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NeW approaches for providing communication betWeen 
multiple masters (12, 14) and one or more shared resources 

(24, 30, 100) are needed. One example of a resource that 
may need to be shared is circuitry complying With the 
Universal Serial Bus (USB) standard (100). The USB speci 
?cation de?nes the use of USB endpoints as data and control 

channels that reside in a USB device. In some cases it is 

desirable to have a certain number of endpoints controlled 

(21) Appl, No; 10/682,558 by one processor, and other endpoints controlled by a 
_ different processor, thus providing a shared control of all the 

(22) Flled: Oct‘ 9’ 2003 endpoints. Circuitry (402, 417, 480) may be used to provide 
Publication Classi?cation steering for additional signals such as interrupts. Other 

shared resources (24, 30) may use more centralized circuitry 
(51) Int. Cl.7 ................................................... .. G06F 13/14 (36) to perform a steering function for additional signals. 
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COMMUNICATION STEERING FOR USE IN A 
MULTI-MASTER SHARED RESOURCE SYSTEM 

RELATED APPLICATION 

[0001] This is related to a United States patent application 
having docket number SC12995TH, ?led concurrently here 
With, and entitled “Communication Steering For Use In A 
Multi-Master Shared Resource System”, Which is assigned 
to the current assignee hereof. 

FIELD OF THE INVENTION 

[0002] The present invention relates to communication 
steering, and more particularly, to communication steering 
for use in a multi-master shared resource system. 

RELATED ART 

[0003] As multiple bus masters are being used more often 
in data processing systems, neW approaches for providing 
communication betWeen these multiple masters and one or 
more shared resources are needed. One eXample of a 
resource that may need to be shared is circuitry complying 
With the Universal Serial Bus (USB) standard. The USB has 
been de?ned as a standard by the Universal Serial Bus— 
Implementers Forum (USB-IF). Unfortunately, the USB 
standard does not include a mechanism for alloWing shared 
control of endpoints in a multi-master system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The present invention is illustrated by Way of 
eXample and not limited by the accompanying ?gures, in 
Which like references indicate similar elements, and in 
Which: 

[0005] FIG. 1 illustrates, in block diagram form, a data 
processing system 10 in accordance With one embodiment of 
the present invention; 

[0006] FIG. 2 illustrates, in block diagram form, a portion 
of additional signal steering logic 36 of FIG. 1 in accor 
dance With one embodiment of the present invention; 

[0007] FIG. 3 illustrates, in block diagram form, a portion 
of shared resource 24 of FIG. 1 along With other circuitry in 
accordance With one embodiment of the present invention; 
and 

[0008] FIG. 4 illustrates, in partial block diagram form 
and partial schematic diagram form, a portion of USB shared 
resource 100 of FIG. 1 along With other circuitry in accor 
dance With one embodiment of the present invention. 

[0009] Skilled artisans appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For eXample, the dimen 
sions of some of the elements in the ?gures may be eXag 
gerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 

DETAILED DESCRIPTION 

[0010] The USB speci?cation de?nes the use of USB 
endpoints as data and control channels that reside in a USB 
device. The USB endpoints are the source or sink of data and 
are implemented With memories and additional logic, and 
controlled by a single processor or microcontroller. In some 
cases it is desirable to have a certain number of endpoints 
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controlled by one processor, and other endpoints controlled 
by a different processor, thus providing a shared control of 
all the endpoints. 

[0011] Note that the term “shared resource” is used to 
mean a resource that is potentially accessible by a plurality 
of bus masters (e.g. bus masters 12, 14). Such a system may 
alloW oWnership of a shared resource by one or more of the 
plurality of bus masters, alloWing the oWning masters to 
determine accessibility to the resource by non-oWning mas 
ters. In one embodiment of the present invention, if a 
resource is oWned by Zero masters (i.e. no master), then no 
master has the right to determine accessibility to that 
resource by other masters. Accessibility to an unoWned 
resource may be determined in a variety of Ways. As one 
eXample, any master may have full access to an unoWned 
resource. Alternate embodiments may determine accessibil 
ity to an unoWned resource in a different manner. In some 

embodiments, a resource that is not oWned by any master 
alloWs all masters to potentially claim oWnership. Thus for 
some embodiments, oWnership may also be relinquished. In 
some embodiments of the present invention, if a resource is 
oWned by a plurality of masters, the resource is deemed to 
be unoWned. In alternate embodiments of the present inven 
tion, if a resource is oWned by a plurality of masters, 
accessibility to the resource may be determined jointly by 
the plurality of oWning masters. 

[0012] FIG. 1 illustrates, in block diagram form, a data 
processing system 10 in accordance With one embodiment of 
the present invention. In one embodiment of the present 
invention, data processing system 10 includes a plurality of 
bus master 12, 14, a plurality of shared resources 24, 30, 
100, and a plurality of non-shared resources 22, 26 Which are 
all bi-directionally coupled to bus 20 to facilitate commu 
nication. In the embodiment of FIG. 1, bus masters 12, 14 
may represent a single bus master such as a processor, or a 
sub-system comprising one or more processors as Well as 
supporting circuitry. Note that shared resources 24, 30, 100 
may optionally be shared by more than one bus master 12, 
14. Non-shared resources 22, 26 are not shared by bus 
master 12, 14, and thus are only accessed by one of bus 
masters 12, 14. As used herein, the term “bus” is used to 
refer to a plurality of signals or conductors Which may be 
used to transfer one or more various types of information, 
such as data, addresses, control, or status. The terms “con 
ductor” and “signal” are used interchangeably herein. In one 
embodiment of the present invention, bus 20 is implemented 
using one or more bus protocols. Bus arbitration logic 28 is 
used to arbitrate betWeen bus masters 12, 14 to determine 
Which one of the plurality of bus masters 12, 14 have 
mastership of bus 20. 

