputting the voltage mode

signal from a third port of the first RF bias tee to the receiver of the second IC.

[0071] In the method, switching the selected voltage to the second port of the first
RF bias tee may include coupling the selected voltage via a first switch coupled to
the second port of the first RF bias tee, responsive to a switch control signal received

in the first switch from the first IC.

[0072] The method may include communicating signals between the first IC and the
second IC to validate circuitry of an IC under development, the circuitry

programmably configured in the first IC, where the first IC is an FPGA.

[0073] The method may include transmitting a second voltage mode signal from a
transmitter of the second IC along a second transmission line, tapping the second
voltage mode signal to provide a tapped signal to an 1O bank of the first IC,
comparing the tapped signal to at least one threshold voltage in the first IC,
determining a state on the second transmission line based on the comparison, and
controlling termination of the second voltage mode signal based on the

determination to obtain a second CML signal.
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[0074] The method may include receiving the second CML signal in a receiver of
the first IC.

[0075] In an embodiment, a system may have a FPGA including a first transmitter
to communicate first signals according to CML signaling and a first receiver to
receive second signals according to the CML signaling; a first interface to
communicate according to TTL signaling; a second interface to communicate
according to low voltage differential signaling; and a logic of an integrated circuit
under development. In turn, an interface circuit may couple the FPGA to a DUT that
is to communicate according to voltage mode signaling, the interface circuit to adapt
the first signals communicated by the first transmitter according to the CML signaling
to voltage mode signaling for receipt by the DUT. The DUT may be coupled to the
interface circuit, and includes a transceiver to communicate according to the voltage

mode signaling.

[0076] The interface circuit includes: first differential transmission line coupled to
the first transmitter of the FPGA,; a first RF splitter to couple the first differential
transmission line to a first DC block, the first RF splitter further coupled to a first
termination circuit; and a first RF bias tee having a first port coupled to the first DC
block and having a second port to provide the first signals according to the voltage
mode signaling to the DUT and a third port coupled to a first switch to receive a

selected voltage.

[0077] The interface circuit may further include a second differential transmission
line coupled to the transceiver of the DUT to receive the second signals according to
the voltage mode signaling; a second RF splitter to couple the second differential
transmission line to the second interface of the FPGA, and a third RF splitter to
couple the second RF splitter to a second DC block, where the second DC block is
to provide the second signals according to the CML signaling to the first receiver of
the FPGA.

[0078] The second interface may include a plurality of banks, each including a
comparator to compare a level on one of a positive and a negative portion of the

second differential transmission line to a corresponding selected voltage level and to
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output a comparison signal; and a collection logic to receive the comparison signal
from each of the plurality of banks and to provide a link state signal to a state

machine logic of the logic of the integrated circuit under development.

[0079] The FPGA and the DUT may be integrated circuits coupled to a circuit
board, and the interface circuit includes at least one of conductors of the circuit

board and components coupled to the circuit board.

[0080] In another embodiment, an apparatus includes interface logic adapted to be
coupled to a first integrated circuit and a second integrated circuit, where the
interface logic is configured to translate first signals of a current mode logic to be
transmitted from the first integrated circuit to second signals of a voltage mode logic
to be received by the second integrated circuit, and to translate third signals of the
voltage mode logic to be transmitted by the second integrated circuit to fourth signals

of the current mode logic to be received by the first integrated circuit.

[0081] The interface logic may include a first differential transmission line coupled
to a transmitter of the first integrated circuit; a first RF splitter to couple the first
differential transmission line to a first DC block, and further coupled to a first
termination circuit; and a first RF bias tee coupled to the first DC block to provide the

second signals of the voltage mode logic to the second integrated circuit.

[0082] The interface circuit may further include a first switch coupled to the first RF
bias tee to couple a selected voltage to a first port of the first RF bias tee, and where
the first integrated circuit further includes an 10 interface to communicate a switch
control signal to the first switch to select the selected voltage from a first plurality of

voltages.

[0083] The interface logic also may include a second differential transmission line
coupled to a transmitter of the second integrated circuit to receive the second signals
according to the voltage mode logic; a second RF splitter to couple the second
differential transmission line to a second 10 interface of the first integrated circuit;
and a third RF splitter to couple the second RF splitter to a second DC block,
wherein the second DC block is to provide the fourth signals according to the current

mode logic to a receiver of the first integrated circuit.
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[0084] The second IO interface may include a plurality of banks, each including a
comparator to compare a level on one of a positive and a negative portion of the
second differential transmission line to a corresponding selected voltage level and to
output a comparison signal, and a collection logic to receive the comparison signal
from each of the plurality of banks and to provide a link state signal to a state

machine logic of the first integrated circuit.

