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(57) ABSTRACT 

A data and signal interface for controlling the transfer of data 
and signals between a memory array and macro function 

such as that of a digital signal processor (DSP) core. In one 
embodiment, the interface comprises a plurality of memory 
ports Which interface With X/Y memory banks, a plurality of 
function ports, each With a function controller, Which inter 
face With DSP functions, a crossbar connecting the memory 
and function ports, and an arbitration unit for arbitrating 
memory access by the function ports. The memory interface 
advantageously alloWs multiple simultaneous accesses of 
memory banks via a plurality of macro functions, each 
access under the control of a parent processor instruction. A 

standardized protocol used for memory read/Write opera 
tions is also disclosed. 
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COPYRIGHT 

[0003] A portion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Office 
patent ?les or records, but otherWise reserves all copyright 
rights Whatsoever. 

BACKGROUND OF THE INVENTION 

[0004] 
[0005] The present invention relates to the ?eld of inte 
grated circuit design, speci?cally to the integration of 
peripheral components and macro functions With a central 
processing unit (CPU) or user-customizable microprocessor. 

[0006] 2. Description of Related Technology 

1. Field of the Invention 

[0007] As semiconductor processing capabilities increase 
the number of transistors that can be economically built on 
a single Integrated Circuit (IC), systems designers are made 
less effective by the difficulty encountered in combining 
large-scale macro blocks on a single IC. Such large-scale 
macro blocks (or “macro functions”) include, for example, 
those associated With third generation (“3G”) communica 
tions architectures, such as functions performing V1terbi 
butter?y decode, cyclic redundancy checks (CRC), convo 
lutional encoding/decoding, permutation, and carrier modu 
lation/demodulation. Some of the problems encountered by 
the designer are underscored by the need to integrate special 
purpose functions With an existing instruction set imple 
mented by a given central processing unit (CPU). Often, a 
non-integrated design approach is employed, Wherein the 
large-scale macro blocks or functions are treated as separate 
entities from the processor core, thereby requiring additional 
complexity, as Well as specialized or unique interfaces 
betWeen the core and its associated functions Which are not 
standardized across the device. Speci?cally, With respect to 
memory interfaces, the use of control registers associated 
With the memory ports of the interface not only complicates 
the design, but also may under certain circumstances limit or 
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restrict the functionality of the interface. For example, 
individual macro blocks associated With the design may be 
precluded from acting on data in separate memory banks 
simultaneously, thereby hindering the performance of the 
design as a Whole by requiring that memory accesses be 
performed in “lock-step” fashion. 

[0008] Prior art treatment of large-scale macro functions 
as separate entities Within the design has further disabilities 
relating to memory. In particular, since the macro block is 
effectively a separate entity from the core, memory inter 
faces to existing core memory are often quite complex, 
thereby often necessitating the provision of separate 
memory dedicated to the macro function (or shared betWeen 
multiple macro functions). The requirement for such addi 
tional memory adds cost and complexity to the device, as 
Well as monopolizing already precious real estate on the die. 
This is especially true for so-called “system-on-a-chip” 
(SoC) designs, Where available memory is often a limiting 
parameter. Additionally, such dedicated “off-core” memory 
is by de?nition not local to the core, and hence results in 
increased latency When such memory must be accessed by 
the core. 

[0009] Furthermore, as more such large-scale macro func 
tion blocks are added to the design, the propensity for such 
increased complexity and non-standardization across the 
design increases accordingly. 

[0010] Furthermore, conventional interface mechanisms 
are typically based on a common bus, and transfers betWeen 
peripherals and the core(s) are arbitrated by one or more 
direct memory access (DMA) controllers. HoWever, under 
such an approach, the timed transfer of data may not be 
deterministic, Which is often a crucial requirement for DSP 
applications. Speci?cally, DSP systems often require not 
only that data are processed correctly mathematically, but 
that results are delivered at the right time. In this sense a 
“deterministic” transfer is one for Which the timing is 
exactly knoWn. 

[0011] Based on the foregoing, there is a need for an 
improved apparatus and method for enabling macro func 
tions and peripherals present on an integrated device to 
interface With the device processor core in a simple and 
standardized manner. Such improved interface Would not 
only alloW for standardized interface betWeen macro-func 
tions across the device, but also alloW multiple macros to 
interface With individual (or a plurality of) memory banks 
simultaneously. Such improved apparatus and method 
Would also ideally obviate separate or discrete local memory 
noW used in support of macro (e.g., DSP core) functions, and 
facilitate deterministic transfer of data betWeen functional 
entities in the design. 

