
 

 

EXHIBIT 803-A-01 

U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) anticipates and/or renders obvious (alone or in combination with other 
references), including at least under Complainant’s apparent infringement theory: 

• claims 1-3, 7-10 of U.S. Patent No. 11,841,803 (“the ’803 patent”) under 35 U.S.C. §§ 102 and/or 103. 

NVIDIA has charted the portions of the reference that correspond to each element, including at least under Complainant’s apparent 
interpretation of the claims as reflected in Complainant’s infringement contentions.  Where the chart below states that the reference 
“discloses,” “teaches,” or “suggests” a claim limitation, such disclosure, teaching, or suggestion may be express, implied, or inherent.  
The cited evidence is merely illustrative, and NVIDIA reserves the right to cite alternative or additional evidence.   

No part of this exemplary chart construes, or is intended to construe, the specification, file history, or claims of the asserted patents.  In 
addition, nothing stated in this chart shall be treated as an admission or suggestion that NVIDIA agrees with Complainant regarding 
either the scope of any of the asserted claims or Complainant’s apparent interpretation of the scope of the asserted claims, or that 
NVIDIA’s accused products meet any limitations of the claims. 

To the extent that Complainant contends that Kelleher does not disclose one or more limitations of the asserted claims, it would have 
been obvious to combine the teachings of Kelleher with (1) the knowledge of one of ordinary skill in the art, and/or (2) the teachings 
of any of the prior art set forth in NVIDIA’s other invalidity charts and cover pleading, to show all the limitations of the asserted 
claims, including for the reasons set forth in NVIDIA’s Invalidity Contention Cover Pleading, which are incorporated herein. 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
1[Pre]: A system, comprising: Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 

renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent claims 1-3, 7-10. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

1[A]:  a central processing unit 
(CPU) communicably coupled to a 
first graphics processing unit 
(GPU) chiplet of a GPU array,  

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 2 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at Fig. 3 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at Fig. 10. 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
Kelleher at Fig. 11. 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at 3:6-13 (“FIG. 2 is a block diagram of a multi-chip graphics system 200 in 
accordance with one embodiment of the present invention. A central processing unit (CPU) 
205 is coupled to a graphics processing unit (GPU) chip 220 through a suitable bus interface. 
As used in this application a “chip” is an integrated circuit that resides on a die, with the die 
packaged to permit electrical power and signal connections to be made to the integrated 
circuit.”) 
 
Kelleher at 3:14-27 (“In one embodiment, a bridge 210, such as a bridge chipset, is used to 
couple CPU 205 to GPU chip 220. For example, a front side bus 207 may be used to 
communicatively couple CPU 205 to bridge 210 whereas a performance component interface 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
(PCI)-Express bus 215 may be used to communicatively couple GPU chip 220 to bridge 210. 
PCI-Express is a high speed interface standard promoted by the PCI-SIG organization and 
defined by the PCI-Express specification published by PCI-SIG, the contents of which are 
hereby incorporated by reference. A graphics memory 230 is communicatively coupled to 
GPU chip 220 via a graphics memory bus 225. A memory interface 270 provides an interface 
to memory 230. Graphics memory 230 may, for example, comprise a frame buffer.”) 
 
Kelleher at 3:28-34 (“GPU chip 220 receives a graphics command stream from CPU 205 to 
generate graphical images. The graphics commands may, for example, originate in driver 
software (not shown) residing within a memory associated with CPU 205. The output 235 of 
GPU chip 220 may, for example, include data that is output to a display.”) 
 
Kelleher at 3:35-50 (“GPU chip 220 includes a command module 260. Command module 260 
receives a graphics command stream from CPU 205, reads and parses the command string, and 
distributes work to the other stages within GPU chip 220. At least one of the stages in the 
graphics pipeline of GPU chip 220 is a processing module 265 that performs a processing 
operation that may be performed in parallel. One example is a shader stage. Shader stages in 
high performance GPUs are typically arranged as groups of shader pipelines along with logic 
that permits a load balancing operation in which the shading work is distributed between the 
shader pipelines. Slave GPU chip 240 is packaged with GPU chip 220 as a multi-chip module 
213 that may be used as a replacement for an individual GPU chip. As described below in 
more detail, in one embodiment multi-chip module 213 may include a package adapted to be 
mounted onto a board.”) 
 
Kelleher at 4:3-19 (“GPU chip 220 acts as the master processor and utilizes processing module 
285 as an additional processing resource that is used in parallel with processing module 265. 
In one embodiment slave GPU chip 240 also receives clock signals from GPU chip 220 to 
facilitate synchronization of slave GPU chip 240 to GPU chip 220. In the slave mode, a load 
balancing module (not shown) within processing module 265 determines a distribution of 
work to be performed by processing modules 265 and 285 and transfers a portion of the 
graphics data that it receives to processing module 285. Thus for example, if processing 
modules 265 and 285 are substantially identical, about half of the processing that would 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
ordinarily be performed by processing module 265 is off-loaded to processing module 285, 
permitting an approximately two-fold improvement in performance (e.g., speed or quality), 
assuming that processing modules 265 and 285 have a similar number of operable processing 
elements.”) 
 
Kelleher at 4:63-5:18 (“In one embodiment GPU chip 220 and slave GPU chip 240 are formed 
from the same product design or with product designs having compatible processing modules 
265 and 285. In this embodiment, a manufactured GPU chip is designed to support a normal 
mode of operation, a master mode of operation, and a slave mode of operation. In the normal 
mode of operation a GPU chip is operable as an individual processor and may be packaged as 
an individual processor. However, two GPU chips may be packaged as a multi-chip module 
213 in which one of the GPU chips acts as the master and the other acts as the slave. The 
multi-chip module 213, which utilizes the resources of processor module 285 in parallel with 
processor module 265, has improved performance compared with an individual GPU chip. 
Note that in the multi-chip module 213 only the master GPU 220 receives graphics 
instructions from CPU 205. As result, replacing a single GPU chip with a multi-chip module 
having a master/slave pair of GPUs is a seamless change to driver software within CPU 205. 
That is, the driver software perceives the master/slave pair as a single GPU. Thus with one 
type of GPU chip two different markets can be served by packaging either a single GPU chip 
or by packaging a master/slave pair of GPU chips for higher performance.”) 
 
Kelleher at 6:24-46 (“FIG. 5 shows an embodiment of a multi-chip module 513 in which GPU 
chip 220 and slave GPU chip 240 are packaged on top of each other. In this embodiment, vias 
510 may be formed in one of the dies to form conductive paths for interlink 250. The other die 
is then bonded on top of the other using three-dimensional packaging techniques. The bonded 
die are then mounted to a package 505, which may then be attached to a board 515. Additional 
power and signal connections may be formed to slave GPU chip 240 using additional vias or 
wire bond connections. Die-to-die bonding is a type of three-dimensional packaging that is 
typically used in the system-on-a-chip (SOC) art to bond memory chips to a processor. In 
particular, three-dimensional packaging techniques are conventionally used to form a hybrid 
integrated circuit in which different types of electronic modules are packaged on top of each 
other to form a hybrid circuit that emulates a system-on-a-chip. For example, Ziptronix, Inc., 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
of Morrisville, N.C. provides three dimensional wafer bonding and interconnect services that 
permit a non-adhesive bond to be formed between a die and a corresponding interconnect on 
another chip. Similarly, Xanoptix of Merrimack, N.H. offers three-dimensional packaging 
services.”) 
 
Kelleher at 8:19-34 (“FIG. 10 illustrates an alternate embodiment of a graphic system 1000 
with intra-frame load balancing in which a first GPU chip 1020 and a second GPU chip 1040 
process different portions of each frame. First GPU chip 1020 is the master GPU and merges 
data processed by each GPU for different portions of a frame into a single display output 1035. 
GPU chip 1040 is the slave GPU. In one embodiment, each GPU chip 1020 and 1040 has a 
normal mode of operation as an individual stand-alone GPU, a master mode, and a slave 
mode, permitting an individual GPU chip to be used either alone or as part of a pair for higher 
performance. The mode of operation may be selected using a variety of techniques, such as by 
using instructions from a CPU (e.g., from a driver) to instruct a GPU chip if it is operating in a 
slave mode or a master mode. The normal operating mode may, for example, be a default 
mode.”) 
 
Kelleher at 8:35-47 (“Each GPU chip 1020 and 1040 is connected to bridge 210 via respective 
buses 1015 and 1017. Bus 1015 and bus 1017 are preferably high-speed buses, such as PCI 
Express buses. In one embodiment, driver software 1005 residing in a memory coupled to 
CPU 205 includes a load-balancing algorithm that divides each graphics frame into two 
portions corresponding to different regions of a display. In one embodiment, the load 
balancing algorithm divides the frame into two contiguous sections corresponding to a first 
section processed by one GPU chip and a second section processed by the other GPU chip. As 
an illustrative example, the first portion may correspond to an upper section of a display 
whereas the second portion corresponds to a lower section of a display.”) 
 
Kelleher at 8:54-10:3 (“GPU chip 1020 receives a first command stream from CPU 205 via 
bus 1015 corresponding to the first portion of the frame. GPU chip 1040 receives a second 
command stream from CPU 205 via bus 1017 corresponding to the second portion of the 
frame. In turn, GPU chip 1020 receives the first command stream in command module 1060. 
Command module 1060 allocates work to one or more internal processing modules 1065 to 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
generate pixels for the first portion of the frame. GPU chip 1020 includes a memory interface 
1070 to interface a graphics memory 1030 for performing frame buffer operations. GPU chip 
1040 receives the second command stream in command module 1080. Command module 1080 
allocates work to one or more internal processing modules 1085 to generate pixels for the 
second portion of the frame. GPU chip 1040 includes a memory interface 1090 for interfacing 
with a graphics memory 1095 for performing frame buffer operations.”) 
 
Kelleher at Claim 9 (“9. The multi-chip graphics system of claim 3, wherein the CPU is 
coupled only to said first GPU chip such that the graphics commands are received only by the 
first GPU chip and a graphics memory is coupled to only said first GPU chip and said system 
is configured to utilize said graphics memory as a unified memory for both said first GPU chip 
and said second GPU chip.”) 
 
