6/055608 A2 | IV 20 O A O

—

e
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization § mj

525 | 00 OO

International Bureau

(43) International Publication Date
26 May 2006 (26.05.2006)

(10) International Publication Number

WO 2006/055608 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2005/041483

(22) International Filing Date:
16 November 2005 (16.11.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/991,169 17 November 2004 (17.11.2004) US

(71) Applicant (for all designated States except US): NVIDIA
CORPORATION [US/US]; 2701 San Tomas Expressway,
Santa Clara, CA 95050 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JOHNSON, Philip,
B. [US/US]; 650 Birch Drive, Campbell, CA 95008 (US).
YU, Liping [CN/US]; 1050 Crestview Drive, Apt. #34,
Mountain View, CA 94040 (US). MIMBERG, Ludger
[DE/US]; 3055 Silver Estates, San Jose, CA 95135 (US).
JATOU, Ross, F. [CA/US]; 547 Gettysburg Drive, San
Jose, CA 95123 (US).

(74) Agents: PATTERSON, William, B. et al.; Patterson &
Sheridan, L.L.P., 3040 Post Oak Boulevard, Suite 1500,
Houston, TX 77056 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: MULTIPLE GRAPHICS ADAPTER CONNECTION SYSTEMS

Graphics Edge

Connector Graphics Adapter
110 100
Display Output /
Connector
130 ~_ GPU
150
O

\

System Connector
120

(57) Abstract: A system provides a digital multi-bit connection between two or more graphics adapters. Each graphics adapter is
& manufactured as a printed circuit board including a finger-type edge connector. When two or more graphics adapters are installed in
a system the edge connectors of each graphics adapter may be coupled to each other via a connection device that provides a portion
of the digital multi-bit connection. The remainder of the digital multi-bit connection is provided by conductive traces coupling each
finger of the edge connector to a graphics processing unit that is affixed to the graphics adapter. The connection device may be
installed by an end-user as each additional graphics adapter is installed in the system.
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MULTIPLE GRAPHICS ADAPTER CONNECTION SYSTEMS

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] One or more aspects of the invention generally relate to graphics processing,
and more particularly to connecting graphics adapters in a multi-adapter graphics

processing system.

Description of the Related Art

[0002] Conventional graphics adapters are not configured such that an end-user
having an existing system with a single graphics adapter may install an additional
graphics adapter to improve performance for graphics processing for a single display
device. Prior art graphics processing systems, such as 3dfx’'s VooDoo2™ graphics
adapter product configured for scan line interleave (SLI) or Metabyte/Wicked 3D’s
barallel graphics configurétion (PGC), increase graphics processing performance by
using two graphics adapters in a fixed configuration that is not modular such that an

end-user can install the second graphics adapter.

[0003] The prior art graphics processing systems use a proprietary interface and
cabling to transfer an analog pixel stream produced by each graphics adapter to a
pixel multiplexing device which selects one of the two analog pixel streams for output
to the single display device. Because the prior art configuration is fixed, the end-user
cannot install and connect an additional graphics adapter to the proprietary interface
to improve graphics processing performance for the single display device.
Furthermore, because the pixel streams are combined in the analog domain visual
artifacts may result due to mismatches between digital to analog converters on each
graphics adapter.

[0004] Accordingly, it is desirable to facilitate end-user installation of additional
graphics adapters including installation of a multi-bit digital connection between two

or more graphics adapters to improve graphics processing performance.
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SUMMARY OF THE INVENTION
[0005] The current invention involves new systems and methods for providing a multi-

bit digital interface between two or more graphics adapters. A connection device
couples to finger-type edge connectors on each graphics adapter to couple the
graphics adapters to each other, providing the multi-bit digital interface. Use of the
finger-type edge connector does not require any additional socket or socket-type
connector on the graphics adapter. An end-user may install an additional graphics
adapter and connect it to an existing graphics adapter by installing the connection
device. One of the graphics adapters may be configured to digitally combine pixel

data produced by each graphics adapter for output to a single display device.

