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configuration of each architecture has to a basic NAND or NOR gate circui ts,
Flash memory devices have developed into a popular source of non-volatile

‘15 memory for a wide range of electronic applications. Common uses for flash memory include
persona! computers, personal digital assistants (PDAs), digital cameras, and cellular
telephones. Program code and system data such as a basic input/output system (BIOS) are

typically stored in flash memory devices for use in personal computer systems.

Flash memory devices typically use a floating gate, one-transistor memory cell that
20  allows for high memory densities, high reliability, and low power consumption. The
adjustment of the charge on the floating gate determines a threshold voltage (V) for the cell
and, therefore, the programmed/erased state of the cell. For example, when the memory cell .
has a negative threshold, it has a logical “1” state. When the threshold is positive, the cell has
a logical “0”‘state. Typically, an erased memory cell is at a logical “1” state.

25 In order to reduce the price per bit, memory manufacturers have created multi-level
flash memory cells that are capable of storing multiple bits per cell. When one memory cell
stores “n” bits of data, the memory cell has 2" states or 2" threshold voltage levels. For
example, if a memory cell stores two data bits, the cell has four threshold voltage (V,) bands.

Two common types of flash memory array architectures are the “NAND” and
30  “NOR” architectures. These architectures are named for the resemblance that the basic
memory cell configuration of each architecture has to a basic NAND or NOR gate circuits,

respectively,



respectively. WO 2007/106481 PCT/ US2007/ 006300 2 Fl ash nenory devices are
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programmi ng pul setread operation is repetated, with the programm ng pul se

I ncreasing increnentally each 5 tinme, until the cells are programmed. An
erase operation typically conprises a pre-programm ng cycle, an erase cycle,
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a device is comprised of a memory array 101 for storing data. The memory array 101 is

15 comprised of a plurality of memory cells, as described previously, that are connected in a row
and column format. The rows of cells are coupled by word lines and the columns are coupled
by bit lines.

A data cache 103 is coupled to the array 101 and temporarily stores data to be
written into the array 101 and data that has been read out of the array 101. The data in/out
20 block 105 is the contro! circuitry for controlling the reading and writing of in and out of the
array 101.

A fuse area 106 in a non-volatile area of memory for storing memory parameters
that concemn chip behavior. These parameters can include memory block lock commands,
voltages, timing, and other such types of parameters. The analog block 108 is responsible for

25 generating the various voltages required for integrated circuit operation. For example, the
writing and erase operations require different voltages be applied to the various selected and

unselected word lines and bit lines.

A command state machine (CSM) 112 is coupled to an algorithm controller 110 and
interprets user commands that are entered through the integrated circuit pads 114. The
30  algorithm controller 110 is typically a state machine or processor that generates the control

signals and signal sequences for the read, program, and erase operations in response to the



A command state machine (CSM 112 is coupled to an algorithmcontroller 110
and interprets user conmmands that are entered through the integrated
circuit pads 114. The 30 algorithmcontroller 110 is typically a state
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there is a need in the art for memory controller circuitry that can be adapted to different

applications.
15
SUMMARY
The above-mentioned problems with memory devices and other problems are
addressed by the present invention and will be understood by reading and studying the
following specification.
20 , The embodiments of the present invention encompass a distributed controller

system in a flash memory device. The memory device comprises a memory array, an analog
voltage generating circuit, and a data cache. The distributed controller system, in one
embodiment, comprises a data cache controller that is coupled to and adapted to control the
data cache, an analog controller coupled to and adapted to control the analog voltage

25 generating circuit, and a master controller coupled to and adapted to control the memory
array. Alternate embodiments have different quantities and types of controllers, Once the
controllers are activated, in response to a received command, they can control their respective

memory peripheral circuits in response to their respective software/firrnware instructions.

Further embodiments of the invention include methods and apparatus of varying
30 scope. |



25 generating circuit, and a master controller coupled to and adapted to
control the nenory array. Alternate enbodi nents have different quantities
and types of controllers. Once the controllers are activated, in response
to a recei vedWOIHME48Yt hey can control their respective mREHYSPEHGOpIer al
circuits in response to their respective doftware/firmmvare instructions.

Furt her enbodi nents of the invention include nethods and apparatus of
varying 30 scope. WO 2007/ 106481 PCT/ US2007/ 006300 4 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 shows a bl ock diagramof a typical prior art flash
menory device of the present invention. Figure 2 shows a bl ock diagramof a
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present invention.

Figure 6 shows a flow chart for one embodiment of a distributed controller system
method of the present invention.

