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DIGITAL SIGNAL PROCESSOR WITH DIRECT 
AND VIRTUAL ADDRESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not Applicable 

STATEMENT OF FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] 1. Technical Field 

[0004] This invention relates in general to electronic cir 
cuits and, more particularly, to digital signal processors. 

[0005] 2. Description of the Related Art 

[0006] The global market for digital signal processors 
(DSPs) has groWn at a compounded rate of more than 30 
percent per year since 1988. In fact, the market for DSPs is 
actually developing along a faster track than the one the 
microprocessor folloWed in the 1980s and 1990s. In part, 
this fast-track groWth is driven by the fact that digital signal 
processors target a broader range of diverse end use products 
than microprocessors: not just personal computers, but also 
telecommunication devices, consumer electronics, office 
equipment, industrial controls and automotive components. 

[0007] The success of DSPs in the marketplace is largely 
due to their ability to crunch vast quantities of numbers, 
While racing against an incredibly demanding clock. Digital 
signal processors are much faster (often 10 times faster or 
more) than general-purpose microprocessors, Which makes 
digital signal processors particularly Well-suited to handle 
the demands of processing information from different parts 
of our World by Working in real time. 

[0008] One shortcoming of DSPs is that their functionality 
is limited by the amount of their internal memory. While 
improvements in semiconductor fabrication have increased 
the amount of memory Which can be placed on a DSP, the 
complexity of the applications has increased the need for 
instruction and data memory even moreso. 

[0009] In the future, applications executed by DSPs Will 
be more complex and Will likely involve multiprocessing by 
multiple DSPs in a single system. DSPs Will evolve to 
support multiple, concurrent applications, some of Which 
Will not be dedicated to a speci?c DSP platform, but Will be 
loaded from a global netWork such as the Internet. These 
DSP platforms Will require a RTOS (real time operating 
system) to schedule multiple applications and to support 
memory management to share and protect memory access 
ef?ciently betWeen applications and operating system ker 
nels. 

[0010] Accordingly, a need has arisen for a DSP capable 
of memory management, including the accessing large 
amounts of memory. 

BRIEF SUMMARY OF THE INVENTION 

[0011] In the present invention, a digital signal processor 
is provided Which includes an interface for connecting to an 
external memory, a processing core and a memory manage 
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ment unit coupled to the interface and the processing core. 
The memory management unit receives virtual addresses 
from the processing core and translates the addresses to 
physical addresses associated With said external memory. 

[0012] The present invention provides signi?cant advan 
tages over the prior art. Virtual addressing alloWs the DSP to 
Work With a large address space on a local memory and an 
external memory Which can be shared With other processing 
units. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0013] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, in Which: 

[0014] FIG. 1 illustrates a block diagram of DSP coupled 
to an external main memory; 

[0015] FIG. 2 illustrates a block diagram of the DSP of 
FIG. 1; 

[0016] FIG. 3 illustrates a table shoWing different bus 
usages for the DSP of FIG. 2; 

[0017] FIG. 4 illustrates program and data spaces for the 
DSP of FIG. 2; 

[0018] FIG. 5 illustrates a block diagram of the MMU; 
and 

[0019] FIG. 6 illustrates the operation of the Walking table 
logic for section of the MMU. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention is best understood in relation 
to FIGS. 1-6 of the draWings, like numerals being used for 
like elements of the various draWings. 

[0021] FIG. 1 illustrates a general block diagram of an 
improved DSP architecture. In this embodiment, the DSP 10 
includes a processing core 12, and a plurality of buses 13 
coupled to local memory 14, including a data memory 
(RAM 15a and/or data cache 15b) along With instruction 
memory 16 (RAM/ROM 16a and/or instruction cache 16b). 
An external memory interface 18, including MMU (memory 
management unit) 19 is coupled to buses 13 and to an 
external physical memory 20. Other devices in a circuit 
incorporating the DSP 10, such as a microprocessor, may 
also use the external memory 20. 