Kelleher at Claim 10 (“10. A graphics processing unit (GPU) chip, comprising: 
 a command module; 
 a set of graphics stages including a stage for performing a processing operation capable 
of being performed in parallel; 
 a slave mode control module operative to configure the GPU chip to act as a slave CPU 
chip for a selected subset of graphics stages in the event that at least one other stage has a 
defect that results in said GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image; 
 a memory interface for interfacing with a graphics memory; and 
 an interface configured to permit an interlink to be established with another GPU chip 
to exchange data and commands; 
 said GPU chip configured to have a normal operating mode, a master mode, and a 
slave mode, wherein in said normal operating mode said GPU chip is operable as an individual 
processor, in said master mode said GPU chip utilizes said interlink to have said another GPU 
chip perform said processing operation in parallel, and in said slave mode said GPU chip 
receives data to be processed in said stage on behalf of said another GPU chip; 
 wherein said GPU chip is operable as an individual GPU chip or as part of a multi-chip 
module with said another GPU chip and wherein in a multi-chip module the interlink has 
sufficient bandwidth such that said slave GPU chip acts as an extension of said stage of said 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
master with the master using the slave to increase an effective number of parallel processing 
units in said stage acting in parallel to process data.”) 
 
This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

1[B]: wherein the GPU chiplet 
array includes: the first GPU 
chiplet communicably coupled to 
the CPU via a bus; and 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 2 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 

Kelleher at Fig. 7 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at Fig. 10 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at Fig. 11 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at 3:6-13 (“FIG. 2 is a block diagram of a multi-chip graphics system 200 in 
accordance with one embodiment of the present invention. A central processing unit (CPU) 
205 is coupled to a graphics processing unit (GPU) chip 220 through a suitable bus interface. 
As used in this application a “chip” is an integrated circuit that resides on a die, with the die 
packaged to permit electrical power and signal connections to be made to the integrated 
circuit.”) 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
 
Kelleher at 3:14-27 (“In one embodiment, a bridge 210, such as a bridge chipset, is used to 
couple CPU 205 to GPU chip 220. For example, a front side bus 207 may be used to 
communicatively couple CPU 205 to bridge 210 whereas a performance component interface 
(PCI)-Express bus 215 may be used to communicatively couple GPU chip 220 to bridge 210. 
PCI-Express is a high speed interface standard promoted by the PCI-SIG organization and 
defined by the PCI-Express specification published by PCI-SIG, the contents of which are 
hereby incorporated by reference. A graphics memory 230 is communicatively coupled to 
GPU chip 220 via a graphics memory bus 225. A memory interface 270 provides an interface 
to memory 230. Graphics memory 230 may, for example, comprise a frame buffer.”) 
 
Kelleher at 4:20-35 (“Slave GPU chip 240 is coupled to GPU chip 220 via an interlink 250. 
Interlink 250 is preferably a low latency, high bandwidth link. Interlink 250 should have a 
sufficiently low latency that the round trip delay time associated with sending and receiving 
data on interlink 250 does not exceed a timing margin for processing data. Additionally, the 
aggregate bandwidth of interlink 250 is preferably comparable to that of internal buses used to 
transmit graphics data of the type processed by graphics processing module 265. For example, 
the bandwidth of interlink 250 is preferably sufficiently large to accommodate sending and 
receiving data corresponding to the full input/output data width of processing module 285. 
These attributes of interlink 250 facilitate seamlessly offloading processing tasks to slave GPU 
chip 240 as if processing module 285 of slave GPU chip 240 was an internal extension of 
processing module 265 of GPU chip 220.”) 
 
Kelleher at 7:47-61 (“FIG. 9 illustrates an exemplary physical interface for forming part of the 
interlink 750 between the master GPU chip and the slave GPU chip. In one embodiment the 
interlink is formed from many dedicated point-to-point unidirectional signals running at trans 
GHz frequencies. On output side 905 inputs from a plurality of shader pipeline buses are 
staged in a staging phase and are then serialized. A sync bit is generated to identify to the other 
side that a load is present. Additionally, a clock signal (iclk) is transmitted as an interlink clock 
to permit clock recovery/synchronization. At input side 910 received data is deserialized, 
staged, and sent to the graphics pipeline. Note that at input side 910 the local interlink clock, 
sclk, may be generated from iclk but run at a different rate than iclk.”) 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
 

Kelleher at 8:35-47 (“Each GPU chip 1020 and 1040 is connected to bridge 210 via respective 
buses 1015 and 1017. Bus 1015 and bus 1017 are preferably high-speed buses, such as PCI 
Express buses. In one embodiment, driver software 1005 residing in a memory coupled to 
CPU 205 includes a load-balancing algorithm that divides each graphics frame into two 
portions corresponding to different regions of a display. In one embodiment, the load 
balancing algorithm divides the frame into two contiguous sections corresponding to a first 
section processed by one GPU chip and a second section processed by the other GPU chip. As 
an illustrative example, the first portion may correspond to an upper section of a display 
whereas the second portion corresponds to a lower section of a display.”) 
 
Kelleher at 8:54-10:3 (“GPU chip 1020 receives a first command stream from CPU 205 via 
bus 1015 corresponding to the first portion of the frame. GPU chip 1040 receives a second 
command stream from CPU 205 via bus 1017 corresponding to the second portion of the 
frame. In turn, GPU chip 1020 receives the first command stream in command module 1060. 
Command module 1060 allocates work to one or more internal processing modules 1065 to 
generate pixels for the first portion of the frame. GPU chip 1020 includes a memory interface 
1070 to interface a graphics memory 1030 for performing frame buffer operations. GPU chip 
1040 receives the second command stream in command module 1080. Command module 1080 
allocates work to one or more internal processing modules 1085 to generate pixels for the 
second portion of the frame. GPU chip 1040 includes a memory interface 1090 for interfacing 
with a graphics memory 1095 for performing frame buffer operations.”) 
 
See also evidence cited for ’803 patent limitation 1[A]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

1[C]: a second GPU chiplet 
communicably coupled to the first 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
GPU chiplet via a passive 
crosslink,  

See, e.g.,  

Kelleher at Fig. 2 

 
 
Kelleher at Fig. 3 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
 
Kelleher at Fig. 4 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
Kelleher at Fig. 5 

 
Kelleher at Fig. 6 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
Kelleher at Fig. 7 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
Kelleher at Fig. 8 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
Kelleher at Fig. 9 

 
 
Kelleher at Fig. 10 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 
Kelleher at Fig. 11 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 

Kelleher at Abstract (“A multi-chip graphics system includes a master chip and a slave chip 
coupled by an interlink. The slave chip performs a graphics processing operation in parallel 
with the master chip, improving the performance of the master chip. In one embodiment, an 
individual graphics processing unit (GPU) chip includes a normal operational mode, a master 
mode, and a slave mode to permit an individual GPU chip to be used as individual processor or 
to be packaged as part of a master/slave pair.”) 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
Kelleher at 1:14-19 (“The present invention is generally related to improving the performance 
of a graphics processing unit. More particularly, the present invention is directed to a graphics 
processing unit chip that may be used as an individual processor or packaged with another 
graphics processing unit chip as a multi-chip module to improve performance.”) 
 
Kelleher at 2:7-17 (“A graphics processing unit chip is disclosed that may be used as an 
individual processor or packaged as a multi-chip module having a master/slave pair with 
improved processing performance. A packaged multi-chip master/slave pair includes a high 
bandwidth interlink for transferring data from the master chip to the slave chip and returning 
processed data from the slave chip to the master chip. The master chip receives a graphics 
command string and generates a graphics output. The master chip utilizes the slave chip to 
process, in parallel, data for one or more stages of the graphics pipeline of the master chip.”) 
 
Kelleher at 2:18-28 (“One embodiment of a multi-chip graphics system comprises: a master 
chip configured to receive graphics instructions and generate a graphics output, the master chip 
including a first interlink interface; a slave chip for performing processing of graphics data, the 
slave chip including a second interlink interface, the slave chip receiving graphics data from 
the master chip and processing the graphics data in parallel on behalf of at least one stage of 
the master chip to improve performance of the master chip; the master chip and the slave chip 
packaged with a high bandwidth interlink for exchanging data.”) 
 
Kelleher at 3:35-50 (“GPU chip 220 includes a command module 260. Command module 260 
receives a graphics command stream from CPU 205, reads and parses the command string, and 
distributes work to the other stages within GPU chip 220. At least one of the stages in the 
graphics pipeline of GPU chip 220 is a processing module 265 that performs a processing 
operation that may be performed in parallel. One example is a shader stage. Shader stages in 
high performance GPUs are typically arranged as groups of shader pipelines along with logic 
that permits a load balancing operation in which the shading work is distributed between the 
shader pipelines. Slave GPU chip 240 is packaged with GPU chip 220 as a multi-chip module 
213 that may be used as a replacement for an individual GPU chip. As described below in 
more detail, in one embodiment multi-chip module 213 may include a package adapted to be 
mounted onto a board.”) 
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U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
 
Kelleher at 3:51-4:2 (“Slave GPU chip 240 includes a processing module 285 capable of 
performing a processing function that is compatible with that performed by processing module 
265. This permits, for example, two GPU’s from the same or related product lines to be used in 
system 200. Thus, for example, slave GPU chip 240 may have its own command module 280 
and memory interface 290. However, as indicated by the dashed lines in FIG. 2, when the 
interlink 250 is active command module 280 is inactive. In one embodiment, in the slave mode 
memory interface 290 is inactive. This configuration provides the benefit of facilitating a 
system having a single unified memory architecture utilizing one memory 230. A single 
unified memory architecture utilizes bandwidth efficiently. Additionally, a single unified 
memory architecture provides the benefit that it does not require modifications to driver 
software. However, it will be understood that in an alternate embodiment that memory 
interface 290 remains active, permitting a second memory 295 (illustrated in phantom) to be 
utilized in the slave mode.”) 
 
Kelleher at 4:3-19 (“GPU chip 220 acts as the master processor and utilizes processing module 
285 as an additional processing resource that is used in parallel with processing module 265. In 
one embodiment slave GPU chip 240 also receives clock signals from GPU chip 220 to 
facilitate synchronization of slave GPU chip 240 to GPU chip 220. In the slave mode, a load 
balancing module (not shown) within processing module 265 determines a distribution of work 
to be performed by processing modules 265 and 285 and transfers a portion of the graphics 
data that it receives to processing module 285. Thus for example, if processing modules 265 
and 285 are substantially identical, about half of the processing that would ordinarily be 
performed by processing module 265 is off-loaded to processing module 285, permitting an 
approximately two-fold improvement in performance (e.g., speed or quality), assuming that 
processing modules 265 and 285 have a similar number of operable processing elements.”) 
 