15 DETAILED DESCRIPTION
In the foliowing detailed description of the invention, reference is made to the

accompanying drawings that form a part hercof and in which is shown, by way of illustration,
specific embodiments in which the invention may be practiced. In the drawings, like
numerals describe substantially similar components throughout the several views. These

20  embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined oﬁly by the appended claims and equivalents thereof.

25 Figure 2 illustrates a block diagram of one embodiment of a memory device of the
present invention with a distributed controller. For purposes of clarity, only the blocks
necessary for understanding the distributed controller are illustrated.

The distributed controller of the present invention breaks up the control functions of
the memory device and distributes the different functions amongst multiple controllers. The
30 embodiment illustrated in Figure 2 uses three separate controllers. Alternate embodiments



present invention is defined only by the appended cl ai ns and equival ents
thereof. 25 Figure 2 illustrates a block diagram of one enbodi nent of a
menory device of the present invention with a distributed controller. For
pur poses of WPap47(648bn|y the bl ocks necessary for under stP&TETEPT{0E300
distributed controller are illustrated. ¥he distributed controller of the
present invention breaks up the control functions of the nenory device and
distributes the different functions anongst nultiple controllers. The 30
enbodi ment illustrated in Figure 2 uses three separate controllers.
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+16V to +20V for programming and negative voltages may be required for erasing the cells.

15 The controller circuit is divided up into three separate controllers 205 — 207, The
first controller 205 is the analog controller 205. This controller 205 is coupled to and is
responsible for controlling the analog voltage block 203. The analog controlier 205 generates
signals to instruct the analog voltage block 203 to generate the different voltages required for
proper operation of the memory array cells, as described previously. The analog controller

20 205 generates these instructions in response to a received command such as memory read,

write, or erase commangs,

A data cache controller 207 is coupled to and responsible for controlling the data

cache 204. The data cache controller 207 generates the necessary signals to enable the cache
204 during read and write operations. For example, if a read memory command is received,

25  the data cache controller 207 generates the signals that cause the data cache 204 to accept
data from the memory array 201. If a write memory commanad is received, the data cache
controller 207 generates the necessary signals to cause the cache 204 to accept data from
external data pads of the integrated circuit and to allow the data through to the memory array
201 for programming. If the cache 207 has a high impedance state, the controller can

30 generate the control signals to initiate this state.



A data cache controller 207 is coupled to and responsible for controlling
the data cache 204. The data cache controller 207 generates the necessary
signals to enable the cache 204 during read and wite operations. For
exanple, if AVQ3YJ/1ABbry command is received, 25 the data PATAS2000/06300 | er
207 generates the signals that cause the @ata cache 204 to accept data from
the nmenory array 201. If a wite nmenory command is received, the data cache
controller 207 generates the necessary signals to cause the cache 204 to
accept data from external data pads of the integrated circuit and to all ow
the data through to the nenory array 201 for progranmng. If the cache 207
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the integrated circuit and to Rresent that data to the nenory array 201.
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array 201caohg controHen2(y ddiermined thgt thid ¢coxgmand requires the data cache 204 to accept data
15 from the data input pins of the integrated circuit and to present that data to the memory array

201.

The master controller 206 also sends a signal to the analog controtler 205 that the
write comurnand has been received. The analog controller 205 determines which voltages are
required to program the data into the memory array 201 and instructs the analog voltage

20 block 203 to generate these voltages. The master controller 206 also generates the signals
required by the array 201 to perform a memory write. For example, the master controller 206
may generate the signals to tumn on the select gate drain and select gate source transistors that

allow the memory cells to be accessed.

If a read command is received by the CSM 209, the master controller 206 is
25 informed of the command by the CSM 209. The master controller 206 sends a signal to the
data cache controller 207 that the read command has been received. The data cache controller
207 determines that a read command requires the data cache 204 to accept data from the
memory array 201. The controller 207 generates the required signals to enable the cache 204
to perform this act.

30 The master controller 206 also sends a signal to the analog controller 205 that the
read command has been received. The analog controller 205 determines which analog



20 bl ock 203 to generate these voltages. The master controller 206 al so
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the read command has been received. The data cache controller 207
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the prior art.

Figure 3 illustrates a block diagram of one embodiment of a controller circuit 205 —
207 of the present invention as illustrated in Figure 2. The circuit illustrated is for purposes of
20 illustration only since altemate embodiments may use different functional blocks and/or
functional blocks that are coupled in a different configuration to achieve substantially similar

results.

