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O The Invention The present invention pertains to the field of conputer
syst ens. Webew38far ti cul arly, this invention pertains to t FEHYH2ES
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drawback in that the add-in ca}gﬁk@éd}aﬂoﬁmemv@.twensi ve than the

sol der-down nmethod. The add-in card also uses nore space than a_ device
sol dered di r ect Higloperformtagce graphies Boydead areTpreogungiBeecaongly i@pPA%RM Bt ovi des a
cost savin qver_the add-in_card , ' of not
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the conputer system manufacturer nust, redesign t he not h,erboa(&gaé Furt her,
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that utilize an us are "not to provide upgrade option when a
gr aphi cs dmwsihesbdagisalThe ady-is odrd enebbdprovided the avptpner Ispaerd manufacturer and

the end user a means for installing a newer model graphics accelerator. One can simply
remove the old add-in card and install a new one. The add-in card method has a
drawback in that the add-in card method is more expensive than the solder-down method.
The add-in card also uses more space than a device soldered directly onto the
motherboard.

The solder-down method provides a cost savings over the add-in card method, but
has the disadvantage of not proﬁiding a method for upgrading the graphics accelerator. If
a computer system manufacturer wishes to change to a different graphics accelerator, the
computer system manufacturer must redesign the motherboard. Further, the AGP bus is
meant to be a point-to-point interconnect between a system memory controlier and a |
single graphics device, and prior computer systems that utilize an AGP bus are not able
10 provide an upgrade option when a graphics device is already soldered onto the
motherboard.

An AGP graphics device may have the ability to operate in one or more of several
data transfer modes, including 2X mode and 4X mode. The 2X mode allows the transfer
of 8 bytes of data per clock cycle using a pair of data strobe signals. The 4X mode
allows the transfer of 16 bytes per clock cycle using 2 pairs of data strobe signals.
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and therefor a negative impact on system reliability.

Summary of the Invention

A graphics device for maintaining load balance on a graphics bus when an
upgrade graphics device is installed is disclosed. The graphics device inciudes a bus
interface unit including a plurality of bus signal buffers to couple the graphics device to a
graphics bus. The graphics device further includes a load balancing bus signal buffer to
further couple the graphics device to the graphics bus, the load balancing bus signal
buffer to provide load balancing on the graphics bus when an upgrade graphics device is

installed.

Brief Description of the Drawings

The invention is illustrated by way of example and not limitation in the figures of
the accompanying drawings, in which like references indicate similar elements, and in
which:

Figure 1 shows a block diagram of one embodiment of a system that disables a

graphics device when an upgrade graphics device is installed.



further couple the graphics device to the graphics bus, the | oad bal aE@i 99003
bus signal buffer to provide |oad bal ancing on the graphics bus when H

upgrade graphics device is installed. Brief Description of _'té{pg ﬁ& W ngs
The i nverWPSR381 | | ustrated by way of exanple and not |imEHPPE t he

figures of thei@ReECDRRAR%HHbIFh@MONE Setiod ¥WBisehlela peRphhifeene@heh A Cat e
simlar elenents, and in which: Figure | shows a bl ock di agram of one

enbodi mentpgsededeyyastismstaliad. di sabl es a graphi cs devi ce when an upgrade
graphi cs device.is %ns{%@l Ikeg.. 2 6 NO Vb28.03 WD. 00/ 73891 PCT/ US00J12851
Figure 2 is onS88FbdlihRts SPER hR WSS MOSI R TLRI 2 5 ST FCHifnet EqRYUf e when
an  upgr agéiéletiaCRainfaid S1Shd@bhigkke il DEEIS hd Whedl QG oAlURIFHRI Qe ARE;s

enbodi ment of a systemincluding a graphics device fghat mai nt ai ns | oad

bal ance omstillgd.aphi cs bus when an upgrade graphics device is installed.
Figure 4 is one. enbodi nent ofd.a rreﬁhod f I mai_nt ai ni n(?qdl oad bal ance on a
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Descri pti gRpkRebead MEDigrte FaptiaPiivie idevifedt hat maintains | oad bal ance
on a graphics bus when an upgrade graphics device is installed is

di scl osed. The enbodi nent i ncl udes Detaited Desiteintiomg buffers for the strobe
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SB_STB#, but the |oad bal ancing buffers are not connected to any internal
circuits lgiadbalancing boffenydorathacPolyrcopipliseendsighde ADLSTBOSad D STBAgiand buffers

SB_STB# on a 2X mode AGP graphics device. The load balancing buffers couple the
2X mode AGP graphics device to the strobe compliment signals AD_STBO#,
AD_STBI#. and SB_STB#, but the load balancing buffers are not connected to any
internal circuits within the 2X mode AGP graphics device. The load balancing buffers
provide equal capacitive loading between the strobe signals AD_STBO, AD_STBI, and
SB_STB and their comi:lirnenl signals AD_STBO#, AD_STBI1#, and SB_STB# when an
vpgrade 4X mode AGP graphics device is installed. Although specific signal names are
used in describing the various embodiments, other signal names are possible.