Kelleher at 4:20-35 (“Slave GPU chip 240 is coupled to GPU chip 220 via an interlink 250. 
Interlink 250 is preferably a low latency, high bandwidth link. Interlink 250 should have a 
sufficiently low latency that the round trip delay time associated with sending and receiving 
data on interlink 250 does not exceed a timing margin for processing data. Additionally, the 
aggregate bandwidth of interlink 250 is preferably comparable to that of internal buses used to 
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transmit graphics data of the type processed by graphics processing module 265. For example, 
the bandwidth of interlink 250 is preferably sufficiently large to accommodate sending and 
receiving data corresponding to the full input/output data width of processing module 285. 
These attributes of interlink 250 facilitate seamlessly offloading processing tasks to slave GPU 
chip 240 as if processing module 285 of slave GPU chip 240 was an internal extension of 
processing module 265 of GPU chip 220.”) 
 
Kelleher at 4:36-49 (“In one embodiment interlink 250 includes a plurality of sub-links (not 
shown) that include corresponding signal paths (e.g., high bandwidth conductive paths). The 
number of sub-links required will depend upon the data bandwidth associated with transferring 
data from GPU chip outbound to slave GPU chip 240 and the data bandwidth associated with 
returning processed data from slave GPU chip 240. Additionally, the number of sub-links 
required will also depend upon the bandwidth required for memory accesses between slave 
GPU chip 240 and memory 230. As an illustrative example, in one implementation in which 
interlink 250 is used to transfer shader data, the bandwidth required corresponds to a 
bandwidth for transmitting data from a large number of conventional pins (e.g., 50 to 200 
conventional pins).”) 
 
Kelleher at 4:50-62 (“Interlink 250 is supported by interface 255-A in GPU chip 220 and 
interface 255-B within slave GPU chip 240. Each interface may, for example, determine an 
order in which outbound data is sent across the interlink to the other side. Conversely, each 
interface may determine an order in which received data is provided to the receiving processor. 
In one embodiment, each interface 255-A and 255-B supports parallel-to-serial data 
conversion for data to be sent out on interlink 250 along with serial-to-parallel data conversion 
of data received from interlink 250. Transmitting data in serial form on high bandwidth signal 
paths is desirable to reduce the total number of signal paths and corresponding interconnects 
that must be formed for interlink 250.”) 
 
Kelleher at 4:63-5:18 (“In one embodiment GPU chip 220 and slave GPU chip 240 are formed 
from the same product design or with product designs having compatible processing modules 
265 and 285. In this embodiment, a manufactured GPU chip is designed to support a normal 
mode of operation, a master mode of operation, and a slave mode of operation. In the normal 
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mode of operation a GPU chip is operable as an individual processor and may be packaged as 
an individual processor. However, two GPU chips may be packaged as a multi-chip module 
213 in which one of the GPU chips acts as the master and the other acts as the slave. The 
multi-chip module 213, which utilizes the resources of processor module 285 in parallel with 
processor module 265, has improved performance compared with an individual GPU chip. 
Note that in the multi-chip module 213 only the master GPU 220 receives graphics instructions 
from CPU 205. As result, replacing a single GPU chip with a multi-chip module having a 
master/slave pair of GPUs is a seamless change to driver software within CPU 205. That is, the 
driver software perceives the master/slave pair as a single GPU. Thus with one type of GPU 
chip two different markets can be served by packaging either a single GPU chip or by 
packaging a master/slave pair of GPU chips for higher performance.”) 
 
Kelleher at 5:19-38 (“A variety of techniques can be used to establish a master-slave 
relationship between GPU chip 220 and slave GPU chip 240 in a packaged multi-chip module 
213. For example, one or both of the chips may be programmed prior to packaging (e.g., by 
programming a bit in a permanent memory). Alternatively, one or both of the chips may 
determine that they are the master or the slave by detecting whether they are receiving 
command instructions from a command module and determining whether interlink 250 is 
active. Additionally, a messaging technique may be used. For example, GPU chip 220 and 
slave GPU chip 240 may exchange messages to set up a master-slave relationship. Hardware 
or software within each processing module may be included to support the establishment of a 
master-slave relationship. For example, a slave mode control module 287 may be included in 
slave GPU chip 240 to establish a slave condition if one or more slave conditions are present, 
such as detecting a load on interlink 250. Similarly a master mode control module (not shown) 
within in GPU chip 220 may be included to establish a master condition if one or more master 
conditions are present.”) 
 
Kelleher at 5:39-57 (“Referring to FIG. 3, in one embodiment GPU chip 240 and GPU chip 
220 are packaged in an edge-to-edge multi-chip module 313 with the interlink formed by 
fabricating signal leads between the chips. GPU chip 240 and GPU chip 220 are packaged on 
top of a common multi-chip package 305 that is then placed on a board 310. However, high 
performance GPUs process large amounts of data, particularly for the shader stage. An edge-
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to-edge configuration permits only a comparatively small number of low latency sub-links to 
be formed between edges 315 and 320. Additionally, an edge-to-edge configuration has an 
associated internal (chip) propagation delay for signals to propagate between the periphery of 
the chip to internal source or destination points. As a result, a drawback of an edge-to-edge 
packaging configuration is that it may not permit an interlink 250 to be formed having 
sufficient latency and bandwidth attributes required to support parallel processing of stages in 
high performance GPUs requiring a large bandwidth for data transfer, such as shader stages.”) 
 
Kelleher at 5:58-65 (“In one embodiment, multi-chip module 213 has slave GPU chip 240 and 
GPU chip 220 packaged parallel and in close proximity to each other across a substantial 
portion of the area of each chip. This configuration of parallel and closely spaced chips 
facilitates using leads, such as vias, to form a substantial number of parallel sublinks that are 
distributed across the area of each chip with a low latency per sub-link and with a high total 
aggregate bandwidth.”) 
 
Kelleher at 5:66-6:23 (“FIG. 4 shows an embodiment of a multi-chip module 413 for 
implementing a low latency, high bandwidth interlink 250. In this embodiment GPU chip 220 
and slave GPU 240 are flip-chip mounted to opposite sides of a package 405. The package 405 
may, for example, comprise a coreless substrate. Core-less substrates utilize a stacked build-up 
process to form the substrate. A core-less substrate utilizes only the build up layers to form 
interconnects and hence lacks a conventional core. Core-less substrates utilize micro-vias that 
permit an increased density (pitch) of vias, have less signal attenuation due to the lower 
package thickness, have reduced inductance, facilitate high speed data transfer, and provide 
other benefits. Conductive vias 410 within package 405 are used to form interlink 250. The 
vias 410 may be distributed across the area of GPU chip 220 and slave GPU 240 to provide a 
combined (total) bandwidth that scales with the number of vias. The transit distance for signals 
to travel from one processor to another corresponds to the thickness of package 405. In one 
embodiment, the board 415 onto which the package is mounted has a hole 420 to permit both 
GPU chip 220 and slave processor 240 to be cooled to a heat sink 425. In one embodiment 
heat sink 425 includes a wrap-around section 430 for cooling slave GPU 240. Package 405 
may be mounted to board 415 using conventional bonding processes, such as by using solder 
balls 435.”) 
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Kelleher at 6:24-46 (“FIG. 5 shows an embodiment of a multi-chip module 513 in which GPU 
chip 220 and slave GPU chip 240 are packaged on top of each other. In this embodiment, vias 
510 may be formed in one of the dies to form conductive paths for interlink 250. The other die 
is then bonded on top of the other using three-dimensional packaging techniques. The bonded 
die are then mounted to a package 505, which may then be attached to a board 515. Additional 
power and signal connections may be formed to slave GPU chip 240 using additional vias or 
wire bond connections. Die-to-die bonding is a type of three-dimensional packaging that is 
typically used in the system-on-a-chip (SOC) art to bond memory chips to a processor. In 
particular, three-dimensional packaging techniques are conventionally used to form a hybrid 
integrated circuit in which different types of electronic modules are packaged on top of each 
other to form a hybrid circuit that emulates a system-on-a-chip. For example, Ziptronix, Inc., 
of Morrisville, N.C. provides three dimensional wafer bonding and interconnect services that 
permit a non-adhesive bond to be formed between a die and a corresponding interconnect on 
another chip. Similarly, Xanoptix of Merrimack, N.H. offers three-dimensional packaging 
services.”) 
 
Kelleher at 6:47-7:52 (“FIG. 6 illustrates a package-on-package (POP) multi-chip module 613. 
In this configuration the slave GPU chip 240 is mounted to a package 620 including vias 610. 
The master GPU chip is mounted to a package 605. Package 620 is mounted on top of master 
processor 220. Package 605 may be attached a board 615.”) 
 
Kelleher at 7:53-59 (“High performance GPU chips dissipate a substantial amount of heat. As 
an illustrative example, a high performance GPU chip may dissipate 50 to 75 watts. 
Consequently, packaging two GPU chips in a multi-chip module 213 will increase heat 
dissipation. Thermal modeling is desirable to optimize the heat sinking and cooling for multi-
chip module 213.”) 
 
Kelleher at 7:60-67 (“One application of the present invention is to improve shader 
performance. A shader stage is one of the larger (by area) stages of a GPU. Increasing the size 
of the shader stage to meet the performance demands of the market segment demanding the 
highest GPU performance is conventionally difficult to do in an economic manner. However, 
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in accordance with the present invention, two GPU chips may be packaged together for 
improved shader performance.”) 
 
Kelleher at 7:1-8 (“FIG. 7 is a block diagram of an exemplary multi-chip graphics system with 
improved shader performance in accordance with one embodiment of the present invention. A 
master GPU chip 720 has a PCI Express interface 715 for receiving graphics commands from 
a central processing unit (not shown) and an output interface 735 for outputting graphical 
images. A memory 730 is coupled to GPU chip 720. Slave GPU chip 740 is coupled to master 
GPU 720 by interlink 750.”) 
 
