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Descriptio | NTEGRATED CI'RCUI T W TH ‘FLAG" REGISTER-— e
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OPERATI ONS TECHNI CAL FI ELD -1- The present invention
relates to integrated circuits that include bl ocks of nonvolatile

cells (EEPROM 10 or Flash nmenory cells), such as programmbl e.logic
devi ces, field programmabl e gate arra?gscFFH§h°§ased
nicrocontrollers and ot her conflgurable logic, as well as EEPROVs

and Fl ash nenory. deV|ce |nve r Lticular to-
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nonvol ati | e eIenents.QFOR BLOCKI SERECTION| OFeENONVODRATELES MBLLSr ogr amm ng,

‘

veri fying, margi ning or oth o} t especially seria

means fog'such sel ecting or addreggs)llingﬁf"ﬁ 8ﬁﬁAE;é& IND ART

I n-system progranmm ng and debuggi ng -of configurable logic is usually
carried out. wWpdhMldar prgrfPerations on. groups of nhonvol atile menory
cells, such as pro%{annlng, erasi ng, verlfflng, reliability stress
and 25 margini ng oper & mresant |gyentiepsrelakenchor ynteprated can.

i ncl-ude thosecﬁ%&d%@ﬁ'ﬂﬂﬂﬁ'Ehéﬁﬁhé”ﬁ!ﬁéﬁﬁ“éﬁlnonvolé@ﬂ?é'88§hsbk29520ﬁ3|50
known as generic _| ogic bl ocks) and i nput / out put ocks

macr oceflPs), 8% ReAShdemarss cells) nethfhy IH’%"QW?W—%&B&HEN t he

bl ocks. wi th edekielagr 314 @ﬁbgﬁamiﬂahw JAS SOr&gs | oﬂashebhbedvafl ous-
signal s wi.t hin theéﬁgylce the co IeX|t¥% % such hrCUItS

and of the | oBREZPERANESHE SRy L i gt afiel oae ey o
very useful tasbhEERROMs arshHlash memcoje;bubawmbs:f Tiee esnweptiopprograma.:

devi ce. To av a Epg { pr r%m . o

whenever .nga%gs ﬁl? u%lea[xta 'S user¥§ 3%9 ?Jéfg‘(s)ué’gl’egkgonl y

those gﬂéups éﬂdgesﬁgqgnortﬁa&ﬁa#%ngrﬁne¢wﬁiﬁdcnqnwolatlle elements or
groups of elements for erasure, programming,. verifying,

margining or other operations, and especially serial
means for such selecting or addressing.

20 ~ BACKGROUND ART _
In-system programming and.debugging of

configurable logic is usually carried out with bulk .
operations on groups of nonvolatile memory cells, such as
programming, erasing, verifying, reliability stress and

25 margining operations. In logic chips, the memory cells
can include those for configuring and programming
functional blocks (also known as generic logic blocks)
and input/output blocks (or macrocells), as well as other
memory cells that interconnect the blocks with each other

30 and to device pins so as to route the vérious'signals
within the device. Due to the complexity of such
circuits and of the logic functions they are programmed
to carry out, it is very useful to be able to easily
debug and, if necessary, reprogram a device. To avoid

35 having to erase and reprogram the entire chip whenever an
error is found, it is useful to be able to select only
those groups of cells (or ’‘blocks’) that need to be
corrected. Similarly, larger systems often include
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ext er nalo pi nsbketkst ofhnohvbjpeide memoryopeﬂaBIdmrtthovanmaus Hodika pi ns,
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verify and- neape napglopdr &bi ensproajppias| pr ferminals gfuttheardevise . .
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approach is-t required nunber, ‘of external pins . increases
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A second sel ebévebsheskbdcapphi enighe; dabacverlappingnaeftr afi tded loevi ce as
a serial b't fﬂéfgningrone to-one mapping between the decoded address
" and the set of cells selected for a partlcular device

20 operation. For example, 10 address pins receiving blnary
input levels can select up to 1024 (= 2!°) different cell
groups. Other external pins select which type of
operation is to occur. Data pins, typically eight or
more in number, apply device data from the pins to the

25 cells (for programming) or from the cells to the pins
(for verify and margining operations). Typically, no
input data is required for an erase operation. A
disadvantage of this fully static approach is that the
required number of externmal pins increases rapidly as the

30 ‘number of different cell groups and operations increases.
Thus, to decode N unique cell groups for each of M . _
different operations (using binary input pin levels) and
applying data onto eight data pins requires at least
[log, (MeN)]+8 pins. -

35 ' A second selectlon method applies the data to
and from the device as a serial bit stream. For
programming, the data values which are input serially .
through a single device pin are stored in data latches

4
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address 25 S prror eglnnlng operation. here _
still exists staticnmpphqg ﬂesmeébedheauéaededt@@dp@&&lculareppﬁnan;on

nonover | appi NG, ogd | o ?H?HBE oaed?h{ietﬁgebﬁtr't‘i'&tﬁlﬁr cell ?LE g % ¢ ed. by

applylng static Tevels 1 n paral ns of the
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"However, the ‘?ﬁ'e‘fﬁ%?is SEFP| tRLE §aed"s stReag E‘Egg:‘?%t a’dghoﬁlrxe ‘fﬁ?‘?gs more pins:
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data pins for input and output, and cne clock pin for a-
20 total of twelve pins. The fully static method would
require 18 pins, assuming 8 bits of parallel data.

A third method applies both data and the
encoded address as serial bit streams to respective data
and address pins, and stores the bits in data and address

25 latches prior to beginning the cell operation. There
still exists a 1:1 mapping between the decoded address
and the nonoverlapping cell groups, and the operation is
still selected by applyiﬁg static levels in parallel to
multiple external pins of the device. The Atmel

30 .AIF22V10C is one example of a device using this
technique. In that case, eight pins are required to
fully specify the address, data input, data output and
operating mode selection. However, the method still has
the disadvantage of requiring more pins for increasing

35 numbérs of selectable cell operatioms.

A fourth selection technique uses serially
streamed data, address and instruction codes. That
method is taught in U.S. Pat. Nos. 4,855,954 to Turner et
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address | egi Stnab hi1bad hi%irph@ch%%c%% to BR seriBilcidiiedian e, an.
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' 20 instruction reglster, an address reglster and one or more

data registers. When the state machine is in its command
load state, a command or instruction is serially shifted
via the SDI pin into the instruction register and then
decoded. In the program execute state, the decoded
25 instruction is executed. The instructions can include
commands to serially'shift an address into the address
regiéter, to serially shift data into one of the data
registers, and program, erase or verify a group of
nonvolatile cells at the address indicated by the address
30 ‘register, using the data in a particular data register
where necessary. (Erase operations do not require aﬁy
' data from a data register.) Different instructions may
not only select the different-types of operations to be
executed, but also specify different groups or blocks of
35 cells (possibly overlapping) to be operated on. For
example, the Tsui et al. patent lists several different
instructions for cell erasure, including architecture
block erase (ARCHBE), logic array block erase (ARRBE),:
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sel ectabl e for é oné cell_ operati aon.
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A fifth method replaces the address register
and internal address decoder of the JTAG method with one
latch bit for each group of cells that must be

25 . individually selectable for any one cell operation. A
fully decoded address is then streamed into the set of
latches. For example, the Altera MAX PLD cell array
implements this method with a row latch that includes one
bit for each row of cells in the array. Data latches

30 = store one data bit for each array column, and data is _
streamed into the data latches. The row and data latches

. together select whlch bits are selected for a bulk
. operation. Each nonvolatile cell in the array is
uniquely identified by its associated row latch bit and

