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The requirement for additional processing capability to add functionality and minimize
latency is especially important when the information must be processed in real time, as
for example in cell phones. Having more processing capability and in turn higher power
consumption, is especially problematic in wireless communication systems where it is
inconvenient to connect to power sources.

[0003] Wireless communication systems generally must contain their own source of
power, which often is in the form of a battery. Users typically need the ability to operate
such systems for longer periods of time without the need to recharge or swap batteries or
even connect to line power. However, such longer operating times normally require an
increase in battery size, which leads to undesirable effects such as heavier batteries,
increased expense, and environmental concerns regarding disposal of used batteries.

[0004] To meet the needs of increased processing power within wireless communication
devices, additional processors requiring more memory and power were added to devices.
A general purpose processor handles most system tasks and a modem computing
subsystem handles tasks related to handling mobile station requirements. Mobile station
modem binary software images (i.e., contents of memory) are programmed at the time of
manufacture into read-only memory (ROM) as a single contiguous binary image. The

modem computing subsystem directly executes the memory image from ROM, which
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SUMMARY OF THE INVENTION

[0006] The present invention is embodied in a method and apparatus for partitioning
and downloading executable memory images in low-powered computing devices
comprised of multiple processors and a mobile station modem. In one embodiment, the
system comprises a communications-related personal digital assistant (PDA) that
contains two computer subsystems. The general computing subsystem handles tasks
generally related to a PDA as well as gating independently the clock that activates the
modem computer subsystem and one or more shared memory modules. The modem
computing subsystem handles tasks associated with a mobile station modem. The
system is able to conserve power by not clocking the modem computer system and the
shared memory during times when the modem function is not needed. The shared
memory modules are loaded with a binary memory image for use by the modem
computer subsystem from a nonvolatile memory by the general computing subsystem.

[0007] In another embodiment, the system boots the general computing subsystem,
which contains a nonvolatile memory, booté the modem computing subsystem when it is
desired to monitor a paging channel, and disables the modem computing system to

conserve power when it is no longer desired to monitor the paging channel. This



conput er subsystem from a nonvol atile nenory by the general conputing
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0012] The present

i nventi on peemmets t he i ndependent activation and deactivation of portions
of a | ow powered tel econmuni cati on and conputing device that are only
required in the course of transmtting and receiving data. In an exenpl ary
enbodi ment, the presenBRIEFDESCRIPTIONOETENEDRAWINGS W rel ess nodem
station operating in conjunction with a personal digital assistant (PDA).
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[0010] FIG. 3 is a detailed functional block diagram of the system.
[oo11} FIG. 4 is a flow chart illustrating an example of the processing steps of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The present invention permits the independent activation and deactivation of
portions of a low-powered telecommunication and computing device that are only
required in the course of transmitting and receiving data. In an exemplary embodiment,
the present invention is implemented using a wireless modem station operating in
conjunction with a personal digital assistant (PDA). The combination device may be
referred to as a mobile unit, cellular telephone, communicator, or the like. As will be
discussed in greater detail below, the present invention is not limited to a specific form
of mobile communication device, nor is it limited to a particular over-the-air standard.

[0013] The present invention is embodied in a system 100, which is illustrated in the
block diagram of FIG. 1. The system 100 includes a general computing subsystem 102
and a modem computing subsystem 104, which will be described in greater detail

below.



di scussed in greater detail below, the present inventionis not limted to
a specific form of nobile conmunication device, nor is it |limted to a
parti cul awoms@sesshe- ai r standard. [0013] The present i nvemCirarsoz/s43ambodi ed
in a system 100, which is illustrated in the block diagramof FIG 1. The
system 100 i ncludes a general conputing subsystem 102 and a nodem

conputi ng subsystem 104, which will be dgscribed in greater detail bel ow
WO 03/ 036451 PCT/ US02/ 34330 4 [0014] The general conputing subsystem 102
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subsyst em Loty dyhdieonine afil doatpishte fige Boday somputidsubBystenall 04r Bathehy assert
or renove a.clock signal to a shared nenory nodul es Bank 1108 and Bank 1

1110 in t hecoakemmtingsubsyaemniP2randdhs modem computinghaibsysiene 40h8RSr y nodul es

108-110 are, | oa ﬁgasb t{‘f;nﬁ%gégcﬂc&cfs?%%ﬁoi a”&g%é%%ﬁ%r&%&&?as%ﬁ%%%@ an

execut abl e ltﬁllnﬁ e by conputi ng subsystem
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control operation_of the nenor ul e 08-110, respectively. The
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operation of the memory modules 108-110, respectively. The operation of the clock
signals 116-122 to control the memory modules 108-110 is discussed in greater detail
below.