An embodiment of a graphics device that can be disabled when an upgrade
graphics device is installed is also disclosed. The graphics device includes an interface
10 a bus and an input to receive a device disable signal. When the device disable signal is
asserted, the interface to the bus places its buffers in a high impedance state. As a result,
the graphics device is effectively electrically isolated from the bus. When the device
disable signal transitions from asserted to deasseried, a reset circuit in the graphics device
resets the graphics device.

Figure 1 shows a block diagram of one embodiment of a system 100 that allows
the installation of an upgrade graphics device when a graphics device is already insialled.
The system 100 includes a processor 110, a system memory controller 130, a system
memory 140, a graphics accelerator 120, and an optional upgrade graphics accelerator

160. The system memory controller 130 includes a disable device register 132 whose
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provi de equal capacitive |oading between the strobe signals AD STBO AD STB
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device signal 152 is to be asserted. When the disable device signal 152 is asserted, the

AGP interface unit 122 causes all of its buffers that connect to the AGP bus to enter a
high impedance state. The term “high impedance state” as used herein includes any state
where the buffers neither drive nor sink substantial current to or from the AGP bus 150.
The graphics accelerator 120 may also enter a low-power state when the disable input
receives an asserted device disable signal 152.

After power up or upon a system reset, configuration software is executed to
determine whether the upgrade graphics accelerator 160 is installed. If the configuration
software determines that the upgrade processor is installed, then the disable device
register 132 maintains a value that indicaies that the device disable signal is to be
asserted. If the configuration software determunes that the upgrade graphics accelerator
160 is not installed, then a value is written to the disable device register 132 that
indicates that the device disable signal 152 should be deasserted. When the disable
device register 132 contains a value that indicates that the device disable signal 152
should be deasserted, the system memory controtler 130 deasserts the device disable
signal 152.
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peripheral device is reset at step 260.

Figure 3 is a block diagram of one embodiment of a system including a graphics
accelerator 120 that maintains load balance on a graphics bus when an upgrade graphics
accelerator 160 is installed. The graphics accelerator 120 may be 2 2X mode AGF
graphics device and the upgrade graphics accelerator 160 may be a 4X mode AGP
device. In one embodiment, a system memory controller 130 is coupled to the graphics
accelerator 120 and to the upgrade graphics accelerator 160 via an AGP bus capable of
4X mode operation. A subset of a 4X mode AGP bus is shown in Figure 3 and includes
strobe signals AD_STB0 312, AD_STB! 314, and SB_STB 316 and their compliments
AD_STBO# 311, AD_STBI1# 313, and SB_STB# 315. Although specific signal names
are used in describing the various embodiments, other signal names are possible.

In one embodiment, the upgrade graphics accelerator 160 makes use of each of
the strobe signals 311-316 when communicating with the system memory controller 130
in 4X mode. The graphics accelerator 120 receives each of the strobe signals 311-316,
but uses only the AD_STBO 312, AD_STB! 314, and SB_STB 316 strobe signals in its

graphics device circuitry 310, In order 10 equalize capacitive Joading between the strobe
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conplinment signals 311. 313, and 315, the graphics accelerator 120 6 NOV 2003
provi des | oad bal anci ng buffers 301, 303. and 305. In one enbodi nent, the
| oad bal anci ng buffers 301 and 303 are identical to AD STBO buffer 302 and
AD STB 1 buffer 304. The SB_STB#f | oad bal anci ng buffer 305 may be
identical to SB__STB buffer 306. Figure 4 is one enbodi nent of a nethod
for maintaining | oad bal ance on a graphics bus when an upgrade graphics
device is ieticlaiged it step 4 10, a graphics device is coupled to a
graphi cs bus. The graphics device includes a bus interface unit including
a plurality of bus signal buffers to couple the graphics device to the
graphi cs us. Ateraphigs davies. cMIrsEE: bal anci ng bus signal buffer is provided
to further couplgul Re fad AR ERIHBEMIGSEIY Of BuR I8k BRITES o &Uﬁle theaphRrad

bal anci ng bus signal buffer provides |oad balancing on the graphics bus
when an upgeaedo gReaphicesusdddi ce is installed. In the foregoing

speci fication tBeJyRMeRliiOsRRRal BEST téﬁ%éﬂd@@;ﬁe%gﬂpm@; SHRREEhE Qrapmpeci fi C
exenpl ary enbodi nents thereof.” It will, however, Dbe evident that various
modi i cat i by thanerddiakangjessburaigny dufferde Promide bed balacHEwn Rrepatss by ¥hd t he

br oader spit.i PE; > invention as set forth in the appended

cl ai ns. Thg&%%%%??ﬂgggﬁgﬁﬁgﬁgmggramﬁngs are, accordingly, to be regarded in
an illustrative rather than a restrictive sense. 6 6 NOV 2003 Wat is
claimed isp | Aqge Eﬁphi&sdeq}%ybﬁ@aimclc,)%&kﬁ't%rapﬁic@\ﬂ% ik Bt ickie@fdghiphicd g udi ng
a plurality of bus~ signal buffers to couple the graphics device to a

gr aphi cs b086PHNE- a | oad bal anci ng bus signal buffer to further couple the
graphics device to the graphics bus, the | oad bal anci ng bus signal buffer

to provide | oad bal ancing on the graphics bus when a . ,
3. The graphics device of claim 2, wherein the graphics device is an AGP 2x device.