The controller circuit is comprised of an arithmetic logic unit (ALU) 301 that
performs the math functions of the controiller. The ALU 301 performs simple or complex
25 arithmetic and logic operations such as addition, subtraction, comparisons, and other such

operations.

The register file 303 is a set of registers for storing temporary information such as
counters and voltage values. The register file 303 may store information from the ALU while
the data is being operated on. The register file 303 can additionally store signals that are to be

30 transmitted from the circuit or signals that have been transmitted to the circuit.



the prior art. Figure 3 illustrates a bl ock diagram of one enbodi ment of a
controller circuit 205 - 207 of the present invention as illustrated in
Figure 2. The circuit illustrated is for purposes of 20 illustration only
since al t er nQ@2087p¥4%rent s may use different functional bl ¥EKYSHAHINEH00
functional blocks that are coupled in a different configuration to achieve
substantially simlar results. The controller circuit is conprised of an
arithnmetic logic unit (ALU) 301 that perfornms the math functions of the
controller. The ALU 301 perfornms sinple or conplex 25 arithnetic and |ogic
operations such as addition, subtraction, conparisons, and other such

oper ati ons. The Thegesiearad dhly BéBorys(RONE 306 fstoregbinheyr epfesentgtions off

tenmporary.informatiqn suc ounters and yql.tage val ues. The [
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to be 30 transmtted froamthe circuit or sjgnals that have been transmtted

to the ci iRsuctionyseqpised iasaptroler Gixgustaprrasonsn they known. Jgese @gdhon| v
memor % ( Rifdruflonsihat EeRhine e SRRSO fRallland RSLHECL] Qo) Sightls that,

executed by the controller circuit.” Typical the bit "matrix of the
i s gener atrgigingrated tmesdnitepl thespecifiedlogksmfithe memprydevice ke which 2 specfisi gned

and the i ] quired for controller circuit operation are then
known. Thecggﬁ@?%tl% Ee i’\y:‘lf{nstructions that determne the timng of control

signals and the %%f@?%néu%hoﬁa% I 35"7g%%%ﬁ@?ﬂm@éﬁg%?&%%%@&%t?laf‘?dé‘lﬁé ?ljgn{ he

speci fic bl ocks nenory devic ha speci ontro
coupl ed. Are ¢aietROM B0S tiadeugitar insthctimer fegister 309c THe cepiistang3 08 stores thiccirran s

that conme.from. the code ROM 3Q5 thr i nstruction reqister.309. .The
Fogi sitor  desiriction B s besreash trom, e 13V B o istieing kb R INFRFIRN : he
ROM 305 ardcaderBoyng executed by the instruction decoder 307. The program
counter 311 is a register that stores the address of the current

i nstruction to beheyRipeds dourdtBe3 PO Riistek thatSstoreé Bletddadsk OF tiRAGrent

i nstruction execution. The next instruction address may be the subsequent
addr ess ornsiggHontnbe exeryteds The soyecl | isarpdated after each instruction execution. The

next instruction address may be the subsequent address or some other address to which the
15  code is instructed to jump in response to one of the instructions from the ROM 305.

The oscillator 313 is the control circuit system clock. It is activated by the CSM 209
of Figure 2 through the OSC_EN line after a user command has been received. In one
embodiment, one clock cycle is used to execute one instruction. Alternate embodiments may

use other quantities of clock cycles per instruction.

20 Referring to both Figures 3 and 6, the controller circuit operates by initiation 601 of
the oscillator 313. An instruction is read 603 from the ROM 305 and stored 605 in the
instruction register 309. The instruction is decoded 607 by the instruction decoder 307 and
any arithmetic or logic operations are performed 609 by the ALU 301. The program counter
311 is then updated 611 either in response to the last executed instruction or to the next

25 sequential address in the ROM 305.

The performance of the instruction can include generating the signals to activate
other controller circuits, as when the master controller activates the analog or data cache
controllers. The performance can also include the generation of signals that controls the

Ppatticular memory peripheral circuitry to which the particular controller is coupled.