[0015] FIG. 2 is a functional block diagram of exemplary interfaces of the present
invention. It will be apparent to one skilled in the art that each of the interfaces of
system 100 may be directed to the general computing subsystem 102 and the modem
computing subsystem 104 either operating together or alone depending on how the
functionality of each the interface is used and when the functionality is needed. In one
embodiment interfaces that are needed to operate the PDA in general are classified as a
PDA peripherals 220 and interfaces that are only needed during operation of the modem
computing subsystem 104 are classified as modem peripherals 244.

[0016] The system 100, which typically embodies the functions of both a computing
device, such as a PDA and a wireless communicator, includes a transceiver and antenna
128 to allow transmission and reception of data, such as audio communications,
between the system 100 and a remote location, such as a cell site controller (not shown).
The remote location may host data and communications services such as voice, data,

email and internet connections. The operation of the wireless voice and data



enbodi ment interfaces that are needed to operate the PDA in general are
classified as a PDA peripherals 220 and interfaces that are only needed
duri ng opwpagisssof the nodem conputing subsystem 104 ar @Ctlussysf3sed as
nodem peri pherals 244. [0016] The system 100, which typically enbodies the
functions of both a conputing device, such as a PDA and a wirel ess

comruni cator, includes a transceiver and antenna 128 to allow transm ssion
and reception of data, such as audi o comruni cati ons, between the system

100 and a L&ARhRidAGHR ik Well 166A iAshearCAld nesil hét Ked¥stiibddaterdifiokcephin) . The
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provi des aoperrs isdiffekont ofyratienl fedes witk eathemeratiodilithededrvingredifferchal
modes with_each operational node having a,di.fferent. |, .of power.
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[0018] The sgitiphesueenmint sberd i@nincomaigfatie dt tar bqureadilyiery thabberat i on t o
and receiving information fromusers. Visual indicator s %lécgwgrs a serial
| i qui d crysogibinations of functionality and power consumption are possible. The p
management device 130 also may include a sleep timer to awaken the system 100 after a
predefined time interval.
[0018] The system comprises human interfaces for providing information to and
receiving information from users. Visual indicators such as a serial liquid crystal
display (LCD) 132, a color liquid crystal display 134, and light-emitting diodes (not
shown) are used to rapidly convey information to the user. Tactile receptors such as a
touch screen 130 and keypad 138 allow the user to enter data and commands and to
manually respond to system queries. It is apparent to those skilled in the art that other
display types and input devices may be used acceptably. Audio input and output,
provided by headset/mic 140 and stereo digital-to-analog converter (DAC) 142, allow
for two-way communication, as well as command input by using voice recognition, and
aural responses to user input. Ideally, the human interfaces and physical system design
will be presented in a pleasing and ergonomic fashion so as to provide for ease-of-use of
the device.
[0019] Interfaces are provided to allow for expandability, such as a multimedia card

(MMC) slot 144, and one or more memory expansion slots 146. Communication

between the system 100 and other computers or devices can be accomplished via a serial



di splay (LCD) 132, a color liquid crystal display 134, and light-emtting
di odes (not shown) are used to rapidly convey information to the user.
Tacti|l e rwoaptamst such as a touch screen 130 and keypad P83/t/a83t he user
to enter data and commands and to nmanually respond to system queries. It
I's apparent to those skilled in the art that other display types and input
devi ces may be used acceptably. Audio input and output, provided by
headset/ m c 140 and stereo digital-to-anal og converter (DAC) 142, allow
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processor 204, respectively. Those skilled in the art wll ap&reci ate that

t he term " pristpsewssors, smbeddadrmoatioless.cppbegiiwaspeniic prtesraisd ciighisddiSEes), al one
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the |ike. tTheplenestilt provessori YR andl 204t | inited by the specific hardware
conponent selected to L | enent i he B_rg @essors 202 and 204. [ 00211] The
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ti mer. The fRiva2@%er-up circuit, an external reset button, or a sleep timer. The PMU 205

provides a clock to the general subsystem processor 102 as well as bank arbitration
blocks 206 and 208 of the shared memory modules 108 and 110, respectively. The
PMU 205 may be programmed by and provide status data to the general computing
subsystem processor 202 via a general computing subsystem bus 209.