Kelleher at 7:9-26 (“FIG. 8 is a block diagram showing some of the components within master 
GPU chip 720 and slave GPU chip 740 in more detail. Master GPU chip 720 includes a host 
and front end stage acting as a command module 860. A geometry stage 810 performs 
geometry processing. A raster stage 820 rasterizes primitives and also performs a Z culling 
operation to cull out occluded primitives. A CAS/STRI module is a color assembly/shader 
triangle module that receives attributes, such as colors, from the geometry state and calculates 
plane equations for interpolation by the shader stage 865. Shader stage 865 includes a plurality 
of shader pipelines for pixel shading. In one embodiment shader stage 865 includes 24 pixel 
shader pipelines. Raster operations (ROP) functions are performed in a pre raster operations 
stage 840 and associated raster operation stages 850. A frame buffer interface 870 serves as a 
memory interface to memory 730. Texture modules 880 and cache memory 882 are utilized by 
shader 865 for texture mapping operations.”) 
 
Kelleher at 7:27-31 (“Slave GPU chip 740 includes a shader stage 885 having a plurality of 
shader pipelines, texture modules 895, and cache 897. In one embodiment, shader stage 885 
includes 24 shader pipelines such that slave GPU chip 740 doubles the shading power of a 
master GPU chip 720 having 24 shader pipelines.”) 
 
Kelleher at 7:32-35 (“Data in a shader queue is routed to the shader pipelines of slave GPU 
740. Texture cache requests and return texture data are also routed over interlink 750. Final 
pixel results generated by shader 885 are routed back to master GPU 720.”) 
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Kelleher at 7:36-46 (“In one embodiment slave GPU chip 740 includes analogous stages to 
that of master GPU chip 720. However, only those stages required to establish interlink 750 
and perform the shading operation need to be free from defects. Thus while shader stage 885, 
texture modules 895, and cache 897 are fully functional, slave GPU chip 740 does not require 
a fully functional command module (not shown), geometry stage (not shown), or raster stage 
(not shown). As a result, slave GPU chip 740 may be a GPU similar in design to master GPU 
chip 720 but that is identified as a “floorswept” unit having a defect that renders it unusable as 
a stand-alone or master GPU.”) 
 
Kelleher at 7:47-61 (“FIG. 9 illustrates an exemplary physical interface for forming part of the 
interlink 750 between the master GPU chip and the slave GPU chip. In one embodiment the 
interlink is formed from many dedicated point-to-point unidirectional signals running at trans 
GHz frequencies. On output side 905 inputs from a plurality of shader pipeline buses are 
staged in a staging phase and are then serialized. A sync bit is generated to identify to the other 
side that a load is present. Additionally, a clock signal (iclk) is transmitted as an interlink clock 
to permit clock recovery/synchronization. At input side 910 received data is deserialized, 
staged, and sent to the graphics pipeline. Note that at input side 910 the local interlink clock, 
sclk, may be generated from iclk but run at a different rate than iclk.”) 
 
Kelleher at 7:62-8:7 (“In light of the previous discussion, it can be understood that the present 
invention provides several cost and performance advantages. As an illustrative example, a 
GPU manufacturer might design a GPU chip to have high performance attributes but with a 
processing module, such as a shader, selected to achieve a reasonable tradeoff between 
performance, production volumes, and price point for the general market. Extremely high 
performance (e.g., about a factor of two improvement) of one or more stages can be achieved 
by packaging some of the GPU chips as master/slave pairs. Moreover, some or all of the 
master/slave papers can use “floorswept” GPUs as the slave GPU, thereby reducing 
manufacturing cost.”) 
 
Kelleher at 8:8-18 (“While an exemplary embodiment of the present invention has been 
described as having a single master GPU chip and a single slave GPU chip, it will be 
understood that numerous extensions are contemplated. For example, in some applications it 
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may be desirable to utilize two or more slave GPUs for each master GPU. Moreover, while 
examples have been described in which the slave GPU performs a processing operation in 
parallel for one of the stages of the master GPU, more generally one or more operable stages 
within slave GPU may be used to extend the performance of corresponding stages within the 
master GPU.”) 
 
Kelleher at 8:19-34 (“FIG. 10 illustrates an alternate embodiment of a graphic system 1000 
with intra-frame load balancing in which a first GPU chip 1020 and a second GPU chip 1040 
process different portions of each frame. First GPU chip 1020 is the master GPU and merges 
data processed by each GPU for different portions of a frame into a single display output 1035. 
GPU chip 1040 is the slave GPU. In one embodiment, each GPU chip 1020 and 1040 has a 
normal mode of operation as an individual stand-alone GPU, a master mode, and a slave mode, 
permitting an individual GPU chip to be used either alone or as part of a pair for higher 
performance. The mode of operation may be selected using a variety of techniques, such as by 
using instructions from a CPU (e.g., from a driver) to instruct a GPU chip if it is operating in a 
slave mode or a master mode. The normal operating mode may, for example, be a default 
mode.”) 
 
Kelleher at 8:35-47 (“Each GPU chip 1020 and 1040 is connected to bridge 210 via respective 
buses 1015 and 1017. Bus 1015 and bus 1017 are preferably high-speed buses, such as PCI 
Express buses. In one embodiment, driver software 1005 residing in a memory coupled to 
CPU 205 includes a load-balancing algorithm that divides each graphics frame into two 
portions corresponding to different regions of a display. In one embodiment, the load 
balancing algorithm divides the frame into two contiguous sections corresponding to a first 
section processed by one GPU chip and a second section processed by the other GPU chip. As 
an illustrative example, the first portion may correspond to an upper section of a display 
whereas the second portion corresponds to a lower section of a display.”) 
 
Kelleher at 8:48-60 (“In one embodiment the load-balancing algorithm implemented by driver 
software 1005 dynamically adjusts the division of the frame into portions that are selected 
based upon an estimate of scene complexity throughout the frame and the capabilities of each 
GPU chip 1020 and 1040. This permits each GPU 1020 and 1040 to complete processing of 
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their respective portions of a frame at about the same time, which facilitates the merger 
process. Thus, for example, in some frames the relative size of an upper frame portion and a 
lower frame portion processed in different GPU chips may be adapted so that each GPU chip 
1020 and 1040 completes rendering its respective portion of a frame at about the same time.”) 
 
Kelleher at 10:32-44 (“FIG. 11 illustrates another embodiment of a graphics system 1100. 
Graphic system 1100 has components similar to that of graphics system 1000. Additionally, 
graphics system 1100 has a command interlink 1062 for exchanging command information 
between respective command modules 1060 and 1080 of GPU chips 1020 and 1040. In this 
embodiment, master GPU chip 1120 may perform part of all of the dynamic load balancing 
calculations for dividing a frame into different frame sections and then distribute work for 
processing one of the frame sections to slave GPU 1040. A benefit of the embodiment of FIG. 
11 is that it permits a peer-to-peer mode of operation in which the GPU chips 1020 and 1040 
determine how to distribute the work of processing a frame.”) 
 
Kelleher at Claim 1(“1. A multi-chip graphics system for augmenting performance of a 
graphics processor using a partial defective graphics processor, comprising: 
 a first graphics processing unit (GPU) chip configured as a master GPU chip, the 
master GPU chip having a first set of graphics stages including a first command module stage 
to receive a graphics command string from a central processing unit and in response generate a 
graphics output, said master GPU chip having a first version of a processing stage having a 
first group of parallel processing units, said master GPU chip including a first interlink 
interface; 
 a second graphics processing unit GPU chip having a second set of graphics stages 
identical to said first set of graphics stages except that at least one stage has a defect that 
results in said second GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image, the second GPU chip configured as a slave GPU 
chip, the slave GPU chip having a second command module that is inoperative during normal 
use of the multi-chip graphics system, said slave GPU chip including an operative second 
version of said processing stage having a second group of parallel processing units and a 
second interlink interface, said slave GPU chip receiving graphics data from said master GPU 
chip for parallel processing in said second group of parallel processing units and processing 
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said graphics data in parallel on behalf of said master GPU chip to improve performance of 
said master GPU chip; and 
 said master GPU chip and said slave GPU chip packaged with a high bandwidth 
interlink for exchanging data and commands between said master GPU chip and said slave 
GPU chip, the high bandwidth interlink having a sufficient bandwidth such that said second 
version of said processing stage acts as an extension of said first version of said processing 
stage; 
 the master GPU chip commanding the slave GPU chip via the high bandwidth link and 
utilizing said second version of said processing stage to increase an effective number of 
parallel processing units of said first version of said processing stage acting in parallel to 
process data; 
 wherein the slave GPU chip extends the capability of only a subset of stages in said 
master GPU chip.”) 
 
Kelleher at Claim 2 (“2. The multi-chip graphics system of claim 1, wherein said system 
performs a shading operation in parallel using a first shader stage in said master GPU chip and 
a second shader stage in said slave GPU chip.”) 
 
Kelleher at Claim 3 (“3. A multi-chip graphics system for augmenting performance of a 
graphics processor using a partially defective graphics processor, comprising: 
 a first graphics processing unit (GPU) chip receiving a graphics command string from a 
central processing unit and generating a graphics output, said first GPU chip including a first 
set of graphics stages including a first stage for implementing a parallel processing operation 
on graphics data received by said first stage; 
 a second graphics processing unit (GPU) chip having a second set of graphics stages 
identical to said first set of graphics stages except that at least one stage has a defect that 
results in said second GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image, the second GPU chip including a slave mode control 
module activated such that said second GPU chip is configured to act as a slave to said first 
GPU chip, said second GPU chip including a second stage for performing said parallel 
processing operation; and 
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 an interlink configured to send data and commands from said first stage of said first 
GPU chip to said second stage of said second GPU chip and to return processed data from said 
second stage of said second GPU chip to said first stage of said first GPU chip the interlink 
having a sufficient bandwidth such that said second stage of said second GPU chip acts as an 
extension of said first stage of said first GPU chip; 
 wherein said graphics system is configured to process said graphics data in parallel via 
said first stage and said second stage with said second stage operating as an extension of said 
first stage with said second GPU chip extending the capability of only a subset of stages in 
said first GPU chip; 
 wherein the first GPU chip commands the second GPU chip via the interlink and only 
the first GPU chip receives the command string from the central processing unit.”). 
 
Kelleher at Claim 4 (“ 4. The multi-chip graphics system of claim 3, wherein said first GPU 
chip and said second GPU chip are fabricated from the same design”). 
 
Kelleher at Claim 6 (“ 6. The multi-chip graphics system of claim 3, wherein said first GPU 
chip and said second GPU chip are packaged parallel and in close proximity to each other with 
said interlink comprising a plurality of conductive leads for communicating signals between 
said first GPU chip and said second GPU chip.”) 
 