35 data latch. Also, by setting multiple row latch bits,
'any set of rows can be simultaneously selected, thereby
providing flexiblé overlapping cell group capability.
However, since programming of rows must be individually
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flag register for a particular block, indicating to the
memory controller whether that block (1) is already in an
erased state and therefore does not need to be erased, or
25 = (2) has been secured to prevent its erasure, or (3) is
neither erased nor secured. The memory controller
controls the erasing opératiqn-so that erasure is not
attempted of any blocks that have been flagged as either
already erased or secured from erasure. Because every
30 block into which the memory device is partitioned
requires its own skipdat latch, the number of such
latches can be quite large. As another example, in U.S.
Pat. Nos. 5,414,664 and 5,596,530, Lin et al. describe a
flash EPROM device organized into blocks of memory cells,
35 which uses an erase verify circuit, block erase flags and
| ~ control logic to re-erase only those blocks that fail the
erase verify operation, thefeby avoiding overerasure of
‘already properly erased blocks. An erase operation
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menory architec- ture for replacing a hard di sk drive. Because
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-be%—gre they -event ual |-y 1(‘11@1 3. 9. ntp%r&elndglats,tm %83 5 f4dPShep@pOAaNdCcan Ibe
used as Vi ce e ry e uses a we evel i ng
t echni qﬂl tha? %%I%&% Rt gs&t ofd ﬁfg’%’g}?)? raeetﬂ'L m%‘f‘%l‘ﬂﬁe?\?g]%?' (1)
to identify. ture foenueplalcitis a hairdhaldesk rdoived | cBeemmsedflashhem
(used) - e t d

used-blotks " co% ai sugg'rsgegvr& \3)ur5| o%nsf(lgléaé)f |‘1ﬂ‘%§ %V@i%ge Whl ch
contain-the coycées befsinen thieya efvieindu@day .fail, 1:erdenpdaluahgtlaef| | e,

t he .nodi f i ed gﬂ.égh' ﬁ\e\‘lfdzﬁzt %%.nt e used HBtY rﬁa}%lﬁ% &é’@r a% Ey to

bI ocks | abel e The written ocks are the
‘used' 15 aﬁuorr:re\ﬁevm F-@etsné‘ mméq‘f@ﬂ%\kemdéh%d%p&%s 25

relabel ed as 70kdkt. o%%éd?&ﬁ&m%dje\olccﬁlﬁ@ﬁormﬁaésu | {1) to 1dé1nt1fy
nmul'ti-sector erase c erf%rrred toferase t hose a Z &ge
t he ol d/ new f P§§°ks &?‘at to hayjgy intgymation sé:‘lﬁel’: f:'rrz‘;lgt ?mr UPEter -
keeps track obxt b.eeelea@cycdlfl:tﬁeef)or and (2) aaxhiddicrdce Wiehelvenf t tire er ase
count for any,nagt jeWAl Reaid UipHIULAE Wi 4 UL IS & "ELES BEGUM

that bl ock's
_ 20 and which contain the current version of a file (new).

When updating a file, the modified file is written to
empty blocks only, that is only to blocks labeled as
'free’. The written blocks are then labeled as ‘used’
and ‘new’, while the blocks that have been superseded are
25 relabeled as ‘0ld’. When the memory device becomes full,
~a multi-sector erase cycle is performed to erase those
blocks where the old/new flag has been set to ‘o0ld‘’. An
8-bit flag or register kéeps track of the erase count for
each block. Whenever the erase count for any particular
30 block approaches a predetermined maximum, that block’s
contents are moved to an empty block having the smallest
number of erase cycles and an ‘erase inhibit’ flag is set
for the heavily erased block. After all blocks have
reached the predetermined maximum, the erase counter and
35 inhibit flags are cleared, and the algorithm repeats.
This method thus ensures that no one block is erased
substantially more often than any other block. The
~ various flags, together with a correspondence map between



contents are noved to an enpty bl ock having the snall est ' number of

--efr-ase cycles and an 'erase inhibit' flag is set for the heavily
erased bl oGl g all bl ocks have reached the predepETISISR8775
maxi mrum the erase counter and 35 inhikjt flags are cleared, and the
al gorithm repeats. This method thus ensures that no one block is
erased substantially nore often-than any other block. The
vari ous flags t oget her h egpond & actual MD

| ogi ¢ addr essphgetichy addvepat én §he Nﬁ@oaﬂtéﬁFhlteCtHﬁ§§| gﬁﬁress in
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| mhlch-
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inventiog is &Qrpégybﬂa 88 hard dk&b%g@&ht@n@)rCU|t with nonvolatlle ceIIs
and an I N-Sys

ami n hod_b h . e&gg%,
the nonvol atile cells o t% JEFchﬁr% V% gﬁec % % varlous bqu
oper at.i ons .usi Afegratedneireuibewith nonvoLa@q-dﬁr celda @tﬂﬂalafbl ns, - -

instructions and Internal stor B
NINVENTICN 15 in-syg eBb EO8TA rgﬁ g\tgcﬁ&k§'wh1ch dlﬂ§é¥§ﬁ33 ﬁgé

_ eration Ioglc %;rc%ﬁ%ég inan
i ntegrated. Clthulhohhaﬂatnderp@ﬂéﬁe@fathe ClrQﬂ%&g“ﬁ@bl e Yhat i ng

a sel ected bI 0 o Gl isnuad ﬁdmemt@gr at ed _
Ci rcui tig gu%kl g%\églﬁgwgﬁdv%mly be |i I‘:TL1 ted u.nttll é‘g”%i@ 20
flag: regi.ster raqalmdngéf@e@f@aéeﬁ%t nStHYFEART RGBS rra

oper.at.i-on. logbgggerU|t devel ops and i nproves . upon -the prior -JTAG

“met’hod..di.scus above so that the . instruction set is sinplified,

whi I e provi di'ng greater flexibility in the nunber of different groups

-or blocks 25. DIS@fLO@UIdESdEh&EIECa]N\mN'RWTat ed upon in a bul k operation.:
(A bul k operatlon s an J 0 AT gd tion lo&id&her
5 TR IR <, S e 7S bracion Lodt

S|nultaﬁ ously or seque oh "an en
FoLR c1rcu1try in an 1ntegrated circuit that -incorporates a-

- flag register for designating a selected block of
- nonvolatile memory cells of the integrated circuit to
..which a bulk operation will be limited until bits in the
20  f1ag register are changed to designate a different block.
" -The bulk operation logid circuit develops and improves
upon the prior JTAG method discussed above so that the
. instruction set is simplified, while providing greatex
" flexibility in the number of different groups or blocks
25 of cells that can be operated upon in a bulk operation.
(A bulk operation is an operation that is carried out,
elther 31multaneously or sequentially, on an entire block
of memory cells in a device, e.g., an erase of all cells
programming an interconnect array in an FPGA device.
30 Common bulk operations  include programming, erasing,
verifying and margining.)

In addition to the flag register, the bulk
operation logic circuitry includes an address register,
one or more data registers, an instruction register with

35 'assoéiated instruction decoding means, and a bulk
operation controller, which may be made up of a state
machine and associated control circuitry. As in the
prior JTAG circuits, the logic requires only four

[



of nmenbry cells in a device, e.g., an erase of all cells programm ng

an mterpon&iiéﬁ#{?rray I'n an FPGA devi ce. 30 Comron bul k op%E%}Ulsggl -

i ncl ude pro i er asi ng, verifying and margi ning.)

