1 DESCRIPTION Title of the Invention SEMICONDUCTOR DEVICE AND
PROCESSING METHOD FOR STARTING THE SAME Technical Field
This invention relates to a semiconductor device adapted to start
operating by reading out a boot program from a data-rewritable
nonvolatile memory and a processing method for starting the same. More
particularly, the present invention relates to a semiconductor device
adapted to start operating by reading out a boot program from a large
capacity nonvolatile memoryspaicrmpaejiqinate bad blocks in the
manufacturing process such as a NAND type flash memory and a

Title oP{PeCHESRG agIhod for starting the same. This application claims priority of
Japanese Patent Application No. 2004-019278, filed on January 28,
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Background Art System LSIs (large scale integrated circuits) having a
THE S';%rw‘%re of integrating a large number of functional features on a single
chip have been used in appliances of various types such as home use
Techni%git%%?&pplia_nces in recent years. A system LSl is equipped internally
or externally with a nonvolatile memory storing a boot

This invention relates to a semiconductor device adapted to start operating
by reading out a boot program from a data-rewritable nonvolatile memory and a
processing method for starting the same. More particularly, the preéent invention
relates to a semiconductor device adapted to start operating by reading out a boot
program from a large capacity nonvolatile memory that cannot eliminate bad
blocks in the manufacturing process such as a NAND type flash mémory and a
processing method for starting the same.

This application claims priority of Japanese Patent Application No.
2004019278, filed on January 28, 2004, the entirety of which is incorporated by
reference herein.

Background Art

System LSIs (large scale integrated circuits) having a structure of integrating
a large number of functional features on a single chip have been used in appliances
of various types such as home use portable appliances in recent years. A system
L.ST is equipped internally or externally with a nonvolatile memory storing a boot

program and other various processing programs along with data. Such a



program and other various processing programs along with data. Such a 2
nonvolatile memory is more often than not a flash memory that allows the
data it stores to be electrically rewritten. NOR type flash memories are
generally being used to store a boot program. However, there has
recently been arising a demand for NAND type flash memories that are
less expensive in terms of the cost per bit. Known boot systems utilizing a
NAND type flash memory include those comprising a CPU (central

nonvoriake ssmganyit)s core caoéietctimm ewioay! 1 as ADnype thietshl loemdiy dath it
an interface for data communications between each of the memories and

stores theb€Rl¢cmieadhdradapted to operate for system booting by temporarily
storing a boot code from the NAND type flash memory in the RAM

(ROBommcthsh memonkoywaeabtat yrteingcavnties thereanobopidgram.

CPU core and reading out the boot code from the RAM in order to

Howeveprong dhepedasmpnbecafdfiginystedenfiniviobOph syBiems: gl b s@i#Sories
are disclosed in Japanese Patent Application Laid-Open Publication No.

that aré 30 2&kb3AdivM arewhileontBelash pematy. the operation of writing or
reading data is conducted on a block by block basis. However, it has

hesokaBupiRatRaglRaks ppReanRIFARY ik iteRanyfaqitinge those

process in NAND type flash memories. On' ‘the other hand, it is necessary

comprSHEE Lo NG e RO B ArRPA SO
flash memory and an interface for data communications between each of the
memories and the CPU core and adapted to operate for system booting by
temporarily storing a boot code from the NAND type flash memory in the RAM
(random access memory) by way of the interface under the control of the CPU core
and reading out the boot code from the RAM in order to improve the performance
of the system. Known boot systems of the sorts are disclosed in Japanese Patent
Application Laid-Open Publication No. 2003-271391.

Meanwhile, in a flash memory, the operation of writing or reading data is
conducted on a block by block basis. However, it has been known that bad blocks
appear randomly in the manufacturing process in NAND type flash memories. On
the other hand, it is necessary for booting using a NAND type flash memory to be
ensured that the block storing the boot program is not faulty and the program is

stored properly. However, it has been a problem to ensure that a NAND type

flash memory has not any specific bad block because the cost of the test that needs