Kelleher at Claim 7 (“ 7. The multi-chip graphics system of claim 6, wherein said first GPU 
chip and said second GPU chip are mounted to opposed sides of a coreless substrate.”) 
 
Kelleher at Claim 8 (“ 8. The multi-chip graphics system of claim 6, wherein said first GPU 
chip and said second GPU chip are mounted to each other using three-dimensional packaging 
techniques.”) 
 
Kelleher at Claim 10 (“10. A graphics processing unit (GPU) chip, comprising: 
 a command module; 
 a set of graphics stages including a stage for performing a processing operation capable 
of being performed in parallel; 

Onesta IP, LLC, Exhibit No. 2102
Case No. IPR2026-00011

Page 38 of 87



 

39 
 

U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
 a slave mode control module operative to configure the GPU chip to act as a slave CPU 
chip for a selected subset of graphics stages in the event that at least one other stage has a 
defect that results in said GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image; 
 a memory interface for interfacing with a graphics memory; and 
 an interface configured to permit an interlink to be established with another GPU chip 
to exchange data and commands; 
 said GPU chip configured to have a normal operating mode, a master mode, and a 
slave mode, wherein in said normal operating mode said GPU chip is operable as an individual 
processor, in said master mode said GPU chip utilizes said interlink to have said another GPU 
chip perform said processing operation in parallel, and in said slave mode said GPU chip 
receives data to be processed in said stage on behalf of said another GPU chip; 
 wherein said GPU chip is operable as an individual GPU chip or as part of a multi-chip 
module with said another GPU chip and wherein in a multi-chip module the interlink has 
sufficient bandwidth such that said slave GPU chip acts as an extension of said stage of said 
master with the master using the slave to increase an effective number of parallel processing 
units in said stage acting in parallel to process data.”) 
 
Kelleher at Claim 14 (“14. The GPU chip of claim 10, wherein said GPU chip is packaged 
with said another GPU chip and one of said GPU chip and said another GPU chip operates as a 
slave and the other as a master.”) 
 
Kelleher at Claim 15 (“15. A multi-chip graphics system for augmenting performance of a 
graphics processor using a partially defective graphics processor, comprising: 
 a first graphics processing unit (GPU) chip for receiving a graphics command string 
from a central processing unit and generating a graphics output, said first GPU chip including 
a first set of graphics stages including a first shader stage receiving graphics data to be shaded; 
 a second graphics processing unit GPU chip including a second set of graphics stages 
including a second shader stage, at least one of said second set of graphics stages other than 
said second shader stage having a defect that results in said second GPU chip not satisfying a 
performance criteria for performing a full sequence of steps for rendering an image; and 
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 said first GPU chip and said second GPU chip packaged in parallel to each other with 
leads for forming a high bandwidth interlink for sending data from said first GPU chip to said 
second GPU chip and returning processed data from said second GPU chip to said first GPU 
chip the interlink having sufficient bandwidth such that said second shader stage of said 
second GPU chip acts as an extension of said first shader stage of said first GPU chip; 
 wherein said first GPU chip is configured as a master and said second GPU chip is 
configured as a slave, said master allocating a first portion of said graphics data to be shaded in 
said first shader stage of said first GPU chip and a second portion of said graphics data to be 
shaded in parallel using said second shader stage of said second GPU chip; 
 the master utilizing said second shader stage of said slave to increase an effective 
number of parallel shading units of said first shader stage acting in parallel to process data the 
slave extending the capability of only a subset of stages in said master; 
 wherein the first GPU chip commands the second GPU chip via the high bandwidth 
interlink and only the first GPU chip receives the graphics command string from the central 
processing unit.”) 
 
 
This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

1[D]: wherein the passive 
crosslink is dedicated for inter-
chiplet communications. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 2. 
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Kelleher at Fig. 4 
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Kelleher at Fig. 5 
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Kelleher at Fig. 6 
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Kelleher at Fig. 7 
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Kelleher at Fig. 8 

Onesta IP, LLC, Exhibit No. 2102
Case No. IPR2026-00011

Page 45 of 87



 

46 
 

 

Onesta IP, LLC, Exhibit No. 2102
Case No. IPR2026-00011

Page 46 of 87



 

47 
 

U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
Kelleher at Fig. 9 

 
 
Kelleher at Fig. 10 
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Kelleher at Fig. 11 

Onesta IP, LLC, Exhibit No. 2102
Case No. IPR2026-00011

Page 48 of 87



 

49 
 

U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 

 

Kelleher at 1:14-19 (“The present invention is generally related to improving the performance 
of a graphics processing unit. More particularly, the present invention is directed to a graphics 
processing unit chip that may be used as an individual processor or packaged with another 
graphics processing unit chip as a multi-chip module to improve performance.”) 
 
Kelleher at 1:23-35 (“The design of a graphics processing unit (GPU) chip includes many 
different tradeoffs. FIG. 1 is a block diagram of a prior art GPU chip 100. A GPU is typically 
implemented as a sequence of pipelined stages, where each stage is dedicated to performing a 
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particular graphics processing operation. Some stages, such as stage n, can be implemented by 
two or more individual elements that process graphics data in parallel. Thus, in some cases the 
processing operation performed by a stage may be divided up and performed in parallel. For 
example, stage n may be a pixel shader stage configured to balance a processing load for 
shading groups of pixels across an integer number, m, of shader pipelines (not shown) within 
stage n.”) 
 
Kelleher at 1:36-43 (“The performance (e.g., speed and/or processing quality) of stage n can 
be improved by increasing the number of elements that process graphics data in parallel. 
However, increasing the number of parallel processing elements in stage n has the drawback 
that the chip area devoted to stage n increases. This is illustrated in FIG. 1 by the larger size of 
stage n compared with other stages. A larger chip size, in turn, increases the cost to produce 
GPU chip 100.”) 
 
Kelleher at 1:51-58 (“It is difficult for GPU manufacturers to design a chip that achieves a 
satisfactory tradeoff of cost and performance for a broad cross-section of consumers. The GPU 
market is highly segmented in terms of the tastes and preferences of consumers. A small 
portion of the market is willing to pay a significant premium for extremely high performance. 
However, a large portion of the market is cost sensitive and does not require the highest level 
of performance.”) 
 
Kelleher at 1:59-67 (“Conventionally, GPU manufacturers have difficulty simultaneously 
serving the different market segments. A GPU chip designed only for the market segment 
demanding the highest performance would be too expensive for price-sensitive consumers and 
may also have a production run that has too small a volume to take full advantage of 
economies of scale. Conversely, a GPU chip designed for price-sensitive consumers will not 
have the performance desired by high-end consumers.”) 
 
Kelleher at 2:1-3 (“Therefore, what is desired in an improved apparatus, system, and method 
for designing GPU chips to service different market segments.”) 
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Kelleher at 4:20-35 (“Slave GPU chip 240 is coupled to GPU chip 220 via an interlink 250. 
Interlink 250 is preferably a low latency, high bandwidth link. Interlink 250 should have a 
sufficiently low latency that the round trip delay time associated with sending and receiving 
data on interlink 250 does not exceed a timing margin for processing data. Additionally, the 
aggregate bandwidth of interlink 250 is preferably comparable to that of internal buses used to 
transmit graphics data of the type processed by graphics processing module 265. For example, 
the bandwidth of interlink 250 is preferably sufficiently large to accommodate sending and 
receiving data corresponding to the full input/output data width of processing module 285. 
These attributes of interlink 250 facilitate seamlessly offloading processing tasks to slave GPU 
chip 240 as if processing module 285 of slave GPU chip 240 was an internal extension of 
processing module 265 of GPU chip 220.”) 
 
See also evidence cited for ’803 patent limitations 1[A]-1[C]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

  
2. The system of claim 1, wherein 
the passive crosslink comprises a 
passive interposer die. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation.. 

See, e.g.,  

Kelleher at Fig. 2. 
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Kelleher at Fig. 3 
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Kelleher at Fig. 5. 

 

Kelleher at 3:6-13 (“FIG. 2 is a block diagram of a multi-chip graphics system 200 in 
accordance with one embodiment of the present invention. A central processing unit (CPU) 
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205 is coupled to a graphics processing unit (GPU) chip 220 through a suitable bus interface. 
As used in this application a “chip” is an integrated circuit that resides on a die, with the die 
packaged to permit electrical power and signal connections to be made to the integrated 
circuit.”) 
 
Kelleher at 5:39-57 (“Referring to FIG. 3, in one embodiment GPU chip 240 and GPU chip 
220 are packaged in an edge-to-edge multi-chip module 313 with the interlink formed by 
fabricating signal leads between the chips. GPU chip 240 and GPU chip 220 are packaged on 
top of a common multi-chip package 305 that is then placed on a board 310. However, high 
performance GPUs process large amounts of data, particularly for the shader stage. An edge-
to-edge configuration permits only a comparatively small number of low latency sub-links to 
be formed between edges 315 and 320. Additionally, an edge-to-edge configuration has an 
associated internal (chip) propagation delay for signals to propagate between the periphery of 
the chip to internal source or destination points. As a result, a drawback of an edge-to-edge 
packaging configuration is that it may not permit an interlink 250 to be formed having 
sufficient latency and bandwidth attributes required to support parallel processing of stages in 
high performance GPUs requiring a large bandwidth for data transfer, such as shader stages.”) 
 
Kelleher at 6:24-46 (“FIG. 5 shows an embodiment of a multi-chip module 513 in which GPU 
chip 220 and slave GPU chip 240 are packaged on top of each other. In this embodiment, vias 
510 may be formed in one of the dies to form conductive paths for interlink 250. The other die 
is then bonded on top of the other using three-dimensional packaging techniques. The bonded 
die are then mounted to a package 505, which may then be attached to a board 515. Additional 
power and signal connections may be formed to slave GPU chip 240 using additional vias or 
wire bond connections. Die-to-die bonding is a type of three-dimensional packaging that is 
typically used in the system-on-a-chip (SOC) art to bond memory chips to a processor. In 
particular, three-dimensional packaging techniques are conventionally used to form a hybrid 
integrated circuit in which different types of electronic modules are packaged on top of each 
other to form a hybrid circuit that emulates a system-on-a-chip. For example, Ziptronix, Inc., 
of Morrisville, N.C. provides three dimensional wafer bonding and interconnect services that 
permit a non-adhesive bond to be formed between a die and a corresponding interconnect on 
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another chip. Similarly, Xanoptix of Merrimack, N.H. offers three-dimensional packaging 
services.”) 
 