[0006] Various embodiments of the invention include a graphics adapter printed
circuit board including a system connector, a first graphics processing unit Coupled to
the system connector, and a graphics edge connector that is coupled to the first
graphics processing unit. The system connector is configured to couple the graphics
adapter printed circuit board to a motherboard. The first graphics processing unit is
affixed to the graphics adapter printed circuit board. The graphics edge connector is
configured to couple to a first socket within a removable connection device, the
removable connection device providing a portion of a multi-bit digital connection
between the first graphics processing unit and a second graphics processing unit
affixed to another graphics adapter printed circuit board when the graphics edge
connector is coupled to the first socket within the removable connection device, the
removable connection device including a second socket, wherein the first socket and
the second socket are electrically connected to provide the portion of the multi-bit
connection between the first graphics processing unit and the second graphics

processing unit.

[0007] Various embodiments of the invention include a connection device for
providing a multi-bit digital connection between a first graphics adapter and a second
graphics adapter. The connection device includes a first socket, a second socket,
and electrically conductive connections coupling each bit of the first socket to the

second socket to provide the multi-bit digital connection between the first graphics
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adapter and the second graphics adapter. The first socket is configured to couple to
a graphics edge connector included within a printed circuit board supporting the first
graphics adapter. The second socket is configured to couple to a graphics edge
connector included within a printed circuit board supporting the second graphics

adapter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Accompanying draWing(s) show exemplary embodiment(s) in accordance with
one or more aspects of the present invention; however, the accompanying drawing(s)
should not be taken to limit the present invention to the embodiment(s) shown, but

are for explanation and understanding only.

[0009] Figure 1 is an exemplary embodiment of a graphics adapter in accordance
with one or more aspects of the present invention.

[0010] Figures 2A and 2B are exemplary embodiments of connection devices in

accordance with one or more aspects of the present invention.

[0011] Figure 3 is an exemplary embodiment of a graphics processing system in

accordance with one or more aspects of the present invention.

[0012] Figures 4A, 4B, 4C, 4D, and 4E are other exemplary embodiments of graphics
adapters in accordance with one or more aspects of the present invention.

[0013] Figures 5A and 5B are other exemplary embodiments of connection device
configurations in accordance with one or more aspects of the present invention.

[0014] Figures 6A and 6B are other exemplary embodiments of connection devices in
accordance with one or more aspects of the present invention.
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DETAILED DESCRIPTION
[0015] In the following description, numerous specific details are set forth to provide a

more thorough understanding of the present invention. However, it will be apparent
to one of skill in the art that the present invention may be practiced without one or
more of these specific details. In other instances, well-known features have not been

described in order to avoid obscuring the present invention.

[0016] Each graphics adapter is manufactured as a printed circuit board (PCB)
including a finger-type edge connector configured to couple to a removable
connection device designed for installation by an end-user. The incremental cost of
the edge connector is less than a traditional socket-type connector that may be
affixed to the graphics adapter. When two or more graphics adapters are installed in
a system the graphics edge connectors of each graphics adapter may be coupled to
each other via the connection device providing a dedicated digital multi-bit
connection between the graphics adapters. The connection device may be installed
by an end-user as each additional graphics adapter is installed in the system.
Furthermore, the digital multi-bit connection may be used to transfer image data from
one graphics adapter to another for output to a display device. Image data produced
by one graphics adapter may be combined with image data produced by another
graphics adapter in the digital domain, prior to digital to analog conversion for output

to a display.

[0017] Figure 1 is an exemplary embodiment of a graphics adapter 100 in
accordance with one or more aspects of the present invention. Typically a PCB
including a finger-type system connector 120 that is configured to connect to a
system motherboard slot supports Graphics adapter 100. Conductive “fingers” are
affixed to the PCB when graphics adapter 100 is manufactured to produce system
connector 120. System connector 120 typically conforms to an industry standard
interface specification, such as peripheral component interface express (PCI-
Express™). In some embodiments of the present invention system connector 120 is
replaced with a socket-type connector or a connector that is affixed to the PCB during

the manufacturing process.
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[0o18] A GPU (graphics processing unit) 150 is affixed to a PCB supporting graphics
adapter 100 and is coupled to system connector 120 by wire traces on the PCB.
GPU 150 typically receives graphics data and instructions from a host processor
through system connector 120. GPU 150 is also coupled to a finger-type graphics
edge connector 110 by wire traces on the PCB. A display output connector 130 is
typically exposed through an enclosure containing graphics adapter 100 installed on
a motherboard so that an end-user may connect a display device input connector to

display output connector 130.