[0085] Embodiments may be implemented in code and may be stored on a non-
transitory storage medium having stored thereon instructions which may be used to
program a system to perform the instructions. The storage medium may include, but
is not limited to, any type of disk including floppy disks, optical disks, solid state
drives (SSDs), compact disk read-only memories (CD-ROMs), compact disk
rewritables (CD-RWs), and magneto-optical disks, semiconductor devices such as
read-only memories (ROMs), random access memories (RAMs) such as dynamic
random access memories (DRAMs), static random access memories (SRAMs),
erasable programmable read-only memories (EPROMSs), flash memories, electrically
erasable programmable read-only memories (EEPROMSs), magnetic or optical cards,
or any other type of media suitable for storing electronic instructions.

[0086] 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.
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What is claimed is:

1. An apparatus comprising:

a field programmable gate array (FPGA) including a first transmitter to
communicate first signals according to current mode logic (CML) signaling and a first
receiver to receive second signals according to the CML signaling; and

an interface circuit to couple the FPGA to a device that is to communicate
according to voltage mode signaling, the interface circuit to adapt the first signals
communicated by the first transmitter according to the CML signaling to voltage

mode signaling signals for receipt by the device.

2. The apparatus of claim 1, wherein the interface circuit comprises:

a first differential transmission line coupled to the first transmitter of the FPGA;

a first radio frequency (RF) splitter to couple the first differential transmission
line to a first DC block, the first RF splitter further coupled to a first termination circuit;
and

a first RF bias tee coupled to the first DC block to provide the first signals
according to the voltage mode signaling to the device.

3. The apparatus of claim 2, wherein the interface circuit further comprises a first
switch coupled to the first RF bias tee to couple a selected voltage to a first port of
the first RF bias tee.

4, The apparatus of claim 3, wherein the FPGA further includes an input/output
(10) interface to communicate a switch control signal to the first switch to select the

selected voltage from a first plurality of voltages.

5. The apparatus of claim 1, wherein the device comprises an integrated circuit
(IC) having a second receiver to receive signals according to the voltage mode
signaling and a second transmitter to transmit signals according to the voltage mode
signaling, the second receiver and the second transmitter including a physical layer
according to a Mobile Industry Processor Interface (MIP1) MIPI M-PHY specification.
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6. The apparatus of claim 5, wherein the FPGA includes logic means of an IC
under development, the IC under development to include a communication protocol
stack having upper layers according to a Peripheral Component Interconnect (PCI)

specification and a physical layer according to the MIPI M-PHY specification.

7. The apparatus of claim 5, wherein the interface circuit comprises:

a second differential transmission line coupled to the second transmitter of the
IC to receive the second signals according to the voltage mode signaling;

a second RF splitter to couple the second differential transmission line to a
second input/output (I0O) interface of the FPGA; and

a third RF splitter to couple the second RF splitter to a second DC block,
wherein the second DC block is to provide the second signals according to the CML
signaling to the first receiver of the FPGA.

8. The apparatus of claim 7, further comprising a second voltage source to
couple at least one selected threshold voltage to the second 10O interface of the
FPGA.

9. The apparatus of claim 8, wherein the second 10 interface comprises a
plurality of banks, each including a comparator to compare a level on one of a
positive and a negative portion of the second differential transmission line to a

corresponding selected voltage level and to output a comparison signal.

10.  The apparatus of claim 9, further comprising a collection means for receiving
the comparison signal from each of the plurality of banks and providing a link state

signal to a state machine logic.

11.  The apparatus of claim 7, wherein the third RF splitter comprises:
a positive splitter circuit to couple a positive splitter circuit of the second RF
splitter and a positive DC block of the second DC block; and
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a negative splitter circuit to couple a negative splitter circuit of the second RF

splitter and a negative DC block of the second DC block.

12. The apparatus of claim 11, further comprising a first termination impedance
coupled to a first port of the positive splitter circuit of the third RF splitter and a
second termination impedance coupled to a first port of the negative splitter circuit of
the third RF splitter.

