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AUTOMATED METHOD AND SYSTEM FOR SELECTING AND PROCURING  ELECTRONIC
COMPONENTS USED IN CIRCUIT AND CHIP DESIGNS  BACKGROUND OF THE INVENTION 10
1) Field of the Invention The field of invention relates to electronic
design automation and, more specifically,  to automated methods and systems
for selecting and procuring electronic components used  in circuit and chip
designs. 15 2) Background The electronics industry produces ever more
advanced circuit designs with the  assistance of continuously improving
integrated circuits, design tools and verification tools.  Chip designs may
contain tens or hundreds of thousands of gates per chip, and will shortly
be in the range of millions of gates per chip. 20 Electronic systems have
traditionally been built using combinations of stand-alone,  individually
packaged chips, which are assembled on printed circuit boards (PCBs) and
connected together to obtain the desired functionality. Market demands
continue to push designers to develop printed circuit board designs  more
rapidly and efficiently. A recent trend to increase design speed and
efficiency involves  25 the re-use or recycling of electronic circuit
blocks or subsystems, which are alternatively referred to as "virtual
component blocks" or "IPs" (an acronym for "Intellectual Properties,"
which denotes the proprietary nature of these pre-packaged circuit blocks).
. Once the design for a virtual component block has been tested and
verified, it can be  re-used in other applications which may be completely
distinct from the application which led  30 to its original creation. For
example, a subsystem for a cellular phone ASIC may contain a
micro-controller as well as a digital signal processor and other
components. After the design WO 01/65423 PCT/US01/06155  2 for the cellular
phone subsystem has been tested and verified, it could be re-used (as a
virtual  



component block) in, for example, an automotive application. Design reuse
of virtual  component blocks allows a designer to complete a design much
faster than building the entire  design from scratch, and avoids the need
for debugging, testing and verification of the  5 subsystems embodied in
the virtual component block. Despite the relatively advanced techniques for
creating printed circuit board designs,  the methods for procuring and
purchasing electronic components for completed designs have  remained
relatively archaic. At the same time, increased competition has resulted in
growing  pressures to reduce time-to-market with new products, because the
first company to come out 10 with a new type of product typically has an
advantage over its competitors. Even short delays  in reaching market can
have a significant impact in term of product success. Presently used
methods of searching for and managing component information are
cumbersome, inefficient and problematic. A significant amount of valuable
engineering time  is lost in searching for data on electronic components.
Indeed, it has been estimated that at 15 least thirty percent, and perhaps
as much as eighty-five percent, of an engineer's time is spent  not
designing, but rather searching for, analyzing, and following up on
electronic components.  Engineers traditionally have searched for parts by
perusing data sheets and component catalogs, and by placing phone calls to
suppliers or distributors to obtain component  information, catalogs or
brochures. Catalogs are bulky, take up space, and can be inefficient  20 to
peruse. Further, catalogs by their nature are static, not dynamic; thus,
changes or additions to a supplier or distributor's products are not
immediately reflected in the catalog, but are  generally conveyed to a
designer by mail. Not only does this notification process take time,  but
mail service is not entirely reliable, and such changes or additions may
never reach the  designer. If they do reach the designer, they can easily
be misplaced, misfiled or lost. 25 Further, component price data typically
changes frequently, and such price changes must  typically be communicated
by mail, like any other update. Oral information communicated  from a
supplier to an engineer by telephone is inherently unreliable as well. The
engineer may  not understand the information, or may write it down
incorrectly; further, there is no assurance  that the person supplying that
information is properly trained or has the correct data on hand  30 to
communicate. WO 01/65423 PCT/US01/06155  3 



In order to make the availability of component information more convenient,
a  number of electronic parts manufacturers, suppliers and distributors
currently make  component information available through the Internet,
generally by placing such information  on their website. However, searching
the Internet for individual parts can be time-consuming 5 and tedious.
Further, current search engines and methodologies are inefficient and do
not  cover the entire web space, and may thus return search results that do
not include one or more  websites that may offer parts that a designer
could beneficially use in a design. In addition,  parts data on supplier's
and distributor's websites is often presented on-screen in the same
fashion as an engineer would see it in a catalog or other printed material,
thereby conferring  10 no content advantage over printed catalogs. After a
designer has managed to collect component data from these various disparate
sources, the information must be managed in such a manner that allows for
selection of  specific components. When this component data is gathered
from a multitude of sources, it  can be difficult to organize it in a
useful way. Further, it is time-consuming and inefficient 15 to manually
create a matrix or other analytical aid comparing multiple parts in order
to  facilitate selection. The component management problem does not end
with parts selection. After the  engineer has chosen an electronic
component, it then must be referenced in the circuit design  schematic.
Although there are many programs commercially available for schematic 20
generation and capture, such programs typically rely on the manual input of
symbol and  footprint data. For example, if an engineer chooses an
operational amplifier as a component  in a larger design, he or she must
manually create a symbol for an operational amplifier in the  schematic
program. Generally, schematic programs are graphically-oriented. Thus, the
engineer may select an operational amplifier symbol within the schematic
program and move 25 it into a circuit modeled within the schematic program.
However, information associated with  each symbol is typically generic.
Such information is usually limited to identification of the  type of part
represented by the symbol, and does not contain specific data regarding the
specific part selected by the engineer, as the schematic program has no way
of knowing which  specific part will be used. Specific component
information is usually input into the schematic  30 program manually, which
is a time-consuming and tedious task. WO 01/65423 PCT/US01/06155  