stored properly. However, it has been a problem to ensure that a NAND
type flash memory has not any specific bad block because the cost of the
test that needs 3 to be conducted for that purpose before shipment is
enormous. Disclosure of the Invention In view of the above identified
circumstances, example embodiments may provide a semiconductor
device that can start operating constantly stably if a flash memory of a
relatively low cost per bit such as a NAND type flash memory is used as
boot device E le embodiments may prqvide a processing method for
to be g A D R T e ho oAb LB A SR o device
.__constantly stably if a flash memory of a relatively low cost per bit such as
D ISCISSI%\ ﬁ)ﬁeﬁﬁg/‘gﬂtf%mory is used as boot device. In accordance with a
first aspect of the present inyentjon, there is provided a semiconductor
dLRi¥ERHe @&@&%?tlaﬁf%téﬁ&ﬁi@%ﬁ?ﬁlﬁ@&cﬁﬁom&?glb()&mems may
.data-rewritable nonvolatile memory, the boot program being stored in a
Provigf, Aafigif MEEREONdREIRD HBlANB AlarhoRehiBgfant ¥ miabhaiktofash
device comprising: a CPU adapted to specify a read position for reading
memeyi el SiRBYSHdaTetsner B swshyamd D mdihotyng flaskirempry is used
time, and execute a starting process according to the read out program; a
as bopsaterisitrol circuit adapted to determine that a block corresponding to
the read position is faulty or not according to data read out
Example embodiments may provide a processing method for starting a

semiconductor device that can start a semiconductor device constantly stably if a
flash memory of a relatively low cost per bit such as a NAND type flash memory is
used as boot device.

In accordance with a first aspect of the present invention, there is provided a
semiconductor device adapted to start by reading out a boot program from a
data-rewritable nonvolatile memory, the boot program being stored in a plurality of
blocks in the nonvolatile memory in parallel, the semiconductor device comprising:
a CPU adapted to specify a read position for reading out the boot program stored in
the nonvolatile memory at the starting time, and execute a starting process
according to the read out program; a read control circuit adapted to determine that a
block corresponding to the read position is faulty or not according to data read out
from the block, output the data to the CPU if the block is determined as not faulty,
and read the data from another block storing the boot program and determine again

whether the another block is faulty or not if the block is determined as faulty; and



from the block, output the data to the CPU if the block is determined as
not faulty, and read the data from another block storing the boot program
and determine again whether the another block is faulty or not if the block
is determined as faulty; and 3a wherein the read control circuit is adapted
to determine that the block is faulty or not faulty at least according to an
error correction code contained in thé“data read out from the nonvolatile
memory. In a accordance with a second aspect of the present invention,

there is_provided a processing method foy starting a,semicopductar .
e e DTS8Pl B0CE Dbt draty or

from a data-rewritahle nonvolatile memory, the boot program bei tored
not S sty GF ISR R RIEHEGR P SNG4 (he Qe fead

procglssing method comprising the steps of: reading out data from a block
out frpL e AR B &RSERPEbrresponding to a read position specified by

the CPU at the starting time by means of the read control circuit of the

nbiolseR AR A Eh traehdiriRgthal the B faurpdenothere is

.according to the data read out from the block, outputting the data to the
provided pipiascaiing medeiiietiasingraanyicand vetoirlp vige sanprising a

another block storing the boot program and determining again whether
CPU arleptestiersiist bysading onbribant prograsidemmindatasdauitable

wherein said determining that the block is faulty or not faulty is based at
nonvidagicaoremting. ttharbenoprgrentibeiogisf cmtainedinthétsdafzbieakisout the

from the nonvolatile memory.
nonvolatile memory in parallel, the processing method comprising the steps of?
reading out data from a block in the nonvolatile memory corresponding to a read
position specified by the CPU at the starting time by means of the read control
circuit of the nonvolatile memory; and determining that the block is faulty or not
according to the data read out from the block, outputting the data to the CPU if the
block is determined as not faulty, and reading data from another block storing the
boot program and determining again whether the another block is faulty or not if
the block is determined as faulty; wherein said determining that the block is faulty
or not faulty is based at least according to an error correction code contained in the
data read out from the nonvolatile memory.

Also disclosed is a semiconductor device adapted to start by reading out a

boot program from a data-rewritable nonvolatile memory, the boot program being

stored in a plurality of blocks in the nonvolatile memory in parallel, the

semiconductor device



Also disclosed is a semiconductor device adapted to start by reading out a
boot program from a data-rewritable nonvolatile memory, the boot
program being stored in a plurality of blocks in the nonvolatile memory in
parallel, the semiconductor device 3b including: a CPU adapted to
specify a read position for reading ouf the boot program stored in the
nonvolatile memory at the starting time, and execute a starting process
according to the read out program; and a read control circuit adapted to

imelu e R RS SR R A oot
the block;i i fault d
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circuit determines that the block fram which the data is read is fault .
accordingoia ity SELAHh ki %c[isup&&?élwb& waowtﬁéedﬁéiﬁ 31 B block is

error correction information or a block state information contained in the
deterpgngdas gotglaulty, and read the data from another block storing the boot

program and determine again whether the another block is faulty or not if the block

is



If it is determined that the block is not faulty, the read control circuit
outputs the read out data to the CPU. Then, as a result, the boot program
is sequentially input to and executed by the CPU to start the
semiconductor device to operate. If on the other hand, it is determined
that the block is faulty, the read contgpl circuit reads out the data from
some other block in the nonvolatile memory that also stores the boot
deter%og%m ig}gl etermines once again if the block from \{vhich the dqta is
REOHY ty or not. As such a read control circuit is mounted in a