[0022] In operation, the processor core 12 can be of any 
design. Typically, the processing core of a DSP features a 
high speed multiplier accumulator circuit (commonly 
referred to as a “MAC”). The local memory 14 stores data 
and instructions used in DSP operations. In the illustrated 
embodiment, the processing core 12 can directly address the 
local memory 14 using virtual addressing for high speed 
access. The bus structure is designed to efficiently retrieve 
and store program and data information; hoWever, different 
bus structures could also be used. Alternatively, the local 
memory 14 could be addressed through an MMU, although 
this Would reduce the speed of local memory addresses. 
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[0023] The external memory interface 18 provides the 
DSP 10 With the ability to use virtual addressing to access 
the external memory 20. DSP core 12 alWays accesses the 
external memory through the MMU 19. DSPs typically 
include one or more address generation units (AGUs) to 
perform one or more address calculations per instruction 
cycle, in order to retrieve instructions and to retrieve and 
store operands. 

[0024] The ability to use virtual addressing signi?cantly 
increases the functionality of a DSP. In particular, a DSP 
Which has the ability to use virtual addressing has access to 
large memory spaces for programs and data. 

[0025] The cache memories 15b and 16b cache data and 
instructions from the external memory 20. Many different 
cache architectures, such as direct map, tWo-Way set asso 
ciative or a combined RAM and cache solution, can be used 
to implement the cache memory 16, as Would be knoWn to 
one skilled in the art. 

[0026] A more detailed description of an embodiment for 
the DSP is shoWn in FIG. 2. In addition to the DSP core 12, 
local data memory 15, local instruction memory 16 and 
external memory interface 18, the DSP includes a peripheral 
interface 22 and a test and emulation interface 24. The 
external memory interface 18 includes an MMU 19 With a 
translation lookaside buffer (TLB) 28, including a content 
addressable memory (CAM) 30, and Walking table logic 
(WTL) 32. The external memory interface 18 further 
includes a bus controller 34, and con?guration registers 36. 

[0027] In operation, the DSP 10 communicates via four 
interfaces. The external memory interface provides thirty 
tWo bits (byte) address capability for burst or single accesses 
to an external memory space shared betWeen DSP program 
and data (and With other processing units). ADSP peripheral 
interface alloWs access to peripherals in I/O space. An 
auxiliary signals interface regroups reset, clock and interface 
signals. Atest and emulation interface alloWs test signals and 
JTAG signals for testing the DSP 10. 

[0028] The external memory interface 18 controls data and 
instruction transfers betWeen the DSP 10 and an external 
memory 20. The external memory interface 18 performs tWo 
functions: (1) external memory management, (2) priority 
handling betWeen multiple DSP buses (labeled C, D, E, F, 
and P) for external access and cache ?ll requests. 

[0029] FIG. 3 illustrates the use of the different buses for 
each type of instruction from the DSP core 12. 

[0030] FIG. 4 illustrates the virtual program and data 
space. In the illustrated embodiment of FIG. 4, the core 12 
sees a uniform 16 Mbyte virtual program space accessed 
through the P bus. The core 12 accesses 16 Mbytes of 
contiguous virtual data space through B, C, D, E, F buses, 
each bus providing its oWn Word address (23 bits). An 
additional loW order bit enables the selection of a byte in a 
16 bit Word. Ahigh order D/P bit indicates Whether the Word 
is associated With program or data, Where data and program 
buses are multiplexed to an external memory. All buses 13 
are 16 bits Wide. Sixteen KWords of dual access data RAM 
(the local data memory 15a) are mapped at the loW-end of 
the address range. The local program memory 16 mapped at 
the loW-end of the program address range can be a RAM/ 
ROM or a cache for storing information (program and data) 
from the external memory 20. 
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[0031] In the illustrated embodiment, the processing core 
12 can directly address the local memory 14 (i.e., Without 
using the MMU 19) Within the 16 Mbyte virtual address 
space for high speed access. External memory 20 is accessed 
through the MMU 19 in the external memory interface 18. 

[0032] It should be noted that throughout the speci?cation, 
speci?c architectural features and detailed siZes for various 
memories, bus capacities, and so on, are provided, although 
the design for a particular DSP implementation could be 
varied. For example, the siZe of the virtual program space 
seen by the core 12 is a design choice Which easily be varied 
as desired for a speci?c DSP. 

[0033] The external memory interface 18 is a 32 bit 
interface and it generates six types of accesses:.(1) single 
sixteen data read (Word), single 32 bit data read (long Word), 
(2) data burst read m><16 bit data, n><32 bit (long Word), (3) 
data Write from DSP (single 16 bit, single 32 bit), (4) data 
burst Write (m><16 bit data, n><32 bit ), (5) instruction cache 
line ?ll and (6) single instruction fetch. If the DSP has a data 
cache 15b, a data cache line ?ll is also supported. 