[0013] In some embodiments of the present invention, bus 
master 12 may be bi-directionally coupled to one or more 
non-shared resources (eg 16) by Way of conductors 48, 
rather than by Way of bus 20. Similarly, in some embodi 
ments of the present invention, bus master 14 may be 
bi-directionally coupled to one or more non-shared 
resources (eg 18) by Way of conductors 49, rather than by 
Way of bus 20. In the illustrated embodiment, non-shared 
resource 16 is accessed only by bus master 12, and not by 
bus master 14. LikeWise, non-shared resource 18 is accessed 
only by bus master 14, and not by bus master 12. Some 
embodiments of the present invention include an eXternal 
bus interface 32 Which may couple bus 20 to an eXternal bus 
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34 Which is external to data processing system 10. In one 
embodiment of the present invention, data processing sys 
tem 10 is implemented on a single integrated circuit. Alter 
nate embodiments of the present invention may implement 
data processing system 10 in any manner using any appro 
priate circuitry. 

[0014] In some embodiments of the present invention, 
non-shared resource 16 may be coupled to circuitry external 
to data processing system 10 by Way of one or more 
terminals 40; bus master 12 may be coupled to circuitry 
external to data processing system 10 by Way of one or more 
terminals 41; bus master 14 may be coupled to circuitry 
external to data processing system 10 by Way of one or more 
terminals 42; non-shared resource 18 may be coupled to 
circuitry external to data processing system 10 by Way of 
one or more terminals 43; USB shared resource 100 may be 
coupled to circuitry external to data processing system 10 by 
Way of one or more terminals 48; non-shared resource 22 
may be coupled to circuitry external to data processing 
system 10 by Way of one or more terminals 44; shared 
resource 24 may be coupled to circuitry external to data 
processing system 10 by Way of one or more terminals 45; 
shared resource 30 may be coupled to circuitry external to 
data processing system 10 by Way of one or more terminals 
46; and non-shared resource 26 may be coupled to circuitry 
external to data processing system 10 by Way of one or more 
terminals 47. Alternate embodiments of the present inven 
tion may use or not use any combination of terminals 40-48. 
Terminals 40-48 may be implemented in any available 
manner. 

[0015] Still referring to FIG. 1, shared resource 24 may be 
shared by bus masters 12 and 14. Also, shared resource 24 
may be oWned by no bus master, or may be oWned by either 
one of bus masters 12 and 14. The USB shared resource 100 
may be partitioned so that one or more portions may be 
shared by bus masters 12 and 14. Also, the USB shared 
resource 100 may be partitioned so that one or more portions 
may be oWned by no bus master, or may be oWned by either 
one of bus masters 12 and 14. Note that various embodi 
ments of the present invention may allocate oWnership of a 
shared resource, or a portion thereof, in any desired manner 
after reset. As an example, for one embodiment of the 
present invention, all portions of the USB shared resource 
100 may come out of reset so that a predetermined single bus 
master (e.g. bus master 12) has oWnership. 

[0016] In the illustrated embodiment of the present inven 
tion, additional signal steering logic 36 is used to determine 
Which bus master or bus masters 12, 14 receives Which one 
or more of the additional signals 56, 57. Note that the signals 
Which are included in bus 20 are the signals de?ned by the 
bus protocol implemented by bus 20. Additional signals 56, 
57 include signals Which can be selectively provided to a 
subset of the bus masters 12, 14 in data processing system 
10. Note that in alternate embodiments of the present 
invention, additional signal steering logic 36 may be used to 
steer one or more of the bus signals 20 if those one or more 
bus signals need to be selectively provided to a subset of the 
bus masters 12, 14. Note that a subset of bus masters 12, 14 
may include the full set of all bus masters in certain cases; 
but generally, additional signals 56, 57 are steered to less 
than all of the bus masters 12, 14 in data processing system 
10. Signals 50 and 51 are used to provide control and/or 
status for the steering of additional signals 56 and 57. 
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[0017] In the illustrated embodiment of the present inven 
tion, additional signal steering logic 36 is coupled to shared 
resource 30 for receiving and steering additional signals 57. 
Additional signals 57 include one or more signals that need 
to be steered, by additional signal steering logic 36, betWeen 
shared resource 30 and the appropriate bus master 12, 14 by 
Way of signals 53 or 52, respectively. Although additional 
signals 57 may have any desired function, they are generally 
signals that should not be approximately simultaneously 
provided to all bus masters 12, 14, but instead should be 
provided to only a subset of bus masters 12, 14. One 
example of an additional signal 57 is an interrupt signal that 
should only be steered and provided to the bus master Which 
has oWnership of shared resource 30 and needs to respond to 
the interrupt. Other embodiments of the present invention 
may use additional signal steering logic 36 to steer any 
desired signals to a subset of the total bus masters (eg 12, 
14). Some examples of other additional signals that may be 
steered are reset signals, DMA request and grant signals, 
mode control signals (e.g. poWer control modes), custom 
protocol handshake signals, private message channels, and 
any other desired signal or signals. Note that for some 
embodiments of the present invention, there may be embodi 
ments in Which one or more of additional signals 57 may be 
steered to all of the bus masters 12, 14 under selected 
circumstances. In addition, for some embodiments of the 
present invention, none, some, or all of signals 52, 53, 56, 
and 57 may be bi-directional. 