4 Pricing and procurement are additional aspects of component management
that are  currently inefficient and time-consuming for designers. The parts
used in a circuit design are  typically listed in a bill of materials (BOM)
prior to manufacturing the design. The BOM  generally contains information
regarding the specific parts to be used, and their quantities. 5 Before
purchasing parts, the BOM is typically placed through an authorization
process, where  a decision is made whether use of the parts on the BOM is
economical. Many companies  have preferred suppliers or preferred
distributors from which discounts are obtained, so one  or more components
that the designer has selected during the design process may not be
preferred components for the company. To save on component costs, the
designer is often 10 required to change the design to utilize the preferred
components. Such changes can easily  result in additional design time and
rework. If the designer is allowed to use a new part, it  must first be
approved, but the approval process can be cumbersome, bureaucratic and
lengthy, adding to the overall time to market. Other aspects of managing
electronic component data include documentation and  15 configuration
control of the components used in the design. When there are several design
iterations, part changes, or other alterations, as inevitably happens
during a long and complex  design process, documentation of the details of
each such change is often not a high priority  of the engineering team,
especially where other pressures relating to completion of the design
absorb the focus of the engineering team. Further, time spent by engineers
on configuration 20 control is essentially wasted from the standpoint of
producing a working design. Thus,  documentation and configuration control
lead to inefficiencies in the design process, and in  any event are viewed
by many engineers as tedious, time-consuming tasks. Another problem with
managing information relating to electronic components is  inaccuracy of
parts data brought into the design schematic. As discussed above, a circuit
25 designer typically combs through a multitude of sources for information
regarding electronic components, such as data sheets, parts catalogs,
supplier websites, and trade show brochures,  and also may make telephone
calls to suppliers to obtain parts information. However, most  of this
information is not available in a form of maximum usefulness to the circuit
designer.  After the designer selects a part, specific data regarding that
part must be transcribed into a 30 form usable by the engineer's schematic
design tools, which, as previously noted, involves  



substantial manual input of data. Manual entry of this data is inefficient
and lends itself to WO 01/65423 PCT/US01/06155  5 typographical errors on
entry, particularly among engineering designers who may not possess
sophisticated typing or data entry skills. Further, the prospect of errors
is even more  substantial when the parts data is not obtained from reliable
sources such as data sheets and  parts catalogs, but rather from less
reliable sources, such as hurried notes scribbled during a 5 telephone call
with a supplier or an e-mail message from another designer. Errors caused
by  clerical mistakes or other human error do not remain isolated, but
generally create a ripple  effect in the design as a whole. The entry of
inaccurate part data may lead to redesign and rework of the original
design. The entry of incorrect data for a specific component may affect not
only other  10 components directly connected with it, but also other
components both upstream and downstream from it. For example, other
designers working on other parts of the design may  rely on that incorrect
data, resulting in the inadvertent introduction of errors into other
portions of the design. Design changes, even small ones, may also result in
significant,  unexpected downstream effects if they are not properly
entered and documented. 15 Another source of errors relating to component
information management is incorrect  part identification. Typically, parts
used in a circuit design are identified and controlled by  a unique part
identifier. If the part identifier is incorrectly entered in the schematic,
or the part  has been changed by a designer without changing the identifier
in the schematic, the wrong  part will be purchased. If such an error is
not caught in time, then the procurement process 20 must begin again with
the proper part after the incorrect part has been delivered, adding what
may be an unacceptable amount of delay to projects with a very tight time
to market.  Similarly, it is possible that the designer may enter the
correct part number for a component,  and yet not enter the correct
footprint data. Incorrect footprint data can lead to incorrect pin
numbers, incorrect pin spacing, the wrong package size, and the wrong
package technology 25 (e.g. surface mount vs. through-hole packaging).
Erroneous footprint data can force a  complete redesign of the printed
circuit board if inadequate room is left on the printed circuit  board for
a key component. It is possible for these errors to appear cumulatively,
adding to  the burden of creating a working product. Such errors require
time to resolve and can  



significantly increase the time to market of the overall design. The time
and expense to 30 redesign is multiplied when rework is required-that is,
when a prototype or actual product  under construction must be physically
rebuilt due to design changes. WO 01/65423 PCT/US01/06155  6 Another
problem with the current component procurement and management process  is
the unnecessary introduction of new, redundant components into a company's
materials  handling system. Many companies have software for material
resource planning (MRP).  Most MRP systems are designed for manufacturing
and purchasing functions, but not for 5 engineering design. These MRP
systems typically contain a great number of parts identified  by part
number, and are utilized with the intent of speeding up approval,
purchasing and  procurement of parts. However, because MRP systems
generally do not include the type of  detailed specification data that an
engineer requires to perform design, engineers are not  readily able to
search the data in MRP systems to find appropriate parts. For example, the
10 designer may require a resistor having a resistance of 50 ohms. Current
MRP systems  generally would not allow the engineer to search for and find
such a part, based on  engineering-based criteria like resistance. Thus,
the designer does not have easy visibility into  all of the standard parts
currently utilized by a company. As a result, the designer may  introduce a
new part, rather than reuse existing parts. This is wasteful from a
business 15 standpoint, because studies have shown that a significant
percentage (e.g., from 20% to 40%)  of a company's inventory may be
duplicate parts. When new parts are selected and chosen  by an engineering
design team, but existing parts in inventory would perform the job just as
well, additional inventory is created, additional cost is incurred, and
inefficiency results.  Studies have shown that it can be very costly (e.g.,
up to $30,000) to introduce a new part into 20 an inventory system, and to
maintain a part in an inventory system can be quite costly as well  (e.g.,
on the order of $10,000 per year). Further, approval and qualification of
new parts and  new suppliers is time-consuming and tedious. Thus, the
failure for an engineer to use pre- approved parts in the company's MRP
system results in significant cost increases in  manufacturing, and thus
higher product cost to the consumer. 25 Another problem related to
component procurement is prototype delay due to out-of- stock parts. When
selecting components for electronic design, engineers typically consider  