[0022] Subsystem bus 209 may include a power bus, a control signal bus, and a status
signal bus in addition to a data bus. However, for the sake of clarity the various buses
are illustrated in FIG. 3 as the subsystem bus 209. The subsystem bus 209 allows the
general computing subsystem processor 202 to receive and send data to nonvolatile
memory 222 and static RAM (SRAM) 224, to control registers 216, to the shared
memory modules Bank 1108 and Bank IT 110, and to PDA peripherals 220. A
busmaster 211 provides additional logic for bus interface control logic as well as
electrical buffering of signals on subsystem bus 209.

[0023] To conserve power and offload processing requirements of the general
computing subsystem processor 202, a DMA (direct memory access) channel is
provided to transfer data without processor intervention. DMA technology is well
known in the art and need not be discussed here. A DMA/microprocessor memory

interface 210, DRAM controller 212, and MMC DMA Controller 214 are provided to



provides a clock to the general subsystem processor 102 as well as bank
arbitration blocks 206 and 208 of the shared nenory nodul es 108 and 110,
respect i vDy3/03dser PMJ 205 may be programred by and provi @eTdiSar/sss3data to
t he general computing subsystem processor 202 via a general conputing
subsystem bus 209. [0022] Subsystem bus 209 may include a power bus, a
control signal bus, and a status signal7bus in addition to a data bus.
However, for the sake of clarity the various buses are illustrated in FIG
3 as the subsystirm AmoRPsbcesiE IRyl EY nafife 08 1108y H4eRaEAR)
conputi ng subsystem processor 202 to recelivé and send data to nonvolatile
menory 222 sabgsehaprocessi202SHAN)e PDA, peripheralst2201via thginsdngory iéBacetboidghe
shared nenory nodul es_ Bank | 108 and Bank 11110, and to PDA peri pEeraIs
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MVC DVA Corfor bdth ¢hre gebdralreympetingoubsygteneprogessetR025mM theslodemaampriiee  DRAM
controller 212 and MMC Control |l er. 214 are copfi ed as,.sl aves. 024]
The D m CHBRFBELREETsTRAr vA PrdeRehdE magos EoRelt ey P nigy apdy
access to the HARYANRHE LerdBNBhYcedsed RBSHARBAVWRAAmBWldag: @RRRERIoncONMPUL i Ng
subsystem processor 102. In typical enbodi ments nonvol atile nmenory 222 is a
menory sudechasquet fgtthe purposeatf redncprgethe agoantmddonielatile sxmaydequireelhe i ng

i nstruction and dat for bo he general._co ting subsyste rocessor
202 and t heRRRIBIRaE TS R B A EEIR e SRS UBRTBASR (e
menory Congﬁaéegs&fzoa %V&p?éd' féin %g@dléftilg %?emd??n? Rhd &B8R4liY sSRan ok aghigind

accessed according to we known data conpression
has lower access times than that of a nonvolatile memory thus permitting faster

execution by the modem computing subsystem processor 204.

[0025] The modem computing subsystem 104 comprises a clock/power control unit 230
that provides clocks 120-122 to the bank arbitration blocks 206 and 208 of the shared
memory modules 108-110, respectively, and provides a clock 250 and a reset line 252 to
the modem subsystem processor 204. The clock/power control unit 230 is used to
conserve power by gating (i.e., shutting off) the clock 250 to the modem subsystem
processor 204 and the clocks 116 - 122 to the shared memory modules 108-110,
respectively, during times when these modules are not needed for operation of the
modem portion of the system 100.

[0026] When the modem system processor 204 is needed in one embodiment, clock 250
will be applied to the modem subsystem processor 204, and clock 116 from the general
computing subsystem 102 is applied so that the Bank I shared memory module 110 may
be loaded by the general computing subsystem 102. The clock 116 is maintained so as
to allow the data stored in the module 110 to be refreshed. The modem computing
subsystem 104 may access the module 110 by asserting clock 120. The modem
computing subsystem 104 may access the Bank II shared memory module 112 by
asserting clock 122, which may be used to keep the data stored in module 112 refreshed