semiconductor device, a sityation where an incortect boot co?g stored in
ROk TOHECTASIST e U AUORIEE T 2 B Ll Foed control
. ___honvolatile memaory is used and the nonvalatile memory randomly
cireul st BEEAO M IR OF 16 BLRAHE 85 R ISRIF LGBl aBc e store 2
starting process if a ngnvolatile memory of relatively low manufacturing, .
same bogtprpgrans in R el gekh AhepRidsising MtRothoratdrtingteo! circuit
semiconductor device comprising a CPU adapted to start by reading out
deterra Besitprédhenb insin Boaatlrshritblakorvisad o whdmbwl ihergee faulty
program being stored in a plurality of blocks in the nonvolatile memory in
accorghrgllel theerprocestidif arigthicdiyctudihg s iseipanerresgpg otiteata
from a block in the nonvolatile memory corresponding to a read position
inforrspticifient bybileelCHiataithersiatioy tontabyedienrnbofrend reddlaentrol
circuit of the nonvolatile memory; and determining that the block is faulty

If it is determined that the block is not faulty, the read control circuit outputs
the read out data to the CPU. Then, as a result, the boot program is sequentially
input to and executed by the CPU to start the semiconductor device to operate.  If,
on the other hand, it is determined that the block is faulty, the read control circuit
reads out the data from some other block in the nonvolatile memory that also stores
the boot program and determines once again if the block from which the data is
read out is faulty or not.

As such a read control circuit is mounted in a semiconductor device, a
situation where an incorrect boot code stored in a bad block is executed by the CPU
is avoided if a large capacity nonvolatile memory is used and the nonvolatile
memory randomly contains bad blocks. Thus, it is possible to constantly stably

execute a starting process if a nonvolatile memory of relatively low manufacturing

cost is used.



or not according to the data read out from the block, outputting the data to
the CPU if the block is determined as not faulty, and reading data from
another block storing the boot program and determining again whether
the another block is faulty or not if the block is determined as faulty. Thus,
with a processing method for starting.a semiconductor device in example
embodiments data is read out from one of the blocks of a nonvolatile
memory that store in advance a same boot program in parallel with other
El&&rs by .the read control circuit, Then, it is determined that the blqck
Also Wh H%ﬁ&&%‘fﬁs%%éﬂ%%?é RABMR ArAEITY) CRRBHGY f5HESead
out data typically on the basis of an error correction information or a block
COMPRISRE SR RAPBFALA SIER e FRAENB AEADIPH P RIRRH ot
the block is not faulty, read out data is output to the CPU. Then, as a .
data-rewigitatle a@a-vslég¥amlr§%@auéhﬁd?@qhpt@%@éﬁdﬁ@mﬁ@a@@yﬂtmﬂ@lw of
to start the semiconductor device to operate. If, on the other hand, it is 6
blockgerethinwmnidetHe Blecrasyfaniganidedatiaciproadssutgromtbothénstiveing the
block in the nonvolatile memory that also stores the boot program to
steps aétewaihe®noe dgaidrtnat athéoslock fhemarvehatie datanisreagueasipnding to
faulty or not faulty. As such a processing operation is carried out by the
a readead tomirgperdisy dystheatidi vtetteeartaricogréchbdot notimstofadrend
bad block is executed by the CPU is avoided if a large capacity
controboiotatilefiemoryve lisdd anshibeyyamdthtitermining that the block is faulty

or not according to the data read out from the block, outputting the data to the CPU
if the block is determined as not faulty, and reading data from another block storing
the boot program and determining again whether the another block is faulty or not
if the block is determined as faulty.

Thus, with a processing method for starting a semiconductor device in
example embodiments data is read out from one of the blocks of a nonvolatile
memory that store in advance a same boot program in parallel with other blocks by
the read control circuit. Then, it is determined that the block from which the data
is read out is faulty or not faulty according to the read out data typically on the
basis of an error correction information or a block state information contained in
the read out data.