30 Figure 4 illustrates a functional block diagram of a memory device 400 that can

incorporate the non-volatile memory cells of the present invention. The memory device 400



15 code is instructed to junp in response to one of the instructions from
the ROM 305. The oscillator 313 is the control circuit systemclock. It is
activated by 9 of Figure 2 through the OSC EN I ser
command has ‘b‘teagﬁo()@(?‘e‘igged. In one enbodijrent, one cl ock cyﬂfﬁﬁ@%@@a&}o
execute one instruction. Alternate enbodinents nmay use other quantities of
clock cycles per instruction. 20 Referring to both Figures 3 and 6, the
controller circuit operates by initiation 601 of the oscillator 313. An
instruction is read 603 fromthe ROM 305 and stored 605 in the "instruction
regi ster 309. The instruction is decoded 607 by the instruction decoder 307
and any igcoppledite @ rrpcesse 41 G Jdeproesssor410 may be psigropuocassorigsomegthertype
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sone other array _architecture. An address buffer circujt 440 is provided to
| at cHSaddneabesphgdressippyt erageetipns depends on the density and architecture of the memory

Ly

array 430. That is, the number of addresses increases with both increased memory cell counts

and increased bank and block counts,

The memory device 400 reads data in the memory array 430 by sensing voltage or
current changes in the memory array columns using sense amplifier/buffer circuitry 450. The
20  sense amplifier/buffer circuitry, in one embodiment, is coupled to read and latch a row of
data from the memory array 430. Data input and output buffer circuitry 460 is included for
bi-directional data communication over a plurality of data connections 462 with the controller
410. Write circuitry 455 is provided to write data to the memory array.

The distributed control circuitry 470 of the present invention decodes signals
25 provided on control connections 472 from the processor 410. The control circuitry 470
architecture and function was previously described in detail.

The flash memory device illustrated in Figure 4 has been simplified to facilitate a
basic understanding of the features of the memory and is for purposes of illustration only. A
more detailed understanding of internal circuitry and functions of flash memories are known
30  to those skilled in the art. Alternate embodiments may include the flash memory cell of the

present invention in other types of electronic systems.



address input connections AO - Ax 442. Address signals are received and
decoded by a row decoder 444 and a col um decoder 446 to access the nenory
array 430. It will be appreciated by those skilled in the art, with the
benefit of t ¥EOZPELEHE description, that the 15 nunber of aBETAS007/4P4300
connections depends on the density and arlfhitecture of the menory array
430. That is, the nunber of addresses increases with both increased nenory
cell counts and increased bank and bl ock counts. The nenory devi ce 400
reads data in the nenory array 430 by sensing voltage or current changes in
the nenory array col umms using sense anplifier/buffer circuitry -450. The 20
sense anplifi er| Bigukes ich illustration ofia meenoryinomiudlefd) thas incongdress the memdryind
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basi ¢ understanding of the features of the nmenory and is for purposes of
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di scussed with reference to rrenors&@nal;dul e 500 are applicable to other types

of renpvabinteree farexpmplersyity § USB Gash dyse, thepontagts night bgdathe foam of &
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housi ng 50&ntiepreprittargeintnface; such me mightthe/found vn CZIMPIIC TFLARE peawen tards

inventLon. . e {OVSARDRR Contorting MERITR Y THERCHURH, 2arts TickSted by SONY
Corporation, SD SECURE DIGITAL memory cards licensed by TOSHIBA Corporation and
the like. In general, however, contacts 515 provide an interface for passing control, address

and/or data signals-beiween the memory module 500 and a host having compatible receptors
for the contacts 515.

20 The memory module 500 may optionally include additional circuitry 520. For some
embodiments, the additional circuitry 520 may include a memory controller for controlling
access across multiple memory devices 510 and/or for providing a translation layer between
an external host and a memory device 510. For example, there may not be a one-to-one
correspondence between the number of contacts 515 and a number of I/O connections to the

25 one or more memory devices 510, Thus, a memory controller could selectively couple an /O
connection (not shown in Figure 5) of 2 memory device 510 to receive the appropriate signal
at the appropriate I/O connection at the appropriate time or to provide the appropriate signal
at the appropriate contact 515 at the appropriate time. Similarly, the communication protocol
between a host and the memory module 500 may Ibe different than what is required for access

30  of a memory device 510. A memory controller could then translate the command sequences

received from a host into the appropriate command sequences to achieve the desired access to



communi cation with a host device. Exanples of host devices include digital
caneras, digital 10 recording and pl ayback devi ces, PDAs, personal

conput ers, n?vﬁgzr(% card readers, interface hubs and the |ike. For sone
embodi ment , Y048, s 515 are in the formof a standar di PEHUS2067/806p%0c .
For exanple, with a USB flash drive, thellontacts 515 night be in the form
of a USB Type-A nale connector. For sone enbodi nents, the contacts 515 are
in the formof a senmi-proprietary interface, such as mght be found on
COMPACTFLASH menory cards 15 |icensed by SANDI SK Cor porati on, MEMORY STI CK
menory cards |icensed by SONY Corporation, SD SECURE DI G TAL nenory cards
| i censed tlwmmw Bavicers10r Sucdlomansiationtthey Rirkteer ihclude cleangges irhsignal eojtagolevelst s
515 prow dﬂigi.i pter%‘%ﬁf}e@or Qassi ng control, address and/or data signals
bet ween tRHEHERBM °M %68 a host having conpatible receptors for
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received frroma host into the appropriate comrand sequences to achi eve the

