TI- DESCRIPTION MEMORY CONTROL DEVICE AND MEMORY CONTROL METHOD 5 Field
[0001]The present invention relates to a memory control device and a memory control method that use an
electrically-rewritable non-volatile memory (a "flash ROM" or an "EEPROM: Electrically Erasable
Programmable ROM"). 10 Background [0002]In recent years, generally, a memory control device that
executes various control by a CPU (Central Processing Unit) has incorporated therein a flash ROM as a
15 recording medium, such as an operating system (OS) and application software. This flash ROM has
the following characteristics. (1) Even when its pB\]i?ré ' &WitcNed off, data is maintained. (2) Before data
is written, erasing of a write area needs to be performed. (3) Data needs to be 20 erased by a unit of
block defined for each de}@ﬁﬁo nd éBﬁﬁE@ii” ﬁ%taﬂﬁﬁ%%w B%@H%M“&ﬁﬁf&%!s to data pins of
each device by a predetermined procedure. (4) Data writing Is performed by applying signals to data pins
of a device by a predetermined procedure. 25[0003]Because the flash ROM is configured to record
therein a datasvalye byonfining charges, a phenomenon referred to as "charge leakage" occasionally
occurs because of %a/g{i?tion bc—Etween datatretention times oflmgmor cells, influence oftnoi e, and the
like. A bit error ocdursin’30 dafa storéd T e HREA RO with's c%?talnop'raoﬁnaebnfﬁ)@ybyc%ne 5ﬁarge leakage.

device and a memory control method that use an

electrically-rewritable non-volatile memory (a "flash ROM"

or an "EEPROM: Electrically Erasable Programmable ROM") .
10

Background

[0002] In recent years, generally, a memory control

device that executes various control by a CPU (Central

Processing Unit) has incorporated therein a flash ROM as a
15 recording medium, such as an operating system (0OS) and

application software. This flash ROM has the following

characteristics. (1) Even when its power is switched off,
data is maintained. (2) Before data is written, erasing of
a write area needs to be performed. (3) Data needs to be

20 erased by a unit of block defined for each device, and the
erasing of data is performed by applying signals to data
pins of each device by a predetermined procedure. (4) Data
writing is performed by applying signals to data pins of a
device by a predetermined procedure.

25 [0003] Because the flash ROM is configured to record
therein a data value by confining charges, a phenomenon
referred to as "charge leakage" occasionally occurs because
of a variation between data retention times of memory cells,
influence of noise, and the like. A bit error occurs in

30 data stored in the flash ROM with a certain probability by
the charge leakage.

[0004] To solve such problems, in a conventional

technique represented by Patent Literature 1 mentioned



[0004]To solve such problems, in a conventional technique represented by Patent Literature 1 mentioned
2 below, there is disclosed a recording device including the flash ROM described above as a recording
medium and an error correction technique for correcting data to normal data when an error in a data value
occurs in the flash ROM. 5 Citation List Patent Literature [0005]Patent Literature 1: Japanese Patent
Application Laid-open No. 2006-331233 10 Summary Technical Problem [0006]According to the
conventional technique represented by Patent Literature 1 mentioned above, both a 15 flash ROM that
can perform, for eR&niple, &r2ShTy, Writing At Féading(heréinafter SSimply “WhtiHg &d thedike") and a
read only ROM arelused atthedsameitirag, abdthe £Lonventionabtechnigue has andose in which, with

regard to acceSSiI@r%odrat%obrurse%ttt{]gnti rgg c(%!nslt%'{}i@gf% lg: Fc):lg rgfheec gf n% data to normal

data when an error in a data value occurs in the flash ROM.

5
Citation List
Patent Literature
[0005] Patent Literature 1l: Japanese Patent Application
Laid-open No. 2006-331233
10

Summary
Technical Problem
[0006] According to the conventional technique
represented by Patent Literature 1 mentioned above, both a
15 flash ROM that can perform, for example, erasing, writing,
and reading (hereinafter, simply "writing and the like")
and a read only ROM are used at the same time, and the
conventional technique has a mode in which, with regard to
accessing a data bus at the time of starting a CPU, the CPU
20 operates an address signal and a memory control signal in
order to read data related to a starting program (also
referred to as "initialization program") stored in the ROM.
In this mode, when the data related to the starting program
and data other than the starting program are stored in the
25 flash ROM, and the CPU is started stably and then writing
and the like of the data other than the starting program is
performed by using these pieces of data, a bus operation
that enables error correction of the data related to the
starting program and another bus operation that enables
30 writing and the like need to be considered. However, these
bus operations are not considered in the conventional
technique represented by Patent Literature 1 mentioned

above, and thus it is difficult to start a CPU stably and



20 operates an address signal and a memory control signal in order to read data related to a starting
program (also referred to as "initialization program") stored in the ROM. In this mode, when the data
related to the starting program and data other than the starting program are stored in the 25 flash ROM,
and the CPU is started stably and then writing and the gke of the data other than the starting program is
performed by using these pieces of data, a bus operation that enables error correction of the data related
to the starting program and another bus operation that enables 30 writing and the like need to be

considered. HoweVer ARE58 BuS Opératibnd dte 6t donSidéredintthe coiehtional teéditlique represented

by Patent Literatureot mentioned above, and thus it is difficult to start a CPU stably and 3 to perform

writing and the Iik% (% grﬂa by uqsrié%g rfé%Shnlgql\r/ule%Q&QIhﬁ J’sreBSQ%iné@QtiQ\r} Mas, been éa\V(V:hieved in view
of the above problems, and an object o the present 5 invention is to provide a memory control device and
a memory control Phethdd tRAPEaNRE&R ELCPU sStbly aneP&form Writly 8@ $Ré fike of data by using a

flash ROM. Selutign t@ Rroblem J0-Solition: te-Problem-[PR08Hn-arsier 4o sohe thesabove problem and in

order to attain the abrr(?ve oty'egt, a memory c(:ior%tkrloltdevice o{ th% presePrth in\t/e%H'on, Irqgludes: a CPU; an
electricallyrewritaﬁrl% Honivofaltite (r)nemce)ry fitht reRords thetsin first 15 information ﬁavmg undergone an

error-correction cgding process andsevondtinforhiateorrhothavingwndengone &l esforkdirection coding
process; a first switch. that detects ag.address output from the CPU, and switches between a first path
that connects an address bus to the 20 memory so that the CPU can read first information recorded in the
memory and a second path that connects the address bus to the memory so that the second information
recorded in the membiy Can he erased, awritten, and read; a decoder that performs error correction on the

first information Z%B%t?cg{ged inégeorg%renror)éb removes ghrgd%gggt b;_; ggolrg corre tcggl1 irgflorgwgtion, and
decodes information before undergoing an error-correction coding %rocess; and a secona switch that
detects an addressowptefronttie €Pycamdsaitches betweer o thifd patiithat conmectd the decoder to

present invention, includes: a CPU; an electrically-
rewritable non-volatile memory that records therein first

15 information having undergone an error-correction coding
process and second information not having undergone an
error-correction coding process; a first switch that
detects an address output from the CPU, and switches
between a first path that connects an address bus to the

20 memory so that the CPU can read first information recorded
in the memory and a second path that connects the address
bus to the memory so that the second information recorded
in the memory can be erased, written, and read; a decoder
that performs error correction on the first information

25 recorded in the memory, removes a redundant bit from
corrected information, and decodes information before
undergoing an error-correction coding process; and a second
switch that detects an address output from the CPU, and
switches between a third path that connects the decoder to