See also evidence cited for ’803 patent limitation 1[D]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

  
3[A]: The system of claim 1, 
wherein the first GPU chiplet 
comprises a first PHY region 
including conductor structures for 
chiplet-to-chiplet communications,  

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 9. 
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Kelleher at Abstract (“A multi-chip graphics system includes a master chip and a slave chip 
coupled by an interlink. The slave chip performs a graphics processing operation in parallel 
with the master chip, improving the performance of the master chip. In one embodiment, an 
individual graphics processing unit (GPU) chip includes a normal operational mode, a master 
mode, and a slave mode to permit an individual GPU chip to be used as individual processor 
or to be packaged as part of a master/slave pair.”) 

Kelleher at 7:47-61 (“FIG. 9 illustrates an exemplary physical interface for forming part of the 
interlink 750 between the master GPU chip and the slave GPU chip. In one embodiment the 
interlink is formed from many dedicated point-to-point unidirectional signals running at trans 
GHz frequencies. On output side 905 inputs from a plurality of shader pipeline buses are 
staged in a staging phase and are then serialized. A sync bit is generated to identify to the other 
side that a load is present. Additionally, a clock signal (iclk) is transmitted as an interlink clock 
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to permit clock recovery/synchronization. At input side 910 received data is deserialized, 
staged, and sent to the graphics pipeline. Note that at input side 910 the local interlink clock, 
sclk, may be generated from iclk but run at a different rate than iclk.”) 
 
Kelleher at 7:62-8:7 (“In light of the previous discussion, it can be understood that the present 
invention provides several cost and performance advantages. As an illustrative example, a 
GPU manufacturer might design a GPU chip to have high performance attributes but with a 
processing module, such as a shader, selected to achieve a reasonable tradeoff between 
performance, production volumes, and price point for the general market. Extremely high 
performance (e.g., about a factor of two improvement) of one or more stages can be achieved 
by packaging some of the GPU chips as master/slave pairs. Moreover, some or all of the 
master/slave papers can use “floorswept” GPUs as the slave GPU, thereby reducing 
manufacturing cost.”) 
 
Kelleher at 8:8-18 (“While an exemplary embodiment of the present invention has been 
described as having a single master GPU chip and a single slave GPU chip, it will be 
understood that numerous extensions are contemplated. For example, in some applications it 
may be desirable to utilize two or more slave GPUs for each master GPU. Moreover, while 
examples have been described in which the slave GPU performs a processing operation in 
parallel for one of the stages of the master GPU, more generally one or more operable stages 
within slave GPU may be used to extend the performance of corresponding stages within the 
master GPU.”) 
 
Kelleher at 10:20-31 (“Pixel link 1050 may be formed using any of techniques to package a 
pair of chips with an interlink as previously described in regards to interlink 250 (e.g., edge-to-
edge, flip-chip mounted to opposite side of a package, packaged on top of each other, or 
package-on-package). However, the bandwidth required to transmit pixels is comparatively 
low with respect to, for example, transmitting data between shader stages. For example, in one 
embodiment the bandwidth required to transmit a pixel data stream for half of a frame requires 
about 10 to 20 pins. Consequently, in one embodiment pixel link 1050 comprises a physical 
connector (not shown) connecting two separate GPU chips 1020 and 1040.”) 
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Kelleher at 10:32-44 (“FIG. 11 illustrates another embodiment of a graphics system 1100. 
Graphic system 1100 has components similar to that of graphics system 1000. Additionally, 
graphics system 1100 has a command interlink 1062 for exchanging command information 
between respective command modules 1060 and 1080 of GPU chips 1020 and 1040. In this 
embodiment, master GPU chip 1120 may perform part of all of the dynamic load balancing 
calculations for dividing a frame into different frame sections and then distribute work for 
processing one of the frame sections to slave GPU 1040. A benefit of the embodiment of FIG. 
11 is that it permits a peer-to-peer mode of operation in which the GPU chips 1020 and 1040 
determine how to distribute the work of processing a frame.”) 
 
Kelleher at Claim 1(“1. A multi-chip graphics system for augmenting performance of a 
graphics processor using a partial defective graphics processor, comprising: 
 a first graphics processing unit (GPU) chip configured as a master GPU chip, the 
master GPU chip having a first set of graphics stages including a first command module stage 
to receive a graphics command string from a central processing unit and in response generate a 
graphics output, said master GPU chip having a first version of a processing stage having a 
first group of parallel processing units, said master GPU chip including a first interlink 
interface; 
 a second graphics processing unit GPU chip having a second set of graphics stages 
identical to said first set of graphics stages except that at least one stage has a defect that 
results in said second GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image, the second GPU chip configured as a slave GPU 
chip, the slave GPU chip having a second command module that is inoperative during normal 
use of the multi-chip graphics system, said slave GPU chip including an operative second 
version of said processing stage having a second group of parallel processing units and a 
second interlink interface, said slave GPU chip receiving graphics data from said master GPU 
chip for parallel processing in said second group of parallel processing units and processing 
said graphics data in parallel on behalf of said master GPU chip to improve performance of 
said master GPU chip; and 
 said master GPU chip and said slave GPU chip packaged with a high bandwidth 
interlink for exchanging data and commands between said master GPU chip and said slave 
GPU chip, the high bandwidth interlink having a sufficient bandwidth such that said second 
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version of said processing stage acts as an extension of said first version of said processing 
stage; 
 the master GPU chip commanding the slave GPU chip via the high bandwidth link and 
utilizing said second version of said processing stage to increase an effective number of 
parallel processing units of said first version of said processing stage acting in parallel to 
process data; 
 wherein the slave GPU chip extends the capability of only a subset of stages in said 
master GPU chip.”) 
 
Kelleher at Claim 10 (“10. A graphics processing unit (GPU) chip, comprising: 
 a command module; 
 a set of graphics stages including a stage for performing a processing operation capable 
of being performed in parallel; 
 a slave mode control module operative to configure the GPU chip to act as a slave CPU 
chip for a selected subset of graphics stages in the event that at least one other stage has a 
defect that results in said GPU chip not satisfying a performance criteria for performing a full 
sequence of steps for rendering an image; 
 a memory interface for interfacing with a graphics memory; and 
 an interface configured to permit an interlink to be established with another GPU chip 
to exchange data and commands; 
 said GPU chip configured to have a normal operating mode, a master mode, and a 
slave mode, wherein in said normal operating mode said GPU chip is operable as an individual 
processor, in said master mode said GPU chip utilizes said interlink to have said another GPU 
chip perform said processing operation in parallel, and in said slave mode said GPU chip 
receives data to be processed in said stage on behalf of said another GPU chip; 
 wherein said GPU chip is operable as an individual GPU chip or as part of a multi-chip 
module with said another GPU chip and wherein in a multi-chip module the interlink has 
sufficient bandwidth such that said slave GPU chip acts as an extension of said stage of said 
master with the master using the slave to increase an effective number of parallel processing 
units in said stage acting in parallel to process data.”) 
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Kelleher at Claim 12 (“12. The GPU chip of claim 10, wherein said interface serializes output 
data prior to transmission on said interlink.”) 
 
Kelleher at Claim 13 (“13. The GPU chip of claim 10, wherein said interface deserializes input 
data received from said interlink.”) 
 
Kelleher at Claim 15 (“15. A multi-chip graphics system for augmenting performance of a 
graphics processor using a partially defective graphics processor, comprising: 
 a first graphics processing unit (GPU) chip for receiving a graphics command string 
from a central processing unit and generating a graphics output, said first GPU chip including 
a first set of graphics stages including a first shader stage receiving graphics data to be shaded; 
 a second graphics processing unit GPU chip including a second set of graphics stages 
including a second shader stage, at least one of said second set of graphics stages other than 
said second shader stage having a defect that results in said second GPU chip not satisfying a 
performance criteria for performing a full sequence of steps for rendering an image; and 
 said first GPU chip and said second GPU chip packaged in parallel to each other with 
leads for forming a high bandwidth interlink for sending data from said first GPU chip to said 
second GPU chip and returning processed data from said second GPU chip to said first GPU 
chip the interlink having sufficient bandwidth such that said second shader stage of said 
second GPU chip acts as an extension of said first shader stage of said first GPU chip; 
 wherein said first GPU chip is configured as a master and said second GPU chip is 
configured as a slave, said master allocating a first portion of said graphics data to be shaded 
in said first shader stage of said first GPU chip and a second portion of said graphics data to be 
shaded in parallel using said second shader stage of said second GPU chip; 
 the master utilizing said second shader stage of said slave to increase an effective 
number of parallel shading units of said first shader stage acting in parallel to process data the 
slave extending the capability of only a subset of stages in said master; 
 wherein the first GPU chip commands the second GPU chip via the high bandwidth 
interlink and only the first GPU chip receives the graphics command string from the central 
processing unit.”) 
 
See also evidence cited for ’803 patent claims 1-2. 
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This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

3[B]: and further wherein the 
second GPU chiplet comprises a 
second PHY region including 
conductor structures for chiplet-to-
chiplet communications. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent limitation 3[A]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

  
7. The system of claim 1, wherein 
the passive crosslink 
communicably couples all GPU 
chiplets in the GPU chiplet array. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent limitation 1[D]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

  
8[A]: The system of claim 1, 
further comprising: a first cache 
memory hierarchy at the first GPU 
chiplet, 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 
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 See, e.g.,  

Kelleher at Fig. 3 

 
Kelleher at Fig. 5 

 
Kelleher at Fig. 6 
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Kelleher at Fig. 7 
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Kelleher at Fig. 8 
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Kelleher at Fig. 9 
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Kelleher at Fig. 10 
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Kelleher at Fig. 11 
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Kelleher at 3:14-27 (“In one embodiment, a bridge 210, such as a bridge chipset, is used to 
couple CPU 205 to GPU chip 220. For example, a front side bus 207 may be used to 
communicatively couple CPU 205 to bridge 210 whereas a performance component interface 
(PCI)-Express bus 215 may be used to communicatively couple GPU chip 220 to bridge 210. 
PCI-Express is a high speed interface standard promoted by the PCI-SIG organization and 
defined by the PCI-Express specification published by PCI-SIG, the contents of which are 
hereby incorporated by reference. A graphics memory 230 is communicatively coupled to 

Onesta IP, LLC, Exhibit No. 2102
Case No. IPR2026-00011

Page 68 of 87



 

69 
 

U.S. Patent No. 11,841,803 U.S. Patent No. 7,598,958 to Brian M. Kelleher (“Kelleher”) 
GPU chip 220 via a graphics memory bus 225. A memory interface 270 provides an interface 
to memory 230. Graphics memory 230 may, for example, comprise a frame buffer.”) 
Kelleher at 3:28-34 (“GPU chip 220 receives a graphics command stream from CPU 205 to 
generate graphical images. The graphics commands may, for example, originate in driver 
software (not shown) residing within a memory associated with CPU 205. The output 235 of 
GPU chip 220 may, for example, include data that is output to a display.”) 
 