desi red gegwisemenss withingrimeswsy medule iS00 7/ 006300 11 the nenory device
510. Such translation may further include changes in signal voltage |evels
in addition to command sequences. THeONGLUSION circuitry 520 may further

i ncl ude functi om%%r%s{sﬁqb Qd CONE R eﬁb)?dﬂngﬁg%? %}\ége%? d—ﬁﬂegu r%vt,de

addi tional circul ude circui ores rea

access t dntprevedbatponitham eutantiodGpeal il wdugtasubdopgeraticn mhad inlainembryl CS or

the 11Ke. 4evice. Additionally, by having multiple dedicated controllers, each coupled to a specific
memory function, only the software/firmware for that particular controller needs to be

updated when a memory circuit changes.

Although specific embodiments have been illustrated and described herein, it will
20  be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,
this application is intended to cover any adaptations or variations of the invention. It is
manifestly intended that this invention be limited only by the following claims and

25 equivalents thereof.



The additional circuitry 520 may include circuitry to indicate a status of
the nmenory nodul e 500. For exanple, the additional circuitry 520 may

i nclude functionality to determ ne whether power is being supplied to the
menory nodul e 500 and whet her the nenory nodule 500 is currently being
accessed, and to display an indication of its status, such as a solid |ight
1P whil e powered and a flashing |ight whilke being accessed. The additi onal
circuitry 520 may further include passive devices, such as decoupling
capacitors to help regul ate power requirenments within the nenory nodul e
500. CONCLU¥hehis claimediithary, the distributed controller enmbodiments of the
present invention provide 15 inproved al gorithm execution speed and
reducti on of operation overhead in a nenory device. Additionally, by having
mul tipl e dedi cat Adlistomitedédngiobsyseacinh aaepbgdietioe havdpe s ndfenory areayofoy stbtmgt i on,
only the sofitware/firmvare for that particular controller needs to be

updat ed mheﬁm%t&%ﬁﬁ??“?ﬂqmﬂﬁqgﬂshanges. Al t hough specific enbodi nents have
been illustrated i i it WA : i y those
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shown. Many dapt ations of the invention wll,6 be. apparent to.those of

ordi nary skf’?q%r(}?lﬁ"gtalizeagltrtf”? 0&368?‘2;?‘1\%{ Wcur&f ﬁ’i‘iwﬁ‘ﬁﬁﬁni @ ?@HGP ralyty Bﬁded to
cover any agstfolbl @REitPEordPidedhstRBSorhehbe hNMeMtd BBrudtibngd, 8n if¥a0Ef@St | Y
intended that this invention be limted only by the follow ng clainms and 25
equi val ent sdederder decoding structians drom the dnstrgetion memerysand blggisdnitdet r ol syst em
in a nenory e j : o1l data, the system
conprising:pgﬁﬁmﬁﬁgﬂg¥¥ﬁg¥ﬁ%oﬁ{r%¥?g%&%¥9%%%P§%gghc circuit having a

di fferent predetephiralieylof henoty peaiphidrel cdcnitgtowpdabt thammemont arcdyl o circuit is
a master controller circuit, coupled t@f,and controlpkliwri’igy%% | east two. ot her

control | er BPICEANESOURRT AR dPgicAChegpalsrin FHBOTSE (1} e Fetitofipn gieepits,
Circuits COPRhingEndr)PEriptekdl QtciiBIRpYedl1Q anddMirbNed bys birkkednk OfrolB circuit of
instruction decoder for decoding instructions fromthe instruction nmenory,
and a | ogi cthemplyralityof cggrdiler eirquits.oper ati ons in response to decoded
instructions; and

2. The system of claim | wherein the memory device is a flash memory device.

3. The system of claim 2 wherein the flash memory device 1s a NAND flash memory
device.

4, The system of claim 1 wherein the predetermined functions include analog voltage

control, data cache control, and memory array control.