lead time as a factor. If the time to market goal is short, and several
components are  comparable, the one that can be supplied in the shortest
time is typically chosen. Short lead  times pose minimal threats to overall
time-to-market schedules, and are safer engineering 30 choices. However,
lead times for components can change significantly with time. That is,  the
lead time quoted to an engineer at the beginning of a design project may be
substantially WO 01/65423 PCT/US01/06155  7 different months later, when
the part is to be purchased. This may occur for a variety of  reasons,
including, for example, an increase in demand for the component, a shortage
of raw  material utilized to fabricate the component, or a disaster such as
earthquake or fire striking  the facility of a component's manufacturer.
Thus, for example, a part with a quoted lead time 5 of two weeks at the
time of its selection could have a 30-week lead time at the time of
manufacturing. It is also possible for designers, particularly
inexperienced ones, simply to  fail to consider the lead time of a given
component when creating a design, thus potentially  resulting in surprises
during manufacturing when such components are not available.  Changes in
lead time often cause changes in the schematic, because new components and
10 different components may have to be chosen to overcome lead time
difficulties. Such  schematic changes and design changes are inefficient,
consume time, delay product  introduction, and introduce additional
problems as described above. It would advantageous to improve access by
designer's to useful component  information from otherwise disparate
sources. It would further be advantageous to provide  15 component
information in a form that is of maximum usefulness to the circuit
designer. It would also be advantageous to provide component information
that is reliable and up-to-date,  and that changes or updates automatically
when changes to a circuit design are made. It  would further be
advantageous to provide a method and system for efficiently procuring
components used in circuit designs. 20 SUMMARY OF THE INVENTION The
invention provides, in various preferred embodiments, methods and systems
for  conveniently obtaining information about electronic components,
managing that information,  and/or purchasing and procuring electronic
components. 



25 In one embodiment as disclosed herein, a user manages component
information via  a schematic program linked to component data stored in one
or more separate databases.  Preferably, at least some of the component
data is stored in a remote parts database accessible  to the user's
schematic program through a wide area distributed electronic network, such
as  the Internet. In such an embodiment, the schematic program preferably
displays data 30 pertaining to the electronic components (such as
footprint, cost and availability) stored in the WO 01/65423 PCT/US01/06155
8 database. The component data may be stored in a standardized format so as
to facilitate  searching for and comparisons between components. In another
embodiment disclosed herein, a remote parts database stores component
information in the form of "dynamic parts" that are subject to occasional
modification by the  5 database owner. The user may obtain a dynamic part
representing an electronic component from the remote parts database, and
utilize the dynamic part in a design through a schematic  program run on a
computer. The dynamic part may, in one or more embodiments, be placed  into
a design by placing the dynamic part from an on-screen available parts
listing into the  design through the schematic program. The on-screen
available parts listing may be based 10 at least in part upon the remote
parts database. In one or more embodiments, dynamic parts  function within
the schematic program as standard components of the overall design. In
another aspect, when a dynamic part is inserted into the schematic, data
regarding the  component represented by the dynamic part may be inserted
into a local database linked to  that dynamic part. Such data items may
include, for example, the manufacturer and/or 15 distributor of the
component, and specification data regarding the component (such as
component type and footprint, for example). In another embodiment as
disclosed herein, a dynamic part inserted into a design  retains a link to
one or more external databases, through which information regarding the
component represented by the dynamic part may be obtained and/or updated as
needed. Such 20 updates may be of a type in which the schematic program,
local database or user actively  retrieves the data from the remote
database to the schematic program or a local database, or  of a type in
which the external database transmits updated data to the schematic program
or  a local database without need for initiation or intervention by the
user or schematic program. 



In another embodiment, when a dynamic part is placed into the user's
schematic  25 program, the dynamic part is also automatically entered into
the user's parts approval system.  In yet another embodiment, an electronic
bill of materials containing a list of the dynamic parts utilized in the
design and their quantities is automatically generated. The  electronic
bill of materials may be linked to a local and/or remote database in order
to provide  current component information regarding these parts (such as,
for example, their approval  30 status and backlog time). WO 01/65423
PCT/US01/06155  9 Further embodiments, variations, modifications and
enhancements are also described  herein and illustrated in the drawings.
BRIEF DESCRIPTION OF DRAWINGS 5 The invention may be better understood by
reference to the drawings, wherein:  FIG. 1 is a diagram of a computer
system that may be used in connection with various  embodiments of the
invention as described herein. FIG. 2 is a diagram of a simplified
integrated circuit design as may be represented in  the form of a virtual
component block. 10 FIG. 3 is a diagram of a general process flow for a
circuit design, illustrating various  levels of circuit abstraction. FIG. 4
is a schematic representation of a system for selecting and utilizing
dynamic  representations of electronic components. FIG. 5 is a flow chart
showing the design and utilization flow over the system of FIG.  15 4. FIG.
6 is a schematic representation of the dynamic parts within a schematic
program,  and of their links to a separate database. DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS 20 In one or more embodiments as described
herein, methods and systems for  conveniently obtaining information about
electronic components, managing that information,  and/or purchasing and
procuring electronic components are provided. Chip designers often use
electronic design automation (EDA) software tools to assist  in the design
process, and to allow simulation of a chip design prior to prototyping or  



25 production. Chip design using EDA software tools generally involves an
iterative process whereby the chip design is gradually perfected.
Typically, the chip designer builds up a  circuit by inputting information
at a computer workstation generally having high quality  graphics
capability so as to display portions of the circuit design as needed. A
top-down  design methodology is commonly employed using hardware
description languages (HDLs), 30 such as Verilog(r) or VHDL, for example,
by which the designer creates an integrated circuit WO 01/65423
PCT/US01/06155  10 by hierarchically defining functional components of the
circuit, and then decomposing each  component into smaller and smaller
components. The various components of an integrated circuit are initially
defined by their  functional operations and relevant inputs and outputs.
The designer may also provide basic  5 organizational information about the
placement of components in the circuit using floorplanning tools. During
these design states, the designer generally structures the circuit  using
considerable hierarchical information, and has typically provided
substantial regularity  in the design. From the HDL or other high level
description, the actual logic cell implementation is  10 typically
determined by logic synthesis, which converts the functional description of
the  circuit into a specific circuit implementation. The logic cells are
then "placed" (i.e., given  specific coordinate locations in the circuit
layout) and "routed" (i.e., wired or connected  together according to the
designer's circuit definitions). The placement and routing software
routines generally accept as their input a flattened netlist that has been
generated by the logic 15 synthesis process. This flattened netlist
identifies the specific logic cell instances from a  target standard cell
library, and describes the specific cell-to-cell connectivity. Further
explanation of a particular chip design process, with emphasis on placement
and routing of datapaths, is set forth, for example, in U.S. Patent
5,838,583, hereby  incorporated by reference as if set forth fully herein.
20 FIG. 1 is a diagram of a computer system that may be used in connection
with various  embodiments as described herein. As shown in FIG. 1, a
computer system 100 includes a  computer 110 connected to a display 191 and
various input-output devices 192. The computer  110 may comprise one or
more processors (not shown), as well as working memory (e.g.,  