[0018] Additional signal steering logic 36 is bi-direction 
ally coupled to shared resource 30 by Way of signals 50. 
Signals 50 include one or more signals that are used to 
provide control and/or status information that is used in the 
steering of additional signals 57. Alternate embodiments of 
the present invention may use any types of signals to convey 
this control and/or status information. Some embodiments of 
the present invention may not require signals 50, as all 
necessary control and/or status information resides in addi 
tional signal steering logic 36, or is provided to additional 
signal steering logic 36 in another manner. 

[0019] In the illustrated embodiment of the present inven 
tion, additional signal steering logic 36 is coupled to shared 
resource 24 for receiving and steering additional signals 56. 
Additional signals 56 include one or more signals that need 
to be steered, by additional signal steering logic 36, betWeen 
shared resource 24 and the appropriate bus master 12, 14 by 
Way of signals 53 or 52, respectively. Although additional 
signals 56 may have any desired function, they are generally 
signals that should not be approximately simultaneously 
provided to all bus masters 12, 14, but instead should be 
provided to only a subset of bus masters 12, 14. One possible 
example of an additional signal 56 is an interrupt signal that 
should only be steered and provided to the bus master Which 
has oWnership of shared resource 24 and needs to respond to 
the interrupt. Other embodiments of the present invention 
may use additional signal steering logic 36 to steer any 
desired signals to a subset of the total bus masters (eg 12, 
14). Note that for some embodiments of the present inven 
tion, there may be scenarios in Which one or more of 
additional signals 56 may be steered to all of the bus masters 
12, 14 under selected circumstances. 

[0020] Additional signal steering logic 36 is bi-direction 
ally coupled to shared resource 24 by Way of signals 51. 
Signals 51 include one or more signals that are used to 
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provide control and/or status information that is used in the 
steering of additional signals 56. Alternate embodiments of 
the present invention may use any types of signals to convey 
this control and/or status information. Some embodiments of 
the present invention may not require signals 51, as all 
necessary control and/or status information resides in addi 
tional signal steering logic 36, or is provided to additional 
signal steering logic 36 in another manner. 

[0021] In some embodiments of the present invention, all 
or a portion of the steering functionality performed by 
additional signal steering logic 36 may be included as part 
of the shared resource itself. For example, in the embodi 
ment illustrated in FIG. 1, the steering functionality for 
signals 101 and 102 is performed by circuitry Within the 
USB shared resource 100, and thus signals 101 and 102 do 
not need to pass through additional signal steering logic 36 
in order to be steered to the correct bus master 12, 14. In the 
embodiment of the present invention illustrated in FIG. 1, 
signals 101 may be used to provide one or more additional 
signals, such as, for eXample, interrupts, to bus master 12. 
Similarly, signals 102 may be used to provide one or more 
additional signals, such as, for eXample, interrupts, to bus 
master 14. Alternate embodiments of the present invention 
may provide signals 101 and 102 to additional signal steer 
ing logic 36 in order to have signals 101 and 102 steered to 
the correct bus master 12, 14 by Way of signals 53 and 52, 
respectively. 

[0022] In the illustrated embodiment of the present inven 
tion, non-shared resource 22 is only accessed by bus master 
12; and thus the additional signals associated With non 
shared resource 22 are bi-directionally coupled to bus master 
12 directly by Way of signals 54. There is no need for signals 
54 to be steered by additional signal steering logic 36, as 
signals 54 are only ever provided to a single bus master 12. 
Similarly, in the illustrated embodiment of the present 
invention, non-shared resource 26 is only accessed by bus 
master 14; and thus the additional signals associated With 
non-shared resource 26 are bi-directionally coupled to bus 
master 14 directly by Way of signals 55. There is no need for 
signals 55 to be steered by additional signal steering logic 
36, as signals 55 are only ever provided to a single bus 
master 14. 

[0023] FIG. 2 illustrates, in block diagram form, a portion 
of additional signal steering logic 36 of FIG. 1 in accor 
dance With one embodiment of the present invention. In the 
illustrated embodiment, additional signal steering logic 36 
includes steering circuitry 60 Which performs the actual 
steering function for signals 56 and 57. Signals 56 and 57 
may be steered to either bus master 12 by Way of signals 53, 
or to bus master 14 by Way of signals 52. Signals 50 and 51 
provide information from shared resources 30 and 24, 
respectively. Signals 50 and 51, along With other control 
information provided to or stored in control circuitry 62 are 
used to control the steering function performed by steering 
circuitry 60. 

[0024] Control circuitry 62 includes registers 70. In one 
embodiment of the present invention, registers 70 include a 
steering mode selector register 71, a steering map selector 
register 72, a map de?nition register 73, a map de?nition 
register 74, and a resource oWnership register 75. Alternate 
embodiments of the present invention may use more, feWer, 
or different registers to provide a portion of the control 
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information for controlling steering circuitry 60. In one 
embodiment of the present invention, some or all of registers 
70 are softWare programmable registers that may be read 
and Written by at least one of bus masters 12 and 14. 

[0025] Any desired routing scheme may be used for 
steering additional signals 56 and 57 to the desired one or 
more of bus masters 12, 14. HoWever, in the illustrated 
embodiment of the present invention, there is at least one 
steering mode selector register 71 for each shared resource 
24, 20, at least one steering map selector register 72 for each 
shared resource 24, 20, and there is at least one map 
de?nition register 73, 74. Each steering mode selector 
register 71 may be used to select one of a plurality of 
steering modes for its corresponding shared resource 24, 30. 
The selected steering mode may then require use of a map 
de?nition stored in one of map de?nition registers 73, 74 to 
determine Which one or more bus masters 12, 14 should 
receive the signal being steered by steering circuitry 60. 
Each steering map selector register may be used to select one 
of a plurality of map de?nition registers 73, 74. 