If it is determined that the block is not faulty, read out data is output to the

CPU. Then, as a result, the boot program is sequentially input to and executed by

the CPU to start the semiconductor device to operate. If], on the other hand, it is



memory randomly contains bad blocks. Thus, it is possible to constantly
stably execute a starting process if a nonvolatile memory of relatively low
manufacturing cost is used. Thus, in example embodiments, it is possible
to ensure that a nonvolatile memory has not any specific bad block that
stores a boot program without relying on the test before shipment.
Therefore, it is possible to constantly Stably start a semiconductor device
according to the boot code stored in a large capacity nonvolatile memory
of low manufacturln cost. Brief Description of the Drawings FIG, | is a

detergyipsshhetihs Rk st g daarifigsadion!or danimsdikier block in the

device accordln%;)éan embodiment of the invention; FIG. 2 is a schematic
nonviplgtatBABEEN Bk MRS BE RAOFOTISIABLH ARIBTONNERDCS REain that
schematic illustration of the state of storage of a boot program in a flash

the blpekbigmandizhHi. dats astkeadhuttisiitbiprocasdifigdperation of a

flash memory controller for starting the semiconductor device according to

tha emisboinmencesising opesation. BastModeidbEahyirgpduiathirol circuit, a

Invention Now, the present invention will be described in greater detail by
situatiefervibgto ahancorrect boot code stored in a bad block is executed by the CPU
Is avoi&ed if a large capacity nonvolatile memory is used and the nonvolatile
memory randomly contains bad blocks. Thus, it is possible to constantly stably
execute a starting process if a nonvolatile memory of relatively low manufacturing
cost is used.

Thus, in example embodiments, it is possible to ensure that a nonvolatile
memory has not any specific bad block that stores a boot program without relying
on the test before shipment. Therefore, it is possible to constantly stably start a
semiconductor device according to the boot code stored in a large capacity
nonvolatile memory of low manufacturing cost.

Brief Description of the Drawings

FIG. 1 is a schematic block diagram showing a configuration of
semiconductor device according to an embodiment of the invention;

FIG. 2 is a schematic illustration of an exemplary data structure of a flash
memory;

FIG. 3 1s a schematic illustration of the state of storage of a boot program in

a flash memory; and



accompanying drawings that illustrate a preferred embodiment of the
invention. FIG. 1 is a schematic block diagram of the embodiment of
semiconductor device according to the invention. The semiconductor
device illustrated in FIG. 1 comprises a system LS| 10 formed by
integrally mounting various circuit on a single semiconductor chip and a
NAND type flash memory 20 arranged outside the system LSI 10. The
system LSI 10 by turn comprises a CPU 11, eDRAM (embedded dynamic
Eziﬁ'd dhisaedbew eRanonbd)a prasgssing fpstatiemofy dbatholiermoran
input/output (I 0) I/F (interface) 15, other peripheral circuits 16 and an

controllgrefprabthuingrthce Dingnduet oo ettt e s RéMs thaoditdethef the
flash memory controller 14 and the peripheral circuits 16 by way of the

inventignternal bus 17. The CPU 11 comprehensively controls the operation of
the entire semiconductor device by executing a processing program

Best MsidedbirChe fiaghouerherirR@niiameDRAMs 12 and 13 temporarily store
the processing program to be executed by the CPU 11 and the data to be

Now, thisgadesithinpeanessingloperdtionriBedhia fashisnesent 6OTEaHaidd s the
circuit for controlling the operation of reading an externally arranged flash

accompngfiay EAwiigeehapRRddiibe insideeriner ephMiti aSAMrifa. iscation.
read address is specified by the CPU 11, the flash memory controller 14

Feedy QytadRiBHeM EsI derme Ao ARNEHHBAMAHY of semiconductor
device according to the invention.

The semiconductor device illustrated in FIG. 1 comprises a system LSI 10
formed by integrally mounting various circuit on a single semiconductor chip and a
NAND type flash memory 20 arranged outside the system LSI 10.

The system LSI 10 by turn comprises a CPU 11, eDRAM (embedded
dynamic random access memories) 12 and 13, a flash memory controller 14, an
input/output (I « O) I/F (interface) 15, other peripheral circuits 16 and an internal
bus 17.

The CPU 11 is connected to the eDRAMSs 12 and 13, the flash memory
controller 14 and the peripheral circuits 16 by way of the internal bus 17. The
CPU 11 comprehensively controls the operation of the entire semiconductor device
by executing a processing program stored in the flash memory 20. The eDRAMs
12 and 13 temporarily store the processing program to be executed by the CPU 11

and the data to be used for the processing operation.