13.  The apparatus of claim 12, further comprising a second switch to switchably
couple the first termination impedance and the second termination impedance when

active signals are communicated on the second differential transmission line.

14. A method comprising:

transmitting a current mode logic (CML) signal from a transmitter of a first
integrated circuit (IC); and

communicating the CML signal through an interface circuit to couple a voltage
mode signal corresponding to the CML signal to a receiver of a second IC, including:

terminating the CML signal via a first termination circuit and AC coupling the
first signal to a first port of a first radio frequency (RF) bias tee;

switching a selected voltage to a second port of the first RF bias tee; and

outputting the voltage mode signal from a third port of the first RF bias tee to

the receiver of the second IC.

15. The method of claim 14, wherein switching the selected voltage to the second
port of the first RF bias tee comprises coupling the selected voltage via a first switch
coupled to the second port of the first RF bias tee, responsive to a switch control

signal received in the first switch from the first IC.

16. The method of claim 14, further comprising communicating signals between
the first IC and the second IC to validate circuitry of an IC under development, the
circuitry programmably configured in the first IC, wherein the first IC comprises a

field programmable gate array (FPGA).
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17.  The method of claim 14, further comprising:

transmitting a second voltage mode signal from a transmitter of the second IC

along a second transmission line;

tapping the second voltage mode signal to provide a tapped signal to an
input/output (10) bank of the first IC;

comparing the tapped signal to at least one threshold voltage in the first IC;

determining a state on the second transmission line based on the comparison;
and

controlling termination of the second voltage mode signal based on the

determination to obtain a second CML signal.

18.  The method of claim 17, further comprising receiving the second CML signal

in a receiver of the first IC.

19. A system comprising:

a field programmable gate array (FPGA) including:

a first transmitter to communicate first signals according to current mode logic
(CML) signaling and a first receiver to receive second signals according to the CML
signaling;

a first interface to communicate according to transistor-transistor logic (TTL)
signaling;

a second interface to communicate according to low voltage differential
signaling; and

a logic of an integrated circuit under development;

an interface means for coupling the FPGA to a device under test (DUT) that is
to communicate according to voltage mode signaling, the interface means for
adapting the first signals communicated by the first transmitter according to the CML
signaling to voltage mode signaling for receipt by the DUT; and

the DUT coupled to the interface means, wherein the DUT includes a

transceiver to communicate according to the voltage mode signaling.
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20. The system of claim 19, wherein the interface means comprises:

a first differential transmission line coupled to the first transmitter of the FPGA;

a first radio frequency (RF) splitter to couple the first differential transmission
line to a first DC block, the first RF splitter further coupled to a first termination circuit;
and

a first RF bias tee having a first port coupled to the first DC block and having a
second port to provide the first signals according to the voltage mode signaling to the

DUT, and a third port coupled to a first switch to receive a selected voltage.

21.  The system of claim 19, wherein the interface means comprises:

a second differential transmission line coupled to the transceiver of the DUT
to receive the second signals according to the voltage mode signaling;

a second RF splitter to couple the second differential transmission line to the
second interface of the FPGA, and a third RF splitter to couple the second RF splitter
to a second DC block, wherein the second DC block is to provide the second signals

according to the CML signaling to the first receiver of the FPGA.

22.  The system of claim 21, wherein the second interface comprises:
a plurality of banks, each including a comparator to compare a level on one of
a positive and a negative portion of the second differential transmission line to a
corresponding selected voltage level and to output a comparison signal; and
collection means for receiving the comparison signal from each of the plurality
of banks and providing a link state signal to a state machine logic of the logic of the

integrated circuit under development.

23. The system of claim 19, wherein the FPGA and the DUT are integrated
circuits coupled to a circuit board, and the interface means comprises at least one of

conductors of the circuit board and components coupled to the circuit board.

24.  An apparatus comprising:
interface means adapted to be coupled to a first integrated circuit and a

second integrated circuit, wherein the interface means for translating first signals of a
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current mode logic to be transmitted from the first integrated circuit to second signals
of a voltage mode logic to be received by the second integrated circuit, and
translating third signals of the voltage mode logic to be transmitted by the second
integrated circuit to fourth signals of the current mode logic to be received by the first

integrated circuit.