techni ques for the purpose of reducing the anmount of nonvolatile nenory
required. The data and instructions required for the operation of the
nodem corpotomsp4Subsyst em processor 204 are copi ed from memxusozas43Be nmenory
222 and stored in SRAM 224, which has |ower access tinmes than that of a
nonvol atile nmenory thus permtting faster execution by the nodem conputing
subsyst em processor 204. [0025] The noder® conputing subsystem 104 conpri ses
a clock/power control unit 230 that provides clocks 120-122 to the bank
arbi trati on abbiowk 9at3G6stored tRQ8indy thdSerehd hefllem MY uYin §emb@3: e,
respectively, and provides a clock 250 and a reset |line 252 to the nodem
subsyst em peewslspederodommuimgsubseisicpold mey acaesd the miodulk3i0 2ihy asseeting dock
conserve po by gating (i.e., shutting off) the clock 250 to the nodem
subsystem gﬁ%cessor 204 and the clocks 116 - 122 to the shared nenory
nmodul e -110, t'Hﬁhﬁ ' t : ot
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t he nbdem sybckipopences®bnni? 230 tossupplydbe clocksol20-E2to dhenshiated mémerdy 250 wi | |
be applied subsyst em processor 204, and clock 116 fromthe
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gener al co%‘%ﬂﬁﬁlreﬁd)%os%ﬁg%ﬁélﬂ% of gods o1 gdemeeuptng sbsysiemdQtmay bersiared
d k 2.
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110 to be r &f ressthad stafiithe modemconiptihg Adsyse pysdessdr 204, wikyh aicess t he
nodul e 110 by asserting clock 120. The nmodem conputing subsystem 104 may
access the BE6§RS the beplgodg imibeshyredupmasy mpgduleyl08asserting ¢l ock 122, which

may be to k shar i 112 re shed WO 03/ 451
por UshPhan0 P AR e R PR 8¥°e°|esr§_‘”bé6‘f PETGRHETSY HB dtm
conputing sgbsysltcemphiidg subsfsterl R&Iedor NDE Q1N BN Widnitdy MdanKs 10801108y may
access the nodule 112 by asserting clock 118. [0027] The general conputing

subsyst em 19%ng ecgtiensan @amaryito sters infosmetion ghoubthsistatied and medenfloppration

trol unit,.230 t ly. the, cl 120- 122 to the. shared dul
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al so are used
and remove the clocks 120-122, as well as to load portions of the shared memory

modules 108-110. Alternatively, the modem subsystem processor 204 may signal the
general computing subsystem processor 202 using, by way of example, a vectored
interrupt method to instruct the general computing subsystem processor 202 to, for

- example, load a portion of the shared memory modules 108-110.

[0029] A subsystem bus 240 allows the modem computing subsystem processor 204 to
receive and send data to control registers 242, to the shared memory modules 108-110,
and to modem peripherals 244. The subsystem bus 240 may include a power bus, a
control signal bus, and a status signal bus in addition to a data bus. However, for the
sake of clarity the various buses as the subsystem bus 240. A busmaster 246 provides
additional logic for bus interface control logic as well as electrical buffering of signals
on subsystem bus 240.

[0030] To conserve power and offload processing requirements of the modem
computing subsystem processor 204, a DMA channel is provided to transfer data
without processor intervention. A DMA/microprocessor memory interface 260 is
provided to allow direct memory access of the shared memory modules 108-110 by the
modem subsystem processor 204 and the modem peripherals 244 via a memory

interface bridge 262.



to reset and start the nodem conputing subsystem processor 204, which wll
then access the boot code in the shared nenory nodul e 108. [0028] In one
enbodi merwp oBlss4sbdem subsyst em processor 204 comuni cat e PCHUSh2/54380

general conputing subsystem processor 202 via shared nmenory nodul es 108-110
by wusing locations in nenory to store information about the status and
nmode of operation of the nodem conputind subsystem 104. The gener al

conmput i ng subsystem processor 102 polls the status information and signals

the cl gekipover aoBhicdentdunipudiag shissysesEI(4 us@@ﬂherceﬁweregla@rsCMQ%%lgﬁaO 122,
as well as to | oad portions of the shared nenory nodules 108-110
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[ 0029] A subsystem bus™ 240 all ows the nodem conputi ng subsystéem processor
204 to recdi OeThmmlﬁey[dcaibetm:cumnmmo thel modegp sdrepwingddbsyistent hid hvng the
menory nodul r| pheral s 244, The subsystem bus

240 may inclsﬁ’zté gg@%@é}’o 535 lgeﬂ%%ﬁrt@f smgfie| Thycontrolreeisters 31®§18%ﬁrgna| bus
in addition toy Eﬂthdﬁ;c gd%i’g&grfl%n??@v%}gﬁﬁl M6 'r@{n g{e*}?och hhous
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buses as the su tem bus snas provi tional "1 ogic

for bus int drohathe sharad k@indrpgiodules 108V ienabe mloeahrcbﬁ@htuhglédbeydtﬁg 306 signals
on subsystem bus 240. !0030] To conserve power and offl oad processing
requi rement EOFts thide fpagiggpnde ntﬁ@é%ﬁ%moﬁ?ocessor 204, a DMA channel
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processor 204 and the rmden;@ierl pherals 244 via a nmenory interface bridge