stores it in the RAM 14a before it supplies the data to the CPU 11. The
flash memory controller 14 also has a function of executing an error
correcting process according to the ECC (error correcting code)
contained in the data stored in the RAM 14a. Additionally, when the boot
program stored in the flash memory 20 is accessed by the CPU 11, the
flash memory controller 14 temporatily stores the data read out from the
flash memory 20 and then determines that the block in the flash memory
Pocfiidasiwiicmtbry datxisliead 4us is faxdtyi oforatdatdtyliBghhequsstyioif of
supplies the data to the CPU 11 only when it is determined that the block
readingianetx faxdtlly herinpedofltpit tetloiy 0 I/F Rijsuitiidpesdnangio driade
between the flash memory controller 14 and the flash memory 20. The

thereoffiaith en@Mavy Phastoras vargdsaadresssngpuisidiansyinalidipaithe bee! flash
program for starting the semiconductor device and data. The processing

memor PIOSaBHcpRiexRIsted yhcrfemhd 1@ iIRte el P® hadRugss aily
bus for transmitting bus state signal READY that indicates if the internal

stores iPHSthé R peedY £Qr4égedoy ngyfeonsamRife &prhen thefgRy 1,

requests the flash memory controller 14 to read data from the flash

eSS s O s
accordiﬁ%%oﬂff'é BfC (error correcting code) contained in the data stored in the
RAM 14a.

Additionally, when the boot program stored in the flash memory 20 is
accessed by the CPU 11, the flash memory controller 14 temporarily stores the data
read out from the flash memory 20 and then determines that the block in the flash
memory 20 from which the data is read out is faulty or not faulty. Subsequently,
it supplies the data to the CPU 11 only when it is determined that the block is not
faulty.

The input/output I/F 15 is an I/F circuit for exchanging data between the
flash memory controller 14 and the flash memory 20.

The flash memory 20 stores various processing programs including the boot
program for starting the semiconductor device and data. The processing programs
are executed by the CPU 11.

The internal bus 17 includes a bus for transmitting bus state signal READY

that indicates if the internal bus 17 is ready for use for accessing. For example,



The flash memory 20 stores a boot program in advance for the
semiconductor device. When starting the semiconductor device, the CPU
11 specifies the leading address of the block that stores the boot program
to the flash memory controller 14 and executes the boot program read out
from the flash memory 20. As a result, the various parts of the
semiconductor device are initialized. Meanwhile, it is known that bad
blocks randomly appear in NAND type flash memories. Such flash

when thedoitidek! havpiestarge fiastonyeapagigohticdrer|édsicexpahgivem ifrom the
compared with NOR type flash memories. On the other hand, in order to

flash meonstari2y, stablyostasy steenmicohrtbeid ragavice  at (e ndagstaryibatticbus 17 if
boot program stored in the flash memory 20 is supplied to and executed

the bushydfesGiid] RFAYS hig nesamealistgtens dralisrenose contiisller 14.

embodiment of the present invention, a same boot program is stored in

PheaflahinaahoaltyOkhieska Bdbeplashdne Mot vah i thee flash

memory controller 14 determines that the block from which data is read

semicofdhfemdaeiiash maiBay29i isof Aty QhNQs faultyREOISIRY dectitepigad

out data and, if it is determined that the block is faulty, the boot program

specifidg fﬁé%%‘&iﬁﬁfa%gﬁ@@érbff%ﬂﬁ& Qe sRiek ﬁ{é%%‘fiﬁﬂ)%l%m the flash
program. With this process, it 10 is possible for the CPU 11 to always

memorPXRAHIS G PA0LRIAAN EIRE B3 MBER'PEA out from the flash

memory 20.  As a result, the various parts of the semiconductor device are
initialized.

Meanwhile, it is known that bad blocks randomly appear in NAND type
flash memories. Such flash memories have a large memory capacity but are less
expensive if compared with NOR type flash memories. On the other hand, in
order to constantly stably start a semiconductor device, it is necessary that the boot
program stored in the flash memory 20 is supplied to and executed by the CPU
always in a normal state. |

For this purpose, in this embodiment of the present invention, a same boot
program is stored in parallel in a plurality of blocks in the flash memory 20. Then,
the flash memory controller 14 determines that the block from which data is read
out from the flash memory 20 is faulty or not faulty according to the read out data
and, if it is determined that the block is faulty, the boot program is read out once

again from some other block also storing the boot program. With this process, it



In this embodiment, the flash memory controller 14 determines that the
block is faulty or not faulty according to the ECC or the block information
contained in the data read out from the flash memory 20. FIG. 2 is a
schematic illustration of an exemplary data structure of the flash memory
20. As shown in FIG. 2, the inside of the flash memory 20 is divided into a
plurality of blocks and data is read ot on a block by block basis. Each
block is further divided into a plurality of pages. In this embodiment, a

is posditdekiis dhddeHUNIA 64 plagers Axsioueg heebiont fprapiatal sto2dibytesmal
from the top is typically assigned as storage area for user data and an

block.extended data (extra data) region for 64 bytes is arranged after the
storage region. The ECC is divided into four parts of 3 bytes and stored in

fppfHROiAISRfi e exeodrd i aR reaiprbatrdherton Weateahingd tiat the

inserted to the bottom of each of the regions. Block information is stored

block {9 1ARIRPYE rﬁ@i%ﬂftﬁ) @a&%%dm%h% igRAMG PageRt $A6RILIAgK BIRTkn

information is a flag fo indicate 1t the block is faulty or not. It is possible to

contain®y IFHDARICCKIS BAMRWRER gy alisebihedlag shows a specific

value. FIG. 3 is a schematic illustration of the sfate of storage of the boot

Efnf]%g?i?ﬁ ' Igdlash emaniadn ﬁ?éﬁ%ﬁ?lﬁ}f %3 sIPdBifre of the flash

ent, a same boot program Is stor
memory 20.