In addition to the flag register, the bul k8- operation logic circuitry
I ncl udes an address register, one or nore data registers, an
instruction register with 35 associ ated instruction decodi ng neans,. and
a bul'k evkernabnPiBAL £0K| ar MORR SAIRRY /be BT oK st gerial
machi ne and assQGhat gddcankeeiati batplty. Ahel Faiieus regiddd®d ddddive
circuits, the Ioglg requires oml§ fo&a . WO 934 0324 _
PCT/ Us98/ 25775encoded Instyuckinge. nfhagds Bits sidrsrsniitsy SRY A% ock,

a serial-- - gerifDly @id gheesezliadutipput teemimalaus Dhagisdweisl receive
encoded instructjons, ag bits, .address.hits, and dat.a . erially
via the serial “Fhpak ?i#ﬁgﬁawpit*ﬁges FW&%eS 5o B u XQqQRﬂguﬁgltiple
devices to be tageyhehaanddthe seriaflodaphtr bite the fdem dhroygh theirto
fl ow through thej . i i :S 1t serj.als _
term-nal and d%géﬁeCtlvetgeéﬁggﬁg%t¥§e$$%é§%%r%%e%g%§a$(ﬂﬁég%éﬁgf%ﬁﬁgg?
and in particutarthesnextadevirgehiine thes chadponsThe consnadder., @nd in

si-gnal-—and- "a""(sj[yﬂ:@'ﬂb'ﬁiﬂfkiEEQQElatEOHIaE:hiB%irt--ii%n ir@@sponsive tetavagsgea nor mal
user state and a bul k operation st%&e. he“contragller distributes

.. T
clock sithal s $3gRR1nandya; eyptem clock gignald, oY FTEMEIFHIUWRE regi st er s

and:.pr.gv.i.des. CHetw@bn a normali gBaks statga'-hhﬁ-,@Ubuﬂ@;a]@ipataﬁ;ic&[\dé%ﬁé'ud i on
into the 15 I nstruction reqgister an xecuti.on the ode _
i.n-s-r-r;uct::if-on-,-:----i~'FF&‘Fu‘a‘PﬂbrPﬁaiaFnalg#r%ﬁé‘tSFhE oF F&?BF@,S £2on TR bul K
operati on--st atelofkt iapatate thehvaesiousheegistersl bagl magsides icomrart s -
W t'h an addresg. er o | gr.at Loyl t a

sel ected bl oc ksjf)g&%ggl' fo Lﬁ%% qesi éﬁg‘%igg@b)?%t. E‘g ﬁb&%*‘bﬁt?%é{ g‘?‘{etdg :ur%y“t hat
regi sterlys instruchibhedegdetarband epecution of the decoded = A

met hod for car{yspgu@bioa, Pihk10AShHAt 18BA9Rg of the! BeHIH FHM fdbE,f Cui t
I ncl udes the steps of.smnfchlng the Controller's state by neans of a

mode signal fréwang asbulkopraratier state of Lbsupkadsemashidiet e
alternately . flag réga@gtag @nteghttser wheadannabbuekisodddtider Ref the

instfuction integrated circuit so that only a selected block of cells
20 ‘designated by the flag bits stored in that register is
| enabled for a bulk 0perati6n. '
A method for carrying out a bulk operation on
- the integrated circuit includes the steps of switching
the controller’s state by means of a mode signal from a
25 normal user state to a bulk operation state, alternately
loading a register load instruction into the instruction
register and loading one or more flag, address or data
bits into the respective flag, address or data registers,
loading a bulk operation instruction into the instruction
30 register, and executing the bulk operation designated by
" the instruction using one or more flag, address and data
registers. The executed bulk operation is limited only '
to the block or blocks of cells selected by the flag
register.
35 ' _
'~ BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1 shows a block diagram of the bulk
operation logic according to the present invention.



regi ster and | oadi ng one or nore flag, address or data bits into ™

the respective flag, address or data registers, Ioading'a'burk"“““4“'*“

operationh | N@PUIM3RoN into the instruction 30 - register, POTYUSISASHIS ng
t he bul k operation designated by tfpe-instruction using one or nore.
flag, address and data o regi sters. The executed bul k operation is
limted only to the block or blocks of cells selected by the flag
register.- . 35 - BRIGE DESKBWETa Ghofk delEaDRAW NBESck dlagram of

Fig 1 shows k dia of rdi ng
to the presen% %\%‘Fg}%n%aﬁg 1 gﬁ%gﬁgf‘g’gﬁﬁ a 89—8%@&&88 ibodimert’ ©!
PCT/ US98/ 2577%f the present invention. . . - -10- Fig.
2 shovs a nore detal | ed pracks dhAgLamLbmplary bRE gggagne.ten@sgfo& a
according to a preferre odlne present 1 nvention

Fig. 3 stows e I%@gl%t@raéélEhﬁeﬁ?glﬁo@faFlss 1fP§§ Pegister in the -

logic of Figs. 1 and 2. piq, 4 shows a tEbme 6fsmﬁ%y§tb&b%> oQframid st em
programnng . InSt[’UCtI L oal,n into,an nstructi on relster In

the | ogic of FRELTYcHIAnS. Brc ?§1B%tl? B instructign, regdsEer, inccor d
Wi th the presaflie i Iwgiti6f. Fifs. 1 and 2 to Eagry5o&bOWheab&tlkte di agram -
for-a-controller .. _State machi,ne. %ﬁlgﬁe | o .1 and 2, :

f
BEST MOOE CF CREFANESRRTSH BOFRRANT ER RS pPdatnl! shvlRpadel 00 B0
Figs. 13nd 2, an |ntegrnigd §5showsraustaet diagnanl fiorl e cenktsoiderng

bulkipperathmkt%te m%ﬁﬂﬁg i%ygﬂﬁ d%a& 599F ghoynﬁha grovi de that

capabi li - h retls S|cal y ITke that used to

i mpl ement boundary scan and in-system progranmi-ng - -according to the S

JTAG St andard ﬁﬁ@éﬁé%é éﬁﬁQ}IN@L@UﬂOTHEwImEﬁyEbﬁer i nprovenents that

permt the block selections of the esent _inv ntlon ., The inte ated 
circuits having such bulwlBBeF%f?BﬁnE%pﬁﬁlFFS? i hcPBHe2, an iptggra
1 ogi c: dens ces diftd¥it ith Oneneglapikdl €ells hagihg BulRysperBEASH,

1l.ash- based n1crq£bn51 §|Eégsaghe logic shown to provide that capablll-_
‘ty. Much of the hardware is basically like that used to
' implement boundary scan and in-system programming
" according to the JTAG Standard (IEEE 1149.1-1990), but
20 with further improvements that permit the block
selections of the present invention. The 1ntegrated
circuits having such bulk operation capability include
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), flash-based microcontrollers and
25 other configurable logic containing EEPROM or flash
memory cells, as wéll as nonvolatile memory chips, such
as EEPROMs and flash memory devices that are partition-
able into individually selectable blocks. Bulk opera-
tions include programming, verifying, margining and
30 erasure, where entire blocks of nonvolatile cells are
selected for the particular operation. The designated
blocks or’groups'of cells may_oVerlap'with other
. designated blocks, and different operationsﬁmight be
carried out on distinct sets of blocks.
35 ' The bulk operation logic circuitry includes a
' controller 11 responsive to mode, clock and reset signals
provided on terminals MODE, TCLK and RST respectively for
providing clock signals and control signals to the rest '



25 “ot her confi gur abl e | ogi c contai ni ng EEPROM or fl ash -menory

cells, as .as nonvolatile mendry ¢hips;” such ~~ as EEPR()in n sh -
menory devﬂégﬁiﬂi}?are partition- abl e into individuall §’ @'Fsgg’?%ge

bl ocks. Bul k opera- tions include progtanm ng, verifying, margining
and 30  erasure, where entire blocks of nonvolatile cells are
selected for the particular operation. The desi gnated bl ocks or

groups of celi@af neye obedlgpchrenibrier includiggsithe meginteys:, '-
di fferent oper@m©ors11&shi1bRay compeabei ad stalteomadibinen a3 s decadiny ocks.