262. WO 03/ 9bsksl 4w yiitkRa bawtit.ghe s of thyAR Ais dess drapuhatneqwied 9t em
198 uses U nsuRER! TEmALTRARIo hIbe IR s CeB R AR SROIETL 7o
so that thesimgaEmeREseaior 202 ané BletsoRiard ARERafyTor SRIBMg the modem
computing subsystem 104 when the wireless device is operating in the slotted paging
mode. The shared memory module 110 is used for storing the software necessary for
operating the modem computing subsystem 104 when the wireless device is operating in
the traffic mode. It will be apparent to those skilled in the art that other shared memory
modules may be used to further partition the memory image so that the additional
memory banks need only be activated during certain modes that would be associated
with the code stored in the additional banks.
[0033] The bank arbitration blocks 206 and 208 each receive clocks (i.e., the clocks
116-122) from the general computing subsystem 102 and the modem computing
subsystem 104 because the subsystem processors (i.e., the general subsystem processor
202 and the modem subsystem processor 204) are not necessarily synchronized, the
bank arbitration blocks 206-208 must be capable of handling the protocols of memory
requests from systems having unrelated clocks. The arbitration blocks 206 and 208 each
must not only handle unrelated clocks, but also be capable of handling simultaneous and
nearly simultaneous requests from both subsystems. The arbitration blocks 206 and 208
receive the requests via the memory interface bridges 218 and 262, resolve any
contention between the subsystems, synchronize the local clocks to the subsystem

having priority, and respond via the appropriate memory interface bridge to the



conputing subsystem 104 may be stored and retained in the shared nenory
nodul e 110. This will typically occur prior to the nodem conputing

subsyst emv003/08@avi ng the slotted pagi ng node and enteri RgTIUSe2/84334 fi C
node. The control registers 216 also are used to signal the clock/power
control unit 230 via signal 226 to renove the clock 122 fromthe shared
menmory modul e 110 when the nodem conputi A8 subsystem 300 reverts to the
slotted paging node fromthe traffic node. [0032] The shared nmenory nodul es

108- 110 eacRulssysie e i 18iddity. "Blich AHBAHHE techifilyes286 wall tndWa in fiRSPEAUI Vel Y,
so that power is conserved when the nenory is not clocked. As an
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nodem conpuidla@niHRSYRIRMNdEmphisRs §Q8caMdcaidaiSiodBY presenk SnveRESALTIRGe | N t he
slotted paging node. The shared nenory nodul e 110 1s used for storing the
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slotted paging mode is loaded into the shared memory module 108 in step 310. The
modem computing subsystem 104 is released from reset in step 312, and then boots in
step 314 using instructions and data from the memory image stored in the shared
memory module 108. The modem computing subsystem 104 enters the slotted paging
mode in step 316 and monitors the paging channel until, in decision 318, a request for
traffic is detected (for incoming requests) or posted (for outgoing requests).

[0037] Upon such a request, in step 320, the general computing subsystem 102 applies
the clock 116 to the shared memory module 110. A software memory image necessary
for the modem computing subsystem 104 to operate a traffic channel for voice, data, or
SMS is loaded into the shared memory module 110 in step 322. When the memory
image is loaded, in step 324 the modem subsystem processor 204 accesses the contents
of the shared memory module 110 for code and data necessary to facilitate a traffic
channel. In decision 326, the modem subsystem processor 204 determines whether
traffic is present and, if so continues in step 324, else continues on to step 328, where
the clocks to the shared memory module 110 are removed and the modem computing

subsystem 104 then returns to step 316 where the slotted paging mode is again



10 subsystem having priority. Such arbitration techniques are well known in
the art and need not be described in greater detail herein. [0034] FIG 4
is a flowwbasw3dssl ustrati ng the operation of a | ow power eadCT/US02/34330

t el econmuni cati on and conputing device according to the present invention.
These steps are perfornmed by the device as it is powered up and enters
vari ous nodes. [0035] Specifically, in siép 300, a general conputing
subsystem reset occurs either upon applying power to the system 100, or at
anyti me whemedh@aeE STIam, thERGstaa100phovideittised c&ﬂﬁﬁﬁ’rﬁgtﬁi@daﬁslﬁbchg be
applied during any step described herein, although this capability has
been oni t t egagabdity whaleicopiielhiag eireitrFfageduca porver kensyapdionf clarity. After