As shown in FIG. 2, the inside of the flash memory 20 is divided into a
plurality of blocks and data is read out on a block by block basis. Each block 1s
further divided into a plurality of pages. In this embodiment, a block is divided
into 64 pages. A storage region for a total of 2,048 bytes from the top is typically
assigned as storage area for user data and an extended data (extra data) region for
64 bytes is arranged after the storage region.

The ECC is divided into four parts of 3 bytes and stored in four regions of
the extended data region from the top thereof. *00” is inserted to the bottom of
each of the regions. Block information is stored in the next region of 4 bytes in
the leading page of each block. Block information is a flag to indicate if the block
is faulty or not. It is possible to say that the block is normal when the value of the
flag shows a specific value.

FIG. 3 is a schematic illustration of the state of storage of the boot program

in the flash memory 20.



the leading four blocks of the flash memory 20 and other processing
programs and data are stored in the blocks that follow. Of the leading four
blocks, the first leading block is specified by the CPU 11 immediately

after resetting. If this block is determined to be faulty, the flash memory
controller 14 sequentially specifies the second block, the third block and
the fourth block to read the boot prégram. FIG. 4 is a flow chart of the
processing operation of the flash memory controller 14 for starting the
AbshedasaribEd séniizshitucrobadiiven[Stea®d bopAp@gyatens rieetd in
signal is input, the CPU 11 accesses the storage region of the flash

the leadimgronyr Z0abks stbrbs ashovieprogyadd aydvayiet theodetsing) preptdms and

The flash memory controller 14 waits for an access command from the
data areCRotdd iantieiienks abutaftyl ieweivad fahateadingofomablddk actrssest
the storage region (more specifically the leading page of the leading

leadinglbbekl, ihstashicdé&mehe ROI¢riidhprdraeds 6tStepsStlide. [SERISs block
102] The flash memory controller 14 negates the bus state signal

is deterRinfAdd Yo A% daelylliRaYlatemiabiyecbastslystem YyingiRiansessetigies the
internal bus 17 is blocked. [Step S 103] The flash memory controller 14

second M6ERSEsLGflaSNIORMANYRE foyMRbRIdedNRuHaRPULUE JaA8n
reads the data of a page from the storage region specified by the CPU

controller 14 for starting the above described semiconductor device.

[Step S101] As a system reset signal is input, the CPU 11 accesses the
storage region of the flash memory 20 that stores the boot program by way of the
internal bus 17.  The flash memory controller 14 waits for an access command
from the CPU 11 and, when it actually receives an access command, it accesses the
storage region (more specifically the leading page of the leading block), the flash
memory controller 14 proceeds to Step S102.

[Step S102] The flash memory controller 14 negates the bus state signal
READY. As aresult, any attempt of the host system trying to access the internal
bus 17 1s blocked.

[Step S103] The flash memory controller 14 accesses the flash memory 20
by way of the input/output I/FF 15 and reads the data of a page from the storage

region specified by the CPU 11.  Then, it temporarily stores the data it has read

out in the RAM 14a. If some data is already stored in the RAM 14a at this time,



the flash memory controller 14 overwrites the data. [Step S 104] The flash
memory controller 14 sequentially reads out the data stored in the RAM
14a. Firstly, it checks the ECC and makes a determination of Step S 105
and then that of Step S 107 as will be described below. [Step S 105] If the
flash memory controller 14 determines that the data of the page contains
an uncorrectable error (UCE), it proteeds to Step S 106. Otherwise, it
proceeds to Step S 107. [Step S 106] The flash memory controller 14

the fladpautieertheonsxoBiockdrother wieists ihenttita 20 from which data is to be
read out and returns to Step S 103. As a result, the data in the next block
iStepd 604 hgalihérdhasthedending pageadidhd dotecclitabtiredtbobut the data
program is stored in four blocks of the flash memory 20 in this

stored anmhedmavitldwe pritesbindtaperdtothis BOOinadenakes it geasestdmiton of
Step S106 four times. Then, the semiconductor device is not started.

