
A COMMON ANALOG INTERFACE FOR MULTIPLE PROCESSOR CORES
Background [0001] Embodiments of the present invention
relate to semiconductor devices, and more particularly
to interfacing semiconductor devices with system-level
interconnect structures. [0002] Today's semiconductor
devices feature ever-increasing processing
capabilities in smaller packages, and continue to
operate at higher frequencies. Higher processing
speeds and reduced size can lead to various issues,
including power and temperature-related issues.
Accordingly, many processors are now being
manufactured that include multiple cores in a single
package, and even multiple cores on a single die. Such
processors can perform high-level processing tasks at
lower temperatures, reducing heat dissipation.
Furthermore, greater amounts of processing can be done
at lower frequencies using multiple cores. [0003]
However, integrating multiple cores in a single
package such as a processor socket can lead to various
issues. One such issue is the effect of multiple cores
on electrical performance. Specifically, multiple
cores, each of which includes digital logic circuitry
as well as analog input/output (I/O) interface
circuitry, create a significant electrical load on an
interconnect medium through which the processor socket
is coupled to a system. For example, many computer
systems include a system bus, often referred to as a
front side bus (FSB), that is a multi-drop bus used to
couple the processor to other system components, such
as a memory controller hub (MCH), system memory, and
other system components. To avoid negative electrical
performance issues, the FSB may be controlled to run
at a lower frequency, affecting performance. Such a
lower bus frequency can significantly impact
performance for dual core or other multiple core
devices, as bandwidth demand can increase in
proportion to the number of cores. [0004] Some dual
core processor designs connect cores together in a
package in a manner similar to routing between
multiple processor sockets in a multiple processor
system. However, such a design degrades electrical
performance of the FSB. In particular, the package
trace length is significantly increased and
capacitance is also increased, which can significantly
limit I/O frequency. Other manners of connecting 



cores can cause significant design efforts that
increase complexity and affect a base core
design.Brief Description of the Drawings [0005] FIG. 1
is a block diagram of a processor in accordance with
one embodiment of the present invention. [0006] FIG. 2
is a schematic diagram of a processor in accordance
with one embodiment of the present invention. [0007]
FIG. 3 is a block diagram of an exemplary
processor-based system with which embodiments of the
invention may be used. Detailed Description [0008] In
various embodiments, multiple cores may be connected
within a package with minimal impact on both core
design and I/O frequency. Specifically, by presenting
a single load to a system bus, the frequency impact of
multiple cores may be minimized. In the embodiments
described herein, a single load may be achieved by
digitally combining bus signals of multiple cores on a
single die (i.e., of a processor socket) and driving
the combination out to the system bus via a common
analog interface. To obtain the combination, digital
interface logic coupled between the cores and the
common analog interface may act, in effect, as a wired
OR circuit. [0009] In some systems, a system bus using
gunning transceiver logic (GTL+) signaling technology
may be used to couple system components together. Such
a system bus may logically act as a wired OR bus. By
moving the wired OR logic into digital circuitry
interfacing the multiple cores with a common analog
interface of a processor socket, improved electrical
performance and ease of implementation can be
realized. That is, only a single electrical load is
seen by the system bus, and minimal or no changes to a
base core design are needed to handle the combining of
core inputs and outputs. Accordingly, there is minimal
effect on the cores' pipelines, speed paths or logical
operation. [0010] Referring now to FIG. 1, shown is a
block diagram of a processor in accordance with one
embodiment of the present invention. More
specifically, as shown in FIG. 1 processor socket 10
may be a dual core processor including a first core
20a (i.e., core zero) and a second core 20b (i.e.,
core 1). Generically, a core of processor 