t, |. t t 102 boots i.n st 3102, T
pover | 8L 2a0° B B PP Bt BAY SR BuobR a0 is o abuRs R el
cl ocks (e. gthe frB®nt Bivesiksh Hed@ béarsc skl iAGh& Foredoird@scriptidn) therg@m conput i ng
subsystem 104.” The nodem conputing subsystem 104 is placed in a reset node

in step 306distBeES]is illskateys @0B and hkangeseaybe owdp in detel, ygbreopwiewithidzthe
| i i | t he cl ock 8) .to shared .y _modyl e. 11Q.
oD e ot i 0 B T, TR R St et ng

subsyst em 194 ikOaPeRdeddMingnt er and maintain the slotted paging node is

| oaded into the shared nmenory nodule 108 in step 310. The nobdem conputing
subsystem 104 is rel eased fromreset in step 312, and then boots in step
314 using instructions and data fromthe nenory image stored in the shared
menory nodul e 108. The nodem conputi ng subsystem 104 enters the slotted
paging node in step 316 and nonitors the paging channel until, in decision
318, a request for traffic is detected (for incom ng requests) or posted
(for outgoing requests). [0037] Upon such a request, in step 320, the
general conputing subsystem 102 applies the clock 116 to the shared nenory
nodul e 110. A software nenory inage necessary for the nodem conputing
subsystem 104 to operate a traffic channel for voice, data, or SM5 is

| oaded into the shared nenory nodule 110 in step 322. Wen the nmenory

image is |loaded, in step 324 the nodem subsystem processor 204 accesses the
contents of the shared nenory nodul e 110 for code and data necessary to
facilitate a traffic channel. In decision 326, the nodem subsystem
processor 204 determ nes whet her



traffic is present and, if so continues in step 324, else continues on to
step 328, where the clocks to the shared nenory nodul e 110 are renoved and
t he nodenwomapsi4ssng subsystem 104 then returns to step 3P6TAiser/zt3she
slotted pagi ng node is again WO 03/036451 PCT/ US02/ 34330 11 reentered.
Thus, the system 100 provides increased conputing and data processing
capability while controlling circuitry td2reduce power consunption. [0038]
It is to be understood that even though various enbodi nents and advant ages
of the present invention have been satpApvish in the foregoing description,
t he above disclosure is illustrative only, and changes nmay be nmade in
detail, yet remain within the broad principles of the invention.

Therefore, the present invention is to be limted only by the appended
claims. WO YSHASGBESCLAIVMIERIS! 34330 12 CLAAMS WHAT IS CLAIMED IS: [cl] 1.
A systemfor partitioning and | oading data in a | ow powered conmunication
devi ce, the system conprising: a general conputing subsystent a nodem
conput [g1y subsystiem A2 §lseeK; fornPaditiSHee dnde TaHdhe gk einf of [oRCRIWrad a
bi nary data, wherein the shared nenory nodule nmay be accessed by the
general conpomPgicstien devieantharrystemecomdising: conput i ng subsyst em

i ndependently, and wherein éhe neral conputing subsystem selectively
activates the clock t8&Hhé? ?Eﬂéi = ﬁ%?émWDdule to permt use of the shared
menmory modul e by the pegeRhtemMitinBGussBeHMstem [c2] 2. The system of claim
1 wherein the nodem conputing subsystemcontrols data processing in
accordance w th wirel eéstockpafuni cati on protocols. [c3] 3. The system of
claima wherel n the MRARIE NBNY MR RY HcRiVits s by oS8 RAGSEIndiRe ' ©

memory module may be accessed by the general computing subsystem and the modem
computing subsystem independently, and wherein the general computing subsystem

selectively activates the clock to the shared memory module to permit use of the shared

memory module by the modem computing subsystem.

[c2] 2. The system of claim 1 wherein the modem computing subsystem controls

data processing in accordance with wireless communication protocols.

[c3] 3. The system of claim 2 wherein the modem computing subsystem further

comprises a mobile station wireless modem.

[c4] 4. The system of claim 1 wherein the general computing subsystem further

comprises a nonvolatile memory that stores information for generating the data.

[c5] 5. The system of claim 4 wherein the general computing subsystem loads

the data into the shared memory module.

[c6] 6. The system of claim 4 wherein the general computing subsystem

generates the data from compressed information stored in the nonvolatile memory.