35 The bul k operation lL.ogig circui.try i.ncl.ud a_ o _
control l er 11 ;%b%n%gvec?gtﬁﬁﬁie,gowﬁcwaﬁﬂdr & il&%lcsisg' ally ovi ded on
t er ni-nal-s - MODorhtddtc 8ddviRSTconspolt-Linky fidr,. 16 andridvi diThe dtete signal s
and contrpol signals to,fhe_rest . 0 . .
PCT/ U898/§577 gh:.ne- 1.15 can Be 1mplementg\9 %%/ %_ ﬁjﬁ-type c:|.r0r%u1tt'hef?% gi
circuitry, i ngprotegsihg aegebt efsstahe equatiomst balslest onl bhey pxegente a
state machi ne ogdi O5§ah37 §8 I ' 7M35%(ﬂféﬂklogicnf
19, all %é#ﬁéﬁ%egtggg'%%ﬁthg F? é31131%%g%a§§%%%%h%he state b '
machi ne 13 carPi R%P| eprnivdlas anparceypancer with ASEE Standaxgdessing a:
set -of ~state egupyipns Pgsed of- +BrekeHLHtive stal¥RC ik rehities Albde. .
signal levels fromthe MODE, TCLK and_RST ternmnal s, in_accordance
with | EB® St antRrkAg. 5. diggussed;bghows | Ihre SEALS: Afe heaakitigram i s
shO\r/]m 10 - .i.n dﬁ@iﬁ% s Sﬁﬁsdedoagﬂowl tﬂibe_dglbaagngf lb@ﬂd@mk.lhs, o?ndd |
machi ne 13 is decoded by.t ecodin ogi c ck.1 an t he. decode
staté isused ﬂbe c‘gﬂ??‘g%it ﬁga Sn%?oﬁgﬁggg@ __con%:_r.:o&l bR PR A Dk
| ogic 19. Theblmrkrb¥ andi thé7clock: loghtr abs -t Theyaonturolr dgigsiterls?. as -
further descri 0 . ' 0 I c.19 i {64 k signal
from ' t hecp%%sér%ﬁ%a ag:ﬁéﬂgrg%ggéggggbg?écF%%%%$£?§ S _tlo%e%e
registers®  below. The ckaekblegiepdParrerivegi thei cdgick pigmad. from
i ncludes an i ngid USE1RNcELALALEr add PrbV18Bs23886ALEGR0 sigﬁidl\"‘é e tdn - -
decoding circuit 23. Instructions are ~received fromthe serial data
i nput (SDI) t r5FREFe%Fa signal line 20 and shifted into the :
i nstruction register TheZBulk épepationelvgtik thectideegedlsdcate of the
state includes an instruction register 21 with an associated
20 instruction decoding circuit 23. Instructions are
received from the serial data input (SDI) terminal via
signal line 20 and shifted into the instruction register
21 in accordance with the decoded state of the state
-machine 13. The decoded instructions are provided to the
25 control logic block 17, which then directs data received
at the SDI terminal to a selected one of the registers
31, 33, 35 (36-38) according to the decoded instructions.
A unique feature of the logic circuitry of the
present invention is the provision of a flag register 31
30 . for designating blocks of nonvolatile cells to be
operated on during a bulk operation. This is discussed
in greater detail below. Other registers include an
address register 33 and one or more data registers 35.
Only one data register is absolutely essential. Use of
35 multiple data registers may simplify layout of the
. programming 1ines_1eading from these registers to groups
of nonvolatile cells to be programmed. Thus, one data
register 38 may be dedicated to configuring input/output



machi ne 13. The decoded instructions are provided to the .25  control = *
| ogi ¢ block 17, which then directs data received -~ at the SDI—termmnat——" """
to a select&d)ﬂM¥Bbf t he reglsters 31, 33, 35 (36-38) arcmUSHSIRS7150

t he decoded instructions. -¥puni que feature of the logic
circuitry of the pr esent |nvent-i on i's the provision of a flag

regi ster 31 30 for designating bl ocks of nonvolatile cells to be
operated on dufdd¥bcelns ko@mr@é{rme TﬁuilétherddiataS:Seglster 3i7nmgyedker
detail bel ow. er_registers | ncl ude an a ress Eﬁgi ster S% aricei one
or more data rEGHRGAHE 31'50 cont IS ohe d%?%g%;%‘am%?%r HBRYPLEErYS
essential . Useedfls85in emihlgrtmertm alogit shkoekimbg . gi ppinf gnl ayem) sofntdhe.
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dedi cated t 0 EIFIXAMRIRG | #d@@rpmlatlle cells: q@ggﬁg@ggg, such as - -
PCT/ US98/ 2577%or a programmable 1nterconnect arraylgPIA) lefeEBﬁEoce||S

of a device, another data register é Eﬁ dedi cated to cg gurlng and
progr ammi ng . t FREFHWA :ﬁ?‘f’eces may %‘éﬁ’l CESRh TeARPTE POgfRtBlock -
(e.g., in an RRGHstel yet another data register 36 may be o

dedi.cated to, - 5. other o volat L e | s vi.ce, such. ...
as for a prograﬁﬁﬁ I%??éh%ﬁ?%i 195+ % ??ﬁﬁé a%f?féPEﬁPdes a
t ypes ofiodevi oeslingpl dycene 411 fwmlerﬁtmwdvqmst 042 davmnected viaegnsbutput

The circui try yQfedd, 0% Jtc?‘”a?' ge:.ai ucga{\?é“&ﬁlé ?%D?);L Ergl'{xéip' S¥fib. éﬂag"‘”h |

its output 42 connected Vv O a serra
out (SDO terrﬁammaﬂheams mU1tlplfér¢\¢‘ﬂh¢e%1I¢@vhe nehaiped tegetberto be-

chai ned togethgf series fdx“ S Esedir f@fﬂﬁhﬁ@%@%ﬁ%fgtﬁé al l..of- the--
devices. The SDOQ nultipl exer 4 ecel ves an 1 nput 40a from an :

out put of the GSVlGaFRA i dﬁﬁ RPQ el tZ‘ﬂPJa?FEF’F)t%rrecelves ?“HpH‘EuEOﬁOPr om

out put s 1&f -t h&Erem Iaﬁﬂ&nﬁiﬂlﬁi dailsd eirgstruction %egﬁ@te£521(3ﬁd38ihefhe
control | ogic bl on lines. 44 t

ock 17 vi des nt r_ol n o
enabl e (or di SAB “g') jaho rom outcﬁﬂﬁto%u%%rvﬁ?%l?ﬁj %’%’él’éﬁ?lﬁﬁ?fﬁ of the-
inputs to the31,2@3, AHti{d6a8) 41 The chnﬂ:mbvlm@rbvbhaclhelmupfew.desto

teggbl ed, .dat agghttﬁ{aeﬂd%ﬁr?’*arlgn JOES [ Qe IS dPsaBle) the
output buffer 43 and to select which .of the inputs to the
20 ° multiplexer 41 will be provided via the buffer 43 to the
SDO terminal. Thus, when the output-bﬁffer 43 is
enabled, data shifted in from the SDI terminal is.
" transferred through the selected register and multiplexer
41 to the SDO terminal, and thereby passed to the next
25 device in the chain.. This enablement occurs in response -
to a FLOWTHRU instruction (e.g., instruction register
- (IR) code 111).
As previously mentioned, a primary feature of
_ the present invention is.the use of a flag register 31 to
30 control which cells are operated upon by a subsequent
device operation. The flag register is made up of a set
of latches storing flag bits. Each flag bit’s output
modifies associated logic of the device, e.g., address
decoding circuitry, so that a specified block of cells is
35 selected. A bulk operation (for example, erasure of
selected cells of a programmable device) can be carried
out using the flags set in . the flag register, or a
combination of the flag register with‘the address



transtferred through the selected register and rrul.ti.pl exer . 41 to _t he
SDO termnal . and thereby passed to the next =25~ device in the chain:
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previously mentioned, a primary feature of t he present |nvent|on S
the use of a flag register 31 to 30 control which.cells are operated
upon by a submg&@mr, as in dwpiiedopddyessingthent ladfampsieely P¥mde up
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nmodi fi es a5500|at ogi c of device, e.g addr eSs decodi ng

circuitry, soF'%%at?’ aSB‘B\Sx‘él oneJrergikls eaCérnP%el 9f aypix-bid fhagy A bulk

oper-ation (fofeﬁéiﬁ@i'ean&rﬁfjﬁﬁ.@amf flag bit &%lsﬁ@h&fér&@ |.s mift e Qf agraarabl. e

device) can becrr| in the flag
r egi stersc for 1nSEBW5Fnaﬁ?ﬁﬁgﬁf"tF@P]eF&Snggrbif’é’\kswq t he address
WO 99/ 30324 nonvolat:.le cells in an FPGA device EﬁE/tUSS:&( Xebfectively