Step S 18%piE 11 handhs e 1tanss thlflasideeritoed eenyeller 1.4
determines that the data of the page contains one or more than one
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determines that the data of the page does not contain any error, it
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executes an error correction process on the data of the page and writes

Otherw@ R P@g@&@ﬂ@gt@ &RAM 14a. [Step S 109] The flash memory

controller 14 extracts block information
[Step S106] The flash memory controller 14 specifies the next block in the

flash memory 20 from which data is to be read out and returns to Step S103. Asa
result, the data in the next block is read out again from the leading page of the
block.

Since the boot program is stored in four blocks of the flash memory 20 in
this embodiment, the processing operation is terminated when it proceeds to Step
S106 four times. Then, the semiconductor device is not started.

[Step S107] If, on the other hand, the flash memory controller 14
determines that the data of the page contains one or more than one correctable
errors (CE), it proceeds to Step S108. Otherwise, or when it determines that the
data of the page does not contain any error, it proceeds to Step S109.

[Step S108] The flash memory controller 14 executes an error correction
- process on the data of the page and writes the corrected data on the RAM 14a.

[Step §109] The flash memory controller 14 extracts block information



13 from the data of the RAM 14a. If the block information does not show
a predetermined value, it determines that the block is a bad block and
proceeds to Step S 106. Asa result, the data is read out from the leading
page of the next block once again. If, on the other hand, the block
information shows a predetermined value, it determines that the block is a
normal block and proceeds to Step®110. [Step S 110] The flash memory
controller 14 asserts the bus state signal READY. [Step SI 11] The flash

from thmdataryfcdrtR el 4eutpdtstetdatikimte Ridbnldedoibe oW 41 by
way of the internal bus 17. As a result, the boot program read out from
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device is started. Note that the above flow chart applies to a process when
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storage region of a page. If the boot program is stored over a plurality of
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the boot program is read out from the leading page of the block. If the

predetelARRNarARY, GPAkieh it daiatmes Al {06 Mok g Bléﬁgrﬂﬁ‘h?ﬁﬁcw’ds to

result of the above process, it outputs the data in the RAM 14a to
Step $1§BY 11 by way of the Steps S 110 and S 11 | and then returns to Step S
102 to negate the bus state signal READY. Then, the flash memory

[%QQH (?lslffdf rmsﬁgghdﬁ{&nory controller 14 asserts the bus state signal
READY.

[Step S111] The flash memory controller 14 outputs the data in the RAM
14a to the CPU 11 by way of the internal bus 17.  As a result, the boot program
read out from the flash memory 20 is executed by the CPU 11 and the
semiconductor device is started.

Note that the above flow chart applies to a process when the volume of the
boot program is not larger than the capacity of the data storage region of a page.

If the boot program is stored over a plurality of pages, the processing operation of
Step S109 is carried out only when the boot program is read out from the leading
page of the block. If the flash memory controller 14 determines that the block is a
normal as a result of the above process, it outputs the data in the RAM 14a to the
CPU 11 by way of the Steps S110 and S111 and then returns to Step S102 to negate
the bus state signal READY. Then, the flash memory controller 14 reads the data

of the next page in Step S103.



of the next page in Step S 103. 14 As a result of the process described
above by referring to the flow chart of FIG. 4, the flash memory controller
14 outputs the data it reads out from the flash memory 20 to the CPU 11
only when the data contains one or more than one correctable errors or
when the data does not contain any error and the block from which the
data is read out is detected to be other than a bad block according to the
block information. Thus, the CPU | 1 can always execute a normal boot
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possible to constantly stably start the semiconductor device. Therefore,
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problem to ensure that a NAND type flash memory has not any specific
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purpose before shipment is enormous a acturing
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constantly stably start the semiconductor device.

Therefore, due to the process executed by the flash memory controller 14, it
is possible to ensure that the specific block of the flash memory 20 that stores the
boot program is not faulty. Conventionally, it has been a problem to ensure that a
NAND type flash memory has not any specific bad block because the cost of the
test that needs to be conducted for that purpose before shipment is enormous and
the yield of manufacturing such flash memories is inevitably reduced by the test.
However, according to the invention, it is possible to use a low cost high capacity
flash memory as boot device if bad blocks randomly exist therein. Thus, it is
possible to constantly stably start such a memory while suppressing the cost of
manufacturing the entire semiconductor device.