[c7] 7. A portable wireless communication device, the device comprising:

a nonvolatile memory;



[c4] 4. The systemof claim 1l wherein the general conputing subsystem
further conprises a nonvolatile nenory that stores information for
gener at i rgotohw3@at a. [c5] 5. The system of clai m4 wherei RCrhisozaser al
conputing subsystem | oads the data into the shared nenory nodul e. [c6] 6.
The system of claim4 wherein the general conputing subsystem generates
the data from conpressed information stoddd in the nonvolatile nmenory. [c7]
7. A portable wireless conmunication device, the device conprising: a
nonvol atile memory; Wa L3é@BetaputilEEibiseiemIMbI Bl ackdssdo ARNRMMblafRIBShdRY
subsyst em havi ng access to the nonvolatile nenory; a nodem conputing
subsyst em sel ecti vel y aghadine gomputing selisysiemisglectively goakledand dispbied iy the
subsystem and alnfi rst. sh red[ rrermdr']y nodul e i ndependent|ly accessible by the
gener al co@ﬁﬂ?ﬁ(§H§Wh§§§?§ﬁ§5WHa? e nodem conputing subsystem the first
shared menory nodul e sbgispehsed Bdniote o bl Rferndigliasablisf Y tehgenganer al
conputing subsystem and wherein a tirst binary inmage is | oaded in the
first sharedompniong swhspstem dndofire trhedenn oompiitinng subsysterny thebfjrst blerefe menmiry

conput i ng subsyst.em when sel ect.i.vel nahl ed. [c8] 8 The systemof claim7
Wherei ' he TR epe G ENT P e TS aE P At et surG RS ERP G AP ode
sufficient GheRgH W first BEnFPIRTRE ATRIEEED th D FY? L8Rl ARt RbESE @oﬂw@ ess
comuni cation |ink and nonitor a paging channel. [c9] 9. The systemo

cl ai m 8, whapsvalatilbemmae by thergeneiaheprspiisgsubspsendwhéreselddtively eiidedd nenory

nodul e are enabl ed when the conputing subsystem starts to nonitor the
pagi ng channel, and the nodem conputi ng subsystem and the first shared

menory [@dul e arg di sahkedswier Neh £REAYEMANLE rﬁrytﬁﬁiﬁd:g%&%ggeg@%ﬁes [c

10] 10. The systemof claim8, further conprising a Secon nory
modul e, whemnmbiletstiopemodan Tode euffivemd ity pemitltee nodemdememdimgtsupsatnessi bl e
by the general.. conputing subsystem and the nodem conputi ng subsystem
wher ei n theegg@&%@rwgﬂﬁﬁéﬂ%q%?%m Iagégéﬂmtﬁéaﬁ?%ﬁ%f)]@d’nﬁkl t he general
conputing subsystemto save power, and wherein a second binary nmenory
image is |oaded in the second shared :

[c9] 9. The system of claim 8, wherein the modem computing subsystem and the

first shared memory module are enabled when the computing subsystem starts to
monttor the paging channel, and the modem computing subsystem and the first shared

memory module are disabled when not engaged in. wireless communication.

[c10] 10. The system of claim 8, further comprising a second shared memory
module, wherein the second shared memory module is independently accessible by the
general computing subsystem and the modem computing subsystem, wherein the second
shared memory module can be disabled by the general computing subsystem to save
power, and wherein a second binary memory image is loaded in the second shared

memory module from the nonvolatile memory by the general computing subsystem.

[c11] 11.  The system of claim 10, wherein the second binary memory image

contains the mobile station modem code sufficient to operate a traffic channel.



menory nodul e fromthe nonvol atile nenory by the general conputing
subsystem [cll] 11. The system of claim 10, wherein the second binary
menory i meiQe3/0a@nt ai ns the nobil e station nodem code suf f iPCTArs02/8433@per at e
a traffic channel. WD 03/036451 PCT/US02/ 34330 14 [cl1l2] 12. The system of
claim11l, wherein the second shared nenory nodule is activated when the
modem conputi ng subsystem operates a traflfic channel, and the second
menory nodul e is deactivated to save power when ceasing to operate the

traffi¢ec12ghannel .12[ c13lhelYstehr oslhiog 11 Otvhe@in the REMRI shiafedamBibiy mPaIEESSOr

wi rel ess communi cation system having a pagi ng channel nonitor node, the

met hod conprRFidyaigsd Whewtthe gnodege prIpptingosHbSYStey apetrissse dreffic ckannphgnd thedem