- 13- t essi.n "' t ly b _
Strai ght adBRESls Fis EnbrBrbSTatepC Rtk ot (¥ LIVl O
one possi bl e Eregpimmalble snkebct.mhbag pegyeyt dPIANd the udodramgndd t -
assi gnments. ﬁiﬁét:@onl?fng 1o F.I ggraﬂroblbgit agﬁﬁ """ s fEapectfied. ..o

bl ocks of nonvolatil e I n~an evi-ce that are respect [ veI y
responstdl e f@nimm‘@g@anﬁedamm‘éeﬁ:eme ef dogic andpr

i nterconnect MéFévér) A&heéeebraeegéﬁme those bkl o efela&é Qg array -
bl ock, and the specif ic conf i %urat I on or archit Eur | ogi ¢ and
f €

I/ O bl ocks. - for an I\EF%%\%E? °Pﬁ€§-ElB t 80ghBRFe LPR0 & ell's only

for an er aEur@Waﬁn@n apd 8ehtraptot beksbel k4 and sI f)pgrﬁlsms, In

contrast, bits 4 to a u Qper at i ons,

I ncl udi ng proa&?%r*ri% l§1%mﬁ?ﬁe?8§ﬁ?télo95h %P%gfl?é&ﬁgaﬁ’&'oﬁmr?ﬂj Bit 3 .

sel ectsl@al| erasure vasenifacabmonl and| marglihiagr ay Biwhi3l edliectst aidd 5 .

desi gnat e onl set e as rows or ...
crv?ss("'f; & n%y&??ﬁfl% EE_&LI 59'9'3}7 whi§e its 4 ancfogl

colums of ce hus c level -
1), an erase dtgnatm oply %eSLﬂZ@et efecthees §ﬁ1§§nv§ os @I 9or one -

section of thedd rows &R GolumAB! ¥£t BE1RECY #AUBD! ¢ £l FhQCHINCA & Isdb
after (e.g., to logic level 1), an erase operation will be

20 executed on nonvolatile cells for one section of the
chip, namely the programmable interconnect array, after
the erase instruction has been loaded into the instruc-
tion register, while if flag bit 2 is set,:an erase
operation will be executed in another portion of the

25 chip, namely in the logic array blocks in this example.
Similarly, other flag bits select cells for still other
parts of the device for a bulk operation designated by
the instruction received by the instruction register.
Note that the groups specified by the different bits can

30 overlap so that any particular cell might be selected by
more than one bit. Moreover, these need not be suffi-
cient flag bits to provide the capability of uniquely
identifying (in combination with data latches) each
individual cell within a cell array. Rather, some

'35 operations may use the encoded address in the address
register to select array bits, for examplé for program-
ming of cells, while other operations may use a combina-
tion of both flag and eddress bits to determine the



t he erase instruction has been | oaded into the instruc- tion 4
register, while if flag bit 2 is set, ‘an erase™" TUoperation will Ibe
execut ed i Ryewosey4 portion of the 25 chi p, nanely in thepcegisos/zsTrany
bl ocks in this-exanple. Simlarly_sqther flag bits select cells for
still other parts of the device fof "a bul k operation designated by
the instruction received by the instruction register. Note that the

groups Sspeci féggeggﬁphgeq_lﬂsf er g E]l DI S 93 5330 mi rdrdb RO 6%@@/- .

particul ar ce € Sel'ecte nore tthan one bit eover,
these need noeves Butbered rows dleeﬁft- + @it tho 35t Fidre he "é'a)pi;\%i lity
~of uniquely the entbd@el! fawms(sl &nCQMé' f&adz@ks/\ﬂxtelgﬂsﬂe% Inighesgeeeth . . o
i ndi vidual cell w.thin_a cell ‘Rat her_, - sone. oper at,i may use .
R i te, |

t he encoded aGdP§§§1FH1?-ﬁ'er5’a’dré’ dth is e%rsteé"raq]t?%e? its,
fer exanpl e f@epenafhaTupon whethieng itf iGeldrs evari lor aidimwpsexed arsw my -

\l;\%eggl gggghnaAltematlvein of; P tbafile30 a%}e%%‘l %ﬁ%}éﬁ% e the

- 14- . sthecaddreeksl xegmmmmm@eblneua@tlmmmf@mw gegtions eyen ©

nunbered rows fe, g, {ifelvi l%hl 'Eh'(ze' SIla@ ’bl‘@g ls‘i)ecilfry rﬂoﬁ\;/MEd addr ess

in the addresS™regrs : mght ticu
‘enabl ed or di septagnsis @@pmp@@rmd Wiet hérn ithats eapew dhert g

NUTDET edlor OW pirs oAlEbBEATEIYRIBbcor? IPLIRAAM GRsHNGbE ti1ee At RSSES i n

t he address regi ster may be reuse fferenf, sections of the
device, wi th PReferzgdyPeyissec ol °n6' wrraditional AdxesfINE oper at ed
on. In that ﬁiﬁﬁou‘:hﬁs@ oF the flalgs xﬁglﬁtter\/e@udlfmh?énlﬂ:hemnﬁlmrt

et T o

wi t hout - use o device is to -
be progranmedinsteuatdoass may et executsdndy refexrnigtg i ithe #39 be

_execute by r 0 ti6 s Syt e her
i nstr UC?I ons ?nggﬁi%,tgg 5 ctogg:fyg%?e%%v% tCL Ihls 1?’Fag reglﬁgefmbg’e}%g I gnor ed.
The flag regi executad wdtd they fiage; reﬁfk?ter beding dianarefi¢s can be

associated with one or Wyee flag r@@'ltsltgil HarPRRY Hf % dihes e seal d al so bhe-

MHU|tIp|e flagdlfferent bits can be associated with one or more
particular operations. - There could also be multiple flag

20 registers, each dedicated to control of a particular
operation. While the preferred flag register is a shift
register for serial input through a single pin, parallel

"input of flag bits from multiple device pins could be

used, if speed is required. Also, while the flag bits

25 are normally used to designate nonvolatile cells, for
some test operations, it may be desirable to also select
volaéile cells (such as SRAM cells). Thus, some
designated groups may include a combination of volatile
and nonvolatile cells, or even volatile cells only.

30 With reference to Fig. 4, the set of instruc-

~ tions for implementing a bulk operation is considerably

reduced by the provision of a flag register for designat-
ing cell groups. Prior devices that have employed
encoded instructions required multiple instructions to

35 “ implement the same basic operation on different cell
groups. This is no longer necessary. Instead, an
instruction specifies the operation, while the flag
register identifies the cell group to be operated upon,

whi-ch- i-s-eit her



20 ‘registers, each dedicated to control of a particular : operatlon _ 1%
Wil e the eferred flag register is a shift'~ " register fg ﬁqu{——J‘-
t hrough a @f%%’?’é? fﬁ‘l n, parall el i nput of flag bits from ’r’é{’ﬁgéﬁ’% evi ce

pi ns coul d be used, if speed is-requtbPed. Also, while the flag bits 25
are normal | y used to designate nonvol atile cells, for sone -t est

operat I ons, may be desirable tg al so sel ect vol at,i I e ceI I %(such

as SRAM cel | QOS ippeombinat ieri Wakhe §hgr Q6T eRSy TegdsFEF

combi nat i on Oifné‘@.rl:@éttiﬁn set 1ﬁ6ﬁuﬁ@§vﬂh§trhetﬁ.©ln|ss (00D ,2\01 \aﬂcatczloa cells -

only. 30 ference to g t of ILnsStr
tions for infi@nmeAdn % Eﬁ?ko’dﬁe?g??bﬁlfzsdéﬁﬁs F&@t"gg‘leﬁs' 1n°%§9d by
the provisi ortlod ﬁlaiéaﬁegfgtereracﬂdredssrggaster, and ogeceld mpreupdataPri or

devi ces 1 hat havee d tructi tiple -
i nstructd ons 1??9’3%1: n%?@ﬂ%ﬁt t%gnﬁ"grgr% Bié’gﬁ og'% Id%% on%%qsr&%%‘ eTrgent Iocell
groups. Thi s usedp tl:lmegeonhen‘essafythenﬁﬂ.agd,regnster 31 megyr bt imgad by
specifies th e S ifed e cell
gPoup t o be Q:l'ie)éf)av%g%éfgl YBLig ih tI)V\%gB'ng%B%’;ﬁ%h ks 9YiidteS 3d)