25.  The apparatus of claim 24, wherein the interface means comprises:

a first differential transmission line coupled to a transmitter of the first
integrated circuit;

a first radio frequency (RF) splitter to couple the first differential transmission
line to a first DC block, the first RF splitter further coupled to a first termination circuit;
and

a first RF bias tee coupled to the first DC block to provide the second signals

of the voltage mode logic to the second integrated circuit.

26. The apparatus of claim 25, wherein the interface means further comprises:

a first switch coupled to the first RF bias tee to couple a selected voltage to a
first port of the first RF bias tee, and wherein the first integrated circuit further
includes an input/output (10) interface to communicate a switch control signal to the

first switch to select the selected voltage from a first plurality of voltages.

27.  The apparatus of claim 24, wherein the interface means comprises:

a second differential transmission line coupled to a transmitter of the second
integrated circuit to receive the second signals according to the voltage mode logic;

a second RF splitter to couple the second differential transmission line to a
second input/output (1O) interface of the first integrated circuit; and

a third RF splitter to couple the second RF splitter to a second DC block,
wherein the second DC block is to provide the fourth signals according to the current

mode logic to a receiver of the first integrated circuit.

28.  The apparatus of claim 27, wherein the second |0 interface comprises a

plurality of banks, each including a comparator means for comparing a level on one
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of a positive and a negative portion of the second differential transmission line to a
corresponding selected voltage level and outputting a comparison signal, and a
collection means for receiving the comparison signal from each of the plurality of
banks and providing a link state signal to a state machine logic of the first integrated

circuit.



PCT/US2013/047226

WO 2014/042738

1/7

)7

AN

Z ¥nodip pajelbay|

1 Ol

0c

AN

[4572
JoAlgosuel |
paseg-NA

0¢
Aninoain
aoeLdU|

L InouID pajesbajul

[
JoAlgosuel |
paseg-1INO




PCT/US2013/047226

WO 2014/042738

27

¢ Ol

051

A
oy D __
m F mNF_ eyl
m T T T T T T T T ! TA HA [
U™XL AHdW LN Jod vy :
_ ! . €104
UYL _ aUIT UoISSILISUER | — Ol [BhualayIq pesds-ioT
. ©
| 6Ll e =
: o
_ £
. o
! =2
: o @
lspiwisues | _ h
AHdW : 3
| o
: R
Avd ! 5
d"XL AHdW LNg 404 44N Lol
dx1 |.|\_.muw: I BUI UOISSILISUR | cl? Z'101 LRLE!
! Lyl
I IHA Q) Woop T uoleuILe |
1na i _|m“ 4 — WYo0g
_ / < /
0z} ” SH/|Leds 601 WP w:e
0 U XY AHAIN 1N o4 rxl |9 s
e [ Q2
. . x001g Pa —ienids 4y 8UI uoissiwsuel | 2z
JBAIB08Y an 7 7 V4 7 ) %
dxy . a —emds 4y auI7 uoIssIwsuel | T
9k VA T JlIsUSL) pasdg Mo
d™xy AHdIN LNQ 404 70l 201 XL I
! [
: 1edS N m
| 7 g 2 J « | 801 (joxpuog uopeujwa] ) _
i — —/1 1 Uojeus] [03U0D) YOHMS 1SdS !
8oeusU
HSIUI - [1yA ) woop A_V “ wyoos I —
a|qnedwo) 7l L I 001
AHdW T T T T T T T T T T oRuop pims 16ds



WO 2014/042738

RXP

+
—_
—_

7

3/7

DO

RXN

X

o/

172

D1

X

ViL

PCT/US2013/047226

D2

/

173

N

ViH

/

74

D3

N

FIG. 3

Collection
Logic
175

170
Link
—— State
Signal




WO 2014/042738 PCT/US2013/047226

417

N
o

Transmit Current Mode Logic Signal
From Transmitter Of First IC Along
First Transmission Line 210

Termination Current Mode Logic
Signal And AC Couple Current
Mode Logic Signal To First Port N\

Of RF Bias Tee 220

Switch Selected Voltage To Second
Port Of RF Bias Tee N\
230

Output Voltage Mode Signal From

Third Port Of RF Bias Tee N\
240

Receive Voltage Mode Signal In

Receiver Of Second IC AN
250

FIG. 4



WO 2014/042738 PCT/US2013/047226

S/7

W
o
o

Transmit Voltage Mode Signal From
Transmitter Of Second IC Along N
Second Transmission Line 310