[0019] When multiple graphics adapters are installed in a system and GPU 150 is
configured as a slave device, GPU 150 outputs image data (processed graphics
data) to graphics edge connector 110. When one or more graphics adapters are
installed in a system and GPU 150 is configured as a master device, GPU 150
outputs image data to a display output connector 130 using wire traces on the PCB.
In some embodiments of the present invention, when GPU 150 is configured as a
master device and multiple graphics adapters are installed in a system, GPU 150
outputs display synchronization signals, e.g. horizontal and vertical sync, to graphics

edge connector 110.

[0020] In some embodiments of the present invention, graphics edge connector 110
includes signals for two ports, one for use when GPU 150 is configured as a slave
device and another for use when GPU 150 is configured as a master device. In other
embodiments of the present invention, graphics edge connector 110 includes signals
for a single port and the signals input and output by GPU 150 to/from the port vary
depending on whether GPU 150 is configured as a master device or as a slave

device.

[0021] Figures 2A and 2B are exemplary embodiments of connection devices in
accordance with one or more aspects of the present invention. A connection device
may be installed between two graphics adapters to couple signals within each
graphics edge connector 110. An embodiment of a connection device, designed for

installation or removal by an end-user, shown in Figure 2A includes a connector PCB
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210 with a socket 220 affixed to opposing ends of connector PCB 210. Conductive
traces are fabricated as part of connector PCB 210 to directly connect pins of socket
220 on one end of connector PCB 210 to pins of socket 220 on the opposing end of
connector PCB 210. In some embodiments of the present invention, additional
components may be included on connector PCB 210, such as termination devices,
pull-up or pull-down resistors, or the like. In other embodiments of the present
invention, still other components may be included on connector PCB 210, as

described in conjunction with Figures 6A and 6B.

[0022] Another embodiment of a connection device, designed for installation or
removal by an end-user, shown in Figure 2B includes a connector flexible cable 240
with a socket 230 affixed to each end of connector flexible cable 240. Connector
flexible cable 240 includes wires within a flexible insulating wrapping that directly
connect pins of socket 230 on one end of connector flexible cable 240 to pins of
socket 230 on the opposing end of connector flexible cable 240. Those skilled in the
art will recognize that other components and mechanisms may be employed to

produce a connection device.

[0023] A connection device, such as those illustrated in Figures 2A and 2B provides a
multi-bit connection for several signals. For example, image data may be transferred
from a slave device to a master device or to another slave device using a number of
single bit connections for data, a data valid signal, and a clock. The data and data
valid may be transferred on one or both edges of the clock. One or more buffer
management signals may also be connected between GPUs using the connection
device. In some embodiments of the present invention, a buffer management signal
indicates when all of the GPUs producing image data for a display should swap
buffers, i.e., swap the back buffer with the front buffer. Raster synchronization
signals may also be transferred from a master device to a slave device to

communicate the display raster position.

[0024] Figure 3 is an exemplary embodiment of a graphics processing system in
accordance with one or more aspects of the present invention. A motherboard 300
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may be included within a.desktop computer, server, laptop computer, palm-sized
computer, tablet computer, game console, cellular telephone, computer based
simulator, or the like. Motherboard 300 includes a host processor 320, a main
memory 310, and a chipset 330 that is directly coup?ed to a bridge 335. In some
embodiments of motherboard 300, chipset 330 may include a system memory bridge
and an input/output (I//O) bridge that may include several interfaces such as,
Advanced Technology Attachment (ATA) bus, Universal Serial Bus (USB), Peripheral
component interface (PCI), or the like. A bridge 335 provides an interface between

chipset 330 and any graphics adapter installed in a slot 350.

[0025] A master graphics adapter 340 is coupled to motherboard 300 via a slot 350.
A slave graphics adapter 360 is coupled to motherboard via another slot 350.
Although only a single slave graphics adapter 360 is illustrated, additional slave
graphics adapters 360 and additional master graphics adapters may be installed on
motherboard 300. An end-user can easily install each graphics adapter and a
connection device 345, such as the connection devices shown in Figures 2A and 2B,
as desired to improve rendering performance in terms of image quality or rendering
speed. For example, two or more graphics adapters may be used to render images
with improved image quality or two or more graphics adapters may be used to render
images at a higher frame rate. Furthermore, the graphics edge connector of a
graphics adapter may be positioned such that when connection device 345 is
coupled to the graphics edge connector, connection device 345 does not protrude
more that one centimeter beyond the graphics adapter. Therefore, connection
device 345 may be entirely enclosed within a system enclosure containing
motherboard 300, master graphics adapter 340, and slave graphics adapter 360.

