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(57) ABSTRACT 

Methods and systems for operating automotive computing 
devices are described. In one embodiment, a small amount 
of static RAM (SRAM) is incorporated into an automotive 
computing device. The SRAM is battery-backed to provide 
a non-volatile memory space in Which critical data can be 
maintained in the event of a poWer loss. Circuitry is pro 
vided to ensure that the SRAM receives back up poWer from 
the battery at the appropriate time. Software manages the 
SRAM and the other storage assembly components and 
makes use of virtual paging or virtual addressing techniques 
to keep track of Where various pages, including object store 
pages, are stored in the system. The software knoWs exactly 
Where all of the object store pages are stored so that in the 
event of a poWer loss, the page locations are knoWn and 
hence the pages can be used When poWer is restored. 
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AUTOMOTIVE COMPUTING DEVICES WITH 
EMERGENCY POWER SHUT DOWN 

CAPABILITIES 

RELATED CASES 

[0001] This application claims priority to US. patent 
Application Ser. No. 09/745,454, ?led Dec. 20, 2000. 

TECHNICAL FIELD 

[0002] This invention relates generally to automotive 
computing devices. 

BACKGROUND 

[0003] Automobiles are becoming increasingly popular 
platforms on Which to provide computing devices. One 
popular computing device in the automotive space is 
Microsoft’s Auto PC. PoWered by the Microsoft Windows@ 
CE operating system, the Auto PC is Microsoft’s in-car 
entertainment and information platform technology. Hard 
Ware versions of the Auto PC platform can ?t into most 
automobile dashboards, have color LCD screens, high 
poWered AM/FM stereos, and CD-ROM drives. The inclu 
sion of the CD-ROM drive alloWs users to access vast stores 
of data on their Auto PC. The Auto PC is ideally an 
extensible platform Which can be built upon to provide 
added applications and functionality for the user. For 
example, applications can be provided that enable drivers to 
use voice commands to check e-mail and schedules, ?nd 
phone numbers, make calls on their car phones and get neWs 
and other information. The Auto PC can include applications 
that permit Wireless Internet access for the purpose of 
searching and retrieving information over the Web. The Auto 
PC platform provides a platform for a seemingly endless 
number of user applications that can greatly enhance the 
user’s experience. 

[0004] There are challenges, hoWever, associated With 
providing computing devices such as the Auto PC in auto 
mobiles. 

[0005] In automobiles using Windows@ CE or any other 
type of operating system, there is typically critical data that 
the system uses Which is usually stored in so-called Working 
RAM (i.e. volatile dynamic random access memory) for 
speed of access. This critical data can include application 
data (eg navigation data, address book data, third party 
installed applications and the like). Dynamic random access 
memory has to be constantly refreshed or the data that it 
contains Will be lost. If the poWer is lost, the DRAM cannot 
be refreshed and, hence, any critical data that it contains is 
lost. 

[0006] Current Windows@ CE implementations, as Well 
as other implementations, use a small cell back-up battery 
that is used to back up the entire DRAM When the system 
goes in a standby mode associated With, for example, a 
poWer loss. For automotive requirements (such as Auto PC 
and the like), there are a number of is problems With this 
solution. Typically, the batteries that are used for backup 
purposes do not meet automotive speci?cations. For 
example, the temperature ranges at Which the batteries Work 
are not suitable for the temperature ranges typically encoun 
tered by automobiles. Additionally, automotive manufactur 
ers or original equipment manufacturers (OEMs) do not 
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Want consumers to have to go to the burden of replacing the 
backup batteries When they eventually fail. The backup 
batteries, such as those produced by Tadiran, Which do meet 
automotive requirements are limited to a feW microamps of 
current draW if the non-rechargable battery is to last the life 
of the product Without replacement. 