30 a data bus so that information decoded by the decoder is
transmitted to the data bus of the CPU and a fourth path
that connects the memory to the data bus so that the second

information recorded in the memory can be erased, written,



30 a data bus so that information decoded by the decoder is transmitted to the data bus of the CPU and a
fourth path that connects the memory to the data bus so that the second information recorded in the
memory can be erased, written, 4 and read. Advantageous Effects of Invention [0009]According to the
present invention, because a 5 first switch and a second switch are provided, it is possible to start a CPU
stably and to perform writing and the like of data by usiég a flash ROM. Brief Description of Drawings
10[0010]JFIG. 1 is a configuration diagram of a memory control device according an embodiment of the
present invention, Y =& explanatory diagram of an operation at the time of starting a CPU. FIG. 2 is a
configuration diagram of the memory 15 control device according to the embodiment of the present
inventi_on, and is aﬁd%é@@%‘éoﬂsdi%%@é@g agfoee@éilgpi%t t_he time of a writing operation or an erasing
operation of a flash ROM. FIG. 3is an exp?anatory alagram of effects when the 20 memory control
device according tePthe%émbodiReRt B fte presert imvErRSH islint6Fiorated fifanWstrain device.
Description obEmbeodisnentsi[004 1iExemplary ambedimentsofa premensaontrel device 25 and a
memory control method k<'§1fcortd(;n to the g)resent invention will be e)tg) ined below. in detai| with reference

I
to the accompany?nogsarlawi%gs. T téaprriésenf: fnventioR i not finlifedfo't %rénm%%)ﬂﬁﬁrelﬂtsafrf 012] First

embodiment. the like of data by using a flash ROM.

Brief Description of Drawings
10 [0010] FIG. 1 is a configuration diagram of a memory
control device according an embodiment of the present
invention, and is an explanatory diagram of an operation at
the time of starting a CPU.
FIG. 2 is a configuration diagram of the memory
15 control device according to the embodiment of the present
invention, and is an explanatory diagram of an operation at
the time of a writing operation or an erasing operation of
a flash ROM.
FIG. 3 is an explanatory diagram of effects when the
20 memory control device according to the embodiment of the

present invention is incorporated in an in-train device.

Description of Embodiments
[0011] Exemplary embodiments of a memory control device
25 and a memory control method according to the present
invention will be explained below in detail with reference
to the accompanying drawings. The present invention is not
limited to the embodiments.
[0012] First embodiment.
30 FIG. 1 is a configuration diagram of a memory control
device according an embodiment of the present invention,
and is an explanatory diagram of an operation at the time

of starting a CPU 1. FIG. 2 is a configuration diagram of



30FIG. 1 is a configuration diagram of a memory control device according an embodiment of the present
invention, and is an explanatory diagram of an operation at the time of starting a CPU 1. FIG. 2 is a
configuration diagram of 5 the memory control device according to the embodiment of the present
invention, and is an explanatory diagram of an operation at the time of a writing operation or an erasing
operation of a flash ROM 4. 5[0013]In the following des%riptions, as the order of explanation, a
configuration of the memory control device is explained first, and then an operation at the time of starting

the CPU 1 and an"05eraGiBhat thetinie bf WittifeFafd the fikeof datd i e ARSAROM 2%re explained.
10[0014]With refetenrcerto=EHRS. 1randh2; the memonyscenirelgaviea acegrdingde dhe pfesent

embodiment is configured to Include the CPU 1 the flash ROM 4 (hereinafter, simply "ROM 4"), an
address line switcﬁ% fflargtl gvr\llitgh) interpols%% betweevﬁréﬁ lac%rggs Us 2 of t r’e 15 CPUT and the ROM 4,
a decoder 7, and &®fkta fineswitch6 {séedndWitth), as main constituent elements. [0015]The CPU 1

controls operations@f the memory ceatreh devicen J hesGPY L ihas a funetion ef switehingra data bus width
to, for example, an 8-hit data bus width or 20 a 16-bit datt? bgs width and o(g)eratels %bus control line (not
shown) to access TRIEE Cormected 18 e AdtedS Bud’2 6f'a dXHEBUS 3. >1%arr%plese 4t tive devices
include the addressslimexswatchesiahdtbhe datadinetswitein 60f30k8] Switching bethe dataolbus width is

performed 25 based onia ghin gelectsignal (GS),0eneralgd MabuS e time of writing
and the like of data in the flash ROM 4 are explained.

10 [0014] With reference to FIGS. 1 and 2, the memory
control device according to the present embodiment is
configured to include the CPU 1, the flash ROM 4
(hereinafter, simply "ROM 4"), an address line switch 5
(first switch) interposed between an address bus 2 of the

15 CPU 1 and the ROM 4, a decoder 7, and a data line switch 6
(second switch), as main constituent elements.

[0015] The CPU 1 controls operations of the memory
control device. The CPU 1 has a function of switching a
data bus width to, for example, an 8-bit data bus width or

20 a 16-bit data bus width and operates a bus control line
(not shown) to access devices connected to the address bus
2 or a data bus 3. Examples of the devices include the
address line switch 5 and the data line switch 6.

[0016] Switching of the data bus width is performed

25 Dbased on a chip select signal (CS) generated in a bus
controller (not shown) incorporated in the CPU 1. For
example, the CPU 1 accesses the ROM 4 at the 8-bit data bus
width when CS=0 and at the 16-bit data bus width when CS=1.
[0017] In the address bus 2, an LSB (least significant

30 bit) is A0 and an MSB (most significant bit) is An (n=1,
2, ...). In FIGS. 1 and 2, the address bus 2 of A0 to A9
is shown as an example. In the data bus 3, the LSB is DO

and the MSB is Dn (n=1, 2, ...). 1In FIGS. 1 and 2, the



controller (not shown) incorporated in the CPU 1. For example, the CPU 1 accesses the ROM 4 at the

8-bit data bus width when C5=0 and at the 16-bit data bus width when CS=1. [0017]In the address bus 2,
an LSB (least significant 30 bit) is AO and an MSB (most significant bit) is An (n=1, 2, ...). In FIGS. 1 and
2, the address bus 2 of AO to A9 is shown as an example. In the data bus 3, the LSB is DO and the MSB
is Dn (n=1, 2, ...). In FIGS. 1 and 2, the 6 data bus 3 ofDO to D15 is shown as an example. The address
bus width and data bus width shown in FIGS. 1 and 2 are shown for convenience of explanation, and the

present invention 16t fifited théret8. S0IBITHE ROR'E i§ xplaifiéd ekt The BOM 4 is a type of an
electrically-rewritabtel EERROM antldsta aan-vidatiesnemairy thastetainsiinfarneation ewen though any

crive powier is not supplid, T presernt embosiment is explained gn an gssumption bt fne ROM 4 has
2 0

a data bus with of, for 10example, 16 bits (2 bytes). 019]In the ROM 4, various pieces of data such as

data related to a stafingProgram and datd télated e af dpplication program are recorded. In the present

embodiment, it is agsumed thatfer example sdatachavingd S updergona-an iror-ceyrectigppeoding

process (hereinafter, "first inormatior}" and datatn%t hainrEl 1Fl{J(g]der one an error-corr ction coding
process (hereinaft%r "&8cSnd fnfbrma ioF{")raerVérrlec%r&eed i the R 4.1[50§0ﬁqrrlle 43t batore undergoing
an error-correctiom20wading process:is; soriexampds; datadandled svien theyCRU deactesses the ROM