Kelleher at 3:51-4:2 (“Slave GPU chip 240 includes a processing module 285 capable of 
performing a processing function that is compatible with that performed by processing module 
265. This permits, for example, two GPU’s from the same or related product lines to be used 
in system 200. Thus, for example, slave GPU chip 240 may have its own command module 
280 and memory interface 290. However, as indicated by the dashed lines in FIG. 2, when the 
interlink 250 is active command module 280 is inactive. In one embodiment, in the slave mode 
memory interface 290 is inactive. This configuration provides the benefit of facilitating a 
system having a single unified memory architecture utilizing one memory 230. A single 
unified memory architecture utilizes bandwidth efficiently. Additionally, a single unified 
memory architecture provides the benefit that it does not require modifications to driver 
software. However, it will be understood that in an alternate embodiment that memory 
interface 290 remains active, permitting a second memory 295 (illustrated in phantom) to be 
utilized in the slave mode.”) 
 
Kelleher at 4:3-19 (“GPU chip 220 acts as the master processor and utilizes processing module 
285 as an additional processing resource that is used in parallel with processing module 265. 
In one embodiment slave GPU chip 240 also receives clock signals from GPU chip 220 to 
facilitate synchronization of slave GPU chip 240 to GPU chip 220. In the slave mode, a load 
balancing module (not shown) within processing module 265 determines a distribution of 
work to be performed by processing modules 265 and 285 and transfers a portion of the 
graphics data that it receives to processing module 285. Thus for example, if processing 
modules 265 and 285 are substantially identical, about half of the processing that would 
ordinarily be performed by processing module 265 is off-loaded to processing module 285, 
permitting an approximately two-fold improvement in performance (e.g., speed or quality), 
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assuming that processing modules 265 and 285 have a similar number of operable processing 
elements.”) 
 
Kelleher at 4:36-49 (“In one embodiment interlink 250 includes a plurality of sub-links (not 
shown) that include corresponding signal paths (e.g., high bandwidth conductive paths). The 
number of sub-links required will depend upon the data bandwidth associated with transferring 
data from GPU chip outbound to slave GPU chip 240 and the data bandwidth associated with 
returning processed data from slave GPU chip 240. Additionally, the number of sub-links 
required will also depend upon the bandwidth required for memory accesses between slave 
GPU chip 240 and memory 230. As an illustrative example, in one implementation in which 
interlink 250 is used to transfer shader data, the bandwidth required corresponds to a 
bandwidth for transmitting data from a large number of conventional pins (e.g., 50 to 200 
conventional pins).”) 
 
Kelleher at 5:19-38 (“A variety of techniques can be used to establish a master-slave 
relationship between GPU chip 220 and slave GPU chip 240 in a packaged multi-chip module 
213. For example, one or both of the chips may be programmed prior to packaging (e.g., by 
programming a bit in a permanent memory). Alternatively, one or both of the chips may 
determine that they are the master or the slave by detecting whether they are receiving 
command instructions from a command module and determining whether interlink 250 is 
active. Additionally, a messaging technique may be used. For example, GPU chip 220 and 
slave GPU chip 240 may exchange messages to set up a master-slave relationship. Hardware 
or software within each processing module may be included to support the establishment of a 
master-slave relationship. For example, a slave mode control module 287 may be included in 
slave GPU chip 240 to establish a slave condition if one or more slave conditions are present, 
such as detecting a load on interlink 250. Similarly a master mode control module (not shown) 
within in GPU chip 220 may be included to establish a master condition if one or more master 
conditions are present.”) 
 
Kelleher at 5:39-57 (“Referring to FIG. 3, in one embodiment GPU chip 240 and GPU chip 
220 are packaged in an edge-to-edge multi-chip module 313 with the interlink formed by 
fabricating signal leads between the chips. GPU chip 240 and GPU chip 220 are packaged on 
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top of a common multi-chip package 305 that is then placed on a board 310. However, high 
performance GPUs process large amounts of data, particularly for the shader stage. An edge-
to-edge configuration permits only a comparatively small number of low latency sub-links to 
be formed between edges 315 and 320. Additionally, an edge-to-edge configuration has an 
associated internal (chip) propagation delay for signals to propagate between the periphery of 
the chip to internal source or destination points. As a result, a drawback of an edge-to-edge 
packaging configuration is that it may not permit an interlink 250 to be formed having 
sufficient latency and bandwidth attributes required to support parallel processing of stages in 
high performance GPUs requiring a large bandwidth for data transfer, such as shader stages.”) 
 
Kelleher at 6:24-46 (“FIG. 5 shows an embodiment of a multi-chip module 513 in which GPU 
chip 220 and slave GPU chip 240 are packaged on top of each other. In this embodiment, vias 
510 may be formed in one of the dies to form conductive paths for interlink 250. The other die 
is then bonded on top of the other using three-dimensional packaging techniques. The bonded 
die are then mounted to a package 505, which may then be attached to a board 515. Additional 
power and signal connections may be formed to slave GPU chip 240 using additional vias or 
wire bond connections. Die-to-die bonding is a type of three-dimensional packaging that is 
typically used in the system-on-a-chip (SOC) art to bond memory chips to a processor. In 
particular, three-dimensional packaging techniques are conventionally used to form a hybrid 
integrated circuit in which different types of electronic modules are packaged on top of each 
other to form a hybrid circuit that emulates a system-on-a-chip. For example, Ziptronix, Inc., 
of Morrisville, N.C. provides three dimensional wafer bonding and interconnect services that 
permit a non-adhesive bond to be formed between a die and a corresponding interconnect on 
another chip. Similarly, Xanoptix of Merrimack, N.H. offers three-dimensional packaging 
services.”) 
 
Kelleher at 7:1-8 (“FIG. 7 is a block diagram of an exemplary multi-chip graphics system with 
improved shader performance in accordance with one embodiment of the present invention. A 
master GPU chip 720 has a PCI Express interface 715 for receiving graphics commands from 
a central processing unit (not shown) and an output interface 735 for outputting graphical 
images. A memory 730 is coupled to GPU chip 720. Slave GPU chip 740 is coupled to master 
GPU 720 by interlink 750.”) 
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Kelleher at 7:9-26 (“FIG. 8 is a block diagram showing some of the components within master 
GPU chip 720 and slave GPU chip 740 in more detail. Master GPU chip 720 includes a host 
and front end stage acting as a command module 860. A geometry stage 810 performs 
geometry processing. A raster stage 820 rasterizes primitives and also performs a Z culling 
operation to cull out occluded primitives. A CAS/STRI module is a color assembly/shader 
triangle module that receives attributes, such as colors, from the geometry state and calculates 
plane equations for interpolation by the shader stage 865. Shader stage 865 includes a plurality 
of shader pipelines for pixel shading. In one embodiment shader stage 865 includes 24 pixel 
shader pipelines. Raster operations (ROP) functions are performed in a pre raster operations 
stage 840 and associated raster operation stages 850. A frame buffer interface 870 serves as a 
memory interface to memory 730. Texture modules 880 and cache memory 882 are utilized by 
shader 865 for texture mapping operations.”) 
 
Kelleher at 7:27-31 (“Slave GPU chip 740 includes a shader stage 885 having a plurality of 
shader pipelines, texture modules 895, and cache 897. In one embodiment, shader stage 885 
includes 24 shader pipelines such that slave GPU chip 740 doubles the shading power of a 
master GPU chip 720 having 24 shader pipelines.”) 
 
Kelleher at 7:32-35 (“Data in a shader queue is routed to the shader pipelines of slave GPU 
740. Texture cache requests and return texture data are also routed over interlink 750. Final 
pixel results generated by shader 885 are routed back to master GPU 720.”) 
 
Kelleher at 7:36-46 (“In one embodiment slave GPU chip 740 includes analogous stages to 
that of master GPU chip 720. However, only those stages required to establish interlink 750 
and perform the shading operation need to be free from defects. Thus while shader stage 885, 
texture modules 895, and cache 897 are fully functional, slave GPU chip 740 does not require 
a fully functional command module (not shown), geometry stage (not shown), or raster stage 
(not shown). As a result, slave GPU chip 740 may be a GPU similar in design to master GPU 
chip 720 but that is identified as a “floorswept” unit having a defect that renders it unusable as 
a stand-alone or master GPU.”) 
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This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

8[B]: wherein a first level of the 
first cache memory hierarchy is 
coherent within the first GPU 
chiplet; and 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 5 

 
Kelleher at Fig. 3 
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Kelleher at Fig. 6 

 
Kelleher at Fig. 7 
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Kelleher at Fig. 8 
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Kelleher at Fig. 9 

 
 
Kelleher at Fig. 10 
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Kelleher at Fig. 11 
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Kelleher at 3:14-27 (“In one embodiment, a bridge 210, such as a bridge chipset, is used to 
couple CPU 205 to GPU chip 220. For example, a front side bus 207 may be used to 
communicatively couple CPU 205 to bridge 210 whereas a performance component interface 
(PCI)-Express bus 215 may be used to communicatively couple GPU chip 220 to bridge 210. 
PCI-Express is a high speed interface standard promoted by the PCI-SIG organization and 
defined by the PCI-Express specification published by PCI-SIG, the contents of which are 
hereby incorporated by reference. A graphics memory 230 is communicatively coupled to 
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GPU chip 220 via a graphics memory bus 225. A memory interface 270 provides an interface 
to memory 230. Graphics memory 230 may, for example, comprise a frame buffer.”) 
Kelleher at 3:28-34 (“GPU chip 220 receives a graphics command stream from CPU 205 to 
generate graphical images. The graphics commands may, for example, originate in driver 
software (not shown) residing within a memory associated with CPU 205. The output 235 of 
GPU chip 220 may, for example, include data that is output to a display.”) 
 