[0026] In one embodiment of the present invention, addi 
tional signals 56 and 57 may be routed to bus masters 12, 14 
in a plurality of Ways, depending upon the steering mode 
that has been selected, and optionally depending upon a map 
de?nition stored in map de?nition registers 73, 74. For 
eXample, one steering mode may steer the additional signal 
(eg 56) so that it is provided to the bus master (eg 12) 
Which currently has oWnership of the shared resource (eg 
24). A map de?nition register is not needed for this steering 
mode. A second steering mode may steer the additional 
signal 56, 57 so that it is provided to one or more bus masters 
12, 14, as determined by a programmable route map, stored 
in one of map de?nition registers 73, 74. The programmable 
route map may be programmed by one or more bus masters 
12, 14. In some embodiments of the present invention, only 
the master having oWnership of the shared resource 24, 30 
may Write, and thus change, the map de?nition register 73, 
74 corresponding to that shared resource 24, 30. Alternate 
embodiments of the present invention may control the 
programming of one or more map de?nition in a different 
manner. 

[0027] A third steering mode may steer the additional 
signal (one of 56 or 57) so that it is provided to one or more 
bus masters 12, 14, as determined by one of a plurality of 
programmable route maps stored in map de?nition registers 
73, 74. The programmable route map may be selected based 
upon Which bus master 12, 14 currently has oWnership of the 
shared resource 24, 30 that is providing or associated With 
the additional signal 56, 57. In some embodiments of the 
present invention, only the bus master having oWnership of 
the shared resource 24, 30 may Write, and thus change, the 
map de?nition register 73, 74 corresponding to that shared 
resource 24, 30. Alternate embodiments of the present 
invention may control the programming of one or more map 
de?nition in a different manner. 

[0028] A fourth steering mode may steer the additional 
signal (one of 56 or 57) so that it is provided to one or more 
bus masters 12, 14, as determined by one of a plurality of 
programmable route maps stored in map de?nition registers 
73, 74. The programmable route map may be selected based 
upon a current state of the shared resource 24, 30 that is 
providing or is associated With the additional signal 56, 57. 
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In some embodiments of the present invention, the map 
de?nition registers 73, 74 may be static maps corresponding 
to each of several states of the shared resource 24, 30. In 
other embodiments of the present invention, the map de? 
nition registers 73, 74 may be programmable by one or more 
bus master 24, 30 (eg the oWning master). In some embodi 
ments of the present invention, only the bus master having 
oWnership of the shared resource 24, 30 may Write, and thus 
change, the map de?nition register 73, 74 corresponding to 
that shared resource 24, 30. Alternate embodiments of the 
present invention may control the programming or estab 
lishment of one or more map de?nition in a different manner. 

[0029] A ?fth steering mode may steer the additional 
signal (one of 56 or 57) so that it is provided to one or more 
bus masters 12, 14, as determined by one of a plurality of 
programmable route maps stored in map de?nition registers 
73, 74. The programmable route map may be selected by the 
shared resource 24, 30 that is providing or associated With 
the additional signal 56, 57. In some embodiments of the 
present invention, only the shared resource 24, 30 itself may 
Write, and thus change, the map de?nition register 73, 74 
corresponding to that shared resource 24, 30. Alternate 
embodiments of the present invention may control the 
programming of one or more map de?nition in a different 
manner. 

[0030] Alternate embodiments of the present invention 
may use any desired con?guration for the control circuitry 
62 used to control steering circuitry 60. Alternate embodi 
ments of control circuitry 62 may have no, feWer, more, or 
different registers 70. Control circuitry 62 is bi-directionally 
coupled to steering circuitry 60 by Way of signals 61. 
Control circuitry 62 is bi-directionally coupled to bus 20 so 
that registers 70 may be read and Written, for eXample by one 
or more of bus masters 12, 14. In one embodiment of the 
present invention, signals 50, 51 provide information regard 
ing Which shared resource 24, 30 is providing or associated 
With the signal 56, 57, Which steering mode to use, and 
Which map de?nition to use. In alternate embodiments of the 
present invention, signals 50, 51 provide information regard 
ing Which shared resource 24, 30 is providing or associated 
With the signal 56, 57, and registers 70 are used to provide 
the rest of the steering mode and map de?nition information 
to steering circuitry 60. 

[0031] FIG. 3 illustrates, in block diagram form, a portion 
of shared resource 24 of FIG. 1 along With other circuitry in 
accordance With one embodiment of the present invention. 
In the illustrated embodiment of the present invention, 
shared resource 24 includes a bus interface 310 Which is 
bi-directionally coupled to bus 20. Bus interface 310 is 
bi-directionally coupled to recon?gurable control logic 304 
by conductors 320 and is bi-directionally coupled to recon 
?gurable channel storage circuitry 300 by conductors 326 so 
that registers and other circuitry Within 304 and 300 may be 
read and/or Write accessible by Way of bus 20. In one 
embodiment, recon?gurable channel storage circuitry 300 
includes recon?gurable channel storage circuitry 301-303. 
Alternate embodiments of the present invention may have 
feWer, more, or the same number of recon?gurable channel 
storage circuits 301-303 Within recon?gurable channel stor 
age circuitry 300. Recon?gurable channel storage circuitry 
300 is bi-directionally coupled to recon?gurable control 
logic 304 by Way of conductors 322. In one embodiment of 
the present invention, signals 322 are used to transfer control 

Apr. 14, 2005 

and/or status information betWeen recon?gurable channel 
storage circuitry 300 and recon?gurable control logic 304. 
Recon?gurable channel storage circuitry 300 is bi-direction 
ally coupled to recon?gurable channel circuitry 312 by Way 
of signals 328. Recon?gurable channel circuitry 312 is 
bi-directionally coupled to recon?gurable control logic 304 
by Way of conductors 324. Recon?gurable channel circuitry 
312 is bi-directionally coupled to bus 330 by Way of 
conductors 45. 