RAM) in an amount sufficient to satisfy the speed and processing
requirements of the system. 25 The computer 110 may comprise, for example,
a SPARCTM workstation commercially  available from Sun Computers, Inc. of
Santa Clara, California, or any other suitable computer.  The computer 110
contains stored program code including, in one embodiment, a datapath
floorplanner 120, a datapath placer 130 and a routing space estimator 140.
The  datapath flooplanner 120 provides for the definition of datapath
functions, datapath regions,  30 and constraints on these for the purpose
of interactive floorplanning operations by the circuit designer, and the
control of placement operations of the datapath placer 130. The datapath WO
01/65423 PCT/US01/06155  11 placer 130 determines the placement of datapath
functions within datapath regions, and the  placement of logic cell
instances within each datapath function, according to the constraints
defined by the circuit designer. The routing space estimator 140 estimates
routing space  required for routing the datapath functions, given the
placement of such functions by the  5 datapath placer 130. In support of
the above-mentioned system components, a chip floorplanner 150,
global/detail router 160, standard cell placer 170, logic synthesizer 180,
and HDL editor 190  may be usefully employed. Operation of the chip
floorplanner 150, global/detail router 160,  standard cell placer 170,
logic synthesizer 180, and HDL editor 190 is conventional, as the 10 design
of these components is well known in the art of electronic design
automation.  Commercially available examples of these system components are
PreviewTM, Cell3TM,  QPlaceTM, SynergyTM, and Verilog(r), respectively. The
computer 110 may also be provided  with various tools for assisting in
construction of a balanced H-Tree for clocking signal  layout. Examples of
such tools, or of their general functionality, are described hereinafter.
15 The computer 110 is preferably coupled to a mass storage device (e.g.,
magnetic disk  or cartridge storage) providing a layout database 195 with
which the foregoing system  components interface. The layout database 195
may be implemented using the EDIF database  standard. The computer 110 may
also comprise or be connected to mass storage containing  one or more
component libraries (not shown) specifying features of electrical
components  20 available for use in circuit designs. Referring now to FIG.
2, there is shown a schematic illustration of a simplified  



integrated circuit 200 that may be represented by virtual circuit design
data stored in the  layout database 195. In actual, more realistic
integrated circuit designs, the integrated circuit  200 would be far more
complicated. However, FIG. 2 is useful for purposes of illustration. 25 As
shown therein, the integrated circuit 200 comprises of a plurality of
control regions 201,  datapath regions 203, and memory 205. The various
control regions 201, datapath regions  203 and memory 205 are
interconnected with databuses 207 generally spanning multiple bits.  Each
datapath region 203 may comprise a plurality of datapath functions 209. A
datapath  function 209 may utilize some or all of the bits available from
the databus 207. A datapath 30 function 309 may comprise a plurality of
cell instances 215 which enable some form of signal WO 01/65423
PCT/US01/06155  12 or logic transformation of the data passed by the
databus 207. The cell instance 215 within  a datapath function 209
generally operates on the data carried on the datapath function 209.  As
represented in the schema of the layout database 195, the integrated
circuit 200 is comprised of a plurality of instances and a plurality of
nets. A net interconnects a number of  5 instances, by associating pins on
each of the instances. FIG. 3 is a diagram of a general process flow for a
circuit design, illustrating some of  the various levels of circuit
abstraction as described above. As illustrated in FIG. 3, a register
transfer logic (RTL) file 301 in the form of an HDL file or other high
level functional  description undergoes a compile process 303, which
typically includes some form of logic 10 synthesis, and converts the
functional description of the circuit into a specific circuit
implementation which maybe stored in the form of a netlist file 304. As
part of the compile  process 303, a component library 306 is generally
referenced, which stores information  concerning what types of design
components are available, and the characteristics of those  design
components which are needed in order to determine their functional
connectivity. At 15 this process stage, some attempt may be made at circuit
optimization in order to minimize the  number of components used in the
circuit design. The netlist file 304, as previously noted,  generally
identifies the specific logic cell instances from a target standard cell
library, and  describes the specific cell-to-cell connectivity. By
application of a physical design process 309 shown in FIG. 3, the logic
cells of the  20 netlist file 304 are then placed and routed, resulting in
a layout file 310. The physical design  



process 309 may include area minimization efforts. The component library
306 is utilized in  this process stage in order to obtain information
concerning the sizes of gates and other  components that may be present in
the netlist file 304. From the layout file 310, a verification process 312
may be run, as further illustrated  25 in FIG. 3, resulting in a mask file
315 in, for example, a GDSII or CIF format. The mask file  315 may be
provided to a foundry, and contains enough information to allow the foundry
to  manufacture an actual integrated circuit therefrom. Referring now to
FIG. 4, a high-level overview of a preferred embodiment of a  component
selection and procurement system 400 for selecting and purchasing
electronic  30 components over a wide-area distributed electronic network,
such as the Internet 450, is illustrated. As shown in FIG. 4, a user
workstation 403 (e.g., computer 110 shown in FIG. WO 01/65423
PCT/US01/06155  13 1) may be connected to the Internet 450 through either a
standard client software for Internet  access, or else through a local area
network (LAN) 425 having a router 426 for achieving  access to the
Internet. While two user workstations 403 are depicted in FIG. 4 for
purposes  of illustration, any number of user workstations 403 maybe
utilized as part of the component 5 selection and procurement system 400,
subject to the limitations of the supporting hardware.  The user
workstation 403 may run a schematic program 404, such as, for example, a
schematic design or schematic capture program, along with additional
functionality provided  by parts selection software tools and related tools
as further described herein. The user  workstation 403 is preferably
connected, via the local area network 425 or otherwise, to a 10 local
database 415 comprising a resource planning database 410 and an engineering
design  database 412. The component selection and procurement system 400
additionally includes  a remote parts database 402, which is connected to
the Internet 450 through, for example, a  web server 409. The remote parts
database 402 is so called because it is preferably separated  from a
physical standpoint from the user workstation 403, and located at a site
remote from 15 the user's workstation and facilities. The remote parts
database 402 is preferably a relational  database, of the type, for
example, commercially available from any of a number of providers  (e.g.,
Oracle Corporation). The remote parts database 402 is populated with an
assortment of dynamic parts 460.  



