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PRE-PROGP;AMMING A CELLULAR PHONE Background of the Invention 5 Field of
the Invention This invention generally relates to the manufacturing of
electronic devices. More particularly, the invention provides a system and
method for reducing costs associated with custom programming of electronic
devices during manufacturing. 10 Description of the Related Art
Traditionally, electronic devices have been manufactured in a generic form.
All consumers receive the same electronic device regardless of whether the
device meets their exact needs. For example, early televisions required the
consumer to manually program each channel they wanted to watch. Since
over-air broadcast frequencies vary 15 geographically, a manufacturer could
not pre-program the television set without limiting the television's use to
a specific geographic region. A consumer may have preferred having the
television pre-programmed, but this would burden the manufacturer and
increase the cost of the item. Equipping televisions with the ability to
scan the entire bandwidth for viewable channels eventually solved this
challenge for the consumer and 20 manufacturer. However, as technology has
advanced, consumers and technology have demanded even more customization
from the manufacturer in their products. More recently, the ubiquitous
videocassette recorder ("VCR") entered the consumer marketplace to
complement the existing television. This new device invariably included a
remote control for remote operation of the VCR from anywhere in 25 the
consumer's family room. Almost immediately, the consumer demanded that they
only wanted to use a single or unified remote control for both the
television and VCR. Manufacturers responded with a consumer programmable
remote control to complement the VCR This convenience came at a price to
the consumer, since enabling this feature required them to program their
specific brand of television into the VCR, often by way 30 of a three-digit
code. However, technology today has far surpassed the VCR, and with    WO
02/50558 PCT/USO1/-477C3 this evolution, the ability for a consumer to
program a product for his or her own needs has become prohibitively
difficult. Today, consumers must increasingly rely upon manufacturers who
have the ` expertise to program modern consumer products as the amount of
custom software  5 required has trampled the simple three-digit code of the
VCR For example, cellular phones, which are becoming as common as VCRs,
require customization for each end user. This customization includes not
only information to identify the end user, but also includes their chosen
mode of telecommunication technology, such as analog and/or digital.
Hundreds of lines of code may be required to program a cellular phone for a



10 specific user. Because today's technology requires this level of
programming, the manufacturer is required to incorporate this step into
their manufacturing process and allocate additional space in the memory
devices residing in the electronic device. Thus, to provide the consumer
these choices, manufacturers spend a significant amount of 15 time and
resources programming such products for the consumer. This additional step,
to customize each product for each user, increases the fabrication time and
eventually is passed on to the consumer in the cost of the product. This
need for additional customization may be dealt with by increasing the size
of the memory allocated for such programming, but this solution also
results in increased costs and reduced portability in 20 the electronic
device. None of these results are palatable to the consumer. Thus, there is
a need for a system and method for decreasing the process time in
programming a consumer product while maintaining or increasing the Level of
customization required by today's consumer in our high-technology
environment. 25 Summary of the Invention The systems and methods of the
present invention have several features, no single one of which is solely
responsible for its desirable attributes. Without limiting the scope of
this invention as expressed by the claims which follow, its more prominent
features will now be discussed briefly. After considering this discussion,
and 30 particularly after reading the section entitled "Detailed
Description of the Invention" -2   W O 02/S0558 PCT/USO1/.17763 one will
understand how the features of this invention provide several advantages
over ' traditional programming of electronic devices. One aspect of the
present invention is a method of parallel programming an  electronic
device's memory with test code and system code prior to board level testing
5 during manufacturing. The method comprises programming the electronic
device with ' first instructions and second instructions, wherein the first
instructions comprise the test code for use during board level testing and
the second instructions comprise partial system code for system level
testing. The method further comprises executing the first instructions
during board level testing to determine the condition of the electronic 10
device independent of the second instructions. Third instructions are then
programmed into the electronic device, wherein the third instructions
include system code to complement the second instructions. Finally, the
second instructions and the third instructions are executed during system