4 at CS=0. It suffiGes that thisdatals datathatissupposed o seauire erroLcarection in the, decoder 7,

and this data is, for example, data related to a starting program of the CPU 1. This data is then coded by
25 a hamming codé WithPa totel8AGth 615 Phd thedriumber of irformation Bits' of*PE, and then recorded
in the ROM 4@s the dirgtiieformation: sThesegard jnformation is, for example, data to be written and the

like. [0021]AS itis w)%lll%qOWH, ?qne Q%renrﬂl&g %O,d%jasrious pieces of data such as data

related to a starting program and data related to an
application program are recorded. In the present
embodiment, it is assumed that, for example, data having

15 undergone an error-correction coding process (hereinafter,
"first information") and data not having undergone an
error-correction coding process (hereinafter "second
information") are recorded in the ROM 4.
[0020] The data before undergoing an error-correction

20 coding process 1is, for example, data handled when the CPU 1
accesses the ROM 4 at CS=0. It suffices that this data is
data that is supposed to require error correction in the
decoder 7, and this data is, for example, data related to a
starting program of the CPU 1. This data is then coded by

25 a hamming code with a code length of 15 and the number of
information bits of 11, and then recorded in the ROM 4 as
the first information. The second information is, for
example, data to be written and the like.
[0021] As it is well known, the hamming code is

30 constituted by a code length n=2""' (m is an integer) and an
information number k=n-m. The information number is the
number of bits of the original data and the code length is

the number of bits of a generated code. For example, when



30 constituted by a code length n=2m 1 (m is an integer) and an information number k=n-m. The
information number is the number of bits of the original data and the code length is the number of bits of a
generated code. For example, when 7 m=4, n=15 and k=11, and a hamming code that substitutes an
11-bit bit string by a 15-bit code word is generated. [0022]An address signal of the ROM 4 is such that the
LSB is fAO and the MSB is fAn (n=1, 2, ...). In FIGS. 1 5 and 2, an address signal of fAO to fA8 is shown
as an example. A data signal of the ROM 4 is such that the LSB is fDO and the MSB is fDn (n=1, 2, ...). In
FIGS. 1 and 2, a d&ta'signal-of B0 (61015 F'shwhdEaR exanile F o023 ARESIHING TS theE example
shown in FIGS. 1 and2,t1bthe ROM4 ontputs B616-bit signal earrespendiagdoaddress values of fAO to

fAB. An output ffom, (e, ROM 4,(5 Joaded Jato.he. decoder. 1, ang e dag line switefy 0. [9024]The decoder
7 is explained next. The decoder 7 performs error correction on the first information 15 explained above to
decode the data beférelgndérgoing ahtérrditBorréctién cobing process: When thé first information

recorded in the RQNL44s 15nbit data sgded hysthedframmingcogesdescriped,abgve sthe decoder 7 loads
the first information from_fDO to fD15 of a data_bus of m'%ROM 04, dec%de%11-biLinformation, and
U the LSB

outputs data of 8 ﬁ%sagﬁ'lloeng 11 6itd Fom'dD6 to 47 gtql\sq, the' decoder 7 paeFforms error correction on

the first informatiohsre€bfdedhih tHeeROG 4, veflovesateddndant.bit frofm thd @6rrettedhihf@rmation, and

decodes the informatigp befote,undgrgoing 25,21 eiroricortection cading process Data output from the
decoder 7 is loaded via the data line switch 6 into DO to D7 (8 bits) of the data bus 3. [0025]An operation

of the decoder 7 id 8RpRined byUsirgRE code1BRgTAEMFtHE NS &S Rtmberd®80 mentioned
above. The decoderd decodesttdhitinfermatont signal corresponding to address

values of fAO to fA8. An output from the ROM 4 is loaded
into the decoder 7 and the data line switch 6.
[0024] The decoder 7 is explained next. The decoder 7
performs error correction on the first information

15 explained above to decode the data before undergoing an
error-correction coding process. When the first
information recorded in the ROM 4 is 15-bit data coded by
the hamming code described above, the decoder 7 loads the
first information from fDO to fD15 of a data bus of the ROM

20 4, decodes 1l1l-bit information, and outputs data of 8 bits
among 11 bits from dDO to dD7. That is, the decoder 7
performs error correction on the first information recorded
in the ROM 4, removes a redundant bit from the corrected
information, and decodes the information before undergoing

25 an error-correction coding process. Data output from the
decoder 7 is loaded via the data line switch 6 into DO to
D7 (8 bits) of the data bus 3.
[0025] An operation of the decoder 7 is explained by
using the code length n and the information number k

30 mentioned above. The decoder 7 decodes 1ll-bit information
"k" from a 15-bit signal "n" output from the ROM 4 and
outputs 8 bits of 11 bits to the data bus 3. This 8-bit

data is data having its error corrected.



"k" from a 15-bit signal "n" output from the ROM 4 and outputs 8 bits of 11 bits to the data bus 3. This
8-bit data is data having its error corrected. 8 [0026]The address line switch 5 is explained next. One end
of the address line switch 5 is connected to AO to An (n=1, 2, ...) of an address bus and the other end
thereof is connected to the ROM 4. The address line switch 5 is 5 Interposed between the address bus 2
and the ROM 4 and switches correspondences between AO to An of the address bus and addresses fAO
to fAn of the ROM 4. In other words, the address line switch 5 switches between a first path connecting

the address bus 2 dfthélcPu 116 tRERGRF4 Sb°fo iEtthe CPUSL Tah A e irétinfofthtion from the
ROM 4 and a secend path thaneating the atkess:busr?2 © the RQM«&se thattheoCPY Arcan write the

second information, [0027]As showpdn FIG, dth%‘;if t path ié, for exatrplgle, rTantlg connecting AO to A8
of the address bus? 210'15 the éd(glreoss sﬁangé fAO to ?}AL\JSS of the tI_?OeMOAf_. As sﬁqwn fﬁeEIéG? 2, the second
path is, for examples £ pafireshtedtng ARtGRAY df theTddureS8 1isS2 16 fife addFess Sighals fAO to fA8 of

the ROM 4. [G028]The datas line switehb isexplainad pext2ne 20end péthe data ling switch 6 is
connected to outputs dDO to dDn of th (?coder 7 and outputg fDO to fanothe g{%\/leéls.sThe other end

ed
thereof is connect8d t5 tHE Hatd bus8 °The Uats liks SWitch 6 is Fr%e%ﬁlosoed betwéaeiT the decoder 7 and

the data bus 3 anéswitchesdistweesched@tputs dBO tofdDh25R6fthe. dedoderthandithedzutputs fDO to
fDn from the ROM 4. Inather words, the.daia ling switch 6 switcheg betweep,a third, path connecting the

decoder 7 to the data bus 3 so that the first information having undergone error correction in the decoder
7 is transmitted totRBRAA HUS 303 SFARECPUPEam & folth pgati conhectifg tRe'ROMPA to the data
bus 3 so that the secondtinforrratian tecordeddnthe GRUsk canhe wsitteorand the tike. rRoM

4 and a second path connecting the address bus 2 to the ROM
4 so that the CPU 1 can write the second information.
[0027] As shown in FIG. 1, the first path is, for
example, a path connecting A0 to A8 of the address bus 2 to
15 the address signals fA0 to fA8 of the ROM 4. As shown in
FIG. 2, the second path is, for example, a path connecting
Al to A9 of the address bus 2 to the address signals fAO0 to
fA8 of the ROM 4.
[0028] The data line switch 6 is explained next. One
20 end of the data line switch 6 is connected to outputs dDO
to dDn of the decoder 7 and outputs fDO to fDn of the ROM 4.
The other end thereof is connected to the data bus 3. The
data line switch 6 is interposed between the decoder 7 and
the data bus 3 and switches between the outputs dDO to dDn
25 of the decoder 7 and the outputs fDO to fDn from the ROM 4.
In other words, the data line switch 6 switches between a
third path connecting the decoder 7 to the data bus 3 so
that the first information having undergone error
correction in the decoder 7 is transmitted to the data bus
30 3 of the CPU 1 and a fourth path connecting the ROM 4 to
the data bus 3 so that the second information recorded in
the CPU 1 can be written and the like.
[0029] As shown in FIG. 1, for example, the third path