In a preferred embodiment, each dynamic part 460 represents a specific
electronic  20 component. For example, a particular dynamic part 460 may
represent a specific type of resistor. Other dynamic parts 460 may
represent other types of resistors, or, for example,  different types of
electrical components such as field-programmable gate arrays (FPGAs),
microprocessors, capacitors, diodes, or other electronic components. Each
dynamic part 460  comprises modeling behavior characteristics and component
data. Each dynamic part 460 is 25 constructed so as to provide the proper
functionality within the schematic program 404, as an  element of an
electronic schematic or circuit design. For example, a dynamic part 460
representing a resistor would comprise a set of modeling behavior
characteristics providing  functionality of a resistor component within the
schematic program 404, so long as the  particular schematic program 404 is
capable of modeling the behavior of the particular 30 dynamic component
460. The dynamic part 460 may be optimized for use with a particular
schematic program 404, such as CaptureTM, and different versions of a
dynamic part 460 may WO 01/65423 PCT/US01/06155  14 be provided for use
with different types or brands of schematic programs 404. Each dynamic
part 460 is also, as noted above, associated with one or more component
data items relating  to the dynamic part 460. For example, such component
data items may include the  manufacturer, part number, availability,
electronic properties, number of inputs, outputs, pins, 5 or other
properties which may be useful to a designer. Both the modeling behavior
characteristics and the component data may be stored together in the remote
parts database  402. The component selection and procurement system 400
further includes one or more  remote supplier/distributor databases 482,
each of which allows access from user workstations  10 403 connecting over
the Internet 450 through, for example, a web server 489. Each
supplier/distributor database 482 stores one or more parts records 480
containing information  pertaining to the dynamic parts 460 stored in the
remote parts database 402. In alternative  embodiments, the supplier/
distributor databases 482 may be accessed through an application  program
at the remote parts database web server 409, which may establish direct
electronic 15 connections through any available communication medium to the
remote supplier/distributor  databases 482, such as through direct dial-up
connections, dedicated electrical lines, cable or  



T-1 communication lines, fiber optic lines, wireless communication
channels, or any other  means for electrically connecting two endpoints.
The following discussion, however, focuses  on the preferred configuration
in which the remote supplier/ distributor databases 482 are  20 accessible
over the Internet 450. Turning now to FIG. 5, a process flow 600 for
selecting and procuring electronic  components is shown, which may be
implemented in connection with the component selection  and procurement
system 400 shown in FIG. 4. In a preferred embodiment, the component
selection and procurement process 600 begins with invoking a schematic
program 404 in step 25 602. By way of example and not limitation, the
schematic program 404 may comprise the  CaptureTM software package
commercially available from OrCad, Inc. of Portland, Oregon.  The schematic
program 404 may also comprise a software program that allows construction
or capture of schematics as part of a larger package of tools, or any other
software program  that allows for schematic design or analysis. The
schematic program 404, as noted 30 previously, runs on a user workstation
403, which is typically located at the facilities of a  circuit design or
engineering company. WO 01/65423 PCT/US01/06155  15 In a next step 604 of
the component selection and procurement process 600, the user  workstation
403 is connected to the remote parts database 402. The connection from the
user  workstation 403 and the remote parts database 402 is preferably
accomplished via a wide area  distributed network (e.g., the Internet 450).
The Internet 450, in particular, provides a 5 relatively inexpensive and
convenient means for connecting the schematic program 404 to the  remote
parts database 402. If connected to a local area network 425, the user
workstation 403  may establish a connection to the remote parts database
402 over the Internet 450 via the  router 426 connected to the local area
network 425. Mechanisms for implementing  connections across the Internet
450 are well-known to those skilled in the art. Alternatively, 10 a
dedicated line or other direct connection could be utilized to connect the
user workstation  403 to the remote parts database 402. In a next step 606,
a set of dynamic parts are displayed at the user workstation 403 for  the
user to peruse. In one embodiment, the dynamic parts 460 are displayed on
the screen of  the user workstation 403 in a graphical or symbolic form,
and are organized or grouped 



15 according to type (e.g., resistor, capacitor, etc.) and value. For
example, all capacitors in a  certain range of capacitance may be grouped
together in a single category. Information  pertaining to the dynamic parts
460 may be presented in a hierarchical menu format, with a  list of
top-level categories (e.g., component type), for example, at the highest
menu level, and  component values at a second menu level. Rather than using
symbolic or graphical 20 representations for components, in an alternative
embodiment a textual list of dynamic parts  460 may be displayed on the
screen of the user workstation 403, and the user may scroll  through the
list using, for example, arrow keys on the keyboard of the user workstation
403,  or a computer mouse, a touchscreen or any other type of mechanism for
navigating through  screen options. 25 When a user views a dynamic part 460
displayed at the user workstation 403, the data  items associated with that
dynamic part 460 are preferably displayed along with the graphic  or
textual representation thereof. In one embodiment, for example, dynamic
parts 460 are  temporarily highlighted as the user scrolls through them,
and the data items for the current  highlighted dynamic part 460 are
displayed next to the dynamic part 460 or in a special screen 30 area.
Alternately, the data items associated with the dynamic part 460 may be
available on  other screens available to the user by clicking on a specific
location on the screen of the user WO 01/65423 PCT/US01/06155  16
workstation 403 or performing a similar such action. Many different ways
for displaying the  data items associated with a dynamic part 460 are
possible and will be apparent to those  skilled in the art. The nature of
the graphical interface allowing the user to peruse the  dynamic parts 460
is not critical, so long as the user is able to somehow view the dynamic  5
parts 460 available and, preferably, the data items associated therewith.
In a preferred embodiment, the user can also conduct a search the remote
parts  database 402 to find an electronic component having certain desired
properties - for example,  a resistor having a specific resistance value.
Standard database search tools may be utilized  for this purpose. The user
may, for example, interactively enter the component type, the 10 desired
value (or range of values), and any other distinguishing information or
characteristics  at the user workstation 403, and commence a search of the
remote parts database 402. The  search results are returned to the user
workstation 403 and displayed, allowing the user to  