[0007] FIG. 1 shoWs a portion of a storage system of a 
typical automotive computer generally at 10 that includes 
non-volatile storage 12 and DRAM 14 coupled together by 
a bus 16. Exemplary non-volatile storage can include ?ash 
memory or E2 memory. This type of memory does not need 
to be refreshed and can retain its data in the event of a loss 
of poWer. DRAM, as pointed out above, needs to be con 
stantly refreshed. When the automobile’s computer system 
is booted, its object store (i.e. database, the ?le system, and 
the registry) is typically copied from non-volatile storage 12 
into DRAM 14. When the automobile’s computer system 
enters Zero poWer mode, eliminating any drain on the car’s 
main battery, the entire contents of DRAM 14 are Written 
back into the non-volatile storage 12. This ensures that the 
data is preserved and can be Written into DRAM the next 
time that the system is booted up. The automobile’s com 
puter system may go to a standby state draWing only a feW 
milliamps (DRAM in self-refresh state) for some time, 
perhaps a feW days, as determined by the OEMs before 
entering Zero poWer mode. 

[0008] This solution Works Well as long as the system shut 
doWn to Zero poWer mode is an orderly one that is knoWn in 
advance. Speci?cally, consider the case Where non-volatile 
storage 12 is implemented as ?ash memory. In that case, the 
volatile data stored in DRAM (data that needs to be pre 
served across poWer cycles) is Written into the ?ash memory 
as a copy operation. This operation can take about 90 
seconds to complete. In the context of an automotive com 
puting device, it is often not possible to knoW ahead of time 
that the poWer is going to be abruptly lost. For example, on 
a cold day in an automobile With a marginal battery, When 
the car is started, the starter can drop the voltage out of 
regulation instantaneously. In that case, poWer loss is instan 
taneous and any data in DRAM Will be lost. 

[0009] One possible solution to the problem of an abrupt 
poWer loss involves using a capacitor in conjunction With 
the voltage supply to provide a decay of the supply voltage 
in the event of an abrupt poWer loss. This solution is not 
optimal or even desirable because the extra time that is 
provided for copying data from DRAM to ?ash is entirely 
inadequate. For example, assuming 3A at 12V, by using a 
5000 micro Farad electrolytic capacitor to hold the computer 
system’s input voltage, the supply voltage to the ICs can be 
held for approximately 12 milliseconds before dropping out 
of regulation. Since many OEMs don’t Want to use a 
capacitor this large, the realistic hold time is probably more 
on the order of 2 to 10 ms. This amount of time is not 
adequate to copy all of the necessary data to non-volatile 
storage. For example, consider that a single erase and Write 
?ash operation for Writing to one block of NOR ?ash 
memory can take on the order of one second. Each ?ash 
block can be on the order of 512 bytes to 4K bytes depending 
on the ?ash memory. So Within the feW milliseconds that are 
provided by the capacitor solution, at most one Kbyte of data 
Will be able to be Written. This is not adequate. Additionally, 
non-volatile storage such as ?ash memory requires more 
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power When it is Written to. Accordingly, this Would further 
increase the capacitor siZe requirement. 

[0010] Another possible solution for maintaining the sys 
tem’s critical data in the event of an abrupt poWer loss is to 
continuously Write the critical data into the ?ash memory. 
There are a number of problems With this approach. First, it 
takes a long time to Write to ?ash memory (i.e. ?ash memory 
has to ?rst be erased and then Written to). Additionally, ?ash 
memory has a limited read/Write capability so that if it is 
being updated continuously, it is going to Wear out. Speci? 
cally, ?ash memory and E2 memory have on the order of 
100,000-1,000,000 Write cycles per block. By constantly 
Writing to ?ash memory you are eventually going to Wear the 
device out. Finally, it is possible to corrupt the contents of 
?ash if poWer is lost during a Write to it. 

[0011] Essentially then, the challenges associated With 
providing automotive computing devices such as the Auto 
PC can be distilled doWn to not having enough time to Write 
the critical contents of DRAM into non-volatile memory in 
the event of an abrupt poWer shut doWn. Any proposed 
solutions to these challenges have to make good business 
sense in that they have to appreciate and Work Within the 
constraints of manufacturers and OEMs that are concerned 
With not having extra rechargable, user-replaceable batteries 
to back the memory system. 

[0012] Accordingly, this invention arose out of concerns 
associated With providing improved automotive computing 
devices and methods that adequately address emergency 
poWer shut doWn issues, as Well as other issues. 