PCT/ US98/ 257%7 or 38 1s loaded. The instructjiogn set als&g.g@wiqsq

conbi nati on vmﬁétz}&@tfeﬁée%snegiﬁberlolTaﬁd 110)i BSbldeling es@icdtidnides
instructions (000, 001 and % to | oad t‘he;l\égg' ous speC| fic data

regi stevs, i RE LﬁllP@rtlcul?ﬁeb 1kgopegptiep, ing Ne HEOGEAM 5 FF A5ife or
nore data 5veﬁegy SARd SmREGPRL - Ldiétl]pyeohbalinelﬁﬁud:&h&nr qgiidedirects -

d, th tents of t t t |
g ¢ 17 to OO IPGFPLRLONES Fagraraieabnl SutByb Bletlr £o sned SR, C°
i Nnstructi on Sedrmdrsal | amad uakiow passager oft thasn(eﬁktl;nkﬁ&pci:ﬁ.bmmflh@)

di recting ex%&#é’é‘s 1c9dr thf:a s&&{iéﬁ&%" ﬁo&“ki&eoéﬁ&aﬁ:ka%z& Cleyg o’%%rPrOgram

er ase, verity an one I nstruct _
the cokS ol Ithg @fiﬁ@%@@l eeghetentbettbef £BP termpaaipo Othert erm nal - and

al | ow passage it @ {6t sbbSt LHE1HO8s1 b AT, - address or data sequence
fromthe SDI termnal through 15 the affected register totce1
terminal. O her Wh@rﬁ%ﬁ?’éﬁngﬁtgoa??égpoéy Lhe state machine 13 \y;p -

reference tod# Fidp. 2hes Siﬂﬁ'ﬁeﬂmﬂﬂedelﬁ?accordaneé Eb.gh dEEE sty ed
in accordancel_ﬂghl I_EE1E9§6end,§ iming of the state machine is provided
20 " by the clock signal on the TCLK terminal. The state _
machine usually has several possible states, including a
normal user state, a command load state and a program
execute state. The latter two states may be collectively
referred to a bulk operation state with alternating load
25 and execute cycles. The machine state is changed by
means of the mode signal provided on the MODE terminal,
in combination with signals received by the TCLK and SDI
terminals. Thus, for example, if MODE = high and SDI = -
low at a clock signal transition, the machine state may
30 changé to the normal user, if it isn’t already in that
state. If MODE = high and SDL = high, the machine state
may change from the normal user state to the command load
state, or if it is already in one of the bulk operation
states, it will switch between the command load state and
35 progfam execute state. If MODE = low, then the state is
unchanged, and the SDI terminal is a data input terminal .
In a normal user state, the state machine prevents
programming or other alteration of the nonvolatile cells



1149.1 - 1990. Timng of the state machine is provided 20 by the cl ock
signal on the TCLK termimnal” ~"The staté ~ " nmachine usually has several
possi bl e stvedesyr3ospacl udi ng a normal user state, a conmuPETUSERSZTSAt e
‘and a program ~ execute state. The |atggr two states nmay be collectively
referred to a bul k operation state with alternating | oad 25 and execute
cycles. The machine state is changed by nmeans of the node signal

provi ded on theaMBE hevitBab: eratesl BsC aisQy wrﬁgmmmis (Brcied ved. by.
the TCLK and SDI term F us, _for exangl " n %1 digh and SDI
[ow at a’ clockssFBﬁaﬁe?PHﬁ§|?F8ﬁe Pﬁ@nnﬁgweﬁéu e R& Fhange To the
-norrral user, iéset bsgnhlabheghly optilbanal termls'naa.t asm MDRR =irhiggh and -
_ hi.gh, chine _state A ser state
to the connanﬁ Fgaﬂperatlogtgthedrtg%yﬁ%gﬁgga rea y ?%k%%£Q§#the bul k
operati oh- consralesf buchi bulkv\pp@hralteiomeﬁst X OSFRTEHAT o RFAFHI® and
35  program séfﬁf&iﬂg ?h ma P MQRE = lcrdite tohend %tt%ﬂes dlagram

unchanged, and erm na data |nput t er m nal aﬁa
user state, thBownain Faghi Re pRet¥yPical DTOFIsY ARAURRTS J(ﬁfﬁ:ﬁt ‘?@atlon

of the nonvol aLi S where DR re¥er@943032% of the date reglsters
-PCTLUS98/ 2577§E £61164k% where

t evi ce
operat es ‘as pR&RFdUSEPILESEr §H‘ﬁ5dandTﬁd§ress r‘%g&%%?éfsdefaétﬂ t@t a‘?fela%%on |
power uppOf UpENhaCehBkrdktaon registeat: signal on the optional ~termnal
RST. Once in a bul k_operation state, the state machine takes over 5
control  of such bul k operations as programm ng, erasure, . : verifying
and-far-gi-nt ng;--aceduli-ng-t-o- E.bgls:taersedh agram -~ shown irnmFig. 5. A
typi cal . program se ggnce s $Ql Fegh as fol lows, where PR refers to
any of the date reg ters i ncl ud| ng the flag and addr ess: regi sters)
and IR refers 10 - (Bd t he |n§ter1@@tt| SR SEFESt er ' (1) Logi c
Reset 35 . % - ReéRildR IR scan = (3) Set ect DR Scan 15
(4) - Sel ect IR can . : L _
I ~ Capture IR~

(6)' ': shift IR; repeat for N cycles
T o .(N-= IR length)
Comment: Instruction.= LOAD FLAG -

20 (7) Exit IR .~
' (8) Update IR
(9) + - Select DR Scan
(10) . Capture DR
- (11) Shift DR; repeat for M cycles
25 : . (M = Flag Register Length)
Comment: Data = Flag Bit data '
;(12) Exit DR
(13) Update DR
(14) Select DR Scan
30 p (15) Select IR Scan.
(16) Capture IR |
(17) - shift IR; repeat for N cycles
Comment: Instruction = LOAD ADDRESS
(18) BExit IR
35 (19) Update IR
(20) Select DR Scan

(21) Capture DR



() *  Capture IR (6) " Shift IR repeat for N cycles

(N=1IR Ien%ﬁh) Comrent: Instruction= LOAD FLAG 20 "~~~
Exit IR 099/30324 ( g) Update IR | (9) 88%6139W7§an
(10) - Capture DR (11) shi7t DR, repeat for Mcycles 25
(M= Flag Regi ster Length) : Comment: Data = Flag Bit data
(12) ° Exit DR (13) Updat e DR (14) Sel ect
DR Stan 30 .- (e2h) sbliétt DRR Sepeat for K cycles) Capture IR
(17) Shift IR repeat for N cy S add R truction =
LOAD ADDRESS (18) K% pddrgss Regi sra%eng Epdate IR
(20) Sel ect. DR S@men Data = (Pzrpﬂramm@aoﬁﬁdém
99/ 30324 Exit DR PCT/ US98/ 25775
-17- g Shift. DR repeat for K cycles
(K = Addr®ss Regi st ?4Pength)UPda Comment: Data = Progranm ng
Addr ess : - (28) EgellebR DR Scan (24) Update DR
(25) Sel ect DR ( Sel ect IR Scan - (27)
Capture IR ' '%52?28) SeéﬁFFt%%gng@beat for Ncycles 10 |
Comment: Instructi ¢@7¥ PROCRGEpture IR (29) Exit IR - (30)
Lngd.a-t-e IR ((5& e&%h'i%@ II%;Q repeat for N(%%)cles ‘Sel ect DR.Scan
| 10 ~ Comment: Instruction = PROGRAM

(29) Exit IR

(30) Update IR

(31) Run ISP/Idle

(32) Select DR Scan

15 ' : etc.