peruse the search results in the same manner as the initially displayed
dynamic parts listing. Whether or not the user conducts a search, the user
may browse through the displayed  15 dynamic parts 460 to determine whether
any of them would be beneficial to the user's circuit  design. Profile
information regarding the designer and/or the particular schematic design,
among other items, may be stored in a user profile at the remote parts
database 402 and used  to assist in selection of appropriate electronic
components. Likewise, metrics data regarding  other designers having
similar designs may be stored in a metrics server and used to assist in 20
selection of appropriate electronic components. Use of such profiling and
metrics routines  is disclosed in greater detail in commonly-assigned and
co-pending U.S. Patent Application  Ser. No. 09/514,757 (Attorney Docket
247/237) filed concurrently herewith, hereby  incorporated by reference as
if set forth fully herein. A wide variety of data for the dynamic parts 460
may be made available to users  25 perusing the remote parts database 402.
In addition to component value, for example,  footprint data for the
dynamic part 460 is also preferably stored and associated therewith.
Footprint data generally indicates the size and shape, and hence the area
of the printed circuit  board, that a given component will take up when
placed in a design. By way of further  example, additional information
relating to dynamic parts 460 may include data sheets (or 30 links to a
supplier or distributor database 482 where such data sheets are found),
application  notes (which instruct an engineer about useful applications
and design configurations utilizing WO 01/65423 PCT/US01/06155  17 the
component), simulation models, timing models (such as TDML models), and
models for  simulating signal integrity (such as IBIS models). In one
embodiment, the user is presented  with menu options for selecting the type
of data the user desires to view for a particular  dynamic part 460, and
selects the appropriate menu option. The remote parts database 402 5 then
transmits the requested information in response to the user's request, for
display at the  user workstation 403. The remote parts database 402 may
transmit information to the user  workstation 403 in hyper text markup
language (HTML) or any other suitable format. In a next step 608, when the
user finds a dynamic part 460 suitable for placement into  the schematic
program 404, the user selects that dynamic part 460 by any of a variety of
ways  10 that are known to one skilled in the art of computing. Again, the
precise nature of the 



graphical interface is not critical, so long as the user is somehow able to
select a dynamic part  460. In one embodiment, for example, wherein dynamic
parts 460 are displayed to a user in  a graphical form, the user selects a
particular dynamic part 460 by clicking on its symbol or  textual entry
using a computer mouse. Alternatively, the user may press a key (e.g., the
return 15 key) on the keyboard of the user workstation 403 to select a
highlighted entry from the list or  display of dynamic parts 460. In a next
step 210, the user inserts the selected dynamic part 460 into a design
within  the schematic program 404. In a preferred embodiment, the user
clicks on the desired  dynamic part 460 with a computer mouse and places
the part into the design within the 20 schematic program 404. This placing
action has the effect of transmitting a copy of the  dynamic part 460 over
the Internet 450 into the design within the schematic program 404.
Mechanisms for moving an item that appears on a computer screen and copying
over data  associated with the item (e.g., dragging and dropping) are well
known to those skilled in the  art. After the dynamic part 460 has been
placed into the design within the schematic program 25 404, the dynamic
part 460 may then be manipulated within the schematic program 404 in the
same manner as any other graphical icon or symbol used within the schematic
program 404.  Once placed in the design, the selected dynamic part 460
preferably has the functionality  within the schematic program 404
according to the type and value of part, similar to other  types of
standard graphical components or symbols used in such schematic programs
404 in 30 the prior art. Referring to FIG. 5, a design within the schematic
program 404 is shown having  a number of dynamic parts 460 inserted
therein. The dynamic parts 460 may be WO 01/65423 PCT/US01/06155  18
interconnected within the schematic program in the same fashion that prior
art symbols are  utilized in similar schematic programs. While, in some
embodiments, dynamic parts 460 may  be intermixed with standard
"non-dynamic" parts within a design, it is advantageous in some
applications to have all of the components within a design be dynamic parts
460. 5 It may be useful in some embodiments for the user to have access to
a summary list  of which parts within the design are dynamic. A dynamic
parts manager (not shown) may  thus be provided at the user computer 403
whereby the user can obtain a list or other  indication of which parts
within a design are dynamic parts. Using the dynamic parts  



manager, the user may also be provided with the ability to "link" a
non-dynamic part to a 10 dynamic part 460 in the remote parts database 402.
The act of linking a non-dynamic part to  a dynamic part 460 causes the
non-dynamic part to take on the attributes of the dynamic part  460 to
which it is linked. The non-dynamic part thereby effectively becomes a
dynamic part.  In such a manner, non-dynamic parts that have already been
placed can essentially be  converted into dynamic parts. 15 With reference
once again to FIG. 5, the act of selecting a dynamic part 460 for  copying
into the schematic program 404 triggers the next step 612, wherein
component data  associated with the dynamic part 460 is transmitted (i.e.,
downloaded) from the user  workstation 403 to a local database 415 or 430,
which are illustrated in FIG. 4. The local  database 430 may, for example,
be connected within a local area network 425 interconnecting 20 a plurality
of user workstations 403. Alternatively, the local database 415 or 430 may
be  connected to the user workstation 430 over a wide area network, a
dedicated connection, or  by any other mechanism which may effectively be
utilized to connect a user workstation 403  to a database. The local
database 415 or 430 preferably comprises an engineering database  412 for
storing circuit designs and a resource planning database 410. Examples of
the latter 25 include an enterprise resource planning (ERP) database, or a
material resource planning  (NW) database. Component data associated with
the dynamic part 460 that is copied to the  user workstation 403 is
preferably imported into the engineering database 412 and stored  therein.
The stored component data preferably includes a link to the remote parts
database  402. Such a link is preferably in the form of a uniform resource
locator (URL) address, which 30 allows connection to the remote parts
database 402 over the Internet 450 and retrieval of the  specific
information associated with the selected dynamic part 460 at a later time.
WO 01/65423 PCT/US01/06155  19 In a preferred embodiment, the resource
planning database 410 and the engineering  database 412 store component
data items for each dynamic part 460 downloaded by a user.  Preferably, the
stored component data items includes the link (e.g., URL) between the
dynamic part 460 and the remote parts database 402. Additional component
data items 5 selected for storage may include links (e.g., URLs) between
each dynamic part 460 and the  appropriate supplier or manufacturer
database 482 of the supplier or manufacturer of the  