[0034] The priority scheme is de?ned to match DSP 
softWare compatibility and avoid pipeline, memory coher 
ency and lockup issues. The priority list is, in the illustrated 
embodiment, from highest to loWest: (1) E requests, (2) F 
requests, (3) D requests, (4) C requests and (5) Cache 
?ll/instruction fetch requests. To improve DSP data ?oWs 
to/from external memory, blocks of sequential data can be 
transferred in burst by con?guring the external memory 
interface. 

[0035] The MMU 19 is shoWn in greater detail in FIG. 5. 
The MMU 19 performs the virtual address to physical 
address translations and performs permissions checks for 
access to the external memory interface. The MMU 19 
provides the ?exibility and security required by an operating 
system to manage a shared physical space betWeen the DSP 
10 and an another processing unit. 

[0036] The MMU includes the TLB 28 and Walking table 
logic 32. In operation, the MMU 19 receives virtual program 
(instruction) addresses (VPAs) and virtual data addresses 
(VDAs) from the DSP core 12. The virtual addresses are 
analyZed by CAM 30 of the TLB 28. If the upper bits of the 
virtual address is stored Within CAM 30, a TLB “hit” occurs. 
The address in the CAM 30 at Which the hit occurred is used 
to access TLB RAM 40, Which stores a physical base 
address (upper level bits) for each corresponding entry in the 
CAM 30. Hence, if the virtual address is stored at location 
“20” of CAM 30, the associated physical address can be 
obtained from location “20” of RAM 40. The physical base 
address bits from RAM 40 are then concatenated With page 
index bits (the loWer level bits of the virtual address from the 
DSP core 12) to generate the complete physical address for 
accessing the external memory 20. In the preferred embodi 
ment, the comparison for each CAM entry is done With the 
5, 9, 13, and 15 upper bits of the DSP address, depending 
upon a page siZe code (00=1 Mbyte page, 01=64 Kbyte 
page, 10=4 Kbyte page and 11=1 Kbyte page). Hence, a 1 
Mbyte page need only match on the ?ve upper bits, a 64 
Kbyte page need only match on the upper nine bits and so 
on. This is to alloW different page siZes to be accommodated 
by a single CAM; naturally, page siZes other than those 
shoWn in FIG. 5 could be used in different implementations. 

[0037] CAM 30 and RAM 40 can store other information 
on the virtual addresses. RAM 40 stores permission bits 
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(AP) for the virtual address, Which can specify, for example, 
Whether a location is read-only or otherwise protected. 
These bits can be used to control accesses to certain regions 
of the external memory 20. When the DSP attempts to access 
an address With inconsistentAP bits (for example, if the DSP 
attempts to Write to a read only section of memory), the 
external memory interface 18 can generate an interrupt, 
Which may be processed by a DSP error handling routine. 

[0038] If the virtual address from the DSP core 12 is not 
found in CAM 30, a TLB “miss” occurs. In this case, the 
Walking table logic 32 is used to ?nd the base address for the 
physical address associated With the virtual address in tables 
located in external memory. 

[0039] In FIG. 6, the derivation of a physical address by 
the Walking table logic in the event of a TLB miss. Walking 
table logic methods are Well knoWn in the art and FIG. 6 
provides a basic description of the process. The TTB register 
of the Walking table logic 32 holds an address Which points 
to a boundary of a ?rst level descriptor table stored in the 
external memory 20. The virtual address from the processing 
core 12 has several index ?elds, the number and position of 
Which may vary depending upon the page type associated 
With the virtual address. The table base address and index1 
from the virtual address are concatenated to identify a 
location in the ?rst level descriptor table. This location Will 
provide the Walking table logic 32 With a base address and 
a P bit Which informs the Walking table logic Whether the 
base address points to the physical memory location asso 
ciated With the virtual address or Whether it points to a loWer 
level descriptor table. In the illustration of FIG. 6, the 
location provides a base address to the second level descrip 
tor table in the external memory 20. 