[0032] In the embodiment of the present invention illus 
trated in FIG. 3, there is one recon?gurable channel storage 
circuit 301-303 for each peripheral function circuit 306-308. 
Alternate embodiments of the present invention may have 
any number of recon?gurable channel storage circuits 301 
303 for each peripheral function circuit 306-308. Each 
peripheral function circuit 306-308 may perform one or 
more of any type of desired function, such as, for eXample, 
a timer function, a communication function, a conversion 
function, a data processing function, a storage function, etc. 
In addition, in some embodiments of the present invention, 
recon?gurable channel circuitry 312 includes recon?gurable 
circuitry to perform one or more of any type of desired 
function, such as, for eXample, a timer function, a commu 
nication function, a conversion function, a data processing 
function, a storage function, etc. Thus the circuitry for 
performing a function may be located on the same integrated 
circuit as the shared resource 24 (eg can be located in 
recon?gurable channel circuitry 312), or alternately may be 
located outside of the integrated circuit incorporating the 
shared resource 24 (eg can be located in any of peripheral 
function circuits 306-308). 

[0033] In the embodiment of the present invention illus 
trated in FIG. 3, recon?gurable control logic 304 is used to 
provide signals 56 and signals 51 to additional signal 
steering logic 36 (see FIG. 1). Recon?gurable control logic 
304 is also used to determine or select the communication 
path being used from one of the bus masters 12, 14 to one 
or more of the peripheral function circuits 306-308. The 
communication path uses bus 20, bus interface 310, one of 
recon?gurable channel storage circuits 301-303 (Which one 
is determined by recon?gurable control logic 304), recon 
?gurable channel circuitry 312, signals 45, and bus 330. 

[0034] Note that in one embodiment of the present inven 
tion, recon?gurable channel circuitry 312 is used to deter 
mine or select the communication path betWeen recon?g 
urable channel storage circuitry 300 and peripheral function 
circuits 306-308. In some embodiments of the present inven 
tion, recon?gurable channel circuitry 312 is programmed via 
recon?gurable control logic 304. In alternate embodiments 
of the present invention, recon?gurable channel circuitry 
312 may be programmed by bus master 12 or 14 via bus 
interface 310. In some embodiments of the present inven 
tion, recon?gurable channel storage circuitry 300 may func 
tion solely as storage circuitry Which can be recon?gured by 
recon?gurable control logic 304. Similarly, recon?gurable 
channel circuitry 312 may function solely to perform a 
desired function, Where the function is selectable by recon 
?gurable control logic 304. Alternate embodiments of the 
present invention may partition the storage, function, and 
control portions of shared resource 24 in any manner. Note 
that alternate embodiments of the present invention may not 
use recon?gurable channel circuitry 312; instead, recon?g 
urable control logic 304 may be directly used to determine 
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or select the communication path between recon?gurable 
channel storage circuitry 300 and peripheral function cir 
cuits 306-308. 

[0035] FIG. 4 illustrates, in block diagram form, a portion 
of USB shared resource 100 of FIG. 1 along With other 
circuitry in accordance With one embodiment of the present 
invention. In one embodiment, USB shared resource 100 
complies With the Universal Serial Bus (USB) standard and 
communicates With a USB host 420 by Way of a USB bus 
43. USB shared resource 100 is also coupled to bus 20. In 
the embodiment of the present invention illustrated in FIG. 
4, USB shared resource 100 includes a USB function 
controller 413 Which is bi-directionally coupled to endpoint 
storage circuitry 470 and to bus interface 400. Bus interface 
400 is bi-directionally coupled to endpoint storage circuitry 
470 and is bi-directionally coupled to bus 20. In one 
embodiment of the present invention, USB function con 
troller 413 is bi-directionally coupled to serial interface 
engine 418 by Way of USB protocol logic 415. Serial 
interface engine 418 is bi-directionally coupled to USB bus 
43. 

[0036] In one embodiment of the present invention, USB 
function controller 413 includes a plurality of USB function 
control registers 402 Which are coupled to USB protocol 
logic 415. USB protocol logic 415 is coupled to endpoint 
interrupt logic 417 to provide interrupt information regard 
ing When an interrupt should be provided to a bus master 12, 
14. Steering logic 480 receives information from endpoint 
interrupt logic 417 and USB function control register 402 
and, in response, provides interrupt signals 101 and 102 to 
bus masters 12 and 14, respectively. Unlike shared resource 
24 (see FIG. 1) Which uses additional signal steering logic 
36 to determine Which bus master 12, 14 receives Which 
additional signals, USB shared resource 100 includes the 
circuitry for performing the steering function. As a result, 
signals 101 and 102 do not need to be routed through 
additional signal steering logic 36. The steering function 
provided by additional signal steering logic 36 is performed 
Within USB shared resource 100. 

[0037] In one embodiment of the present invention, steer 
ing logic 480 includes AND gates 422, 424, 426, and 428 
Which each have one input coupled to USB function control 
registers 402 and one input coupled to endpoint interrupt 
logic 417. Steering logic 480 also includes a plurality of OR 
gates 430, 432 Which receive inputs from AND gates 422, 
424, 426, and 428 and Which provide outputs 101 and 102 
to bus masters 12, 14 respectively. 