[0029]As shown in FIG. 1, for example, the third path 9 Is a path connecting the outputs dDO to dD7 of
the decoder 7 to DO to D7 of the data bus 3. As shown in FIG. 2, for example, the fourth path is a path
connecting the outputs fDO to fD15 of the ROM 4 to DO to D15 of the data bus 3. 5[0030]As explained
above, the memory control device according to the present embodiment is configured to determine the
address value at the time of the operation of the CPU 1 for specifying an operation of the address line
switch 5 and an operation of the data line switch 6. 10[0031]In the following descriptions, the operation of

the address line switch Sahtl th8UPeration of tire Jatdihe sWitth™s ar& explainBa if Yetsit As the flow of
explanation, an operation@tihe time of teadingthedirst informatiem from the ROM 4 js explained first, and

then an 15 operation.at the time of writing and.the fike of data in the ROM 4 is explajoed, The former
operation is, as an exa%p?e, an operation when the cPU’1 operates at the 8-bit data bus width and

accesses the ROMX at-an defdfress atfise finte 6f Starfifg ta startingfaddressy thhétaittet 20 operation s,

as an example, an operation whendheiGPhLL opesates atiberkebitdatahuswidib-andaccesses the
ROM 4 at an address at the time of 1;1)erformin%writin}9 d thetlike. [0032]The oge{ation of reading the
first information 25 froRy the ROM 4 isee%%isr?ec?fires with feference 1o BIGIL &S anoexample, the
following explanatitrisrmade witk respectsto arease of statingtthecCPU 1 handitdas assomed that the first

information is data felated;to the starting. p@?@rgn, for example ,30[0033|Whepsthe, CPY 1Js started, the

CPU 1 operates at the 8-bit data bus width. The CPU 1 then outputs a starting address specific to a
device (the CPU 15"&rdFBccessis the REMI A 120 [0034The addresse’$witEh 5°and the data line

10 [0031] In the following descriptions, the operation of
the address line switch 5 and the operation of the data
line switch 6 are explained in detail. As the flow of
explanation, an operation at the time of reading the first
information from the ROM 4 is explained first, and then an

15 operation at the time of writing and the like of data in
the ROM 4 is explained. The former operation is, as an
example, an operation when the CPU 1 operates at the 8-bit
data bus width and accesses the ROM 4 at an address at the
time of starting (a starting address). The latter

20 operation is, as an example, an operation when the CPU 1
operates at the 16-bit data bus width and accesses the ROM
4 at an address at the time of performing writing and the
like.

[0032] The operation of reading the first information

25 from the ROM 4 is explained first with reference to FIG. 1.
As an example, the following explanation is made with
respect to a case of starting the CPU 1, and it is assumed
that the first information is data related to the starting
program, for example.

30 [0033] When the CPU 1 is started, the CPU 1 operates at
the 8-bit data bus width. The CPU 1 then outputs a
starting address specific to a device (the CPU 1) and

accesses the ROM 4.



switch 6 are configured to monitor an address signal of the address bus 2 and to perform a switching
operation corresponding to this address. To explain specifically, 5 when the CPU 1 accesses the ROM 4
at an address value at the time of starting, the address line switch 5 detects this address value,
associates the address bus 2 with an address line of the ROM 4 as follows, and connects them to each
other. 10 AO-fA0 A1-fAl An-fAn (n=0, 1, 2, ... 9) [0035}'Phe above operation is specifically explained.
When the LSB of the address at the time of starting (for 15 example, a four-digit address XXXX) changes
from XXXO to XXXP 8P frbm XXX10?RRKES That RS e3khtime thé A dress Yaiue isheremented by 1, the
ROM 4 needs to advance iy ene wordf(lfubis). o achieve thisnitsidficesstosconfigurerthahthe address
line switch 5 detects the 20 address value at the time of starting.and connects the LSB (AO) of the
address bus to the %é%%f?io%%% tehzse ?QH%AM%E. %%Pgrfﬂlt? e%%httignk]lérﬁo%%‘%tﬁg %ﬁo ress bus 2 changes, the
ROM 4 advances 8y 6ifeord 1 [pD3spMeahivitied vifeh thef ¥ ladceszes thé ReM #-at 25 the
address values at thgdime 1 starting, the data ine switehhb detgcts thiseddressvalue, associates the data
bus 3 with an outptLg of the decoder 7 as f0||0V\JIC% and connectf them to, %a%h é)tléert DCt)-dDO 30 D1-dD1
Dn-dDn (n=0, 1, 2, e '}E)l[rbf)\’sc} AS e bAtT liné S\e/vifé(lildg%%seratle%elnstﬁils v(\:/ay, 16%it data (fDO to fD15) is
output from the ROM 4. address value, associates the address bus 2 with an

address line of the ROM 4 as follows, and connects them to

each other.

10 AO0-fAO
Al-fAl
An-fAn (n=0, 1, 2, ... 9)
[0035] The above operation is specifically explained.

When the LSB of the address at the time of starting (for

15 example, a four-digit address XXXX) changes from XXX0 to
XXX1 or from XXX1 to XXX0, that is, each time the address
value is incremented by 1, the ROM 4 needs to advance by
one word (16 bits). To achieve this, it suffices to
configure that the address line switch 5 detects the

20 address value at the time of starting and connects the LSB
(AO) of the address bus to the LSB (fA0) of the ROM 4. As
a result, each time A0 of the address bus 2 changes, the
ROM 4 advances by one word.
[0036] Meanwhile, when the CPU 1 accesses the ROM 4 at

25 the address value at the time of starting, the data line
switch 6 detects this address value, associates the data
bus 3 with an output of the decoder 7 as follows, and

connects them to each other.

D0-dDO
30 D1-dD1
Dn-dbn (n=0, 1, 2, ..., 7)
[0037] As the data line switch 6 operates in this way,

l6-bit data (fD0 to fD15) is output from the ROM 4.



11 [0038]The decoder 7 loads 15 bits (fDO to fD14) among 16 bits, decodes 11-bit information, and
outputs 8 bits among these 11 bits to DO to D7 (8 bits) of the data bus 3. As explained above, an
error-correction coding process is 5 performed on the data corresponding to the address at the time of
starting (the data related to the starting program) and recorded in the ROM 4 as the first information. That
is, 8-bit data (the data related to the starting program) is'recorded in the ROM 4 as 15-bit data (the first
10information). [0039]The memory control device according to the present embodiment is configured to,

when the CPU 1 opf&fates at the -2 Bus widthind actedses tHEREM P4t ihe*Badfess at the time
of starting, switch thie paths ofidbdhe address tinersivitelab and, thendatadine:switehitias shown in FIG. 1,
so that the flrs_t mfgrrnrgggog cé';lgeb% {e%q @thgatgoh ving its &ron %%r)regtgdt%%n gg ttg{a%surrsnttéad to the data
bus 3. Accordingly, even when an error in a data value occurs in the ROM 4, the CPU 1 can be normally
20started. [0040]Nextetiel apeftionlat the e GTWHAITG BhtThedikecoPdata iIRtAETROM 2 is explained

with reference to BIG: 2 dhissassurogd thatif isdesighnsshsa thatiwhen dhe eRUlageessas the ROM 4,
the address at the time of 25 startin ot ovteaflapetlhaeta dress at the time of writing and the like.