It can be seen in this example that the sequence of steps
first load the instruction LOAD FLAG, then execute.that
instruction by loading the desired flag data into the
- 20 flag register. Next, the instruction LOAD ADDRESS is
loaded into the instruction register, then executed by
~ loading the selected address into the address register.
Assuming data has already previously been loaded into a
data register, when the PROGRAM instruction is loaded

25 into the instruction register, programming will begin
when the state machine enters the Run ISP/Idle state and
will end when the state machine leaves that state.
However, state machine control of the actual programming
interval is not required by this invention.

30 The use of a flag register to designate cell
groups to be operated upon, considerably simplifies the
required instruction set, and consequently simplifies the
instruction decoding circuitry. The flag register also
allows many possible groups or blocks of cells, possibly

35  overlapping one another, to be designated, and different
operations may work on different cell groups without
complicating the instructions. By carrying out bulk
operations, such as erasure, only on specified sectors or



It can be seen in this exanple that the sequence of steps first |oad

-t-he-irnstruction-LOAD FLAG 't hen execute that instruction by | oading
the desiregddopgsgdata i nto the 20 flag register. Next, tRE/PIERFTELI on
LOAD ADDRESS i s | oaded into the insfguction reglster t hen executed
by . loading the selected address into the address register. .
Assum ng data has al ready previously been |oaded into a dat a
register, 0 L8 Bﬁgx§¥$i nsérééﬁéﬂaerabléadﬁduﬂﬁ of tebt thee gemr uction.
regi ster, grannln W egin

the Ru
|SP/1dl e statbe @saved,; as ?Iu%‘ﬁﬂ AReh Pﬂg B?X?eééasr%? Phgl\e/egﬁt%%af stgte "

However, Stat;gaf@%%f\etﬁénéhﬂb Obegﬂcaﬂ:tUaBtpngglLan‘madg simplieg ¥H@R s

not. required i.s_i.nvent ep¥sgrammed ladd regi ster -
to deS|gnaIeaEﬁ¥¢S of ﬁrﬁhbg an op Fa e upoﬂ conS|derany S|nQJ|f|es

t he 5 rquté@@dlnﬁéducingntest time sndsmguentryidphyl

i'nstruction decaodi ciregu e flag register also .. alloms many
possi bl e~ grod%%a%+nggcﬁg £§é F; possi bly 35 over | appi ng one anot her,
to be designated, and different " operations may work on different cel
groups w t hout . conplicating the instructions. By carrying out bul k
oper atiofds,such-as -er-asur.e,. ~onl.y: -on. spectfled sectors or - WO

99/ 30324 . - PCT/ US98/ 25775

-18- bl ocks of cells, a conS|derable amount of test time can be
saved, as a user does not have to reprogram ot her parts of the chip.
Loglcal testing is made sinpler when parts of the chip can be

speci-f-i-eat-y-programed -and:5 . ~erased," redu0|ng test tine and nor e
-reliably ensuring-the. - usablllty of t+he- ¢hip.
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d-ains ' 1. In an |ntegrated circuit containing nonvolatile
menory cel IWOM@R4operation logic circuitry for 5  sel ect iRGI/E828775,
plurality of blocks of said nonvol atil-assel | s and_carrying out a

~desi gnat ed operation on said sel ected bl ock, ‘the bul k o eratlon | ogi c

circuit conprising: "a bul k operation cjﬂl’l’“ Hmm "Ive
to @ 10 node signal and a system cl ock (iagmsl for tr

bet ween a normal user state and a bul k operation state of

integrated circuit, said controller prOV|d|ng cl ock nal s and
control ‘signals whan ann igkiegnared @G@F&H"or?ontal@erﬁ enoqgo atile ° gp
i nstruction rgghgtor Wil asRad dRFation dﬁgﬁy theyri Nstructi on
regi ster _connected’to a serial input and responsiyve o a control

signal fPom sffdecting.ome @f & playraldds whPiodts RE igmdvia sai d serial
i nput, said | RehiBAEEANe REING GeEDded-MM R |cﬂ1tii5§Qi‘és'ilgiﬁhti’é)d ofecatiog

gﬁgns,. sal d decoded |ns ru&tlaogﬁ&ci'a%}%dg%@% Q%Fasqjeqnsg#gléogﬂ.&lllgag

register alt compedsadgto said serial input-and respon5|ve to control
si-gnal-s--frem-said- contrq| Ay QQHH! t

i nstructi ons said flag 2 h)%llg%é)eéﬁ%g:rlo?ﬁt erac levvl Eq%m addgess Aecoder
of -‘the 10" moé.gr atlgdladu eadi @ sy stiem tclexétmmgnaloff@r Heranspetonins

on said nonvobagwleénca' Ex%ﬁf%lmﬂsbéxa s'%%lt‘”eCta‘%ﬁi %xﬂfk %?g&é!ratlon biegKs' 8F

cells deS|gnate by flag ts received by sal ag register through
sai-d-serial- i kBat :Lntegrategi ctEpEeudity c daddy qgm'é‘[‘éll]tﬁll RFRYELHng Heloc

integrated - -gighhlgUiahd Rotird) HAgmBUlK RS ald GhiPINELIE| S5eAE Yoh S
situated is a Iogl c device selected fromthe group 35 consisting of
progr ammabl e FB@ E:devices, field programmabl e gate arrays and

fl ash- bBSedrnlcrocontrohhea@strucUMdnﬂragﬂsuHrﬁWthEﬁhSﬁmﬁau@@ranned by
deans Qf_Sa'ddgcodiﬂ%”%%%%%ﬂ'%thqgg%fﬂgéf%n register connected to a
serial input and responsive to a control signal.ftom said -

controller for receiving instructions via said serial
input, said instructions being decoded by said associated
- 20 decoding means, said decoded instructions being provided
to said controller, and
.a data register, an address reglster, and a
. flag register all connected to said serial input and
responsive to control signals from said controller
25 corresponding to said decoded instructions, said flag
register interacting with an address decoder of the
integrated circuit to limit execution of a bulk operation
on said nonvolatile cells to only a selected one of said
blocks of cells designated by flag bits received by said
30 flag register through said serial input.

2. The circuitry of claim 1 wherein the integrated
circuit in which the bulk operation logic circuitry is
situated is a logic device selected from the group -

35 consisting of programmable logic devices, field
programmable gate arrays and flash-based microcontrollers
which are configured and programmed by means of said