[0038] In one embodiment of the present invention, each 
endpoint has a corresponding bit 460 or 462, a correspond 
ing latch 410 or 412, a corresponding bit 450 or 452, and a 
corresponding portion of endpoint interrupt logic 440 or 
442. Note that the speci?c circuitry illustrated in FIG. 4 is 
merely shoWn for illustrative purposes. Alternate embodi 
ments of the present invention may use any appropriate 
circuitry to implement the steering functionality needed by 
USB function controller 413. 

[0039] In one embodiment of the present invention, USB 
function control registers 402 include interrupt steering 
registers 403, other shared registers 414, and non-shared 
registers 416. In one embodiment of the present invention, 
interrupt steering registers 403 include interrupt steering set 
register 406 and interrupt steering clear register 404 Which 
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are coupled to interrupt steering storage circuitry 408 to 
provide set and reset signal signals, respectively, to set/reset 
latches 410, 412. Alternate embodiments of the present 
invention may include a plurality of other shared registers 
414 Which are implemented using a set register, a clear 
register, and a plurality of set/reset latches in a manner 
similar to that used to implement the interrupt steering 
registers 403. 

[0040] Note that through the use of shared registers 403 
and 414, endpoint interrupt logic 417, and steering logic 
480, the USB function controller 413 has the capability to 
alloW shared control of endpoints in a multi-master system. 
Although the multi-master system illustrated in FIG. 1 uses 
tWo bus masters 12, 14, alternate embodiments of the 
present invention may use any number or type of bus master, 
including bus masters external to data processing system 10. 

[0041] The functionality of the USB shared resource 100 
Will noW be described in further detail. USB protocol logic 
415 provides and receives data to and from serial interface 
engine 418. Serial interface engine 418 provides and 
receives data to and from USB host 420 and functions 
according to the USB standard. 

[0042] In one embodiment of the present invention, USB 
shared resource 100 is considered to be a shared resource 
that is unoWned. HoWever, the USB shared resource 100 is 
partitioned so that one or more portions (e.g. USB end 
points) may be allocated to different bus masters 12 and 14. 
In one embodiment of the present invention, the USB 
endpoints may be stored in the endpoint storage circuitry 
470. In one embodiment of the present invention, interrupt 
steering register 403 has been added to steer endpoint 
interrupts to one of a plurality of bus masters 12, 14. 

[0043] In the illustrated embodiment of the present inven 
tion, interrupt steering register 403 has been implemented 
using an interrupt steering set register 406, and interrupt 
steering clear register 404, and interrupt steering storage 
circuitry 408. In the illustrated embodiment, only tWo logic 
states are available to specify selection of the bus master 12, 
14 to receive the interrupt. Thus for the illustrated embodi 
ment, endpoint interrupts may be steered to one of only tWo 
bus masters 12, 14. Alternate embodiments of the present 
invention, hoWever, may implement interrupt steering reg 
ister 403 so that endpoint interrupts may be steered to more 
than tWo bus masters. Note that in the illustrated embodi 
ment of the present invention, interrupt steering set register 
406 and interrupt steering clear register 404 are both regis 
ters in the memory map/programmer’s model and can be 
Written by Way of bus 20 and bus interface 400. Note that the 
reading of registers 406 and 404 is not used in the illustrated 
embodiment of the present invention; hoWever, alternate 
embodiments of the present invention may handle the read 
ing of registers 406 and 404 in any desired manner. 

[0044] In one embodiment of the present invention, both 
bus masters 12 and 14 can Write and modify the shared 
registers 414 and the interrupt steering register 403. Note 
that this may result in corruption of the contents of registers 
414 and 403. The use of a separate interrupt steering set 
register 406 located at a unique address in the memory 
map/programmer’s model and use of a separate interrupt 
steering clear register 404 located at a different address in 
the memory map alloWs multiple bus master 12, 14 to 
independently set or clear selected bits in register 403 
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Without affecting non-selected bits in register 403. Note that 
for some embodiments of the present invention, one or more 
of other shared registers 414 may be implemented in a 
similar manner to register 403 (i.e. using separate set and 
clear registers 406, 404). For example, all or a portion of 
other shared registers 414 Which relate to endpoint operation 
may be implemented in a similar manner to register 403. 
Alternate embodiments of the present invention may use 
different mechanisms to avoid corruption of the contents of 
register 401 and one or more of registers 414. One eXample 
of such a mechanism is atomic read-modify-Write accesses 
to register 402 and 414. 

[0045] In the illustrated embodiment of the present inven 
tion, Writing a “1” to bit 460 Will set the corresponding latch 
410 and Writing a “0” to bit 460 Will have no effect on latch 
410. Similarly, Writing a “1” to bit 450 Will clear the 
corresponding latch 410 and Writing a “0” to bit 450 Will 
have no effect on latch 410. Note that this mechanism alloWs 
bitWise control of register 403 by both bus master 12 and bus 
master 14. In some applications using USB shared resource 
100, bus master 12 Will set a portion of register bits 403 and 
bus master 14 Will clear a different non-overlapping portion 
of register bits 403. In this case, a “1” in a bit of register 403 
steers the corresponding endpoint interrupt to bus master 12, 
and a “0” in a bit of register 403 steers the corresponding 
endpoint interrupt to bus master 14. 

[0046] For one embodiment of the present invention, the 
non-shared registers 416 do not need to be modi?ed to 
operate properly With multiple bus masters 12, 14. For 
eXample, some register in non-shared registers 416 may be 
read only, and other registers in non-shared registers 416 
may be accessed by one bus master 12, 14 as speci?ed by a 
predetermined softWare convention. 