[0041]When WritinE]lénr?d tHe fiké 5?%?%(%9 ;%Sf@?% ¢ performed,e & ?:F%el Sﬁear%%elg %t It data bus
width. The CP&hl ther outputsian addrésyivdluesattthe time ©f 30Weiting ainththe lIker&ind accesses
the ROM 4. [0042}Whep the,CBL. 1 accgsses the RQM, 4 at the address, yalug at the fime)of writing and
the like, the address line switch 5 detects this address value, associates the address
is recorded in the ROM 4 as 15-bit data (the first
10 information) .
[0039] The memory control device according to the
present embodiment is configured to, when the CPU 1
operates at the 8-bit data bus width and accesses the ROM 4
at the address at the time of starting, switch the paths of
15 the address line switch 5 and the data line switch 6 as
shown in FIG. 1, so that the first information can be read
and data having its error corrected can be transmitted to
the data bus 3. Accordingly, even when an error in a data
value occurs in the ROM 4, the CPU 1 can be normally
20 started.
[0040] Next, the operation at the time of writing and
the like of data in the ROM 4 is explained with reference
to FIG. 2. It is assumed that it is designed so that when
the CPU 1 accesses the ROM 4, the address at the time of
25 starting does not overlap the address at the time of
writing and the like.
[0041] When writing and the like of the ROM 4 is
performed, the CPU 1 operates at the 1l6-bit data bus width.
The CPU 1 then outputs an address value at the time of
30 writing and the like and accesses the ROM 4.
[0042] When the CPU 1 accesses the ROM 4 at the address
value at the time of writing and the like, the address line

switch 5 detects this address value, associates the address



12 bus 2 with an address line of the ROM 4 as follows, and connects them to each other. AI-fA0 A2-fAl
5An-fA(n-1) (n=0, 1, 2, ..., 9) [0043]The above operation is specifically explained. When a second-digit bit
of the address at the time of writing and the like (for example, a four-digit address XXXX) from the bottom
changes from XXOX to XX1X or from 10 XX1X to XXO)&, that is, each time the address value is
incremented by 2, the ROM 4 needs to advance by on&word (16 bits). To achieve this, it suffices to
configure that the address line switch 5 detects the address value at the time of writing and the like and
connects Al of the™dddres¥ 15'ba8 16 A6 oF the REMPA. AB% rédlit eathltithe Aiof thBGddress bus 2
changes, the ROM dhadvancesby one wardth [0044Meanwhile, when the CPU 1 accesses the ROM 4 at
the address value t_t@g&ime of writing and the like, the data line switch 6 detects this address value,
associates 20 the data bus 3 with an output of the ROM 4 as follows, and connects them to each other.
DO-fDO DI-fD1 DrfDr#A=0, 1, 2, ..., 15) 25[0045]As the data line switch 6 operates in this way, fDO to
fD15 of the ROM 4are connectedtayDQ jo P15 of theggata bus 3. As the CPU 1 operates at the 16-bit
data bus width, for[ %ﬁ%ﬂe, th%:hfiersta 'g]formation coded by the CPU_1 caﬂbe Writien in gpe ROM 4.

ove operation I's specifically explailned.

When a second-digit bit of the address at the time of
writing and the like (for example, a four-digit address
XXXX) from the bottom changes from XX0X to XX1X or from

10 XX1X to XX0X, that is, each time the address value is
incremented by 2, the ROM 4 needs to advance by one word
(16 bits). To achieve this, it suffices to configure that
the address line switch 5 detects the address value at the
time of writing and the like and connects Al of the address

15 Dbus to fAO of the ROM 4. As a result, each time Al of the
address bus 2 changes, the ROM 4 advances by one word.
[0044] Meanwhile, when the CPU 1 accesses the ROM 4 at
the address value at the time of writing and the like, the
data line switch 6 detects this address value, associates

20 the data bus 3 with an output of the ROM 4 as follows, and

connects them to each other.

DO-£fDO
D1-£fD1
Dn-fDn (n=0, 1, 2, ..., 15)
25 [0045] As the data line switch 6 operates in this way,

fDO to fD15 of the ROM 4 are connected to DO to D15 of the
data bus 3. As the CPU 1 operates at the 16-bit data bus
width, for example, the first information coded by the CPU
1 can be written in the ROM 4.

30 [0046] The CPU 1 according to the present embodiment
accesses the ROM 4 at the address at the time of writing
and the like by an access system that is identical to that

of a normal NOR-type flash ROM. That is, while the CPU 1



30[0046]The CPU 1 according to the present embodiment accesses the ROM 4 at the address at the time
of writing and the like by an access system that is identical to that of a normal NOR-type flash ROM. That
is, while the CPU 1 13 operates the address bus 2 and a bus control signal (not shown) to access a
device (the ROM 4) via the data bus 3, the CPU 1 can access the ROM 4, as the ROM 4 itself being a
bus-connected device. Therefore, the CPU 1 can perfor?n a 5 writing operation and an erasing operation

prepared in the ROM 4 via the data bus 3. [0047]The writing operation is an operation in which the CPU 1
writes a write comPRARG it the RO TS riting datd BNdiredds compietibn®dfalfting fom the ROM 4.
The 10 erasing opetation isanopsfaton inahick the IGPHd@waites an erase commansd ig,the ROM 4 for

erasing data and gads complefion of erasing fromithe ROM.4. [994EITass eperations ¢an be performed
by the CPU 1 accessing the ROM 4at the 16-bit data bus width. 15 Furthermore, to access the ROM 4 at
the 16-bit data bu$Wide, the AeeifeS$ HAE Switch™s BREcthe- d&tadinePSwitclk &'n&ed {6 perform a switch

operation. Besausgrtheiaddrgss e switeh & and the datayling switeh ageerding 40 the present
embodiment are cy%lfig red to 1r:rkllonité)rtthe addrgss 20 signal of the address bus 2 and to perform an
operation according tot i Hddress, \When thE address at the time of writing and the like is detected, the
switch operation shoW4Vih FIG T24s peifoimedosethatithve weiting operation or the erasing operation is

realized. 25[0049]|p, the.ghove descriptign, it has begn explained oo %@sgumi%gpgmgmming coding

of starting data written in the ROM 4 is performed by coding calculation in the CPU 1; however, the
present invention &6t fMted tREret6 CEBI 8k aRTPI& fit 1§-alsbsossivR tortdiré 30 that dedicated
hardware is Incorparatachin tie-memory centsol dedea faperdarming-hamuingreoding\Mhen it is

configured in this way, software can %e sim
an’érase command in

@ﬁ?quﬂ4 for erasing data and reads
completion of erasing from the ROM 4.

[0048] These operations can be performed by the CPU 1
accessing the ROM 4 at the 16-bit data bus width.

15 Furthermore, to access the ROM 4 at the 16-bit data bus
width, the address line switch 5 and the data line switch 6
need to perform a switch operation. Because the address
line switch 5 and the data line switch 6 according to the
present embodiment are configured to monitor the address

20 signal of the address bus 2 and to perform an operation
according to this address, when the address at the time of
writing and the like is detected, the switch operation
shown in FIG. 2 is performed, so that the writing operation
or the erasing operation is realized.

25 [0049] In the above description, it has been explained
on an assumption that hamming coding of starting data
written in the ROM 4 is performed by coding calculation in
the CPU 1; however, the present invention is not limited
thereto. For example, it is also possible to configure

30 that dedicated hardware is incorporated in the memory
control device for performing hamming coding. When it is
configured in this way, software can be simplified.