Tap Voltage Mode Signal To Provide

Tapped Signal To 10 Bank Of First IC [\
320

Compare Tapped Signal To At Least
One Threshold Voltage N\
330

Determine Whether Special State On
Second Transmission Line Based On N
Comparison 340

Control Termination Of Voltage Mode
Signal Based On Determination To N
Obtain Current Mode Logic Signal 350

Receive Current Mode Logic Signal In
Receiver Of First IC N\
360

FIG. 5



WO 2014/042738 PCT/US2013/047226

6/7
400
Root
Complex
Core(s)
4100y
Software Software .
416 415
Transaction Transaction |
421 420
DLL Data Link [
431 430
' v
/|
440
SB Link SB
Manager Phy \SB
442 444 470
LT And Manager
445
5] (@ Sy
455 = \
480

| | Mechanical

458

460a
460b
460c

FIG. 6



PCT/US2013/047226

WO 2014/042738

717

L9ld g
F )
OVHOLS V1V . $301A3A WINOD 3ISNOW / AYVYOIATN
—1 F -
Vel vz [e]W3
o/ ol1any S30I1A3A O/l Joalyg sng
- \ ﬁ ® F
91 967 267
4/ 4 6.
\ eIV
d-d 13SdIHO d-d 443d4-HOIH
] =
7} 7] < | & 97z
d-d d-d d-d d-d
052
iZ A 297 clz 2¢l
AHOWIN HOW HOW AHONIN
087 0ZZ
\\ ¥0SSI00Nd ¥0SSI00Nd
00/ \ 7
areL avil



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/047226

A. CLASSIFICATION OF SUBJECT MATTER
GO1R 31/26(2006.01)i, GO1R 31/3181(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classitication symbols)
GO1R 31/26; HO3K 19/0175; HO3K 3/00; GO1R 31/28; A63B 49/00; HO4B 3/00; HO4N 7/04; HO4N 9/64; GO1R 31/3181

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: FPGA, ASIC, CML, voltage, interface

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2007-0296461 Al (WONG et al.) 27 December 2007 1-28
See paragraphs [0023], [0029]-[0030], [0042], [0044], claims 1, 7, 13
and figures 1-4.

A US 2011-0133788 A1 (LIU et al.) 09 June 2011 1-28
See paragraphs [0010], [0015], [0031], claims 1-7 and figures 1-2.

A US 5844913 A (HASSOUN et al.) 01 December 1998 1-28
See column 2, line 26 - column 3, line 14 and figures 2-3.

A US 7817727 B2 (KUMAR et al.) 19 October 2010 1-28
See column 1, line 55 - comlun 4, line 12 and figures 1-4.

A US 2003-0142240 A1 (MASTERS) 31 July 2003 1-28
See paragraphs [0007]-[0014] and figures 1-3.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 September 2013 (27.09.2013) 27 September 2013 (27.09.2013)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
: 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, KANG Sung Chul
3 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8405

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2013/047226

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 2007-0296461 Al 27/12/2007 WO 2008-002806 A2 03/01/2008
WO 2008-002806 A3 13/11/2008

US 2011-0133788 Al 09/06/2011 US 8149024 B2 03/04/2012

US 5844913 A 01/12/1998 JP 11-006865 A 12/01/1999
KR 10-1998-0081092 A 25/11/1998

US 7817727 B2 19/10/2010 US 2007-0230513 Al 04/10/2007
US 2007-0230553 Al 04/10/2007
US 2007-0232254 Al 04/10/2007
US 2007-0234080 Al 04/10/2007
US 2008-0034378 Al 07/02/2008
US 7596742 Bl 29/09/2009
US 7607031 B2 20/10/2009
US 7617404 B2 10/11/2009
US 7986727 B2 26/07/2011

US 2003-0142240 Al 31/07/2003 AU 2003-201490 Al 02/09/2003
AU 2003-201490 A8 02/09/2003
CN 1625899 A 08/06/2005
CN 1625899 CO 08/06/2005
EP 1472678 A2 03/11/2004
JP 2005-516511 A 02/06/2005
KR 10-2004-0081156 A 20/09/2004
WO 03-065341 A2 07/08/2003
WO 03-065341 A3 13/11/2003

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