[0047] In one embodiment of the present invention, USB 
protocol logic 415 and endpoint interrupt logic 417 do not 
have to be modi?ed for multiple-master use. HoWever, the 
interrupt outputs provided by endpoint interrupt logic 417 
noW have to be steered by steering logic 480 to the bus 
master speci?ed by a corresponding bit of register 403. 
Steering logic 480 may be implemented in any manner; the 
circuitry illustrated in FIG. 4 is just one possible implemen 
tation of steering logic 480. Note that steering logic 480 
Would not be required if only one bus master (eg 12 or 14) 
Was utiliZing the USB shared resource 100. In that case, no 
steering Would be required, as all interrupts Would go to the 
one bus master. 

[0048] The remaining circuitry illustrated in FIG. 4 may 
function in the same manner as standard USB circuitry. 

[0049] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to 
be included Within the scope of present invention. 

[0050] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
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advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. 

1. A data processing system, comprising: 

a ?rst bus master; 

a second bus master; and 

a shared recon?gurable resource accessible by the ?rst 
bus master and the second bus master, Wherein the 
shared recon?gurable resource establishes a communi 
cation path betWeen at least one of the ?rst and second 
bus masters and circuitry for performing a ?rst periph 
eral function selected from a plurality of peripheral 
functions. 

2. The data processing system of claim 1, Wherein the 
shared recon?gurable resource comprises recon?gurable 
channel circuitry Which comprises at least a portion of the 
circuitry for performing the ?rst peripheral function. 

3. The data processing system of claim 2, Wherein the 
shared recon?gurable resource comprises recon?gurable 
channel storage accessible by the recon?gurable channel 
circuitry for use in performing the ?rst peripheral function. 

4. The data processing system of claim 2, Wherein the 
recon?gurable channel circuitry is con?gurable to perform a 
second peripheral function selected from the plurality of 
peripheral functions. 

5. The data processing system of claim 4, Wherein the 
shared recon?gurable resource establishes a second com 
munication path betWeen at least one of the ?rst and second 
bus masters and circuitry for performing the second periph 
eral function, and Wherein the recon?gurable channel cir 
cuitry comprises at least a portion of the circuitry for 
performing the second peripheral function. 

6. The data processing system of claim 5, Wherein the 
circuitry for performing the second peripheral function 
comprises at least one of a serial peripheral interface (SPI), 
a universal asynchronous receiver/transrnitter (UART), a 
universal serial bus (USB), an input capture, an output 
compare, a general purpose input/output, a timer, and a 
synchronous serial interface (551). 

7. The data processing system of claim 1, Wherein the data 
processing system further comprises ?rst peripheral function 
circuitry coupled to the shared recon?gurable resource, 
Wherein the ?rst peripheral function circuitry comprises at 
least a ?rst portion of the circuitry for performing the ?rst 
peripheral function. 

8. The data processing system of claim 7, Wherein the 
shared recon?gurable resource comprises at least a second 
portion of the circuitry for performing the ?rst peripheral 
function. 

9. The data processing system of claim 8, Wherein the 
shared recon?gurable resource establishes a second com 
munication path betWeen at least one of the ?rst and second 
bus masters and circuitry for performing a second peripheral 
function selected from the plurality of peripheral functions. 

10. The data processing system of claim 9, Wherein the 
data processing system further comprises second peripheral 
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function circuitry coupled to the shared recon?gurable 
resource, Wherein the second peripheral function circuitry 
comprises at least a ?rst portion of the circuitry for per 
forming the second peripheral function and the shared 
recon?gurable resource comprises at least a second portion 
of the circuitry for performing the second peripheral func 
tion. 

11. The data processing system of claim 8, Wherein the 
circuitry for performing the second peripheral function 
comprises at least one of a serial peripheral interface (SPI), 
a universal asynchronous receiver/transmitter (UART), a 
universal serial bus (USB), an input capture, an output 
compare, a general purpose input/output, a timer, and a 
synchronous serial interface (SSI). 

12. The data processing system of claim 1, Wherein the 
circuitry for performing the ?rst peripheral function com 
prises at least one of a serial peripheral interface (SPI), a 
universal asynchronous receiver/transmitter (UART), a uni 
versal serial bus (USB), an input capture, an output compare, 
a general purpose input/output, a timer, and a synchronous 
serial interface (SSI). 

13. A method for operating a recon?gurable resource, 
comprising: 

con?guring the recon?gurable resource to establish a ?rst 
communication path betWeen a ?rst master and cir 
cuitry for performing a ?rst peripheral function; and 

con?guring the recon?gurable resource to establish a 
second communication path betWeen a second master 
and circuitry for performing a second peripheral func 
tion, each of the ?rst and second peripheral functions 
selected from a plurality of peripheral functions. 

14. The method of claim 13 Wherein con?guring the 
recon?gurable resource to establish the ?rst communication 
path comprises con?guring channel circuitry Within the 
recon?gurable resource to perform the ?rst peripheral func 
tion. 

15. The method of claim 14, Wherein con?guring the 
recon?gurable resource to establish the second communica 
tion path comprises con?guring the channel circuitry Within 
the recon?gurable resource to perform the second peripheral 
function. 

16. The method of claim 15, Wherein the ?rst bus master 
and the second bus master are different masters coupled to 
the recon?gurable resource. 

17. The method of claim 15, Wherein the ?rst bus master 
and the second bus master are a same master coupled to the 
recon?gurable resource. 

18. The method of claim 15, Wherein con?guring the 
channel circuitry to perform the ?rst peripheral function and 
con?guring the channel circuitry to perform the second 
peripheral function each comprises con?guring channel stor 
age coupled to the channel circuitry. 