[0026] In some embodiments of the present invention, master graphics adapter 340 is
directly coupled to at least one display device and slave graphics adapter 360 is
directly coupled to at least one display device. In other embodiments of the present
invention, master graphics adapter 340, is directly coupled to two or more display
devices. One or more slave graphics adapters 360 provide image data to master

graphics adapter 340 via connection device 345, embodiments of which are
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described in conjunction with Figures 2A, 2B, 6A, and 6B. Connection device 345 is
coupled to graphics edge connectors on master graphics adapter 340 and slave
graphics adapter 360. In some embodiments of the present invention a connection
device such as that shown in Figure 2B (including connector flexible cable) may be
used to couple graphics adapters of different heights or with misaligned graphics

edge connectors.

[0027] A primary connection between master graphics adapter 340 and one or more
slave graphics adapters 360 is provided by bridge 335. In some embodiments of the
present invention, the primary connection couples master graphics adapter 340 and
one or more slave graphics adapters 360 through bridge 335, chipset 330, and main
memory 310 and data transfers between master graphics adapter 340 and the one or

more slave graphics adapters 360 are controlled by host processor 320.

[0028] Master graphics adapter 340 outputs image data to a display device, such as
a cathode ray tube (CRT), flat panel display, or the like. Slave graphics adapter 360
may process a larger portion of an image than master graphics adapter 340 and
transfer the larger portion of the image to master graphics adapter 340 via connection
device 345. In some embodiments of the present invention, processing of the image
may be distributed between master graphics adapter 340 and one or more slave
graphics adapters 360 based on the processing capability of each graphics adapter.
Furthermore, synchronization signals, e.g., buffer swap, horizontal sync, and vertical
sync, may be transferred between slave graphics adapter 360 and primary graphics

adapter 340 using connection device 345.

[0029] In one embodiment of the present invention, 12 bits of image data, a data
enable signal, and a clock are output by slave graphics adapter 360. A horizontal
sync and vertical sync are output by master graphics adapter 340 to slave graphics
adapter 360. A buffer swap signal is a tristate signal, specifically a wired AND using
a pull-up component that is pulled low by each graphics adapter that is ready to swap
buffers. Each graphics adapter also samples the buffer swap signal to determine

when all of the graphics adapters are ready to swap buffers.
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[0030] In some embodiments of the present invention, connection device 345
configures each graphics adapter coupled to it as either a master graphics adapter or
as a slave graphics adapter. For example, a single bit connection within each socket
of connection device 345 configures master graphics adapter 340 as a master
graphics adapter and configures slave graphics adapter 360. Specifically, a graphics
driver reads the state of the single bit connection set by connection device 345 and
configures each graphics adapter accordingly. In those embodiments of the present
invention, the configuration of master and slave may be reversed by installing

connection device 345 after rotating it by 180 degrees.

[0031] Figures 4A, 4B, 4C, and 4D are other exemplary embodiments of graphics
adapters in accordance with one or more aspects of the present invention. Graphics
adapter 425, shown in Figure 4A includes a GPU 405 that is coupled to a system
connector 420 and to a graphics edge connector 401. System connector 420 is
typically an industry standard connector configured to couple graphics adapter 400 to
a motherboard. In some embodiments of the present invention GPU 405 is directly
coupled to a display output connector 430. In other embodiments of the present
invention, one or more additional devices may be affixed to the PCB supporting
graphics adapter 425 and one of the additional devices may be coupled between

GPU 405 and graphics edge connector 401.