SUMMARY OF THE INVENTION 

[0012] The present invention satis?es the aforementioned 
needs by an improved apparatus and method for interfacing 
betWeen integrated circuit devices, such as betWeen a digital 
processor and associated memory array. 

[0013] In a ?rst aspect of the invention, an improved 
interface apparatus useful for interfacing betWeen an exter 
nal device and one or more processor functions is disclosed. 
In one exemplary embodiment, the external device com 
prises a memory array, and the interface comprises a plu 
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rality of memory ports, a plurality of function ports With 
associated function controllers, a crossbar connecting the 
memory ports to the function ports, and an arbitration unit 
for arbitrating memory accesses and facilitating burst load/ 
store operations. The interface apparatus enables a macro 
block to be integrated With the CPU, controlled With a 
custom processor instruction, and act directly on CPU local 
memory banks. Other macro blocks can also access data in 
other banks simultaneously. Under CPU control, blocks of 
data can be acted on by macro functions in a pipelined 
fashion. The local CPU memory banks therefore replace 
memory that might otherWise be duplicated in the macro 
block. Once acquired, data is local to the CPU Which can 
also act on it Without unnecessary additional latency. 

[0014] In a second aspect of the invention, an improved 
data transfer protocol used in conjunction With the afore 
mentioned interface is disclosed. In one embodiment, the 
protocol comprises a synchronous protocol using a plurality 
of registers disposed Within the aforementioned functional 
control units of the function ports. Data exchange With the 
memory interface is synchronized With the clock of the 
processor core, and data is strobed in and out of the memory 
after memory access has been requested and granted. The 
grant of memory access requests is delayed if the requested 
memory bank is being accessed for a burst load/ store 
operation, or by the processor core. The protocol of the 
invention supports, in conjunction With the memory inter 
face, multiple simultaneous strobed accesses to different 
memory banks by different macro functions (function ports) 
associated With the interface. 

[0015] In a third aspect of the invention, an improved data 
processing apparatus is disclosed. The device generally 
comprises a processor core, the aforementioned memory 
interface, at least one macro function, XY memory array, 
and I/O interface. In one exemplary embodiment, the pro 
cessor core comprises an extensible RISC-based digital 
processor, and the macro function comprises a digital signal 
processor (DSP). The DSP may be a general purpose DSP, 
or alternatively any one of a number of algorithmically 
optimiZed designs Which are adapted to perform certain data 
processing tasks. The RISC processor and DSP are tightly 
coupled such that the DSP and memory interface effectively 
become part of the RISC processor’s instruction set, the 
macro function (DSP) being controlled by, for example, 
decoded instructions generated by the pipeline decode stage 
of the RISC processor. Furthermore, peripheral devices can 
have direct memory access (DMA) capability With respect to 
the XY memory array via the I/ O interface. The components 
are also advantageously combined into a single-die inte 
grated circuit device. In another embodiment, the device 
comprises a “3G” ASIC having a plurality of macro blocks 
including a signal receiver and demodulator, “turbo” or 
Viterbi decoder, block cyclic redundancy code (CRC) cal 
culation macro, block permute macro, block convolution 
encoder macro, and modulator and transmitter, all of Which 
are coupled to the core memory array via the memory 
interface. 

[0016] In a fourth aspect of the invention, a method of 
interfacing betWeen a memory and one or more processor 
functions is disclosed. In one exemplary embodiment, the 
method comprises specifying a number of function ports for 
an interface; specifying a number of memory ports for the 
interface; setting a number of control and other registers 
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based on the function port con?guration; specifying an 
interface protocol; initiating the function(s) associated With 
the function port(s); arbitrating one or more memory 
accesses; and performing read/Write access to memory 
according to the selected protocol and control by the parent 
processor core. 

[0017] In a ?fth aspect of the invention, a method of 
testing a function associated With the previously described 
memory interface is disclosed. In one exemplary embodi 
ment, the method comprises providing a memory interface 
having at least one memory port and associated memory 
array, at least one function port and associated function, and 
at least one control register used for controlling said func 
tion; providing a test sequence; providing an input test value 
in the memory array; initiating the function; generating 
results from the operation of the function on the input test 
value; and comparing the results returned by the function 
against a knoWn value in order to test the operation of the 
function. 