level testing of the electronic device. Another aspect of the invention is
a system for parallel programming an 15 electronic device's memory with
test code and system code prior to board level testing during
manufacturing. The system comprises an electronic device, a programmable
memory located in the electronic device, and a first input device in
communication with the electronic device. First instructions and second
instructions are programmed into the programmable memory by the input
device wherein the first instructions comprise 20 the test code and the
second instructions comprise the partial system code. The system further
comprises means for executing the first instructions stored in the
electronic device. The system still further comprises a second input device
in communication with the electronic device, wherein third instructions are
programmed into the programmable memory to complement the second
instructions to complete the system code. The 25 system further comprises
means for executing the second instructions and the third instructions
stored in the electronic device during system level testing of the
electronic device. Brief Description of the Drawings 30 Figure 1 is a block
diagram illustrating a manufacturing system for the programming of an
electronic device. -3   



WO 02/50S58 PCT/USO1/-477G3 Figure 2 is a flow chart illustrating one
embodiment of a programming process that is performed by the manufacturing
system shown in Figure 1.  Detailed Description of the Invention 5 The
following detailed description is directed to certain specific embodiments
of ' the invention. However, the invention can be embodied in a multitude
of different ways as defined and covered by the claims. In this
description, reference is made to the drawings wherein like parts are
designated with like numerals throughout. This invention minimizes the
drawbacks associated with using multiple 10 programming steps in the
manufacturing process of an electronic device without having to limit the
level or complexity of the device's final configuration to best suit the
consumer's need. Typically, a manufacturer is limited in the level of
complexity or customization they make available to a customer because of
the increased manufacturing time associated with such customization. Often
this time is needlessly 15 spent updating a significant portion of the
software included in the electronic device. Thus, pre-programming the
electronic device's software code earlier in the manufacturing process to
minimize any subsequent programming will increase manufacturing efficiency,
as well as permit unrestrained customization for the consumer, while not
increasing the cost of the electronic device. 20 Figure 1 is a
representative diagram showing a manufacturing system 10 in accordance with
the invention. An electronic device 12, such .as, for example, a cellular
phone or Personal Data Assistant (PDA) proceeds through the initial
manufacturing process to a point where programming of an internal memory
location 14 is required. Up until this point in the manufacturing process,
the electronic device 12 may be fully 25 configured and incorporate a11 of
its component hardware. This hardware is preferably generic to the
electronic device 12 and thus only software related changes are required in
the manufacturing process prior to completion of the electronic device 12.
1n another r embodiment, only a portion of the hardware is incorporated at
this point in the manufacturing process with subsequent installations being
performed. r 30 The memory location 14 may be populated by read-only-memory
("ROM") and/or random-access-memory ("RAM") devices 16 depending on the
design    WO 02/50558 PCT/USO1/~77G3 requirements. In many electronic
devices 12, it is desirable to have the system level software stored in a
ROM format because these types of programs are seldom changed. Many types
of ROMs are known in the art, including, programmable read-only memory '
("PROM', erasable programmable read-only memory ("EPROM"), electrical
read-only 5 memory ("EEPROM"), and flash-EEPROM. The most common type of
ROM is masked read-only memory, which is typically programmed by the
manufacturer. This type of memory is not preferred since it does not permit
subsequent re-programming of the memory location 14. PROM is similar to ROM
except that the consumer typically does the programming, not the
manufacturer. In an embodiment of the invention, ROM 10 and PROM are
jointly utilized, but the size of the overall memory location 14 must be
increased if concurrent storage of the manufacturing and entire operational
software is desired. EPROM does allow multiple programming of the memory
device 16, but the manufacturer will incur significant process time during
the erase procedure since it requires the application of an ultraviolet
("UV") light eraser to reach inside the memory I 5 device 16. EEPROM
improves upon the EPROM by permitting its erasure with the use of
electricity; no W light source is required. A more recent type of ROM is
called flash-ROM which further decreases the erasure time as this memory
device 16 is erased completely since it lacks the circuitry of the EEPROM
for allowing partial erasure of individual locations. Flash-ROM does allow
information to be written to an erased 20 location even though some other
locations were already written to after the memory was completely erased.