4, The graphics device of claim 3, wherein the upgrade graphics device is an AGP 4x
device,
5. The graphics device of claim 4, the load balancing bus signal buffer to provide load

balancing for a first address/data bus strobe compliment signal on the AGP bus.

6. The graphics device of claim 4, the load balancing bus signal buffer to provide load

balancing for a second address/data bus strobe compliment signal on the AGP bus.

7. The graphics device of claim 4, the load balancing bus signal buffer to provide load

balancing for a sideband strobe compliment signal on the AGP bus.

3. A system, comprising:

a graphics bus;

a graphics device coupled to the graphics bus, the graphics device including

a bus interface unit including a plurality of bus signal buffers to couple the graphics
device to the graphics bus, and

a load balancing bus signal buffer to further couple the graphics device to the graphics
bus, the load balancing bus signal buffer to provide load balancing on the graphics bus when a
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second graphics device is installed. 2. The graphics device of claim1l,
wherein the graphics bus is an accel erated graphics port (AGP) bus. BNOWRE)
graphi cs device of claim2, wherein the graphics device is an AGP 2x

device. 4. The graphics device of claim3, wherein the upgrade graphics
device is an AGP 4x device, 5. The graphics device of claim4, the |oad

bal anci ng bus signal buffer to provide |oad balancing for a first

addr ess/ dat a bﬁf s%ro e.conpl“rgntdsignal on the AGP bus. 6. The graphics
devi ce of CTHIFhEFPIFREVIGAYTHA AN ng bus signal buffer to provide |oad
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bus. 7. The graphi cs device of claim4, the . load bal anci us signal

burf et to FOURREeT AP iorrls tegreche SPRUBARTCL B DO ront | oi gnal
on the AGP bus, S. A system conprising: a graphics bus; a graphics device
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device to thwe graphics bus, and a | oad bal anci ng bus signal buffer to

further couple the graphics device to the graphics bus, the | oad bal anci ng
bus signal buffer to provide | oad bal ancing on the graphics bus when a 7 6
Nov 2003 sewond THeaphibs of & G ehbginitRsgralliedeviansdanAacRoeaekigy aphi cs devi ce
connector to receive a second graphics device, the second graphics device
connector to couple the second graphics device to the graphics bus. 9. The

system of cliai mfhe whief of flaih®, G apghdeerdptiis e iaRo@RO0 BrédeRd agAGpAKCS port
(AGP) bus.,10. The systemof claim9, wherein the graphics device is an
AGP 2x devi®&®1 | . The system of claim 10, the upgrade graphics device
connector to receive an AGP 4x

12, The system of claim 11, the load balancing bus signal buffer to provide load balancing

for a first address/data bus strobe compliment signal on the AGP bus.

13. The system of claim 11, the load balancing bus signal buffer to provide load balancing

for a second address/data bus strobe compliment signal on the AGP bus.

14. The system of claim 11, the load balancing bus signal buffer to provide load balancing

for a sideband strobe compliment signal on the AGP bus.

15. A method, comprising:

coupling a graphics device to a graphics bus, the graphics device including a bus
interface unit, the bus interface unit including a plurality of bus signal buffers to couple the
graphics device to the graphics bus; and

providing a load balancing bus signal buffer to further couple the graphics device to the
graphics bus, the load balancing bus signal buffer to provide load balancing on the graphics bus

when an upgrade graphics device is installed.

16. The method of claim 15, wherein the step of providing a load balancing bus signal buffer
includes the step of providing a load balancing bus signal buffer for an address/data bus strobe

compliment signal on an accelerated graphics port (AGP) bus.



device. 12. The systemof claim 11, the | oad bal ancing bus signal buffer to
provi de | oad balancing for a first address/data bus strobe conplinmeng NOYV 2003
signal on the AGP bus. 13. The systemof claim 11, the |oad bal anci ng bus
signal buffer to provide |oad balancing for a second address/data bus
strobe conplinent signal on the AGP bus. 14. The systemof claim 11, the

| oad bal anci ng bus signal buffer to provide | oad balancing for a sideband

strobe cony .the AGP.bus. 15 A r S|n
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buffers to coup | e the g@k Gs device to the graphics bus; and providing a
| oad baIanéPWB‘BﬂES§WﬁHg 55 to further couple the graphics device to
the graphics bus, the | oad bal anci ng bus signal buffer to provide | oad

bal anci ng on the graphics bus when an upgrade graphics device is
installed. 16. The nethod of claim 15, wherein the step of providing a | oad
bal anci ng bus signal buffer includes the step of providing a | oad

bal anci ng bus signal buffer for an address/data bus strobe conplinment
signal on an accel erated graphics port (AGP) bus. 8 6 NOV 2003 17. The

nmet hod of claim 15, wherein the step of providing a | oad bal anci ng bus
signal buffer includes the step of providing a |oad bal anci ng bus signal
buffer for a sideband strobe conplinent signal on an AGP bus. 9