dynamic part 460. By storing these links locally in conjunction with the
dynamic parts 460,  information regarding each dynamic part 460 is made
accessible to management, procurement  and other departmental units within
an organization, without the need for separately invoking 10 the schematic
program 404. Users connected to the local database 415 or 430 may instead
access dynamic part information using a standard web browser or similar
program, linking  to the supplier's or manufacturer's website (i.e.,
database 482) over the Internet 450 using the  stored links (e.g., URLs).
In an alternative embodiment, when a dynamic part 460 is selected by the
user from  15 the remote parts database 402, information relating to the
dynamic part 460 is copied from the  remote parts database 402 to both the
user workstation 403 and the engineering design  database 412. In such an
embodiment, the user workstation 403 need not itself transmit any  dynamic
part data to the engineering design database 412. In another alternative
embodiment,  information relating to the dynamic part 460 is downloaded
from the remote parts database 20 402 to the user workstation 403 and to
the engineering design database 412 over separate  connections. As further
illustrated in FIG. 6, a link between a dynamic part 460 in the schematic
program 404 and a remote database 840 is depicted. The remote database 840
may be either  the remote parts database 402, a supplier or distributor
database 482, or another database 25 separate from the schematic program
404. The dynamic part 460 allows retrieval of  information from the remote
database 840 by the user at the user workstation 403, which is  generally
accomplished through a connection over the Internet 450. By the user
selecting the  dynamic part 460 within the design of the schematic program
404, for example, the user  workstation 403 may establish a connection over
the Internet 450 to the remote parts database 30 402 or the supplier or
distributor database 482, and retrieve additional information relating  to
the dynamic part 460 (e.g., data sheets, application notes, timing models,
or other such WO 01/65423 PCT/US01/06155  20 information). To establish the
connection to the remote database 840, the user workstation  403 retrieves
the appropriate link (e.g, URL) either from the design within the schematic
program 404 or else the local database 415 or 430. In one aspect, the
dynamic part 460 acts  as a remote database client, with the remote
database 304 acting as a remote server. 



5 In a preferred embodiment, further steps are carried out to enter
selected dynamic parts  in a parts approval process and/or procurement
process. Accordingly, in a next step 614 of  the design and procurement
process 600 illustrated in FIG. 5, when a dynamic part 460 is  placed in
the local database 415 or 430, the dynamic part 460 enters a parts approval
process,  so as to qualify it for use by the designer's organization.
Preferably, the parts approval 10 process is handled through the resource
planning database 410. However, the parts approval  process may be carried
out in any of a variety of different manners depending on the nature  of
the user's organization, and may comprise, for example, an automated
process, a semi- automated process, or a manual process. By automatically
placing a dynamic part 460 into  the parts approval process as soon as the
dynamic part 460 is selected for use in the schematic 15 program 404, the
parts approval process begins as promptly as possible, reducing delays in
the design development process. Further, problems associated with a
designer's failure to  identify, for approval purposes, all of the
electronic components used in the design are  minimized, because all
dynamic parts 460 are automatically entered into the parts approval
process upon placement in the schematic program 404. 20 In a next step 616,
after the dynamic part is placed in the parts approval process, the
process checks for the existence of the dynamic part 460 within the
resource planning  database 410. If the dynamic part 460 is already
approved for use in design and  manufacturing, then the parts approval
process is complete, and the process moves to step  618. If, on the other
hand, the dynamic part 460 is not already approved (i.e., is not present 25
within the resource planning database 410), then, in one embodiment, in a
next step 620, the  resource planning database 410 is searched for the
presence of an equivalent part. If an  equivalent part is found in the
resource planning database 410, then the process moves to step  624 in
which the designer is notified that the original dynamic part 460 is not
approved, but  that an equivalent pre-approved part exists. The designer
may then be encouraged, or 30 required, to use the equivalent pre-approved
part. If there is no equivalent part in the resource  planning database 410
in step 620, then the process moves to step 622, wherein the parts WO
01/65423 PCT/US01/06155  21 approval process continues. From this point
forward, the parts approval process may include  many other steps which
will vary from company to company, and which may include such  



items as quality certification, site visits to verify manufacturing
standards and ability to  produce an adequate volume of parts, and so
forth. 5 If the design is not yet complete, then, returning to step 604,
the designer selects  additional parts as necessary from the remote parts
database 402 in order to complete the  design. The component selection
process may be carried out in one continuous session by the  designer, or
else may be spread out over a number of different sessions at different
times. When the design is complete, the process moves to step 626, which
involves the  10 generation of a bill of materials for the design. In a
preferred embodiment, the bill of  materials is generated by the schematic
program 404, which tallies up the number and type  of parts utilized in a
design generated within the schematic program 404, and generates a list  of
those parts and their quantities. In a next step 628, the bill of materials
is presented in an  electronic form that includes, from information stored
by the schematic program 404 or the 15 local database 415 or 430, links
(e.g., URLs) to the suppliers and/or distributors of these  electronic
components. In a preferred embodiment, the bill of materials also includes
information regarding the approval status of these parts and the current
lead time and cost for  each of the parts. The lead time and cost may be
obtained directly from the supplier or  distributor database 482 during the
generation of the bill of materials, by automatically 20 connecting to the
supplier or distributor database 482 using the stored links for the dynamic
parts 460. The electronic bill of materials may also include links to other
remote databases  containing information about the dynamic parts 460. After
the design has been finalized and the bill of materials has been generated,
the  parts may then be procured from the appropriate suppliers. An example
of a process for  25 procuring electronic components is disclosed in
commonly-assigned U.S. Application Ser. No. 09/514,757 (Attorney Docket
247/237) filed concurrently herewith, previously  incorporated by reference
as if set forth fully herein. The procurement process may involve,  for
example, the automatic generation of purchase orders for the desired parts
in the bill of  materials (based on the expected quantity of production),
which may be transmitted in 30 electronic form over the Internet 450 to the
appropriate supplier or distributor using the stored  links to the supplier
or distributor. WO 01/65423 PCT/US01/06155  22 