[0032] Graphics edge connector 401 is positioned on the bracket side of graphics
adapter 425, adjacent to display edge connector 430. Although graphics edge
connector 401 need not protrude outside of an enclosure containing a motherboard
coupled to graphics adapter 425, a connection device coupling graphics adapter 425
to another graphics adapter may protrude outside of the enclosure. An advantage of
this configuration is that an end-user does not necessarily need to open the
enclosure to install the connection device. Also, graphics edge connector 401 may
be used when a connection device coupled to a graphics edge connector, such as
graphics edge connector 110 would obstruct an enclosure containing motherboard

300, thereby preventing proper installation of the enclosure.
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[0033] Graphics adapter 435, shown in Figure 4B also includes GPU 405 coupled to
system connector 420 and to a graphics edge connector 402. GPU 405 is directly or
indirectly coupled to display output connector 430. Graphics edge connector 402 is
positioned on a side of graphics adapter 435 opposing display output connector 430.
Therefore, a connection device coupling graphics adapter 425 to another graphics
adapter will not protrude outside of an enclosure containing a motherboard coupled

to graphics adapter 435.

[0034] Graphics adapter 415, shown in Figure 4C also includes GPU 405 coupled to
system connector 420 and to a graphics edge connector 403. GPU 405 is directly or
indirectly coupled to display output connector 430. Graphics edge connector 403 is
positioned on a side of graphics adapter 415 adjacent to system connector 420.
Therefore, a connection device coupling graphics adapter 415 to another graphics
adapter will not protrude outside of an enclosure containing a motherboard coupled
to graphics adapter 415. Although a single device, GPU 405 is shown in Figures 4A,
4B, and 4C, those skilled in the art will recognize that additional devices and
components for performing a variety of functions, e.g. data storage, signal
conversion, or the like, may be included in various embodiments of the present

invention.

[0035] Graphics adapter 400, shown in Figure 4D includes two GPUs, a GPU 401
and a GPU 402. The two GPUs are not necessarily configured to perform the same
function, however each GPU is coupled to system connector 420 via a bridge device,
bridge 403. Bridge 403 performs functions similar to bridge 335 shown in Figure 3,
interfacing between bridge 335 and each GPU included in graphics adapter 400. In
other embodiments of the present invention, the functionality of bridge 403 is

integrated into one or both of the GPUs and bridge 403 is omitted.

[0036] In some embodiments of the present invention each GPU is coupled to a
single graphics edge connector. For example, GPU 401 is coupled to graphics edge
connector 411 and GPU 402 is coupled to graphics edge connector 412. GPU 401
may be configured as a slave device and GPU 402 may be configured as a master

10
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device or visa versa. GPU 401 and GPU 402 may both be configured as slave
devices or GPU 401 and GPU 402 may both be configured as master devices, each
outputting image data to a different display device connected to display output

connector 430.

[0037] In some embodiments of the present invention GPU 401 and GPU 402 are
each coupled to both graphics edge connector 411 and graphics connector 412.
When three or more graphics adapters are installed in a system and graphics adapter
400 is positioned between a slave graphics adapter and a master graphics adapter,
image data is output via a first edge connector to the master graphics adapter.
Image data is received from the slave graphics adapter via the second edge

connector.

[0038] Graphics adapter 445, shown in Figure 4E includes a single GPU, GPU 405
coupled to system connector 420 and to graphics edge connectors 411 and 412.
Graphics adapter 445 may be positioned between a slave graphics adapter and
either a master graphics adapter or another slave graphics adapter. GPU 405

provides signals for two ports and each port is coupled to a single graphics edge

~ connector. GPU 405 may be configured to receive image data via one of connectors

411 or 412 and to output image data via connector 412 or 411, respectively. GPU

405 is directly or indirectly coupled to display output connector 430.

[0039] Although graphics edge connectors 411 and 412 are positioned on the side of
graphics adapter 445 opposing system connector 420, one or both graphics edge
connectors 411 and 412 may be positioned on a different side of graphics adapter
445. Furthermore, display output connector 430 may be omitted from any of graphics
adapters 400, 415, 425, 435, and 445 to provide a graphics adapter that functions as

an accelerator without a display output.

[0040] Figure 5A is an exemplary embodiment of a connection device configuration in
accordance with one or more aspects of the present invention. Multiple graphics
adapters, graphics adapters 511, 512, and 513, are coupled together using two

connection devices 510. Each connection device 510 provides a point-to-point

11



10

15

20

25

30

WO 2006/055608 PCT/US2005/041483

connection between two of the multiple graphics adapters. Specifically, a first
connection device 510 couples a first graphics adapter, graphics adapter 511 and a
second graphics adapter 512 via graphics edge connectors. Graphics adapter 511
may be a graphics adapter 100, 445, or 400 and graphics adapter 512 may be a
graphics adapter 445 or 400. Therefore, the first connection device 510 may couple
either graphics edge connector 110 to graphics edge connector 411 or graphics edge
connectors 411. Graphics adapter 511 may be configured as a slave graphics
adapter providing image data to graphics adapter 512 which may be configured as
either a slave graphics adapter or a master graphics adapter. Alternatively, graphics
adapter 511 may be configured as a master graphics adapter receiving image data

from graphics adapter 512.