socket 10 may be referred to herein as core 20. While
shown with only two cores in the embodiment of FIG. 1,
it is to be understood that the scope of the present
invention is not so limited and in other embodiments
additional cores may be present in a givenprocessor.
[001 1] Each core 20 may include all logic and
resources for the given core such as pipeline
resources, execution units, cache memories, register
files and other such structures. Furthermore, each
core 20 may include its own dedicated digital I/O
interface, respectively a digital I/O 25a and a
digital I/O 25b (generically, digital I/O 25). As
described further below, digital I/O 25 may include
various logic circuitry to provide an interface for
signals between the associated core and an analog I/O
interface of a processor. In various embodiments,
digital I/O 25 may include all bus control logic for
its associated core (as if it were the only core
present). In other words, each digital I/O 25 is a bus
controller for its associated core 20. Thus, as shown
in FIG. 1, each core 20 includes all core logic, as
well as digital interface circuitry. Further it is to
be understood that first core 20a and second core 20b
may be identical or at least substantially identical.
Accordingly, a single core design can be used and
replicated to create a package having two or more
cores with the same circuitry and functionality. In
other embodiments, first core 20a and second core 20b
may be differing types of cores such as heterogeneous
core designs. In this way, the logic of different
cores may be vastly different, so long as each
corresponding digital I/O 25 is substantially similar.
Such heterogeneous cores may both implement a
compatible bus protocol, e.g., an FSB protocol. [0012]
However, each core 20 lacks dedicated analog interface
circuitry. Instead, a common analog I/O interface
(analog I/O) 30 may be present and used to couple
signals from both cores 20a and 20b to and from an
interconnect to which processor socket 10 is coupled.
This common analog interface between multiple cores
and an interconnect, e.g., a bus to which the
processor is coupled, may improve signaling latency
and ease of design when integrating a multicore
processor into a system using a shared bus such as a
front side bus. While not shown in the high-level view
of FIG. 1, it is to be understood that some additional
(i.e., common) digital interface circuitry may be
provided between digital I/O 25 and analog I/O 30 to
route signals between a given core and analog I/O 30.
[0013] While described with this particular
implementation in FIG. 1, it is to be 



understood that the scope of the present invention is
not so limited. That is, in various embodiments
different forms of dedicated processor circuitry may
be present for multiple cores, with a single set of
analog circuitry present to provide an interface to a
bus or other interconnect for the multiple cores. In
this way, the electrical load seen by the interconnect
is minimized, i.e., corresponding to that of a single
core. As a result, theinterconnect can operate at the
same frequency as it would if only a single core
processor were present in a processor socket.
Furthermore, design complexity is reduced, as no
additional logic circuitry is needed within the cores
to enable connection of multiple cores. Furthermore,
overall die circuitry is reduced, as only a single set
of analog interfaces is implemented. [0014] Referring
now to FIG. 2, shown is a schematic diagram of a
processor in accordance with one embodiment of the
present invention. More specifically, as shown in FIG.
2, a processor 100 may be a dual core processor that
includes cores 20a and 20b. Note that usage of the
same reference numerals in FIGS. 1 and 2 indicates
presence of the same components. As shown in the
reference numerals at the top of FIG. 2, processor 100
may be broken down into a core portion 20, a digital
I/O portion (also referred herein as digital portion)
25, and an analog I/O portion (also referred herein as
analog portion) 30. Core portion 20 may be dedicated
portions of logic and circuitry used to form the
individual cores. Furthermore, digital I/O portion 25
may include some amount of dedicated circuitry in each
of cores 20a and 20b, and some amount of additional
interface logic coupled between cores 20a and 20b and
analog I/O portion 30. As further shown in FIG. 2,
analog portion 30 may be a single common analog
interface to provide coupling between multiple cores
20a and 20b and an off-chip bus or other interconnect.
[0015] As shown in FIG. 2, core 20a includes various
digital circuitry which may be part of digital portion
25 for use in interfacing between the core logic and a
routing channel 120. Various digital circuitry may be
present for each of multiple signal lines
corresponding to transmit data, receive data and
strobe signals, in addition to drive clock signal
lines. Specifically, shown in FIG. 2, core 20a may
include a flip-flop HOa clocked by a common clock
signal (CCClock) for each common clock data line for
transmission of data and a corresponding flip-flop
112a similarly clocked for each 