5. A distributed controller system in a flash memory device having a memory array
comprising a plurality of memory cell columns, access to each column controlled by a
select gate drain transistor and a select gate source transistor, the system comprising:

a plurality of controller circuits, each controller circuit having a predetermined
function that differs from the predetermined function of the remaining controller circuits, a
first controller circuit coupled to each of the remaining controller circuits wherein each of

the plurality of controller circuits comprise instruction memory for storing instructions, an



a plurality of nenory peripheral circuits, coupled to the nenory array, for
generating voltage and data cache signals in response to the plurality of
controller circuits, each nenory peripheral circuit coupled to and
controlled by a different controller circuit of the plurality of controller
circuits. 2. The systemof claim1 wherein the nenory device is a flash
menory device. 3. The systemof claim2 Wherein the flash nenory device is a
NAND fl ash nenory device. 4. The systemof claim1l wherein the
predeterm ned functions include anal og voltage control, data cache control,
and nmenory Hstesfioadiaeedst forgecoding igstruchanselgons et ingiucien mesosmand a fogid wsh

devi ' 3 [l | it f |
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and a sel ect gat ephieality ef hemos) kipherall diveuity, sty oty msnogy artaypfodr al i ty of
controller circujts, each contraoller circuit having a predeterm ned
function t h&Eneting apgaaera&mdeﬁéaﬁwmﬁﬂwmﬂw intbeipbiralgy og FRIEOHRRG Y
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remai ning controllef circul In each o € plurality of controller
circuits cothsmhgelitywé conislleneirqmssory for storing instructions, an 13

i nstruction decoder for decoding instructions fromthe instruction nenory,
and a logic unit for perform ng operations in response to decoded

instructiong; anthésytes! & didish PindRAREnAEdihPH BbBmakd tildinkRhine WsRpREA S 0 t he
menory array, for generating voltage and data cache signals in response to

t he pl ural i the fisst contreliesicireit ef the plurdity ofentioleseireyitsp fariapteptiag and r cui t
coupled to ??QBI%?H%P ICS,\Mdea different controller circuit of the
contr

plurality o er circulrts. 6. The systemof claim5 and further
including a conmand state machine, coupled to the first controller circuit
of the plurglity_of controller_circuits, for accepting and interpreting
user conmands. 7?her$¥éte§y%§0 Wi!?"&ﬁ“rf#‘%ﬁ%%‘?r@ioﬁe‘t%mﬁ iy %’Plaﬁfﬁ"rﬂ"PHP]lﬁ)‘Er circuit

5 a mast er RO dhldofifols Giatbl of MELerlithe ehrciet At on of the remaini ng

controller circurts. 8. e systemof clarm6 wherein the first controller
circuit is coupled to and generates <control signals for the nenory array

and the renmgining, controller. circuits,i esponse .t o. .
mg! $né sysEem of cTaim 6 wherein the first Cotltroller circnit is coupled to and generates
control signals for the memory array and the remaining controller circuits in response to

interpreted user commands.

9. The system of claim 8 wherein the first controller circuit generates control signals

to turn on the select gate drain and the select gate source transistors.

10. A flash memory device having a distributed controller system, the device
comprising:

a flash memory array comprising a plurality of non-volatile memory cells organized
in a plurality of columns, access to each column controlled by a select gate drain transistor
and a select gate source transistor;

a data cache for accepting data from and transmitting data to the memory array;

an analog voltage generation circuit for generating analog voltages for operation of
the memory array; and

a plurality of controller circuits comprising a master controller coupled to the flash

memory array, a data cache controller coupled to the data cache, and an analog controller



interpreted user commands. 9. The system of claim8 wherein the first
controller circuit generates control signals to turn on the select gate
drain and the select gate source transistors. 10. A flash nenory device
having a distributed controller system the device conprising: a flash
menory array conprising a plurality of non-volatile menory cells organi zed
in a plurality of colums, access to eacthid4colum controlled by a select gate
drain transistor and a select gate source transistor; a data cache for
accepting data fromand transmtting data to the nenory array; an anal og

vol t age gen&puRlqddn thq angleigtvoltage grommation Firgitathgmngtey egnt %CWi;dé‘pém‘bti on of
the nmenory ; FRAY I | i .Sl mast er
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controller circuits conprise instruction nenory for storing instructions,
an instruct mshudwosder for decoding instructions fromthe instruction
menory, and a logic unit for perform ng operations in response to decoded
instructions. 11. The flash nmenory device of claim 10 wherein the naster
control l er iis. ad@pd AskhiBem9rievioé 6f AGIH IOWh&ERANR MadtbadonGoIdrividapRatat i on of
the sel ect gate drain_and source transistors in response to the received
command. 12 &ensraig eantiobsigagls Bvheangiol encralipgrod theisglegt satedminaadseyroewyisistors
conprising g ko tRE Fed¥ive bR LY vol tage generating circuit, and a data
cache, the syst'emconprising: a data cache controller coupled to and adapted
to control the data cache; an analog controller coupled to and adapted to