Therefore, EPROM, EEPROM, or flash-ROM are types of memory that can be used
in device 16 with the benefit of being able to minimize the size of the
memory location 14, since manufacturing and operational software can reside
in series in the memory location 14. 25 RAM may also be used for the memory
location 14 in the electronic device 12. RAM allows the memory device 16 to
be written to and read from, and will maintain its contents until power is
interrupted to the memory location 14. Often, a battery complements the use
of static random-access memory ("SRAM") in an electrical device 12 to
ensure that the SRAM maintains its contents even when the electrical device
12 is 30 in an off mode, thereby overcoming the memory's inherent
volatility. Dynamic random-access memory ("DRAM"), unlike SRAM, requires a
smaller physical memory -5 



W O 02/5055$ PCT/USO1/:17763 location 14 in the electronic device 12 and
thus offers increased capacity over SRAM. However, DRAM requires its
contents to be re&eshed every few milliseconds. Any of these types of RAM
memory devices 16 may be used in further embodiments of the invention
depending on the manufacturer's design requirements. The prior descriptions
5 are not intended to limit the types of memory devices 16 known in the art
that could be used in the invention. The electronic device 12 is in
electrical communication with a first input device 18 for the uploading of
test code 20 and system code 22 as bytes into multiple address and data
locations 24 in the memory device 16. The memory location 14 is sized to 10
accommodate both the test code 20 and system code 22 combined since both
codes reside in the memory location 14 until called upon to execute their
instructions. The memory location 14 may be partitioned to accommodate the
test code 20 and system code 22 simultaneously. The first input device 18
programs the memory location 14 for board level testing of the electronic
device 12 to ensure the component hardware is 15 properly connected and its
performance is nominal. In alternate embodiments, multiple similar or
dissimilar memory devices, such as EEROM, flash-EEROM, and/or SRAM, may be
used to permit parallel storage. In an alternative embodiment, only a
portion of the system code 22 is stored in parallel with the test code 20,
thus permitting a decrease in the size of the memory location 14. The
portion of the system code 22 that is not 20 uploaded in parallel with the
test code 20 may be determined by evaluating, among many factors, the cost
of the larger memory location 14 and the process time for a subsequent
uploading of a portion of the system code 22. Another factor may be the
manufacturer's desired flexibility during the manufacturing process of the
electronic device 12. For example, if a portion of the system code 22 is
continually revised during 25 manufacture of the electronic device 12, that
portion can be allocated to the subsequent uploading step to minimize its
programming impact on the core portion of the system code 22. In another
embodiment, the portion of the system code 22 that pertains to a specific
operational mode 26 of the electronic device 12 is uploaded by a second
input 30 device 28 after the initial test code 20 is executed. For example,
if the electronic device 12 were a cellular phone, the system code 22
associated with the operational mode 26 of -6   WO 02/50558 PCT/USO1/~7763
the cellular phone, such as dual, single, or tri-mode, may be uploaded
later in the manufacturing process, thus increasing the manufacturer's
flexibility in meeting consumer demand. In an alternate embodiment, the
manufacturer could upload the operational mode code 26 before the initial
test code 20 is executed. This would 5 minimize programming of the cellular
phone after a consumer 30 orders the electronic device 12. in still another
embodiment, the first input device 18 is utilized instead of a second input
device 28 for the second uploading of system code 22. 



In one embodiment, the second input device 28 uploads to the memory
location 14 preference information 32 unique to the consumer 30 purchasing
the electronic 10 device 12. Where the electronic device 12 is a cellular
phone, this information may include identifying information such as the
phone number, speed dial numbers, ring volume, and phone system features.