common clock data line for data to be received. While
the scope of the present invention is not limited in
this regard, in some embodiments 16 common clock
signal lines may be present in each of transmit and
receive directions. As shown in FIG. 2, outgoing
common clock data lines may be enumerated as
CCTxData#, while incoming common clock data lines may
be referred to CCRxData#. Note that the # symbol after
a signal name used to indicate an active-low logic
signal, indicating a signal is in the active state
when driven to a low level, however, such active-low
logic levels are for illustrationpurposes and the
scope of the present invention is not limited in this
regard. [0016] Core 20a may further include a
flip-flop 114a coupled to provide source synchronous
data to be transmitted on an associated source
synchronous transmit data line (i.e., SSTxData#).
Similarly, incoming source synchronous data may be
received along a source synchronous receive data line
(i.e., SSRxData#) via a storage device such as a
first-in- first-out (FIFO) 116a. Note that such a
source synchronous path may improve performance by
transmitting data multiple times per bus clock (e.g.,
4x). In addition, core 20a may further include a
flip-flop 118a that is coupled to provide data to a
source synchronous transmit strobe line (i.e.,
SSTxStb#). Note that flip-flops 114a and 118a may be
clocked in opposing relation by a source synchronous
clock (i.e., SSClock). In turn, the source synchronous
clock and a drive core signal (DriveCore) may be
coupled to a logic gate 119a that in turn is coupled
to provide a drive clock signal, namely a source
synchronous drive clock signal (i.e., SSDrvClk). Note
that similar circuitry to that discussed above is
present in core 20b (shown with the same reference
numerals and the designator "b"). [0017] Each of these
above-discussed signal lines may be coupled to routing
channel 120 which in turn provides signals to and from
additional digital logic within digital portion 25.
Routing channel 120 may include amplifiers, repeaters
and the like. Such additional logic within digital
portion 25 may provide for selection of an active one
of cores 20a and 20b for transmission/receipt of data
via the signal lines. Accordingly, routing channel 120
may include circuitry to route signals to/from cores
20a and 20b from/to selected signal lines in digital
portion 25. In the transmit direction, common clock
transmit signals (i.e., c0CCTxData# or clCCTxData#)
from both cores may be coupled to a multiplexer 140
that is controlled by design for test (DFT)/control
registerrelated 



signals (not shown in FIG. 2). Such DFT signals may
allow the dual core processor to be converted into a
single core for test or debug purposes. However, by
default and in normal operation, multiplexer 140 may
select the output of logic gate 142. Logic gate 142
may emulate or act as a logical equivalent of a wired
OR bus such as a GTL-signaling based-bus, as logic
gate 142 may act as an OR gate in an active-low
signaling embodiment. In turn, the selected data line
may be passed to analog portion 30, and more
particularly to an analog buffer 143, which buffers
the digital signal to an appropriate level for
transmission along an interconnect to which processor
100 is coupled, e.g., a bus. Accordingly, desired data
may be transmitted along a commonclock data line of
the bus (e.g., xxCCData#). Incoming common clock data
signals received via xxCCData# lines may be coupled
via an input buffer 141 and provided along a common
clock receive data line (i.e., CCRxData#) to routing
channel 120. From routing channel 120, the data may be
passed to either flip-flop 112a or flip-flop 112b,
based on the selected core. Alternatively, incoming
signals may be delivered to all cores with the cores
themselves determining if they are to process the
signals. [0018] Referring still to FIG. 2, source
synchronous data to be transmitted from one of cores
20a and 20b may be routed through routing channel 120
and provided via a given core's line to a multiplexer
144 (i.e., c0SSTxData# or clSSTxData#). Furthermore,
these lines are coupled to a logic gate 146 which
operates as discussed above with respect to logic gate
142. The selected data from multiplexer 144 is passed
to a latch 148. When clocked by a source synchronous
driver clock, latch 148 passes the data out of digital
portion 25 and to a buffer 149 of analog portion 30.
In this way, a given source synchronous data line
(i.e., xxSSData#) may have a signal transmitted
thereon. [0019] For incoming source synchronous data
to processor 100 from a bus, the data is coupled
through a buffer 161 and is provided to a selected
latch 163. The operation of latch 163 may be
controlled by an incoming source synchronous strobe
signal (i.e., SSRxStb#). When latched through, data is
passed to a multiplexer 165 and is provided to routing
channel 120 as the source synchronous receive data
(i.e., SSRxData#). As shown in FIG. 2, multiplexer 165
may be controlled based on the incoming source
synchronous strobe signal that is provided through a
variable delay 