control the_anal Qg,.vqQ]tage generating cjrcuit; and ,a master controller
Coupl ed to the ng‘m{“&?‘? cyptol s valsribing LIEBREY HYIECOmRRENE REICIATE| og
control ler tohy aghhHed {1the€ BEbrARR LI, Ghd b Bafa GSARNGE sy Rerd chbRpARLNgGd command

wher ei n

a data cache controller coupled to and adapted to control the data cache;

an analog controller coupled to and adapted to control the analog voltage generating
circuit; and

a master controller coupled to the memory array, the data cache controller, and the
analog controller for activating each controller in response to a received command wherein
each of the data cache, analog, and master controllers comprise instruction memory for
storing instructions, an instruction decoder, coupled to the instruction memory, for
decoding instructions from the instruction memory, an arithmetic logic unit for performing
operations in response to decoded instructions, and a register file for storing data from the

arithmetic logic unit.

13.  The system of claim 12 wherein the data cache controller is adapted to generate
control signals that enable the data cache to receive data from the memory array in
response to a read command and transmit data to the memory array in response to a write

commmand.

14.  The system of claim 12 wherein the analog controller is adapted to generate control

signals that control voltage levels generated by the analog voltage generating circuit.



each of the data cache, anal og, and master controllers conprise instruction
menory for storing instructions, an instruction decoder, coupled to the
instruction nenory, for decoding instructions fromthe instruction nmenory,
an arithnetic logic unit for performng operations in response to decoded
instructions, and a register file for storing data fromthe arithnetic
logic unit. 13. The systemof claim 12 whkrein the data cache controller is
adapted to generate control signals that enable the data cache to receive
data fromthe nepory arr response to a read command and transmt data

i.n
to the menoty arn&fy?tﬁmr@é&fb‘ﬁslg wherein ejmaster coptraliseis adaptedipaeagiatecnntsdl ¢l ai m
12 wherein ¢ | : i ; lﬁga\‘m rate control signals
§1£’lgd(]ﬁ9t?§t Ry RO B4 él&ﬁEﬂt§wgg]§§Bt gﬁ,g a og' vol t age generating

t hat control age levels generate a
circuit. 15 15. The systemof claim 12 wherein the master controller is

adapted to nerate control . si,gnal s that activate cirgcui.t enents within

the menory atray- %%?te?ﬂcl‘\}?ﬁ(g%q&fel%i@!‘?ﬁt&lﬁh%@fﬂpﬁ' qftc?é.c}} ‘P}ﬂl? BEOGF S remor y
of each of {dMprizeddifferchemStructiRAPin re§onst tbadhition o 8dchehi-og. i N response to
a function of each controller. 17. The system of claim 12 wherein the anal og

controller is not connected to the data cache controller. 18. A nenory

system Counlhy' fhe stsBinutehi | i ﬁ]%ea&l%géoﬁ?orff%{ % 3t 404 Qed ﬁ)’lﬁe Ga®TOTY
devi ce coupléd to t'he processofr and operafll g I'n response £o e nenory
signal s, thechegtplleevi ce conprising: a flash nenory array conprising a
plurality of non-volatile nmenory cells; a data cache for accepting data
fromand transmtting data to the nenory array; an anal og voltage

generation ¢4 rcuj GRRGH i -anhal og voltages for operation of the
5 nﬁtr%"f“g{rﬂr al i t)%&%%élg%

menory array; a troller circuits conprising a naster
control | er coupla&ptotassortthe geharstes memorysigralsaynd a dat a cache control | er

Cop e 0t he O Rk ice 2DinIe 10 A Brodhs S ahd operatng h7ebponse o The feman” ©9
vol t age gener at | DHETPRCHVECE °P Step P g P Ty
signals, the memory device comprising:
a flash memory array comprising a plurality of non-volatile memory cells;
a data cache for accepting data from and transmitting data to the memory
array;
an analog voltage generation circuit for generating analog voltages for
operation of the memory array; and
a plurality of controller circuits comprising a master controller coupled to
the flash memory array, a data cache controller coupled to the data cache, and an
analog controller coupled to the analog voltage generation circuit, the master
controller coupled to and adapted to activate both the data cache controller and the
analog controller in response to a received command wherein each of the plurality
of controller circuits comprise instruction memory for storing instructions, an
instruction decoder for decoding instructions from the instruction memory, and a

logic unit for performing operations in response to decoded instructions.