[0041] A second connection device 510 couples the second graphics adapter,
graphics adapter 512 and a third graphics adapter, graphics adapter 513 via graphics
edge connectors 411. Graphics adapter 513 may be a graphics adapter 100, 445, or
400. Therefore, the second connection device 510 may couple either graphics edge
connector 110 to graphics edge connector 412 or graphics edge connectors 412.
Graphics adapter 512 may be configured as a slave graphics adapter providing
image data to graphics adapter 513 which may be configured as either a slave
graphics adapter or a master graphics adapter. Alternatively, graphics adapter 512
may be configured as a master graphics adapter receiving image data from graphics
adapter 513. When graphics adapter 513 is a graphics adapter 400, one GPU, such
as GPU 401 may output image data to display output connector 430 while the other
GPU, GPU 402 outputs image data to graphics adapter 512.

[0042] When the graphics adapter 512 is configured as a master graphics adapter it
may receive image data from graphics adapters 511 and 513. When either graphics
adapter 511 or graphics adapter 513 is configured as a master graphics adapter it
may receive image data from graphics adapter 513 or graphics adapter 511,
respectively, through graphics adapter 512. Alternatively, graphics adapters 511 and
513 may each be configured as master graphics adapters and when graphics
adapter 512 is a graphics adapter 400, GPU 401 may output image data to graphics

12
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adapter 511 and GPU 402 may output image data to graphics adapter 513. Those
skilled in the art will recognize that other configurations of the multiple graphics

adapters may be used to produce image data for one or more display devices.

[0043] Figure 5B is another exemplary embodiment of a connection device
configuration in accordance with one or more aspects of the present invention.
Multiple graphics adapters, such as graphics adapter 415, 425, 435, or 400, are
coupled together using a connection device 520. In some embodiments of
connection device 520, three sockets (one for each graphics adapter) are each
configured to support signals for two ports and connection device 520 provides point-
to-point connections between the graphics adapters. Specifically, connection device
520 provides a point-to-point connection between graphics adapter 500 and graphics

adapter 501 and between graphics adapter 501 and graphics adapter 502.

[0044] In other embodiments of connection device 520, the connection to each
graphics adaptef may be selectively disabled using a switch, such as a
programmable quickswitch component, as described in conjunction with Figure 6A.
For example, graphics adapter 500 may be configured as a master graphics adapter
and graphics adapter 502 may be configured as a slave graphics adapter providing
image data to graphics adapter 500 through connection device 520. Graphics
adapter 501 may be configured as a master device, functioning independent from
graphics adapters 500 and 502 with any connection to connection device 520
disabled.

[0045] Figure 6A is another exemplary embodiment of a connection device in
accordance with one or more aspects of the present invention. The connection
device shown in Figure 6A includes a connector PCB 610 with sockets 602 affixed to
opposing ends of connector PCB 210. Although Figures 6A shows two sockets 602,
additional sockets 602 may be used in other embodiments of the present invention.
Conductive fraces are fabricated as part of connector PCB 610 to directly connect
pins of the socket 602 on one end of connector PCB 210 to pins of the socket 602 on
the opposing end of connector PCB 610.

13
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[0046] A switch 605 is affixed to connector PCB 610 and coupled to a socket 602 and
a switch 607 is affixed to connector PCB 610 and coupled to the other socket 602. In
some embodiments of the present invention, switch 605 and switch 607 may be
manually set by an end-user to enable or disable a connection via socket 602. In
other embodiments of the present invention, switch 605 and switch 607 may be

configured through socket 602 to enable or disable a connection via socket 602.

[0047] Figure 6B is another exemplary embodiment of a connection device in
accordance with one or more aspects of the present invention. The connection
device shown in Figure 6B includes a connector PCB 620 with sockets 622 affixed to
opposing ends of connector PCB 220. Although Figures 6B shows two sockets 622,
additional sockets 622 may be used in other embodiments of the present invention.
Conductive traces are fabricated as part of connector PCB 620 to directly connect
pins of the socket 622 on one end of connector PCB 220 to pins of the socket 622 on

the opposing end of connector PCB 620.