[0018] In a sixth aspect of the invention, an improved 
method of designing an integrated circuit device having an 
extensible processor core, secondary processor (e.g., DSP) 
or macro function, and memory interface is disclosed. In one 
embodiment, the method comprises providing an extensible 
core; providing at least one macro function; providing at 
least one memory interface; adding an HDL (hardWare 
description language) “Wrapper” around the DSP or macro 
function, the HDL Wrapper adapted to (i) translate signals, 
(ii) buffer memory interfaces, and (iii) synchroniZe clock 
signals With the memory interface. In another embodiment, 
the method comprises providing an extensible core; provid 
ing at least one “soft” macro function; providing at least one 
memory interface as described previously herein; and adapt 
ing the “soft” macro function implementation to meet the 
speci?cation associated With the memory interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a plot of data sample rate versus type of 
application, illustrating the relationship betWeen various 
types of processor architectures and their possible applica 
tions. 

[0020] FIG. 2 is a block diagram of one exemplary 
embodiment of the memory interface according to the 
present invention. 

[0021] FIG. 2a is a logical block diagram of one exem 
plary embodiment of logic adapted to provide decoded 
instruction and operand information from the parent proces 
sor’s decode pipeline stage to the memory interface of the 
invention. 

[0022] FIG. 3 is a block diagram illustrating a ?rst appli 
cation of the interface of FIG. 2, Wherein the DSP core is 
“tightly” coupled to the parent processor core (e.g. ARC) 
and XY memory. 

[0023] FIG. 4 is a block diagram illustrating a second 
application of the interface of FIG. 2, Wherein the DSP core 
is served by a separate I/O interface, the DSP core being 
controlled by the processor core. 

[0024] FIG. 5 is a block diagram illustrating a third 
application of the interface of FIG. 2, Wherein the interface 
is used to interface directly betWeen an I/O device and the 
XY memory. 
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[0025] FIG. 6 is block diagram of one embodiment of the 
interface of the invention, illustrating the various signals and 
registers associated therewith. 

[0026] FIG. 6a is a logical ?oW diagram illustrating one 
exemplary embodiment of the method for testing a macro 
function using the memory interface of the present inven 
tion. 

[0027] FIG. 7 is a timing diagram illustrating one embodi 
ment of the protocol used in conjunction With the interface 
of the present invention. 

[0028] FIG. 8 is a block diagram of one exemplary 
embodiment of an integrated processor device including a 
processor core, DSP core, XY memory, and the memory 
interface of the present invention. 

[0029] FIG. 9 is a block diagram of a second embodiment 
of an integrated processor device including the memory 
interface of the present invention and a plurality of macro 
function entities, the processor device and macro function 
entities being adapted for 3G communications. 

[0030] FIG. 9a is a logical block diagram illustrating the 
operation of one exemplary embodiment of the macro 
function “pipeline” using the memory interface of the 
present invention. 

[0031] FIG. 10 is a logical ?oW diagram illustrating one 
embodiment of the method of interfacing a function With a 
memory array according to the invention. 

[0032] FIG. 11 is a logical ?oW diagram illustrating one 
exemplary embodiment of the method of generating a design 
for an integrated circuit device having a parent processor, a 
memory interface, and at least one macro function associ 
ated thereWith, Wherein an HDL “Wrapper” is used as the 
macro function interface. 

[0033] FIG. 11a is a logical ?oW diagram illustrating one 
embodiment of the method of adding an HDL Wrapper 
according to FIG. 11. 

[0034] FIG. 12 is a logical ?oW diagram illustrating a 
second embodiment of the method of generating a design for 
an integrated circuit device having a parent processor, a 
memory interface, and at least one macro function associ 
ated thereWith, Wherein a “soft” macro function is utiliZed 
and adapted to the requirements of the memory interface. 

DETAILED DESCRIPTION 

[0035] Reference is noW made to the draWings Wherein 
like numerals refer to like parts throughout. 

[0036] As used herein, the term “processor” is meant to 
include any integrated circuit or other electronic device 
capable of performing an operation on at least one instruc 
tion Word including, Without limitation, extensible reduced 
instruction set core (RISC) processors such as the ARCTM 
user-con?gurable core manufactured by the Assignee 
hereof, central processing units (CPUs), and digital signal 
processors (DSPs). Furthermore, various functional aspects 
of the processor may be implemented solely as softWare or 
?rmware associated With the processor. 

[0037] As used herein, the term “parent” processor refers 
generally to the aforementioned ARC core (or similar), 
While the term “host” processor refers generally to an 
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external processor Which controls the operation of the ARC 
core and/or other functional aspects of the design. 

[0038] Additionally, it Will be recogniZed by those of 
ordinary skill in the art that the term “stage” as used herein 
refers to various successive stages Within a pipelined pro 
cessor; i.e., stage 1 refers to the ?rst pipelined stage, stage 
2 to the second pipelined stage, and so forth. 