[0050] It is also possible to employ a mode in which



[0050]It is also possible to employ a mode in which 14 hamming coding of data is performed in an
information processing system other than the memory control device and the coded data is written in the
ROM 4. In this manner, the load of the CPU 1 can be reduced. 5[0051]While an example of using a
hamming code has been described as a method of the_error-correction coding process, the present
invention is not limited to a hamming code and error-cdrtection codes other than a hamming code can be
also applied. 10[0052]Data before undergoing an error-correction coding process is not limited to data

related to a starting®Brogrant At ds find'as &t isUAE THArBRSlppb<EY toreyUie eRBr correction in the
decoder 7, any type ot data aan bestisad.cE5{0058=urthernarendt the above desetiptionattdias been

explained on an a sum (gigg hg As an exarr%r;%lghthe CBU L acce sesIthetI%O 4 ttle“le 8-bit data bus
width at the time oﬁ reaéjing tﬁe t%rst information and at the 16-bit ciita bus width at the time of writing and
the like the 20 sedord infartatfor:the lta buswidiR is AeEfiRtited to these widths. [0054]A mode of

transmitting data il the first information bavingundergepeRyrer eerrection insthe decoder-7 to the data

bus 3 has been ewlaine%inéhe above 2 dgscgption. In this mode, as it is Wello{mown, when a hamming
. .. desc. as, a method of the nLor—corrgction coding :
code is used, it is possﬁf)lre 1o perform error correction of 10, ,&ccorﬁlng]ry, Wwheh drferror of 2 or more bits

occurs, it may beconee émpossibie 1o pedformierventowection b sbivel sech apreblemutheymemory
control 30 device agerding;to.the, presgnt smbadimeni.can, b configired asfQllows: code

can be also applied.

10 [0052] Data before undergoing an error-correction coding
process 1s not limited to data related to a starting
program, and as long as it is data that is supposed to
require error correction in the decoder 7, any type of data
can be used.

15 [0053] Furthermore, in the above description, it has
been explained on an assumption that, as an example, the
CPU 1 accesses the ROM 4 at the 8-bit data bus width at the
time of reading the first information and at the 16-bit
data bus width at the time of writing and the like the

20 second information, the data bus width is not limited to
these widths.

[0054] A mode of transmitting data with the first
information having undergone error correction in the
decoder 7 to the data bus 3 has been explained in the above

25 description. In this mode, as it is well known, when a
hamming code is used, it is possible to perform error
correction of 1 bit. Accordingly, when an error of 2 or
more bits occurs, it may become impossible to perform error
correction. To solve such a problem, the memory control

30 device according to the present embodiment can be
configured as follows.

[0055] For example, a predetermined register is prepared

in the decoder 7, and when the decoder 7 performs error



[0055]For example, a predetermined register is prepared in the decoder 7, and when the decoder 7
performs error 15 correction, error occurrence information is stored in the register and the CPU 1 detects
this error occurrence information via the register. Furthermore, the CPU 1 identifies a storage area where
an error in the ROM 4 has 5 occurred, reads data of this storage area, performs hamming-coding on this
data, and then writes this data in the corresponding pa]rt5(the storage area where an error has occurred).
In this manner, the decoder 7 is configured to retain a result of error detection at the time of decoding 10
as decoder intern&AfSiAtatit. [6656]By tHe aBEVE Bperation For 8Rariplé ‘& when 4 error of 1 bit
occurs in the ROM dg data is writtenHa thetROMi4tiB @serrbi-coerectable staterdat is, according to the
memory control de\ﬁi%% of tk%% Dresent %’LEQOQierE‘E’s‘E eqra.ta 1§uis rl%urned L to an err, ofrectable state before

ma rehermo
a large number of bit errors occur, thereby suppressing occurrence of UAcorrectable errors. [0057]As

explained above, #ememMaREcentFSIdEACe aEeordifg 16 the presert émbbaimBAYintIldes the CPU 1,

the 20 ROM 4 (meyneny)tbal records therein dhe fisstdnfarsation baving weadergene an error-correction
coding process arﬁj the, sec_on%i,nformatiog notga%/ing ungeg%one an .error-ccég{jr]ec:t(ijont coding process, the
address line switc aénﬁilrrslfgsvc\:/ﬂcﬁ)nﬁ]a?%e%eétss air addréss ou peu? FOT the 9, anhd switches 25
between the first path thatcespectsithe gddress bus 2o theyROMes sulthattheCRtr drcdreread the first

information recorded.in,the ffOM f-and the second path thatconpects the address bus 2 fo.the ROM 4 so

that the second information recorded in the ROM 4 can be erased, written, and read, the 30 decoder 7
that performs errof €bfretiBn St the-first iffoFmatioR Teeord8Y Fthe’ROME remdiis a tédundant bit
from the correctedhinfornatien, and decades the irformation before undergoing an error-correction coding
process, and 16 tlegoq)ai? line c?wit%h 6 (?sgg\ggd switch) that d%tects an address outpu%;rom the CPU 1

t t

: . hn : :
and switches between the thir 5a that connects the decdder 7 to the datd bus 3 'so that information

decoded by the degoder Pis trahsmitted-ta's in the ROM 4, data is written in the

ROM 4 in an error-correctable state. That is, according to
the memory control device of the present embodiment, data
15 is returned to an error correctable state before a large
number of bit errors occur, thereby suppressing occurrence
of uncorrectable errors.
[0057] As explained above, the memory control device
according to the present embodiment includes the CPU 1, the
20 ROM 4 (memory) that records therein the first information
having undergone an error-correction coding process and the
second information not having undergone an error-correction
coding process, the address line switch 5 (first switch)
that detects an address output from the CPU 1, and switches
25 Dbetween the first path that connects the address bus 2 to
the ROM 4 so that the CPU 1 can read the first information
recorded in the ROM 4 and the second path that connects the
address bus 2 to the ROM 4 so that the second information
recorded in the ROM 4 can be erased, written, and read, the
30 decoder 7 that performs error correction on the first
information recorded in the ROM 4, removes a redundant bit
from the corrected information, and decodes the information

before undergoing an error-correction coding process, and



5 the data bus 3 of the CPU 1 and the fourth path that connects the ROM 4 to the data bus 3 so that the
second information recorded in the ROM 4 can be erased, written, and read. Accordingly, when a first
address indicating that the first information is to be read (for example, a 10 starting address) is output
from the CPU 1, the address line switch 5 connects the address bus 2 to the ROM 4 by the first path and
the data line switch 6 connects the decoder 7 to the dat& bus 3 by the third path, so that error-corrected
data can be read. Furthermore, when a 15 second address indicating@that the second information is to be

written and the lik& 1 0Bt floMth&'EPEPL, théSsddreds Tk SitcH Bdoritidds tife Address bus 2 to the
ROM 4 by the secondrpath and the: dateotine switchi6 toanectsithecdecodertivteethecdata bus 3 by the
fourth path, so tha,&go tge er%i%gger%iqp and the Wrgin 8@era7tion C %ge rgor %d on %ata in the
ROM 4. [0058]In a céﬁve t?otnal memo?y%o%ct:r% dgvﬁ:e,%v(%en its po%x?e%s sw%%ecf%n, a CPU reads a
starting program stéreld ird RORE Futthftsiedbagedivh #reS@pting prégranithelzs eenténtional

memory control deviee 4gadsansOS loaderfranr@ storage devicesnwhichawriting and the like of data can
be performed (for Cg}())(ra}rrlnepcle, al ard disk ora fIa%t] R I\@i d e>%ecutes the OS loader. In this manner, the

conventional memory Sontrol davidehas ahodeTn itich Bbtha ROM RS 30%t5festherein a starting
program and a storagedevidein whichrdath can beewHiEn anchtheokike ars eisedat thé same time.