conmputing s i Lng channel monitor de; .a

i sabl i ng  REAE ARSIl e IRdR IS 5Bk e Re e R « e

pagi ng chaneghinnghni t or node. [c14] 14. The nmethod of claim 13 wherein the

general conputing system conprises a nonvolatile nenory, the step of

enabl i ng the nodem conputing subsystem further conprising: providing a
.the first. shared nenor

cl ock first ;shared ry. modul e: | oadin )
nodul eic\c/lw?’f1 h :jaf alét or é mlréﬁl%?r‘%r SAYGIRASTV i & TNEHRBFORCsSor SIS 'Sﬁﬁ‘”f’ﬂ’é‘mé’laﬁék to
the nodem ceyguth haeing WhayiskeinmNhodité:aabdd) thd MEhBR deApSEAPUL | Ng subsyst em

processor to execute instructions fromthe data | oaded into the first
shared nenory nodul e. bpetisg a gaerafgemputingsibeystahai m 14, wherein the data is

a first binary nenory | e and the general c ut i ng subsyst em gener at es
the first binary rrermﬂ}ﬂ?ﬁﬁ P eé%co@g‘ﬁtﬂ}ge%‘b@ff%m%‘# ﬁ‘%?‘il%ﬁ’@lpﬁglé‘ﬁ%ﬁwn&?
nonvol ati | e nioRieF dodé;Gind] 16. The nethod of claim 14 wherein the data

contains nobile station code sufficient to boot the nodem conputing
subsystem and enter t Hisabling e ahedenelcomputing subsystem to conserve power and

exiting the paging channel monitor mode.

[c14] 14.  The method of claim 13 wherein the general computing system
comprises a nonvolatile memory, the step of enabling the modem computing subsystem
further comprising;:

providing a clock to a first shared memory module;

loading the first shared memory module with data stored in the
nonvolatile memory;

providing the clock to the modem computing subsystem; and

directing the modem computing subsystem processor to  execute

instructions from the data loaded into the first shared memory module.

[c15] 15.  The method of claim 14, wherein the data is a first binary memory image
and the general computing subsystem generates the first binary memory image from

compressed information stored in a nonvolatile memory.

[c16] 16. The method of claim 14 wherein the data contains mobile station code
sufficient to boot the modem computing subsystem and enter the paging channel

monitor mode.



nonit or node. WO 03/036451 PCT/US02/34330 15 [cl17] 17. The nethod of claim
13 for use wwth a wireless communi cati on system having both a pagi ng
channel mwoimBose4ande and a traffic channel node, the net hedT/uSoz/s4380
conprising: activating a second shared nenory nodul e when activation of the
traffic channel node is requested; and deactivating the second shared
menory nmodul e when operation in the traffic channel node is no | onger
required. [c18] 18. The nethod of claim 17 wherein the additional data is a
second [@i7hary mdffor y Theagethaddf thin dénfer ake sadthplitvirelgss tdismahieatigessicat es
the second bhinary nenory imnmage from conpressed information stored in the
nonvol ati | e?’ﬁﬂﬁﬁrﬁf’.ﬂl poeging1Shanne] anprites Jods ard ajtratie chgnmebmede.hibe gpethody
activating e?%Sﬁ?ﬂsi%E-ar ed nenory nodul e further conprises: providing
the clock to the second”shared nmenory nodul e; |oading the second shared

menory nodul e with addctivatingla sdedril shbesdaterhory thbdila @i hatviatien BRMMRIAST ic
providing the clock to the nodem conputing subsystem directing the nodem
conputi ng s&byipst wadoisgeiesed; ad execute instructions fromthe additional

data | oaded into the 0d,: e | e, 01..20. The net hod of
claim 19 wherein the ?g%?’&g%%?{eda@‘?{g% %‘i{r%%sie%% iqlge(ﬁliet tlﬁegr?pﬁﬁlﬁg%lﬁgﬁ%
suffici ent taffendhahec] opslcds h@[bﬂgerﬁebﬁréc[ affic channel node.

[c18] 18. The method of claim 17 wherein the additional data is a second binary
memory image and the general computing subsystem generates the second binary

memory image from compressed information stored in the nonvolatile memory.

[c19] 19.  The method of claim 17 wherein the step of activating the second shared
memory module further comprises:
providing the clock to the second shared memory module;
loading the second shared memory module with additional data stored in -
the nonvolatile memory;
providing the clock to the modem computing subsystem;
directing the modem computing subsystem processor to execute

instructions from the additional data loaded into the second shared memory module.

[c20] 20.  The method of claim 19 wherein the additional data contains mobile

station modem code sufficient to enable operation in the traffic channel mode.