. nonvolatile memory cells.
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wr20=”j“~~ - 3. The c EN!“ 1 wherein the integrated
C|rCU|t-inwd)9!Ikn32he aﬁlon *0giic circuitry is PETUSW25A7S s a -
nonvol atil e nmenory device partltloned i Nntep- bl ocks. 5 4. Thé
circuitry of claim1 wherein the set of instructions that are
decodabl e by the decodi ng neans associated with said instruction

register 'nC|ydeSTﬁ8|éir@ﬁltﬁﬁdofnelamﬁﬁ&omhedeﬁﬂcthag1mmegzammmblIer to 10

| oad one of sajd data, ad S fLag _reqi S rially

recei ved t hr ctRCYLF diBel g FB; ﬁ§ b&h% Sgﬁgaiagh Ig%%?aflgﬁ“Phgﬁfuéflons

di.recting thestﬂﬂateﬂlés aononvola91éeumem@rwuﬁbvapsrEﬁﬂ@nﬁm¢nﬁﬁ(}nto

.nonvol atile qgilék% . 5. The.circuitry of claim4 wherein bulk
structlo

oper ati on ns include an erase instruction for erasing the
blLock ofScells designated by said flag register. ' 6. The circuitry

of claim4 wherei 'fhéabﬁréu&lsﬁp%ab&a&m aowheh:@ﬁhr kel @a% iofc| ude a program
instruction for programm ng data aid.data regi ster at an
address lna*égugﬁa%a 9a§aPHea§GF€§§E’3§g i &he ﬂFEﬁé‘%l“lﬁﬁP of

cells des'gnaéégoEYaﬁéadwﬁtﬁgséialihﬁtructlﬁﬁ re@astE&eyncmudasy'of claim
~4-wherein.said_bulk_op | nstr,uct i Qns

rati Q -
instruction f%?g%EFFFyﬁHGd 1n5truﬁ§ﬁ8P$ SRS LT %‘%@é@kgeﬁignated S
by sai di@ddr e6ad one ofegaiﬂedata,aaﬂﬁmebsohndeEﬂ@gd@ﬁgyanamﬁlxkthud flag-

register, sai %ﬁg%aﬁaa\éa%?rﬂreggée?@ Bgti'x% | @il QeS8 13but Al Hipgt ster

for output fr regrster thro a serial_“out put connected
--t-o-sai-d--dat-a opgrateon 1nstruct19nSTﬁér@F¢é@Btﬁ@eoFQﬂQEQ%LFWWRReln sai d
—bulkoper ati OQxe 'Bﬁ&kusgés}aélbﬂcbﬁd%aadﬁwwmﬁlllréstdémts on for said
ed by said flag register

35 . block of s de5|gnat

15 5. The circuitry of claim 4 wherein bulk operation
. instructions include an erase instruction fotr erasing the-
. block ‘of cells designated by said flag register.

6. The circuitry of claim 4 wherein said bulk operation

20 instructions include a program instruction for
programming data from said data register at an address
designated by said address register into the block of
cells designated by said flag register.

25 - 7. The circuitry of claim 4 wherein said bulk operation
instructions include a verify instruction for verifying
memory contents at an address designated by said address
register in a block of cells designated by said flag
register, said memory contents being readable into said

30 data register for output from said data register through

" a serial output connected to said data register.

8. The cifcuitry of claim 4 wherein said bulk operation
instructions include a margining instruction for said
35 block of cells designated by said flag register.
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-21- O Hm‘“‘ N aim 4 further conprisin seri al

out put conn@'&gé’@o?q‘fro ctm on§ méans to each of said CT’US98’25775
insttuction register, data register, addred®-regi ster and flag
regi ster, said set of instructions further including 5 .a flow through
I nstyuction directing the controller_to pass bItS serially

recei ved throfgh el aigrquitrypef claim 4 furEBeyhcampERSingd & &§rdddr to

said serial oWyHut connectdd- tﬂ?&lghrﬁéléénoﬁfmééﬁsrrté wheeoF $aiid bul k '
operatlon 10 controller co rl%ﬁs a state nachlagaand assqQci at ed

control circuiiigEruction register, Rty FeaiF§T of 2ORLPRPL TRASSEST FRE

assi-gnnent s offlag registsét d ddbd segiof einsesﬁetionsl Juttehegndne laiditey ent
of .nonpvolatile celLls a 12.

15  overd appin bl ocks.
The Gi rcai tryao%l%f L%W‘W‘Fér’e‘?%t%?ﬁl%“llo kE%5 138' nd c°’8§ﬂ°§'1355| $nat ed
by said flag m@@sﬂhmt&usexﬁalﬁyfrﬁeeﬂved througki gesdf semiaflhdnpadsi gnat ed

bl ocks. 20 pprougn 5 Bhiddi 'f {468 Ofo CLRLH dophgt cbilephy Cast one
ﬁp(ggls S &

bl-ock- eS|gna g5 d T regl I'nc
vol atile menory cells. A nethod of carrylng out a bul k

operattonon-anp fﬁEﬁ“ éfﬁ'i wREEAI R 881 A0BURkabpleeaFRER Y
cells orggrﬂezecdu{%o b oﬁs&]bf cells, the net JH d corn)rlbswail

(a) swi &hi g cPnTaldes OISt FFahe machine apd: FSPP@r'LaGPdsal d

i ntegrated C|@aﬁﬁrdmwamﬁtumg ] user 30 state to a bul k operatton
state by neans of a node signa applied to said controller,
(b)-undeér” cont rol~ of "said bulk operation controller, alternately
| ading-a- regildt.er Teackircuitry- ohsdXabmi anherelnnbiﬁsasaﬁ.gnmemtegbft er
_Ot_ﬁfhdw said flag register respectively designate different

.15 .overlapping groups of nonvolatile cells as said blocks.

'12. The circuitry of claim 1 wherein said blocks of
cells designated by said flag register are of different
) sizes from other designated blocks.
20 | |
13. The circuitry of claim 1 wherein at least one block
of cells designated by said flag register includes
volatile memory cells. '

25 14. A method of carrying out a bulk operation on an
integrated circuit containing nonvolatile memory cells
organized into blocks of cells, the method comprising:

(a) switching a state of a bulk operation
controller of said integrated circuit from a normal user

30 state to a bulk operation state by means of a mode signal
applied to said controller,

(b) under control of said bulk operatlon
controller, alternately loading a register load
instruction into an instruction register of said

- 35 integrated circuit and, responsive to said register load
| instruction, loading one or more sets of flag, address
and data bits into respective flag, address and data



35 integrated circuit and, ALespensL¥e to said regi'ster | oad

instruction, |oading one or g, address ‘and data "
b ts i nio W&?ﬁ@emﬂ“m"l"i u ﬂﬁ d data REIe9BaTT8
PCT/ US98/ 25775 bf-22ai d integrated circuit through -a
seri al |nput connected to said registers, (c)
| oading a bulk operation instruction into - sai d instruction
register, anfegisters of said 1nq§ﬂraQ9§xﬁHFQE}§1Qﬁﬂquhnﬁa§$6haﬁe5|gnated
Cby iﬁb@tb@dﬁﬁ&ﬂ:re‘& it Jaie rﬂé“élsﬁbrsﬂ said instruction

i ster, d” bul k b I d
b ocks of cl l's Sel ect A by ARSI A ML arpeaeion Devmption P68 0o

sone bqu-opeaaaidhswwﬁduion fhglsuarntenks of said address and.data

regi stegs as well as Th f Iaint14 |
furt hergcorrprl si ng repegt)l néaxec%tq é St eplé(%:jer%a%lon ?ﬁeé'faé‘%g%c? o its in
said flag regasﬁebulk ﬁ@enaﬁnmnnmn;hn&ﬂﬁmqyuinzﬁ&idﬂlﬂ&kﬁMCExmm address

regi ster o£8) "Gl 9350 et ey e ey T g same.

bul k operatlon |nstruct |n11 wherein -~

sai d ‘bul k operamcze blop@:s dfhsella issdeqted meﬂﬂsdwltmraenwat%

CANStHUCt-ONS£lag registRIrECiHRd 1da@ (il Hk - (‘dﬁéﬁéaiild}% Qisﬂt@se progr.am
verify_and margi'ni ng operation jnstructions e nmet hod of

cl'ai m 38 wheFeRReBEs 2dsisgifeRtdrsss ansh datsaaﬁ?gf]t%f“?seg?%t"é? } &Pectively -
desi.gnat e di Ehg¢Hetillag bits. overlapping groups of nonvolatile. cells as .
sai d bl ocks. _ B
‘15. The method of claim 14 further comprising repeating
steps (b)-(d) with said flag bits in said flag register
15 | remaining unchanged, and at least said address register
being reloaded with different address bits for the same

bulk operation instruction.

'1l6. The method of claim ‘14 wherein said bulk operation
-20 instructions include one or more of the instructions
| selected from the group consisting of erase, program,
verify and margining operation instructions.

17. The method of claim 14 wherein bit assignments of
25 said flag register respectively designate different
overlapping groups of nonvolatile cells as said blocks.