19. The method of claim 15, Wherein the ?rst peripheral 
function and the second peripheral function comprise a same 
peripheral function. 

20. The method of claim 15, Wherein the ?rst peripheral 
function and the second peripheral function comprise dif 
ferent peripheral functions. 

21. The method of claim 13, Wherein the plurality of 
peripheral functions comprise at least one of a serial periph 
eral interface (SPI) function, a universal asynchronous 
receiver/transmitter (UART) function, a universal serial bus 
(USB) function, an input capture function, an output com 
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pare function, a general purpose input/output function, a 
timer function, and a synchronous serial interface (SSI) 
function. 

22. A shared recon?gurable resource, comprising: 

recon?gurable channel storage con?gurable to store infor 
mation associated With a plurality of peripheral func 
tions; 

recon?gurable channel circuitry, con?gurable to perform 
each of the plurality of peripheral functions; and 

control logic, coupled to the recon?gurable channel stor 
age and the recon?gurable channel circuitry, Wherein 
the control logic con?gures the recon?gurable channel 
storage and recon?gurable channel circuitry to perform 
a selected one of the plurality of peripheral functions. 

23. The shared recon?gurable resource of claim 22, 
Wherein the control logic establishes a communication path 
betWeen at least one of a plurality of masters and circuitry 
for performing the selected one of the plurality of peripheral 
functions. 

24. The shared recon?gurable resource of claim 23, 
Wherein the recon?gurable channel circuitry comprises at 
least a portion of the circuitry for performing the selected 
one of the plurality of peripheral functions. 

25. The shared recon?gurable resource of claim 22, 
Wherein the control logic indicates to the recon?gurable 
channel storage and the recon?gurable channel circuitry the 
selected one of the plurality of peripheral functions. 

26. The shared recon?gurable resource of claim 22, 
Wherein the plurality of peripheral functions comprises a 
?rst of a serial peripheral interface (SPI) function, a univer 
sal asynchronous receiver/transmitter (UART) function, a 
universal serial bus (USB) function, an input capture func 
tion, an output compare function, a general purpose input/ 
output function, a timer function, and a synchronous serial 
interface (SSI) function. 

27. The shared recon?gurable resource of claim 26, 
Wherein the plurality of peripheral functions comprises a 
second of a serial peripheral interface (SPI) function, a 
universal asynchronous receiver/transmitter (UART) func 
tion, a universal serial bus (USB) function, an input capture 
function, an output compare function, a general purpose 
input/output function, a timer function, and a synchronous 
serial interface (SSI) function. 

28. The shared recon?gurable resource of claim 22, 
Wherein a ?rst subset of the plurality of peripheral functions 
correspond to a ?rst master and a second subset of the 
plurality of peripheral functions correspond to a second 
master. 

29. A shared Universal Serial Bus (USB) resource com 
prising: 

a bus interface Which communicates With a ?rst master 
and a second master; 

endpoint storage circuitry, coupled to the bus interface, 
the endpoint storage circuitry comprising a plurality of 
endpoints Wherein each of the plurality of endpoints is 
allocatable to one of the ?rst master and the second 

master; 

a serial interface engine Which communicates With a USB 
host; and 
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a USB function controller, coupled to the bus interface, 
endpoint storage circuitry, and serial interface engine, 
the USB function controller comprising: 

USB protocol logic, coupled to the serial interface 
engine; 

endpoint interrupt logic Which generates interrupts 
based on information received from the USB proto 
col logic; 

interrupt steering registers; and 

interrupt steering logic Which routes each of the inter 
rupts to a corresponding one of the ?rst master and 
the bus rnaster based on steering inforrnation pro 
vided by the interrupt steering registers. 

30. The shared USB resource of claim 29, Wherein the 
plurality of endpoints are allocated based on the interrupt 
steering registers. 

31. The shared USB resource of claim 30, Wherein, for 
each of the plurality of endpoints, the interrupt steering 
registers indicate allocation to one of the ?rst master and the 
second rnaster. 

32. The shared USB resource of claim 30, Wherein the 
interrupt steering registers comprise an interrupt steering set 
register and an interrupt steering clear register. 

33. The shared USB resource of claim 32, Wherein the 
interrupt steering registers further comprise interrupt steer 
ing storage circuitry coupled to the interrupt steering set 
register and the interrupt steering clear register, the interrupt 
steering storage circuitry providing the steering information 
to the interrupt steering logic. 
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34. The shared USB resource of claim 33, Wherein the 
interrupt steering storage circuitry comprises a plurality of 
set-reset latches. 

35. A shared Universal Serial Bus (USB) resource corn 
prising: 

a plurality of endpoints Wherein each of the plurality of 
endpoints is allocatable to one of a plurality of bus 
rnasters; 

a USB function controller, coupled to the plurality of 
endpoints, the USB function controller cornprising: 

endpoint interrupt logic Which generates interrupts 
based on communication from a USB host; 

at least one interrupt steering register accessible by the 
plurality of bus masters; and 

interrupt steering logic Which routes each of the inter 
rupts to a corresponding bus master of the plurality 
of bus rnasters based on steering inforrnation pro 
vided by the interrupt steering registers. 

36. The shared USB resource of claim 35, Wherein the at 
least one interrupt steering register comprises an interrupt 
steering set register and an interrupt steering clear register. 

37. The shared USB resource of claim 36, Wherein the at 
least one interrupt steering registers further comprise inter 
rupt steering storage circuitry coupled to the interrupt steer 
ing set register and the interrupt steering clear register, the 
interrupt steering storage circuitry providing the steering 
information to the interrupt steering logic. 

* * * * * 