inverter 173, a deskew selector 175, and another
variable delay inverter 180. Based on the core for
which the data is intended, routing channel 120 will
pass the source synchronous receive data to either
FIFO 116a or 116b. Alternatively, and as with the
common clock signals described previously, source
synchronous received data may be delivered to both
FIFOs 116a and 116b. As shown in FIG. 2, these FIFOs
are controlled by the incoming source synchronous
receive strobe signal, also routed through routing
channel 120. [0020] Still referring to FIG. 2, source
synchronous transmit strobe signals may be generated
in cores 20a and 20b and provided through routing
channel 120 to a multiplexer 150 and an associated
logic gate 152. Specifically, each core may generate
source synchronous strobe signals provided to
multiplexer 150 via source synchronoustransmit strobe
lines (i.e., cOSSTxStb# and clSSTxStb#). The selected
strobe signal is provided from multiplexer 150 and a
latch 154 that in turn is clocked by a source
synchronous drive clock signal, which is derived from
incoming source synchronous drive clock signals (i.e.,
cOSSDrvClk# and clSSDrvClk#) from a given core through
routing channel 120 and through an OR gate 156 and a
variable delay inverter 158. The selected source
synchronous strobe signal is latched through latch 154
and provided to a buffer 155 for transmission along
the bus as a source synchronous strobe signal (i.e.,
xxSSStb#). In turn, incoming strobe signals along the
source synchronous strobe lines are provided to a
buffer 171, which in turn is passed through a variable
delay inverter 173 and provided to routing channel 120
along a source synchronous receive strobe line (i.e.,
SSRxStb#). In turn, the source synchronous strobe
signal is provided through routing channel 120 to
control a selected one of FIFOs 116a and 116b. While
described with this particular implementation in the
embodiment of FIG. 2, it is to be understood that the
scope the present invention is not limited in this
regard, and other implementations of providing a
common analog interface for multiple cores of a
processor such as a dual core processor can be
realized. [0021] FIG. 3 is a block diagram of an
exemplary processor-based system with which
embodiments of the invention may be used. As used
herein, the term "system" may be any type of
processor-based system, such as a mainframe computer,
a desktop computer, a server computer, a laptop
computer, a portable device, an appliance, a settop 



box, or the like. System 300 includes a processor 310,
which may be a generalpurpose or special-purpose
processor. In an embodiment of the present invention,
processor 310 may be a multicore processor, e.g., a
dual core processor. Furthermore, processor 310 may
include a common analog interface to enable reduced
electrical load, in addition to ease of porting a
single core design into a multicore processor. [0022]
In one embodiment, processor 310 may be coupled over a
front side bus 315 to a memory hub 330, which, in
turn, may be coupled to a system memory 320, which may
be a dynamic random access memory (DRAM) in one
embodiment, via a memory bus 325. While not shown in
the embodiment of FIG. 3, it is to be understood that
in various embodiments, additional multicore or other
such processors may be coupled to front side bus 315.
Memory hub 330 may also be coupled over an Advanced
Graphics Port (AGP) bus 333 to a video controller 335,
which may be coupled to a display 337. AGP bus 333 may
conform to the Accelerated Graphics Port
InterfaceSpecification, Revision 2.0, published May 4,
1998, by Intel Corporation, Santa Clara, California.
[0023] Memory hub 330 may also be coupled (via a hub
link 338) to an input/output (I/O) hub 340 that is
coupled to a first bus 342 and to a second bus 344.
First bus 342 may be coupled to an I/O controller 346
that controls access to one or more I/O devices. As
shown in FIG. 3, these devices may include in one
embodiment input devices, such as a keyboard 352 and a
mouse 354. I/O hub 340 may also be coupled to, for
example, a hard disk drive 356. It is to be understood
that other storage media may also be included in
system 300. [0024] Second bus 344 may also be coupled
to various components including, for example, a
non-volatile memory 360 such as a flash memory and a
wireless interface 362. Wireless interface 362 may be
used in certain embodiments to communicate with remote
devices. As shown in FIG. 3, wireless interface 362
may include a dipole or other antenna 363 (along with
other components not shown in FIG. 3). Of course,
additional devices may be coupled to first bus 342 and
to second bus 344. Although the description makes
reference to specific components of system 300, it is
contemplated that numerous modifications and
variations of the described and illustrated
embodiments may be possible. 