19.  The system of claim 18 wherein the memory array is a NAND architecture memory

array.

20. A memory module comprising:



controller coupled to and adapted to activate both the data cache controller
and the analog controller in response to a received conmand wherei n each of
the plurality of controller circuits conprise instruction nmenory for
storing instructions, an instruction decoder for decoding instructions from
the instruction nmenory, and a logic unit for perform ng operations in
response to decoded instructions. 19. The& system of claim 18 wherein the
menory array is a NAND architecture nmenory array. 20. A nmenory nodul e
conprising: 16 at |east two nenory devices, each conprising: a flash nenory
array having a pitigasl tmoymesnorydaviges, gachicempeipipgy cel ls; a data cache for

accepting data from apighh AN Wb A Ao AUHIE (BRI AEEBY ol 2121 09

vol tage generation circulrt Tor’genera ana vol tages oper ati on of
the nmenory array; and datdpachéfortayceplingdati froml @6 tahsmbittidgsdatoianhd demgrya nmast er
controller coupled to the flash nenory array, a data cache controller

coupl ed to the d8fY: cache, and an analog controller coupled to the anal og

vol tage generation Cliihibion bl TRalRHon SRANTS! LEralRNdRSE {dhapidordapt ed to

activate both the data cache controller an ntrofler in
response to a respeiatiod of emeembryhergiandeach of the plurality of controller

circuits conprise instruct.jon ne for, stori.ng instructions, an

i nstruction decoder fightu bb’o‘g}cﬁﬁg‘iﬁ%??ﬂ&si%ﬁgn’l‘ﬁ%?n“faﬁ@r F%’ioﬂﬁrc"ﬂ“Bﬁdﬁ%nor Y,
and a | ogic unithe figsh BEHHS N 0h SRLERKE BtrolIBr SRPRANS heldatad@eRASEt an
instructions; and a plurality of contacts configured to provide selective

cont act bet ween analogrrenteller coupled toghelanalagosltags/gamenstion dircuiththemmastsre of cl ai m
20, and 1 urner 1 TR SR 25 SR B AL
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of controller circuits comprise instruction memory for storing instructions, an

instruction decoder for decoding instructions from the instruction memory, and a

logic unit for performing operations in response to decoded instructions; and

a plurality of contacts configured to provide selective contact between the memory

array and a host system.

21.  The module of claim 20 and further including a memory controller coupled to the
memory array for controlling operation of the memory device in response to the host

system.

22. A memory module comprising:

a memory device comprising:

a flash memory array having a plurality of non-volatile memory cells;

a data cache for accepting data from and transmitting data to the memory
array;

an analog voltage generation circuit for generating analog voltages for
operation of the memory array; and

a plurality of controller circuits comprising a master controller coupled to
the flash memory array, a data cache controller coupled to the data cache, and an

analog controller coupled to the analog voltage generation circuit, the master



a flash nenory array having a plurality of non-volatile menory cells; a data
cache for accepting data fromand transmtting data to the nenory array; an
anal og voltage generation circuit for generating anal og vol tages for
operation of the nmenory array; and a plurality of controller circuits
conprising a nmaster controller coupled to the flash nmenory array, a data
cache controller coupled to the data cachhi&, and an anal og controller
coupled to the anal og voltage generation circuit, the master 17 controller

coupled to and adapted to activate both the data cache controller and the
anal og control | epontigllerenypled do ansl adapied de yasiyate baibethel doth sacdicsortzaller and thpe
plurality of co Lr.cul i 'gﬁﬁg i gqu; i ng

i nstructions, ang&%ﬁ%%ﬁﬁgﬁ%gﬁHﬁééggggpb%gﬁg%co |%%§#ﬁ§Fruc |%%%9P¥%%% he

i nstruction nenoofconaolerairchiogtomptizt instractigpendmaryfagstaijigriatthutisns, i r esponse

to decoded instructions;, an ousj ng for .enc|losing the nenory devjce; and
a plurality of C%F%wgdemﬁgrga%de%nﬁwg? r%ahedaﬁmcaawﬁﬂ% ,aP%ei de

sel ective cont agly &t ¥8ePerfdiidEoPRIafioRd ind¥spdRst 18 dBsied HEh&Mns; and
a housing for enclosing the memory device; and
a plurality of contacts coupled to the housing and configured to provide selective

contact between the memory array and a host system.