SUMMARY 

[0013] Methods and systems for operating automotive 
computing devices are described. In one embodiment, a 
small amount of static RAM (SRAM) is incorporated into an 
automotive computing device. The SRAM is battery-backed 
to provide a non-volatile memory space in Which critical 
data, eg the object store, can be maintained in the event of 
a poWer loss. Circuitry is provided to ensure that the SRAM 
receives back up poWer from the battery at appropriate 
times. 

[0014] Software manages the SRAM and the other storage 
assembly components and makes use of virtual paging or 
virtual addressing techniques to keep track of Where various 
pages, including object store pages, are stored in the system. 
The softWare knoWs Where all of the object store pages are 
located so that in the event of a poWer loss, the page 
locations are knoWn and hence the pages can be used When 
poWer is restored. The SRAM is advantageously used to 
maintain so-called “dirty pages” or pages that have been 
Written to so that these pages are not lost in the event of a 
poWer interruption. Additionally, the softWare can also pro 
vide an orderly means by Which pages in the SRAM can be 
Written out to ?ash memory thereby avoiding unnecessary 
?ash Write operations Which, in turn, increases the lifetime 
of the ?ash memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram of an exemplary storage 
system in an automotive computer. 

[0016] FIG. 2 is a block diagram of an exemplary auto 
motive computing device that is suitable for use in connec 
tion With the described embodiments. 
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[0017] FIG. 3 is a block diagram of a portion of the FIG. 
2 computing device. 

[0018] FIG. 4 is a block diagram of exemplary hardWare 
components in accordance With one described embodiment. 

[0019] FIG. 5 is a graph or chart that is useful in under 
standing the operating environment of the described 
embodiments. 

[0020] FIG. 6 is a ?oW diagram that describes steps in a 
method in accordance With one described embodiment. 

[0021] FIG. 7 is a block diagram of one circuit in accor 
dance With one described embodiment. 

[0022] FIG. 8 is a circuit diagram of one circuit in 
accordance With one described embodiment. 

[0023] FIG. 9 is a block diagram that illustrates aspects of 
but one exemplary virtual addressing system. 

[0024] FIG. 10 is a ?oW diagram that describes steps in a 
method in accordance With one described embodiment. 

[0025] FIG. 11 is a diagram that illustrates an exemplary 
object store page table entry. 

[0026] FIGS. 12A and 12B are combined to shoW a table 
describing aspects of handling object store page exceptions. 

[0027] FIG. 13 is a ?oW diagram that describes steps in a 
method in accordance With one described embodiment. 

[0028] FIG. 14 is a diagram that is useful in understanding 
compaction aspects of the described embodiments. 

[0029] FIG. 15 is a ?oW diagram that describes steps in a 
method in accordance With one described embodiment. 

[0030] FIG. 16 is a diagram that is useful in understanding 
Wear-leveling aspects of the described embodiments. 

[0031] FIG. 17 is a ?oW diagram that describes steps in a 
method in accordance With one described embodiment. 

DETAILED DESCRIPTION 

[0032] OvervieW 

[0033] In accordance With the described embodiments, a 
cost-effective solution to data loss problems caused by 
emergency poWer shut doWn in automotive computing 
devices is provided in the form of a small amount of static 
RAM (e.g. 128-256K) that is incorporated into a storage 
assembly that is utiliZed by the computing devices. The 
storage assembly thus can contain an amount of non-volatile 
storage (e.g. ?ash memory), dynamic random access 
memory (DRAM or SDRAM), as Well as the SRAM. The 
SRAM is battery-backed by a small lithium cell battery that, 
together With the SRAM, provides a non-volatile memory 
space in Which critical data can be maintained. Using 
SRAMs is advantageous because they can be placed in a loW 
poWer state in Which they draW very little current from the 
backup battery. This, in turn, greatly increases the lifetime 
(e.g. much longer than 10 yrs) of the automotive computing 
system to the point that it has exceeded the required oper 
ating life of the product. It is conceivable that a 50-year life 
for the battery can be realiZed. In addition, SRAM also 
provides Write and read access times similar to those of 
ordinary DRAM. 




