This allows the consumer 30 to operate a new cellular phone without having
to perform any significant programming. Default parameters can also be
uploaded where the consumer 30 does not have preference 15 information 32
concerning a feature. The first and second input devices 18, 28 may be
desktop, server, portable, hand held, set-top, computer network, or any
other desired type of configuration. The first input device 18 may be used
in connection with various operating systems such as: UNlX, LINUX, Disk
Operating System (DOS), OS/2, Windows 3.X, Windows 95, Windows 20 98,
Windows NT, and Windows 2000. A program for use with the input device 18
may be written in any programming language such as C, C++, BASIC, Pascal,
Java, and FORTRAN and ran under the well-known operating system. C, C++,
BASIC, Pascal, Java, and FORTRAN are industry standard programming
languages for which many commercial compilers can be used to create
executable code. 25 The first and second input devices 18, 2S may use one
or more microprocessors, such as a Pentium processor, a Pentium II
processor, a Pentium Pro processor, an xx86 processor, an 8051 processor, a
MPS processor, a Power PC processor, or an ALPHA processor. In addition,
the microprocessor may be any conventional special purpose microprocessor
such as a digital signal processor or a graphics processor. 30 Once board
level testing is completed, the second input device 28 is used for the
subsequent uploading of the portion of the system code 22 that was not
initially loaded    WO 02/50558 PCT/US01/:~7763 in parallel with the test
code 20. The second input device 28 may be connected to the electronic
device 12 using the same method as the first input device 18. In one
embodiment of the invention, the first input device 18 is also utilized for
the uploading of the second portion of the system code 22 in lieu of using
the second input device 28. 5 Operation of the manufacturing system 10 in
accordance with one embodiment of the invention is described below with
reference to Figure 2. For convenience of description, the following text
describes a manufacturing process with reference to the programming
requirements of a cellular phone. However, the manufacturing process can be
used whenever a manufacturer is required to install software in a consumer
10 device. In particular, flow begins in start block 40. Flow proceeds to
block 42 where the test code 20 and system code 22 are uploaded into the
electronic device's memory location 14. This first upload may include only
the common system code 22, but will preferentially include all of the test
code 20 for the electronic device 12 to support the 15 subsequent board
level testing. Furthermore, in the case of a cellular phone, this initial
upload may include the common system code 22 as well as the designated
operational mode code 26 as shown in block 44. Loading the operational mode
code 26 prior to the consumer 30 ordering the cellular phone does limit the
manufacturer's flexibility, but this disadvantage may be outweighed by a
reduction in programming time after the 20 product is ordered by the
consumer 30. Flow continues to block 46 where the test code 20 is executed
to determine the functionality of the individual components of the
electronic device 12. If the electronic device 12 does not pass the board
level testing at a decision state 48, the manufacturing system 10 returns
to block 42, and proceeds as 



discussed above. If the electronic device 12 passes the board level testing
at decision 25 block 48, the manufacturing system 10 continues to block 50.
Next, at block S0, additional system code 22 is uploaded into the memory
location 14 in preparation for system level testing. By already uploading
some of the system code 22 in block 42, as discussed above, the upload
process time in block 50 is reduced. The amount of system code 22 uploaded
at block 50 may depend on the size 30 of the memory location 14 since a
larger size would be required to accommodate the entire system code 22 as
well as the test code 20 simultaneously. Another factor will be _g_   WO
02/5058 PCT/USO1/~7763 the amount of system code 22 already installed in
the memory location 14 at block 42, as discussed above. Furthermore, the
selection of memory device 16 will also impact the amount of system code 22
that is initially loaded at block 42. To minimize the size of the memory
location 14, the portion of system code 22 loaded at block 50 may ' S
overwrite the test code 20 already stored in the memory location 14. This
system code 22 may consist of unique code for the electronic device 12 in
contrast with the common code uploaded in block 42 above. Thus, this upload
preferentially consists of the remaining system code 22 that was not
uploaded in block 42. In one embodiment of the invention, the designated
operational mode code 26 is 10 loaded as part of the second upload in block
44. For example, the operational mode code 26 would specify whether the
cellular phone would operate in a single, dual, or trimode. In another
embodiment, the system code uploaded at block 50 includes the U/I code.