The concepts described hereinabove with respect to selecting, placing and
procuring  dynamic parts within a printed circuit board (PCB) design apply
equally to selecting, placing  and procuring components for an integrated
chip design. In one embodiment, for example,  one or more of the dynamic
parts 460 may comprise virtual circuit blocks, which may be 5 selected and
placed within an integrated chip design. Likewise, discrete components such
as  transistors, resistors, capacitors and operational amplifiers, as well
as logic gates, arithmetic  logic units, analog-to-digital converters,
digital-to-analog converters, random-access memory,  static memory,
register banks, micro-controllers, microprocessors and other components may
be selected from a database of dynamic parts (analogous to remote parts
database 402 in FIG. 10 4) and placed within an integrated circuit design.
Such dynamic parts may be procured in a  manner similar to the dynamic
parts used in printed circuit board designs, described  previously herien.
In various embodiments disclosed herein, systems and methods have been
provided  for simplifying the process of obtaining information about
electronic components, managing  15 that information, and purchasing
electronic components. A preferred method for selecting and utilizing
dynamic representations of electronic components, and many of its attendant
advantages, has thus been disclosed. It will be apparent, however, that
various changes may  be made in the form, content and arrangement of the
steps without departing from the spirit  and scope of the invention, the
methods and systems hereinbefore described being merely 20 preferred or
exemplary embodiments thereof. Therefore, the invention is not to be
restricted  or limited except in accordance with the following claims and
their legal equivalents. WO 01/65423 PCT/US01/06155  23  CLAIMS What is
claimed is: 5 1. A method for- selecting electronic components from a
remote database over a  distributed electronic network, comprising the
steps of: storing a plurality of dynamic parts in a remote parts database,
each said dynamic part  representing an individual electronic component;
connecting a user computer to said remote parts database; and 10 embedding
a dynamic part from said remote parts database into an application running



on the user's computer. 2. The method of claim 1, wherein said application
running on the user's  computer comprises a software program for modeling
an electronic design. 15 3. The method of claim 2, wherein said dynamic
part functions within said  application as a component of a modeled
electronic design. 4. The method of claim 1, further comprising the steps
of displaying said  20 dynamic parts graphically on the user's computer,
and receiving a selection indication of a  dynamic part from the user. 5.
The method of claim 4, wherein said selection indication is performed by
the  user placing a graphical icon representing the selected dynamic part
into said application.  25 6. The method of claim 1, wherein each said
dynamic part is associated with a  plurality of component data items. 7.
The method of claim 6, further comprising the step of copying said
component  30 data items into a local database connected to said user
computer upon embedding said  dynamic part into the application. WO
01/65423 PCT/US01/06155  24 8. The method of claim 7, wherein said local
database comprises a resource  planning database, said method further
comprising the steps of entering a component  represented by said dynamic
part into a parts approval process, and comparing the component  5 with
data records of components already stored in said resource planning
database. 9. The method of claim 7, further comprising the step of updating
said local  database from said remote parts database by moving data from
said remote parts database to  said local database without user
intervention. 10 10. The method of claim 7, further comprising the step of
updating said, local  database from said remote parts database by moving
data from said remote parts database to  said local database in response to
a user request for said data. 15 11. The method of claim 1, wherein said
embedded dynamic part comprises a link  



to associated data stored in said remote parts database. 12. The method of
claim 1, wherein said embedded dynamic part comprises a link  to associated
data stored in a database of a supplier or distributor of the electronic
component  20 represented by said dynamic part. 13. The method of claim 1,
further comprising the steps of embedding a set of said  dynamic parts into
said application running on the user's computer, and generating an
electronic bill of materials based on said dynamic parts in said
application, said electronic bill 25 of materials comprising a link to
either said remote parts database or another remote database  for each
dynamic part. 14. A system for providing electronic components to users
over a distributed  electronic network, comprising: 30 a remote parts
database; WO 01/65423 PCT/US01/06155  25 a plurality of dynamic parts
stored in said database, each of said dynamic parts  representing an
individual electronic component; and a server connected to said remote
parts database and to the distributed electronic  network, for connecting a
user computer to said remote parts database and for transmitting  5 dynamic
parts to an application running on the user computer. 15. The system of
claim 14, wherein said application running on the user computer  comprises
a software program for modeling an electronic design. 10 16. The system of
claim 15, wherein said dynamic parts function within said  application as
components of a modeled electronic design. 17. The system of claim 14,
wherein said server transmits a list of dynamic parts  to the user computer
for graphical display, and receives a selection indication of a dynamic  15
part from the user computer. 18. The system of claim 14, wherein each said
dynamic part is associated with a  plurality of component data items. 20
19. The system of claim 18, further comprising a local database connected
to the  user computer, said local database storing dynamic parts
transmitted to the user computer.  20. The system of claim 19, wherein said
local database comprises a resource 



planning database containing data records of approved parts, said system
further comprising  25 a parts approval process for comparing each dynamic
part transmitted to the user computer  with said data records of approved
parts. 21. The system of claim 18, wherein one or more of said dynamic
parts transmitted  to the user computer comprises a link to either said
remote parts database or another remote  30 database. WO 01/65423
PCT/US01/06155  26 22. The system of claim 18, further comprising a process
for generating an  electronic bill of materials based on said dynamic parts
transmitted to said application on the  user computer, said electronic bill
of materials comprising a link for each dynamic part to  either said remote
parts database or another remote database. 5 