[0025] Embodiments may be implemented in code and may
be stored on a storage medium having stored thereon
instructions which can 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, compact disk
read-only memories (CDROMs), 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
(EPROMs), flash memories, electrically erasable
programmable read-only memories (EEPROMs), magnetic or
optical cards, or any other type of media suitable for
storing electronic instructions. [0026] 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.What is claimed is: 1. An apparatus
comprising: a first processor core to execute
instructions, the first processor core including first
digital interface circuitry; a second processor core
to execute instructions, the second processor core
including second digital interface circuitry; and
analog interface means coupled to the first processor
core via the first digital interface circuitry and to
the second processor core via the second digital
interface circuitry, the analog interface means for
communicating traffic between a package including the
first and second processor cores and an interconnect
coupled thereto. 2. The apparatus of claim 1, wherein
the package comprises a processor socket including the
first and second processor cores and the analog
interface means. 3. The apparatus of claim 2, wherein
the first processor core and the second processor core
comprise heterogeneous cores, wherein the first
digital interface circuitry and the second digital
interface circuitry are substantially similar. 4. The
apparatus of claim 2, wherein the analog interface
means is to present a 



single electrical load for the processor socket to the
interconnect. 5. The apparatus of claim 1, further
comprising a common digital interface coupled between
the first and second processor cores and the analog
interface means. 6. The apparatus of claim 5, wherein
the common digital interface comprises a multiplexer
to select the traffic from the first processor core or
the second processor core for communication on the
interconnect, wherein the multiplexer is to receive an
output of selection logic means for emulating a wired
OR bus. 7. The apparatus of claim 5, wherein the
common digital interface comprises a router to route
the traffic along a common clock path or a source
synchronous path. 8. The apparatus of claim 7, wherein
the common digital interface further comprises a
strobe path, wherein the strobe path and the source
synchronous path are controlled by a common drive
clock signal. 9. The apparatus of claim 7, wherein the
source synchronous path comprises:a first latch to
receive incoming data for the first processor core and
a second latch to receive incoming data for the second
processor core, the first and second latches
controllable by an incoming strobe signal; and a
multiplexer coupled to the first and second latches,
the multiplexer controllable by a deskew selector, the
deskew selector controllable by the incoming strobe
signal. 10. A system comprising : a multicore
processor including a first core having a first
digital interface, a second core having a second
digital interface, and a common analog interface
coupled to the first core and the second core; a
dynamic random access memory (DRAM); and a shared
interconnect to couple the multicore processor to the
DRAM. 11. The system of claim 10, wherein the
multicore processor comprises a single substrate
including the first and second cores, the first and
second digital interfaces and the common analog
interface. 12. The system of claim 10, wherein the
common analog interface is to present a single
electrical load from the first core and the second
core to the shared interconnect. 13. The system of
claim 10, further comprising a common digital
interface coupled between the first and second digital
interfaces and the common analog interface. 



14. The system of claim 13, wherein the common digital
interface includes a multiplexer to receive data of
the first core and data of the second core for
transmission on the shared interconnect. 15. The
system of claim 14, further comprising logic means
coupled to the multiplexer, the logic means for
emulating a wired OR interconnect. 16. A method
comprising : providing data of a first core to a
common multiplexer; providing data of a second core to
the common multiplexer; selecting the data of the
first core or the data of the second core for output
from the common multiplexer; androuting the selected
data through a common analog interface for the first
core and the second core to a shared bus. 17. The
method of claim 16, further comprising providing the
data of the first core to the common multiplexer via a
first bus controller of the first core and providing
the data of the second core to the common multiplexer
via a second bus controller of the second core. 18.
The method of claim 16, wherein selecting the data
comprises performing a wired OR operation to output
the data of the first core or the data of the second
core from the common multiplexer. 19. The method of
claim 18, further comprising combining the data of the
first core and the data of the second core in a logic
gate coupled to the common multiplexer. 20. The method
of claim 16, further comprising providing data of a
third core to the common multiplexer and selecting the
data of the first core or the second core or the third
core for output from the common multiplexer. 