[0048] An indication light, LED (light emitting diode) 615, is affixed to connector PCB
620 and coupled to one socket 622. Another indication light, LED 617 is affixed to
connector PCB 620 and coupled to the other socket 622. A first signal controlling
LED 615 may be generated by a first graphics adapter coupled to the one socket 622
and a second signal controlling LED 617 may be generated by a second graphics
adapter coupled to the other socket 622. In some embodiments of the present
invention, the first and the second signal may be generated to indicate whether each
first graphics adapter or the second graphics is configured as a slave or as a master
graphics adapter. In other embodiments of the present invention, the fist and the
second signal may be generated to indicate whether each socket 622 is coupled to a
graphics adapter. In still other embodiments of the present invention, the first and the
second signal may be generated to indicate whether the first graphics adapter and

the second graphics adapter are active, respectively.

[0049] An end-user may install one or more additional graphics adapters and one or

more connection devices in a system to improve graphics processing performance,

14
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e.g., frame rate, image quality, or the like. Each connection device, such as those
shown in Figures 2A, 2B, 3, 5A, 5B, 6A, and 6B provides a multi-bit digital connection
through a finger-type edge connector included in each graphics adapter for the
transfer of graphics image data, synchronization signals, and buffer management
signals. Furthermore, inclusion of the finger-type edge connector as a graphics edge
connector increases the cost of the graphics adapter less than the use of a traditional
socket type of connector. Therefore, end-users of systems including a single
graphics adapter incur only a small cost for the option to upgrade their graphics
performance at a later date by installing an additional graphics adapter and

connection device.

[0050] The invention has been described above with reference to specific
embodiments. It will, however, be evident that various modifications and changes
may be made thereto without departing from the broader spirit and scope of the
invention as set forth in the appended claims. The foregoing description and
drawings are, accordingly, to be regarded in an illustrative rather than a restrictive
sense. The listing of steps in method claims do not imply performing the steps in any

particular order, unless explicitly stated in the claim.

[0051] All trademarks are the respective property of their owners.
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CLAIMS:

1. A graphics adapter printed circuit board, comprising:

a system connector configured to couple the graphics adapter printed circuit
board to a motherboard;

a first graphics processing unit affixed to the graphics adapter printed circuit
board and coupled to the system connector; and

a graphics edge connector, coupled to the first graphics processing unit and
configured to couple to a first socket within a removable connection device, the
removable connection device providing a portion of a multi-bit digital connection
between the first graphics processing unit and a second graphics processing unit
affixed to another graphics adapter printed circuit board when the edge connector is
coupled to the first socket within the removable connection device, the removable
connection device including a second socket, wherein the first socket and the second
socket are electrically connected to provide the portion of the multi-bit connection

between the first graphics processing unit and the second graphics processing unit.

2. The graphics adapter printed circuit board of claim 1, wherein the graphics edge
connector is positioned on a side of the graphics adapter printed circuit board

opposing the system connector.

3. The graphics adapter printed circuit board of claim 1, wherein the graphics edge
connector is positioned adjacent to the system connector on a side of the graphics

adapter printed circuit board.
4. The graphics adapter printed circuit board of claim 1, wherein the graphics edge

connector is positioned adjacent to a display output connector on a side of the

graphics adapter printed circuit board.
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5. The graphics adapter printed circuit board of claim 1, wherein the graphics edge
connector is positioned on a side of the graphics adapter printed circuit board

opposing a display output connector.

6. The graphics adapter printed circuit board of claim 1, further comprising an
additional graphics edge connector configured to couple to another removable

connection device.

7. The graphics adapter printed circuit board of claim 1, wherein the connection
device includes a printed circuit board and the first socket and the second socket are

affixed to the printed circuit board.

8. The graphics adapter printed circuit board of claim 1, wherein the connection
device includes a flexible multi-bit cable and the first socket and the second socket

are affixed to opposing ends of the multi-bit cable.
9. The graphics adapter printed circuit board of claim 7, wherein the flexible multi-bit

cable is sized to span between adjacent slots of a motherboard, each slot configured

to receive the graphics adapter printed circuit board.
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