If the block from which the boot program is to be read out is determined to
be faulty, the boot program is read out once again from some other block and

output to CPU 11 by the flash memory controller 14 only it is determined that the



be faulty, the boot program is read out once again from some other block
and output to CPU 11 by the flash memory controller 14 only it is
determined that the 15 block is not a bad block. Thus, the CPU 11 can
execute the exactly same starting process after resetting and it is not
necessary to alter the configuration of the components other than the
flash memory controller 14. In otherswords, the present invention makes a
computer system adapted to execute various processes by means of a

block isGfoW dibd & bledd scopaftapEipalian witheuwsaisinghthexaanudagivringrting
cost. While the flash memory is arranged outside the system LSI in the

processaifeMerdiesaribothambrdiventcihe aesenllisy endieoiFiaismapplisabie to

an arrangement where the flash memory is arranged inside the system
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NAND type flash memory and a tlash memory of any other type having a

present fHAIMEVIAAR SLARROMANEA G RIEUANRR A BYeWHE 1088us processes

sequentially accessed from which it is difficult to completely eliminate bad
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present invention. Such flash'-memories typically include those of the

manufaéﬁi?ﬁlgg c%l}ID type. 16 CLAIMS 1 A semiconductor device adapted to
star reading out a boot program from a

While the flash memory is arranged outside the system LSI in the above
described embodiment, the present invention 1s also applicable to an arrangement
where the flash memory is arranged inside the system LSI.

The flash memory that is used as boot device is not limited to a NAND type
flash memory and a flash memory of any other type having a relatively large
capacity and a configuration that allows it to be sequentially accessed from which it
is difficult to completely eliminate bad blocks at the time of shipment may also be
used for the purpose of the present invention.  Such flash memories typically

include those of the so-called AND type.



data-rewritable nonvolatile memory, the boot program being stored in a
plurality of blocks in the nonvolatile memory in parallel, the semiconductor
device comprising: a CPU adapted to specify a read position for reading
out the boot program stored in the nonvolatile memory at the starting
time, and execute a starting process according to the read out program; a
read control circuit adapted to deterniifie that a block corresponding to the
read position is faulty or not according to data read out from the block,
output the data to the CPU if the block is determined as not faulty, and
read the data from another block storing the boot program and determine
again whether the another block s Wgﬁor not if the block is determined
as faulty; and wherein the read control circuit is adapted to determine that
the block is faulty or not faulty at least according to an error correction
code contained in the data read out, from the nonyolatile memoyy. 2. The
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storEIR Y BHIEMER Memory at the starting time, and execute a starting process
according to the read out program;

a read control circuit adapted to determine that a block corresponding to the
read position is faulty or not according to data read out from the block, output the
data to the CPU if the block is determined as not faulty, and read the data from
another block storing the boot program and determine again whether the another
block is faulty or not if the block is determined as fauity, and
wherein the read control circuit is adapted to determine that the block is faulty or not
faulty at least according to an error correction code contained in the data read out
from the nonvolatile memory.

2. The device according to claim 1, wherein the read control circuit corrects the
data and supplies it to the CPU when it determines that the data is correctable data
according to the error correction code and determines that the block is faulty when it

determines that the data is uncorrectable data.

3. The device according fo claim 1, wherein the read control circuit is adapted



4. The device according to claim 3, wherein the read control circuit
determines that the block is faulty when the block state information does
not show a predetermined value. 5. The device according to claim 3,
wherein the block state information is stored in a leading page of each of
the blocks storing the boot program. 6. The device according to claim 1,
wherein the nonvolatile memory is a WAND type flash memory. 7. A
processing method for starting a semiconductor device comprising a CPU
adapted to start by reading out a boot program from a data-rewritable
nonvolatile memo%the bootlfrogram being stored in a plurality of blocks
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in a leading page of each of the blocks storing the boot program.
B. The device according {o claim 1, wherein the nonvolatile memory is a NAND
type flash memory.
7. A processing method for starting a semiconductor device comprising a CPU
adapted to start by reading out a boot program from a data-rewritable nonvolatile
memory, the boot program being stored in a plurality of blocks in the nonvolatile
memory in paraliel, the processing method comprising the steps of:

reading out data from a block in the nonvolatile memory corresponding to a
read position specified by the CPU at the starting time by means of the read conirol
circuit of the nonvoiatile memory; and

determining that the block is faulty or not according to the data read out from
the block, outputting the data to the CPU if the block is determined as not faulty, and
reading data from another block storing the boot program and determining again

whether the another block is faulty or not if the block is determined as faulty;



nonvolatile memory. 8. The processing method as claimed in claim 7,
further comprising, correcting the data and supplying it to the CPU when it
is determined that the data is correctable data according to the error
correction code; and determining that the block is faulty when it is

determined that the data is uncorreqlt?ble data.
a

wherein said determining that the block is faulty or not faulty is based at least
according to an error correction code contained in the data read out from the
nonvolatile memory.
8. The processing method as claimed in claim 7, further comprising,

correcting the data and supplying it to the CFPU when it is determined that the
data is correctable data according to the error correction code; and

determining that the block is faulty when it is determined that the data is

uncorreciable data.