Kelleher at 3:51-4:2 (“Slave GPU chip 240 includes a processing module 285 capable of 
performing a processing function that is compatible with that performed by processing module 
265. This permits, for example, two GPU’s from the same or related product lines to be used 
in system 200. Thus, for example, slave GPU chip 240 may have its own command module 
280 and memory interface 290. However, as indicated by the dashed lines in FIG. 2, when the 
interlink 250 is active command module 280 is inactive. In one embodiment, in the slave mode 
memory interface 290 is inactive. This configuration provides the benefit of facilitating a 
system having a single unified memory architecture utilizing one memory 230. A single 
unified memory architecture utilizes bandwidth efficiently. Additionally, a single unified 
memory architecture provides the benefit that it does not require modifications to driver 
software. However, it will be understood that in an alternate embodiment that memory 
interface 290 remains active, permitting a second memory 295 (illustrated in phantom) to be 
utilized in the slave mode.”) 
 
Kelleher at 4:36-49 (“In one embodiment interlink 250 includes a plurality of sub-links (not 
shown) that include corresponding signal paths (e.g., high bandwidth conductive paths). The 
number of sub-links required will depend upon the data bandwidth associated with transferring 
data from GPU chip outbound to slave GPU chip 240 and the data bandwidth associated with 
returning processed data from slave GPU chip 240. Additionally, the number of sub-links 
required will also depend upon the bandwidth required for memory accesses between slave 
GPU chip 240 and memory 230. As an illustrative example, in one implementation in which 
interlink 250 is used to transfer shader data, the bandwidth required corresponds to a 
bandwidth for transmitting data from a large number of conventional pins (e.g., 50 to 200 
conventional pins).”) 
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Kelleher at 5:19-38 (“A variety of techniques can be used to establish a master-slave 
relationship between GPU chip 220 and slave GPU chip 240 in a packaged multi-chip module 
213. For example, one or both of the chips may be programmed prior to packaging (e.g., by 
programming a bit in a permanent memory). Alternatively, one or both of the chips may 
determine that they are the master or the slave by detecting whether they are receiving 
command instructions from a command module and determining whether interlink 250 is 
active. Additionally, a messaging technique may be used. For example, GPU chip 220 and 
slave GPU chip 240 may exchange messages to set up a master-slave relationship. Hardware 
or software within each processing module may be included to support the establishment of a 
master-slave relationship. For example, a slave mode control module 287 may be included in 
slave GPU chip 240 to establish a slave condition if one or more slave conditions are present, 
such as detecting a load on interlink 250. Similarly a master mode control module (not shown) 
within in GPU chip 220 may be included to establish a master condition if one or more master 
conditions are present.”) 
 
Kelleher at 6:24-46 (“FIG. 5 shows an embodiment of a multi-chip module 513 in which GPU 
chip 220 and slave GPU chip 240 are packaged on top of each other. In this embodiment, vias 
510 may be formed in one of the dies to form conductive paths for interlink 250. The other die 
is then bonded on top of the other using three-dimensional packaging techniques. The bonded 
die are then mounted to a package 505, which may then be attached to a board 515. Additional 
power and signal connections may be formed to slave GPU chip 240 using additional vias or 
wire bond connections. Die-to-die bonding is a type of three-dimensional packaging that is 
typically used in the system-on-a-chip (SOC) art to bond memory chips to a processor. In 
particular, three-dimensional packaging techniques are conventionally used to form a hybrid 
integrated circuit in which different types of electronic modules are packaged on top of each 
other to form a hybrid circuit that emulates a system-on-a-chip. For example, Ziptronix, Inc., 
of Morrisville, N.C. provides three dimensional wafer bonding and interconnect services that 
permit a non-adhesive bond to be formed between a die and a corresponding interconnect on 
another chip. Similarly, Xanoptix of Merrimack, N.H. offers three-dimensional packaging 
services.”) 
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Kelleher at 7:1-8 (“FIG. 7 is a block diagram of an exemplary multi-chip graphics system with 
improved shader performance in accordance with one embodiment of the present invention. A 
master GPU chip 720 has a PCI Express interface 715 for receiving graphics commands from 
a central processing unit (not shown) and an output interface 735 for outputting graphical 
images. A memory 730 is coupled to GPU chip 720. Slave GPU chip 740 is coupled to master 
GPU 720 by interlink 750.”) 
 
Kelleher at 7:9-26 (“FIG. 8 is a block diagram showing some of the components within master 
GPU chip 720 and slave GPU chip 740 in more detail. Master GPU chip 720 includes a host 
and front end stage acting as a command module 860. A geometry stage 810 performs 
geometry processing. A raster stage 820 rasterizes primitives and also performs a Z culling 
operation to cull out occluded primitives. A CAS/STRI module is a color assembly/shader 
triangle module that receives attributes, such as colors, from the geometry state and calculates 
plane equations for interpolation by the shader stage 865. Shader stage 865 includes a plurality 
of shader pipelines for pixel shading. In one embodiment shader stage 865 includes 24 pixel 
shader pipelines. Raster operations (ROP) functions are performed in a pre raster operations 
stage 840 and associated raster operation stages 850. A frame buffer interface 870 serves as a 
memory interface to memory 730. Texture modules 880 and cache memory 882 are utilized by 
shader 865 for texture mapping operations.”) 
 
Kelleher at 7:27-31 (“Slave GPU chip 740 includes a shader stage 885 having a plurality of 
shader pipelines, texture modules 895, and cache 897. In one embodiment, shader stage 885 
includes 24 shader pipelines such that slave GPU chip 740 doubles the shading power of a 
master GPU chip 720 having 24 shader pipelines.”) 
 
Kelleher at 7:32-35 (“Data in a shader queue is routed to the shader pipelines of slave GPU 
740. Texture cache requests and return texture data are also routed over interlink 750. Final 
pixel results generated by shader 885 are routed back to master GPU 720.”) 
 
Kelleher at 7:36-46 (“In one embodiment slave GPU chip 740 includes analogous stages to 
that of master GPU chip 720. However, only those stages required to establish interlink 750 
and perform the shading operation need to be free from defects. Thus while shader stage 885, 
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texture modules 895, and cache 897 are fully functional, slave GPU chip 740 does not require 
a fully functional command module (not shown), geometry stage (not shown), or raster stage 
(not shown). As a result, slave GPU chip 740 may be a GPU similar in design to master GPU 
chip 720 but that is identified as a “floorswept” unit having a defect that renders it unusable as 
a stand-alone or master GPU.”) 
 
This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

8[C]: a second cache memory 
hierarchy at the second GPU 
chiplet,  

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent limitation 8[A]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

8[D]: wherein a first level of the 
second cache memory hierarchy is 
coherent within the second GPU 
chiplet. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent limitation 8[B]. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 
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9[A]: The system of claim 8, 
further comprising: a unified cache 
memory including both a last level 
of the first cache memory 
hierarchy and a last level of the 
second cache memory hierarchy,  

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent Claim 8. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

9[B]: wherein the unified cache 
memory is coherent across all 
GPU chiplets of the GPU chiplet 
array. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

See evidence cited for ’803 patent Claim 8. 

This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 

  
10.The system of claim 1, further 
comprising: a plurality of 
conductive pillars coupling a 
circuit board substrate to a first 
non-PHY region of the first GPU 
chiplet and a second non-PHY 
region of the second GPU chiplet. 

Including at least under Complainant’s apparent infringement theory, Kelleher discloses and/or 
renders obvious this limitation. 

See, e.g.,  

Kelleher at Fig. 3 
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Kelleher at Fig. 4 
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Kelleher at 5:39-57 (“Referring to FIG. 3, in one embodiment GPU chip 240 and GPU chip 
220 are packaged in an edge-to-edge multi-chip module 313 with the interlink formed by 
fabricating signal leads between the chips. GPU chip 240 and GPU chip 220 are packaged on 
top of a common multi-chip package 305 that is then placed on a board 310. However, high 
performance GPUs process large amounts of data, particularly for the shader stage. An edge-
to-edge configuration permits only a comparatively small number of low latency sub-links to 
be formed between edges 315 and 320. Additionally, an edge-to-edge configuration has an 
associated internal (chip) propagation delay for signals to propagate between the periphery of 
the chip to internal source or destination points. As a result, a drawback of an edge-to-edge 
packaging configuration is that it may not permit an interlink 250 to be formed having 
sufficient latency and bandwidth attributes required to support parallel processing of stages in 
high performance GPUs requiring a large bandwidth for data transfer, such as shader stages.”) 
 
Kelleher at 5:66-6:23 (“FIG. 4 shows an embodiment of a multi-chip module 413 for 
implementing a low latency, high bandwidth interlink 250. In this embodiment GPU chip 220 
and slave GPU 240 are flip-chip mounted to opposite sides of a package 405. The package 405 
may, for example, comprise a coreless substrate. Core-less substrates utilize a stacked build-up 
process to form the substrate. A core-less substrate utilizes only the build up layers to form 
interconnects and hence lacks a conventional core. Core-less substrates utilize micro-vias that 
permit an increased density (pitch) of vias, have less signal attenuation due to the lower 
package thickness, have reduced inductance, facilitate high speed data transfer, and provide 
other benefits. Conductive vias 410 within package 405 are used to form interlink 250. The 
vias 410 may be distributed across the area of GPU chip 220 and slave GPU 240 to provide a 
combined (total) bandwidth that scales with the number of vias. The transit distance for signals 
to travel from one processor to another corresponds to the thickness of package 405. In one 
embodiment, the board 415 onto which the package is mounted has a hole 420 to permit both 
GPU chip 220 and slave processor 240 to be cooled to a heat sink 425. In one embodiment 
heat sink 425 includes a wrap-around section 430 for cooling slave GPU 240. Package 405 
may be mounted to board 415 using conventional bonding processes, such as by using solder 
balls 435.”) 
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This limitation also would have been obvious to a person of ordinary skill in the art based on 
(1) Kelleher alone; (2) Kelleher in combination with the general knowledge of a person of 
ordinary skill in the art; and/or (3) Kelleher in combination with the teachings with respect to 
this claim element as detailed in NVIDIA’s other invalidity charts and cover pleading. 
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