Because the memary, conygl deyiceacearding tq thepresent embediment inclydes the address line

switch 5 and 17 the data line switch 6, the CPU 1 can be started stably and a writing operation and the
like of data recordeddh the ROM 2 ‘cabe PetfotRied By tRiky oRRAhe ROM %3605§THe memory control
device acconding torther5 psesentrermbpdimept:.can berappliethto arnempory gontaldevice that performs
various control by fhe CRL For-example. when the memoty gontrl deviee,Is apgligdtg a railway
vehicle, the following effects can be achieved,
the first path and the data line switch 6 connects the
decoder 7 to the data bus 3 by the third path, so that
error-corrected data can be read. Furthermore, when a
15 second address indicating that the second information is to
be written and the like is output from the CPU 1, the
address line switch 5 connects the address bus 2 to the ROM
4 by the second path and the data line switch 6 connects
the decoder 7 to the data bus 3 by the fourth path, so that
20 the erasing operation and the writing operation can be
performed on data in the ROM 4.
[0058] In a conventional memory control device, when its
power is switched on, a CPU reads a starting program stored
in a ROM. Furthermore, based on the starting program, the
25 conventional memory control device reads an OS loader from
a storage device in which writing and the like of data can
be performed (for example, a hard disk or a flash ROM) and
executes the 0S loader. 1In this manner, the conventional
memory control device has a mode in which both a ROM that
30 stores therein a starting program and a storage device in
which data can be written and the like are used at the same
time. Because the memory control device according to the

present embodiment includes the address line switch 5 and



[0060]FIG. 3 is an explanatory diagram of effects when 10 the memory control device according to the
embodiment of the present invention is Incorporated in an in-train device. The formation of a train shown
in FIG. 3 is constituted by a plurality of vehicles and, as an example, it is constituted by lead vehicles 10a
and 10b and vehicles 11a 15 and 11b other than these lead vehicles. [0061]To reduce loads of crews and
to Improve services for passengers, a train-informationll%anagement device that controls and monitors an
operation status of a service machine and the like is Incorporated in recent railway 20 vehicles. As an

example, electrical devitds20,'2E, &ifd 28" ark IntBfpdrated irffie Vehitied 164 andPHon. Foexample, the

electrical device 29 isaicentsalgtatian that eonstitbtes thestrain-infarmation managementdevice, and the
electrica] device 22 Ipr exarple, 4e(HNal deyies 22 poretihtnging fraip information managerment

device. The electrical device 21 is, for example, a monitor display and the like arranged on a cab. These
electrical devices &P é8nnectett® E&E BEtheTBY A InSRhicIe treifsiidsion PSS as to transmit vehicle

information. 39[0062lAs an exarvpleselectdgal deviggs B-and Sl-are-iserperated in the vehicles 11a

and 11b. For exar’ggle, the gllecgrical evice 30 is the termintal dlevki)ce d scribP%d ?bov%, and the electrical
device 31 is an in-vehici€ niachine“ 18 connected o' terinal device E\%r example, an air conditioner, an
SIV, and a VVVF)eXherelectricatdevicesi8nand 3ioarercdnested<oieaciprotherdytan én-vehicle

transmission path, Ihe electrical devices,20 apd 30,ate.S cppoected g, each other by an inter-vehicle
transmission path. %0063]] hen a defect caused by a bit error in a flash ROM occurs in these electrical
devmes,ﬂmweisa[ 060 FIG. 3 is an explanatory diagram of effects when

10 the memory control device according to the embodiment of
the present invention is incorporated in an in-train device.
The formation of a train shown in FIG. 3 is constituted by
a plurality of vehicles and, as an example, it is
constituted by lead vehicles 10a and 10b and vehicles 1lla

15 and 11lb other than these lead vehicles.
[0061] To reduce loads of crews and to improve services
for passengers, a train-information management device that
controls and monitors an operation status of a service
machine and the like is incorporated in recent railway

20 vehicles. As an example, electrical devices 20, 21, and 22
are incorporated in the vehicles 10a and 10b. For example,
the electrical device 20 is a central station that
constitutes the train-information management device, and
the electrical device 22 is, for example, a terminal device

25 constituting the train-information management device. The
electrical device 21 is, for example, a monitor display and
the like arranged on a cab. These electrical devices are
connected to each other by an in-vehicle transmission path
so as to transmit vehicle information.

30 [0062] As an example, electrical devices 30 and 31 are
incorporated in the vehicles 1la and 1lb. For example, the
electrical device 30 is the terminal device described above,

and the electrical device 31 is an in-vehicle machine



possibility that a malfunction of a CPU occurs and this 10 malfunction largely influences on a train
operation. For example, when a defect occurs in a part of in-vehicle machines such as an SlIV, a crew can
use the train-information management device to search for a cause of the defect, to recognize the
phenomenon, and to take an 15 emergency procedure, However, when the train-information
management device itself fails, it is difficult to recogniz% he cause of the defect, and thus there is a
possibility that the defect largely Influences on the train operation. 20[0064]In this connection, as the

memory control d&VIEBHCERTdiRg td the PréBent Emboaiméhtts Mtafpofatedn ®4th of the electrical
devices, malfunctiensdifai 4+ duertosa bit errer ia avyRO@M .carbhe preventettand dlats asdnfluence on a

train operation can (g)e a%%sjiqeraapéy {:%% ceecdc e%;[ggGéchq{t%ecrﬁr%(}reb§/h% Irlnelrrqg(ryyeggnt gl device according
to the present embodiment can start a CPU stably and can perform writing and the like of data by using a
flash ROM without ER&REINESa 3Psietbf bushéorftfsl Suppertedlsy accsmaterarfly Hiailable CPU (or a

commercially avaitable 46} <30[0966}the sremery gontok dewee.accordingtedhe-presephembodiment is
only an example of the contents of the present invention. The memory control device can be combined
with other Well-kngv?/n?{échniques, and itis 19 needless to mention that the memory control device can be
configured while modifying it witheut departmy:iroputhedséopeobthe presentimventiors such as omitting a

part thereof. 5 Indystrial Applicability [0067]As described apove,the present invention is applicable to a

memory control device that executes various control by a CPU, and is particularly useful as an
possibility that a malfunction of a CPU occurs and this

10 malfunction largely influences on a train operation. For
example, when a defect occurs in a part of in-vehicle
machines such as an SIV, a crew can use the train-
information management device to search for a cause of the
defect, to recognize the phenomenon, and to take an

15 emergency procedure. However, when the train-information
management device itself fails, it is difficult to
recognize the cause of the defect, and thus there is a
possibility that the defect largely influences on the train
operation.

20 [0064] In this connection, as the memory control device
according to the present embodiment is incorporated in each
of the electrical devices, malfunctions of a CPU due to a
bit error in a ROM can be prevented and thus an influence
on a train operation can be considerably reduced.

25 [0065] Furthermore, the memory control device according
to the present embodiment can start a CPU stably and can
perform writing and the like of data by using a flash ROM
without changing a system of bus control supported by a
commercially available CPU (or a commercially available IC).