[0039] It is also noted that While portions of the folloWing 
description are cast in terms of VHSIC hardWare description 
language (VHDL), other hardWare description languages 
such as Verilog® may be used to describe various embodi 
ments of the invention With equal success. Furthermore, 
While an exemplary Synopsys® synthesis engine such as the 
Design Compiler 2000.05 (DC00) is used to synthesiZe the 
various embodiments set forth herein, other synthesis 
engines such as Buildgates® available from, inter alia, 
Cadence Design Systems, Inc., may be used. IEEE std. 
1076.3-1997, IEEE Standard VHDL Synthesis Packages, 
describe an industry-accepted language for specifying a 
HardWare De?nition Language-based design and the syn 
thesis capabilities that may be expected to be available to 
one of ordinary skill in the art. 

OvervieW 

[0040] The memory interface of the present invention has 
been conceived to enable, inter alia, DSP macro functions 
and peripherals to interface With another processor core 
using a simple and standard methodology. Close integration 
With prede?ned VLSI functions increases the ability to 
satisfy demanding applications and meet emerging industry 
standards, such as those relating to so-called “3G” applica 
tions. For certain high-speed communications tasks, only 
custom DSP and input/output (I/O) functions can meet the 
processing demands. This concept is illustrated in FIG. 1. 

[0041] The extensible nature of certain processor cores 
(e.g., the Applicant’s “ARC” core) and associated XY 
memory alloW DSP and I/O functions to be tightly coupled 
for such demanding applications. Using the apparatus and 
methodology of the present invention, the DSP core(s) 
effectively become part of the parent processor core instruc 
tion set, and I/O peripherals have direct memory access 
(DMA) to the processor core. 

[0042] Furthermore, many algorithmically optimiZed DSP 
core designs exist. Combining dedicated hardWare func 
tional performance and softWare ?exibility Within the same 
IC advantageously provides the most cost effective and 
shortest time to market for neW product development. 

Description of Interface 

[0043] Referring noW to FIG. 2, one exemplary embodi 
ment of the memory interface of the present invention is 
described. As shoWn in FIG. 2, the interface 200 comprises 
generally a plurality of memory ports 202, a plurality of 
function ports 204, a plurality of function controllers 206 
associated With the aforementioned function ports 204, and 
an arbitration controller 208. The interface 200 is designed 
to interface betWeen various “macro” functions 210 associ 
ated With a logic or processing device typically in the form 
of an integrated circuit (IC) such as a DSP, microprocessor, 
or ASIC (hereinafter generally referred to as “IC function”), 
and a memory array 212 having a plurality of individual 
memory banks 214. While an interface 200 having a plu 
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rality of ports 202, 204 is shown, it Will be recognized that 
the interface device 200 of the present invention may be 
implemented With any lesser number of ports, such as one 
memory port 202 and one function port 204. 

[0044] The number of function ports 204 (and hence 
macro functions 210) is determined by the algorithmic needs 
of a particular application, and the necessity for hardWare 
acceleration in that application. The number of memory 
ports 202 (and hence memory banks 214) is determined by 
the virtual How of data betWeen macro function blocks, the 
latter equivalent to a macro function block processing pipe 
line under CPU control. If a macro block 210 is processing 
data from a peripheral device (such as shoWn in FIG. 6 
herein) before storing to CPU local memory, then the 
number of memory banks 214 is determined by the buffering 
requirements associated With the macro block function, and 
the ability of the CPU to process data in softWare. 