Continuing to block 52, the system code 22 is executed to determine the
functionality of the electronic device 12. At a decision block 54, if the
electronic device 15 12 does not pass the system level testing, the
manufacturing system 10 returns to block 42, and proceeds as discussed
above. By loading the test code 20 in parallel with some system code 22 at
block 42 rather than only loading test code 20, only the remaining portion
of the system code 22 is uploaded after testing. Also, by overwriting the
executed test code 20 with system code 22 at block 50, the size of the
memory location 20 14 can be minimized to reduce cost. Furthermore, the
subsequent system code 22 upload process time is reduced. This advantage is
further magnified where the electronic device 12 fails testing and returns
to block 42 since the electronic device 12 will proceed through the
manufacturing process more than once. Otherwise, if the electronic device
12 passes the system level testing, the manufacturing system 10 25
continues to block 56. Moving to block 56, the manufacturing system 10
receives an electronic device 12 order from a consumer 30. This order may
include preferences from the consumer 30 in the form of speed dial numbers,
phone number, and security settings. The manufacturer may upload these
preferences 32 at a block 58 into the memory location 30 14. In one
embodiment, these preferences 32 will overwrite some of the unnecessary _g_



W O 02/50558 PCT/USO1/-17763 test code 20 residing in the memory location
14. Finally, in block 60, the electronic device is provided to the consumer
30. While the above detailed description has shown, described, and pointed
out novel features of the invention as applied to various embodiments, it
will be understood 5 that various omissions, substitutions, and changes in
the form and details of the device or process illustrated may be made by
those skilled in the art without departing from the spirit of the
invention. The scope of the invention is indicated by the appended claims
rather than by the foregoing description. A11 changes which come within the
meaning and range of equivalency of the claims are to be embraced within
their scope.  -10   WO 02/50S58 WHAT IS CLAIMED IS: PCT/USO1/~77G3 1. A
method of parallel programming an electronic device's memory with test code
and system code prior to board level testing during manufacturing, the
method comprising the steps of 5 programming said electronic device with
first instructions and second instructions, wherein said first instructions
comprise said test code for use during board level testing of said
electronic device, and wherein said second instructions comprise partial
system code for system level testing of said electronic device; 10
executing said first instructions during board level testing of said
electronic device to determine the condition of said electronic device
independent of said second instructions; programming said electronic device
with third instructions, wherein said third instructions include system
code to complement said second instructions; 15 and executing said second
instructions and said third instructions during system level testing of
said electronic device. 2. The method of Claim 1, wherein said memory
location is ROM memory 3. The method of Claim 1, wherein said memory
location is RAM memory. 20 4. The method of Claim 1, wherein said memory
location is flash memory. 5. The method of Claim 1, wherein said step of
programming said electronic device with said third instructions comprises
overwriting said first instructions with said second instructions. 6. The
method of Claim 1, wherein said third instructions are U/I codes. 25 7. The
method of Claim 1, further comprising the step of programming fourth
instructions, wherein said fourth instructions include customized code for
an ' individual user. 8. The method of Claim 1, wherein said third
instructions are unique to a  single mode cellular phone. 30 9. The method
of Claim 1, wherein said third instructions are unique to a dual mode
cellular phone. -11 



WO 02/505S8 PCT/USO1/-17763 10. The method of Claim 1, wherein said third
instructions are unique to a tri-mode cellular phone. 11. A system for
parallel programming an electronic device's memory with 5 test code and
system code prior to board level testing during manufacturing, the system
comprising: means for programming said electronic device with first
instructions and second instructions, wherein said first instructions
comprise said test code for use during board level testing of said
electronic device, and wherein said second 10 instructions comprise partial
system code for system level testing of said electronic device; means for
executing said first instructions during board level testing of said
electronic device to determine the condition of said electronic device
independent of said second instructions; 15 means for programming said
electronic device with third instructions, wherein said third instructions
complement said second instructions to complete said system code; and means
for executing said second instructions and said third instructions during
system level testing of said electronic device. 20 12. A system for
parallel programming an electronic device's memory with test code and
system code prior to board level testing during manufacturing, the system
comprising: an electronic device; a programmable memory located in said
electronic device; 25 a first input device in communication with said
electronic device, wherein first instructions and second instructions are
programmed into said programmable memory by said input device, and wherein
said first instructions comprise said test code and said second
instructions comprise said partial system code; 30 means for executing said
first instructions stored in said electronic device; -12   5 



10 15 20 WO 02/505S8 PCT/USO1/.477G3 a second input device in communication
with said electronic device, wherein third instructions are programmed into
said programmable memory to complement said second instructions to complete
said system code; and means for executing said second instructions and said
third instructions stored in said electronic device during system level
testing of said electronic device. 13. The system of Claim 12, wherein said
first and second input devices are the same input device. 14. The system of
Claim 12, wherein said programmable memory is flashRAM. 15.The system of
Claim 12, wherein said third instructions are U/I codes.16.The system of
Claim 12, wherein said electronic device is a cellularphone.17.The system
of Claim 12, wherein said electronic device is a personal
dataassistant.18.The system of Claim 12, wherein said programmable memory
is ROMmemory19.The system of Claim 12, wherein said programmable memory is
RAMmemory.20.The system of Claim 12, wherein said programmable memory is
flashmemory. -13
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