30 [0066] The memory control device according to the
present embodiment is only an example of the contents of
the present invention. The memory control device can be

combined with other well-known techniques, and it 1is



10 invention that can start a CPU stably and perform writing and the like of data by using a flash ROM.
Reference Signs List [0068]1 CPU 152 address bus 3 data bus 4 flash ROM (memory) 5 address line
switch (first switch) 6 data line switch (second switch) 207 decoder 10a, 10b, 11a, 11b train vehicle 20,
21, 22, 30, 31 electrical device 20 CLAIMS 1. A memory control device comprising: a CPU; an
electrically-rewritable non-volatile memory that 5 records therein first information having undergone an

error-correction codin% rocess and second information not having undergone an error-correction coding
process:; needless to mention that the memory control device can be

configured while modifying it without departing from the
scope of the present invention, such as omitting a part

thereof.

Industrial Applicability
[0067] As described above, the present invention is
applicable to a memory control device that executes wvarious
control by a CPU, and is particularly useful as an

10 invention that can start a CPU stably and perform writing

and the like of data by using a flash ROM.

Reference Signs List
[0068] 1 CPU

15 address bus

data bus

flash ROM (memory)

address line switch (first switch)

oA O W N

data line switch (second switch)
20 7 decoder

10a, 10b, 1la, 1llb train vehicle

20, 21, 22, 30, 31 electrical device



a first switch that detects an address output from the CPU, and switches between a first path that
connects an 10 address bus to the memory so that the CPU can read first information recorded in the
memory and a second path that connects the address bus to the memory so that the second information
recorded in the memory can be erased, written, and reglg; 15a decoder that performs error correction on
the first information recorded in the memory, removes a redundant bit from corrected information, and
decodes information before undergoing an error-correction coding process; and a second switch that
detects an address output from 20 the CPU, and switthé8between a third path that connects the decoder
to a data bus so that infarmatiosrgecoded by the-decodesnis transmijtted to the data bus of the CPU and a
fourth path that connectsathP emory to the data bus so that the second information recorded in the
memory can be 25 erased, written, and read. 2. The memory control device according to claim 1,
wherein when an addres¥ oGthe froht tHe TP st adarsss 30 #idieatiAg TRatthe 5t information is

to be read, the first switch-deteststhe first address andconnects theyaddrrssbus ta the memory by the
first path and the second switch detects th%a first address and gonnects the decoder, 21 to the data bus by
u

the third path, and” v%%ﬁ_é:nogaaf:etslsogut%o from e TPU i§ A sécond’ gdépes%riﬂ%?ccla?irﬁgnt%%t the second
information is to beaerased pwiittepoandaeadr the firstsvdtchidetectsitingy process;
a first switch that detects an address output from the
CPU, and switches between a first path that connects an

10 address bus to the memory so that the CPU can read first
information recorded in the memory and a second path that
connects the address bus to the memory so that the second
information recorded in the memory can be erased, written,
and read;

15 a decoder that performs error correction on the first
information recorded in the memory, removes a redundant bit
from corrected information, and decodes information before
undergoing an error-correction coding process; and

a second switch that detects an address output from

20 the CPU, and switches between a third path that connects
the decoder to a data bus so that information decoded by
the decoder is transmitted to the data bus of the CPU and a
fourth path that connects the memory to the data bus so
that the second information recorded in the memory can be

25 erased, written, and read.

2. The memory control device according to claim 1,
wherein
when an address output from the CPU is a first address
30 indicating that the first information is to be read, the
first switch detects the first address and connects the
address bus to the memory by the first path and the second

switch detects the first address and connects the decoder



5 second address and connects the address bus to the memory by the second path and the second
switch detects the second address and connects the decoder to the data bus by the fourth path. 10 3.The
memory control device according to claim 1, wherein the CPU performs error-correction coding on
information requiring error correction by software processing, and information having undergone the error-
15 correction coding process is recorded in the memor%/ as the first information. 4. The memory control
device according to claim 1, wherein 20the decoder retains error occurrence information when error

correction is perfoﬁ‘heﬁ?%néatﬁ% EPE féntifiés B dtbragé Brea Witkre an error occurs on the memory

based on the error occurrenee infosmations petforms afrefrot-heorrectian cadigepraotess on information

read from the 25 slqiage.areg, Andeveywiies ntrmation.iaving #dergen the reoregorrection coding
process in the storage area. 5. The memory control gevu;e accord:mg to claim 1, wherein the first
information is date6fa%tartifngprogani? 3@ of the CPDS22 Having Uhbiefgsite anterréheorrection coding

process and sgcopd dafeimationRel having sndergene i erak-egrestian €9 ding: prreessy the memory
control method comg)risgng: Whendan address output from a CPU is a first address 5 indicatin(g that the
. S the” second path and the second switch detects the secon
first information |skf be read,

address and connects the decoder to the data bus by the

fourth path.

10 3. The memory control device according to claim 1,
wherein
the CPU performs error-correction coding on
information requiring error correction by software
processing, and information having undergone the error-
15 correction coding process is recorded in the memory as the

first information.

4. The memory control device according to claim 1,
wherein
20 the decoder retains error occurrence information when

error correction is performed, and the CPU identifies a
storage area where an error occurs on the memory based on
the error occurrence information, performs an error-
correction coding process on information read from the

25 storage area, and overwrites information having undergone

the error-correction coding process in the storage area.

5. The memory control device according to claim 1,
wherein the first information is data of a starting program

30 of the CPU.

6. A memory control method of an electrically-rewritable

non-volatile memory that records therein first information



a step at which a first switch that switches between a first path that connects an address bus to the
memory so that a CPU can read the first information recorded in the memory and a second path that
connects the address bus to 10 the memory so that the second information recorded in the memory can
be erased, written, and read, detects the first address %gd connects the address bus to the memory by
the first path; and a step at which a second switch thatswitches between 15 a third path that connects a
decoder that performs error correction on the first information recorded in the memory, removes a

redundant bit from é3rrBEted MFdinatiors "arfd 48€668S Tformation H5EBFe BRAERTGINGHh error-correction
coding process tosedatadbus, fao-that informationsdecodeth 20 hysthe decederdis-ttansmittetoto the data

bus of the CPU and.g fpurtp.aih that eanngata dhe memary fo,fle daia bug g0, gl dhe second
information recorded in the'memory can be eraseg, written, and read, detecl_fs the first address and
connects the decoder to'thédata budBy ftfe tifdPpatht 2317 THEMehfody EdritPdl methtPaccording to

claim 6, further comprising::whenran address: output fromthe CRU is arseeand-c s gaddress indicating that
the second information is to be 30 era%ed,hwritt%n, ar%d rea(%, - sttep at \évhfif:h tl})e grst switch detects
the second address andtonnects the'address bus 15 the’ f’LneCmory 8y the second pzﬁhfﬂgﬁa 23 a step
at which the secorfd switchadétetctsathecsecwmd addressiang eonneetstthetdecoderdoitheadata bus by the

founhpaﬂm that a CPU can read the first information recorded in the

memory and a second path that connects the address bus to
10 the memory so that the second information recorded in the
memory can be erased, written, and read, detects the first
address and connects the address bus to the memory by the
first path; and
a step at which a second switch that switches between
15 a third path that connects a decoder that performs error
correction on the first information recorded in the memory,
removes a redundant bit from corrected information, and
decodes information before undergoing an error-correction
coding process to a data bus, so that information decoded
20 Dby the decoder is transmitted to the data bus of the CPU
and a fourth path that connects the memory to the data bus
so that the second information recorded in the memory can
be erased, written, and read, detects the first address and
connects the decoder to the data bus by the third path.
25
7. The memory control method according to claim 6,
further comprising:
when an address output from the CPU is a second
address indicating that the second information is to be
30 erased, written, and read,
a step at which the first switch detects the second
address and connects the address bus to the memory by the

second path; and



23

a step at which the second switch detects the second
address and connects the decoder to the data bus by the

fourth path.