[0045] The memory ports 202 of the apparatus of FIG. 2 
comprise interfaces With the banks 214 of the array 212. 
Advantageously, there are no control registers associated 
With the memory ports 202; rather, control is performed via 
the associated IC function 210. The interface 200 arbitrates 
access to each of the memory banks 214 using the arbitration 
controller 208. The memory ports of the illustrated embodi 
ment comprise simple address, data, read, Write, select, and 
control signals required by typical random access memory 
(RAM) design instantiations as are Well knoWn in the 
semiconductor arts, thereby making optimal use of existing 
technology. 
[0046] One embodiment of the arbitration controller logic 
is described. The arbitration controller 208 comprises a 
multiplexer adapted to select betWeen burst, direct memory 
interface (DMI) devices, debug (not shoWn) functions, and 
the processor. The construction and operation of multiplexer 
devices are generally Well knoWn in the semiconductor arts, 
and accordingly not described further herein. The multi 
plexer of the present invention, hoWever, is controlled by 
logic Which provides the folloWing priority structure: (i) the 
burst address is selected With the highest priority; (ii) 
external device permission to access the memory of the bank 
is given next priority; (iii) the debug channel is selected 
When the parent processor core (e.g., ARC) is halted, and the 
host device attempts to access the XY memory; and (iv) the 
processor source and destination operand busses are other 
Wise selected if appropriate. It Will be recogniZed that other 
priority structures may be implemented consistent With the 
invention, hoWever. 
[0047] The function ports 204 comprise the interface of 
the memory interface 200 With the IC functions 210. All 
data, control, and clock signals are routed through the 
function ports 204. A synchronous protocol, described in 
detail herein With respect to FIG. 7, is used in the present 
embodiment to facilitate read/Write data transfer through the 
ports 204, although it can be appreciated that other protocols 
(synchronous or non-synchronous) may be substituted. It 
Will be recogniZed that the illustrated arrangement shoWs a 
minimum interface requirement, and other more complex or 
functionally enhanced arrangements (or combinations 
thereof) can be substituted. For example a virtual component 
interface (VCI) of the type Well knoWn in the art could be 
used consistent With the invention. 

[0048] The function controllers 206 comprises the control, 
status, and test registers (see Tables 4-6 beloW) associated 
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With each of the IC functions 210. The function controllers 
also include an interface (as illustrated in the exemplary 
con?guration of FIG. 2a) to the core processor’s stage tWo 
instruction decode and source operand value. 

[0049] The interface 200 of the invention further utiliZes a 
data transfer “fabric” Which interconnects the memory ports 
202 With the function ports 204, thereby facilitating data 
distribution Within the interface. In the embodiment illus 
trated in FIG. 2, the fabric comprises a crossbar arrange 
ment (represented by the series of arroWs 216 of FIG. 2) for 
data communication betWeen the ports 202, 204, although it 
Will be appreciated that other techniques for (selectively) 
communicating data form one or more ports to one or more 

ports may be utiliZed. The construction and operation of 
crossbar sWitches is Well knoWn in the electronic arts, and 
accordingly is not described further herein. 

[0050] Using the aforementioned crossbar arrangement, 
each IC function 210 is connected through the interface 200 
to a bank 214 of the memory array 212, and multiple 
functions/banks may be connected simultaneously. In the 
illustrated embodiment, the memory array 212 comprises 
XY memory. Such memory may comprise, for example, 
static random access memory (SRAM), dynamic random 
access memory (DRAM), synchronous DRAM (SDRAM), 
double-data rate (DDR) SDRAM, embedded/?ash memory, 
or any other type of memory suitable for the desired appli 
cation. Such memory devices are Well knoWn in the semi 
conductor arts, and accordingly Will not be described further 
herein. The determination of Which memory bank 214 in the 
array 212 is accessed is made either by (i) a control register 
in processor core auxiliary register space; or (ii) the instruc 
tion operand (e.g. “FFT 2” of the aforementioned ARC 
core). For example, in the case Where the IC function 
comprises a DSP, the individual functions associated With 
the DSP can access any of the XY memory banks 214 in the 
array 212 for intermediate calculations and results. In one 
embodiment of the invention, the XY memory is imple 
mented as tWo pages of memory, and adapted such that tWo 
operand sources may be provided simultaneously. Altema 
tively, provision may be made for selection betWeen one of 
the tWo pages of memory at any one time if desired. 

[0051] It is noted that different DSP cores (or other types 
of processor cores) Will generally have varying interface, 
control and memory requirements. The interface 200 of the 
present invention advantageously provides the designer With 
the ability to integrate cores of various con?gurations 
directly With the parent processor core (e.g., extensible ARC 
processor) instruction and operand decode mechanism, aux 
iliary register, and on-core memory resources. The chip/ 
system designer may choose to either to add an HDL 
“Wrapper” around the DSP or core to translate signals, buffer 
memory interfaces, and synchroniZe clock signals, or alter 
natively modify the “soft” DSP core implementation to meet 
the speci?cation associated With the memory interface 200, 
as described beloW With respect to FIGS. 11a and 11b. 

[0052] Referring noW to FIGS. 3-5, exemplary applica 
tions of the memory interface 200 of the present invention 
are described, illustrating hoW the interface 200 can be used 
to integrate devices such as DSP cores, ASICS, or other 
types of peripherals. As illustrated in FIG. 3, a DSP core 302 
may be tightly coupled to an associated processor core (e.g., 
ARC) using the interface 200. As used herein, the term 
