[0040] This base address is concatenated With index2 from 
the virtual address to point to a location Within the second 
level descriptor table. The location provides another base 
address and another P bit. In the illustration, the P bit 
indicates that the associated base address points to a location 
in a third level descriptor table. Thus, the base address is 
concatenated With index3 from the virtual address to point to 
a location Within the third level descriptor table. This 
location provides a base address and an associated P bit 
Which indicates that the base address is associated With the 
desired physical address. The location also includes the 
permission bits associated With the physical address Thus, 
the base address is concatenated With the page index from 
the virtual address to access the external memory. 

[0041] It should be noted that While the example uses three 
descriptor tables to identify the base address of the desired 
physical address, any number of table could be used. The 
number of tables used to determine a physical address may 
be dependent upon the page siZe associated With the physical 
address. 

[0042] The base address used to form the physical address 
and the permission bits are stored in the WTT register of 
Walking table logic 32. The WTT register is used to load the 
CAM 30 With the virtual address and the RAM 42 With the 
associated base address and permission bits at a location 
determined by replacement address circuitry 42. Replace 
ment address circuitry 42 could generate random addresses 
or cyclic addresses. 

[0043] The present invention provides signi?cant advan 
tages over the prior art. Virtual addressing alloWs the DSP to 
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Work With a large address space on an external memory 
Which can be shared With any processing unit, such as a 
microprocessor or a second DSP. Local memory accessed 
through physical addressing provides high speed access to 
memory Which is isolated from other circuits in the system. 
AlloWing access to both external memory through virtual 
addressing and local memory through physical addressing 
results in a more ?exible DSP. 

[0044] Although the Detailed Description of the invention 
has been directed to certain exemplary embodiments, vari 
ous modi?cations of these embodiments, as Well as alterna 
tive embodiments, Will be suggested to those skilled in the 
art. The invention encompasses any modi?cations or alter 
native embodiments that fall Within the scope of the claims. 

1. A digital signal processor comprising: 

a local memory; 

an interface for connecting to an external memory; 

a processing core capable of generating virtual addresses 
to address said local memory and said external 
memory; 

a memory management unit coupled to said interface and 
said processing core for receiving virtual addresses 
from said processing core and translating said 
addresses to physical addresses associated With said 
external memory. 

2. The digital signal processor of claim 1 Where said 
processing core addresses said local memory directly. 

3. The digital signal processor of claim 1 Wherein said 
memory management unit comprises a translation lookaside 
buffer. 

4. The digital signal processor of claim 3 Wherein said 
translation lookaside buffer includes a content addressable 
memory. 

5. The digital signal processor of claim 3 Wherein said 
memory management unit further comprises Walking table 
logic. 

6. The digital signal processor of claim 5 Wherein said 
Walking table logic comprises a translation table base reg 
ister for pointing to a translation table in said external 
memory. 

7. The digital signal processor of claim 6 Wherein said 
Walking table logic comprises a register for storing a base 
address derived from said translation table. 

8. The digital signal processor of claim 1 and further 
comprising an instruction cache memory coupled to said 
processing core. 

9. A digital signal processor comprising: 

an interface for connecting to an external memory; 

a processing core; 

a memory management unit coupled to said interface and 
said processing core for receiving virtual addresses 
from said processing core and translating said 
addresses to physical addresses associated With said 
external memory. 

10. The digital signal processor of claim 9 Wherein said 
memory management unit comprises a translation lookaside 
buffer. 

11. The digital signal processor of claim 9 Wherein said 
memory management unit further comprises Walking table 
logic. 
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12. The digital signal processor of claim 11 wherein said 
Walking table logic comprises a translation table base reg 
ister for pointing to a translation table in said external 
memory. 

13. The digital signal processor of claim 9 and further 
comprising a local memory coupled to said processing core. 

14. The digital signal processor of claim 9 and further 
comprising an instruction cache memory coupled to said 
processing core. 

15. Amethod of performing memory accesses in a digital 
signal processor comprising: 

generating virtual addresses in a processing core to 
address a local memory and an external memory; 

receiving virtual addresses associated With the external 
memory in a memory management unit and translating 
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said virtual addresses to physical addresses associated 
With said external memory. 

16. The method of claim 15 and further comprising the 
step of directly receiving addresses from said processing 
core in said local memory. 

17. The method of claim 15 and further comprising the 
step of identifying cached addresses in a translation looka 
side buffer. 

18. The method of claim 17 and further comprising the 
step of determining an address through reference to one or 
more tables stored in said external memory if a virtual 

address is not cached in said translation lookaside buffer. 


