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APPARATUS FOR FAST PRODUCTI ON PROGRAMM NG AND LOW VOLTAGE | N- SYSTE MEFI%D
FOR PROGRAMM\GY4905:0CG C DEVI CE FI ELD OF THE | NVENTI ON The prpseu$sioasyent i on
pertains to the field of programmabl e |ogic devices. Mre particularly)
this invention pertains to the field of Emtomati cally configuring

pr ogr ammabl e i‘ﬁgjc devi ces for fast prog ction programm ng and | ow vol t age
in systemwi HOINMNDABPARA TS FQEFARTY WP@QTﬁ?%E&QﬁMM NGANDLQWyi ces

of ten include twy EhRS oM VRS Kok PROCRAMMRYEE EBGHDRYICe/ 0! t age.
typically 3.3V or SV) 1s provided to a first power supply input to provide

.current for read operations. AGEbLBIORTGHEINEENTIONi caily 12V or a vol t age

equal in value tonthe systemsupply volta i.s_provided,to second power
Suppl y 1 npat - Thi Bear SRt TR BB at R ey of BroRme ok RaRE ot ons. A
12V supply ajpte matidudartyl) chisieanidnpemnains SUAP fiyldi oTaulomatitdllyadohfigurinae
programmabl e | o%i C vice to g;e’{of ?r m fgst. Erogram and erase operations,
while a vol tBIg& @aargelioawvdam b I hRIOQYRICR R EEHBIPa BRI oReaS ied to this
input will adysew wlieer program operations. Typically) the 12V supply is
used to programthe programuabl e | ogi c device during production) thereby

i nprovi ng production throughpBACKGROUND OFTHEINVENIEONt | on equi pnent costs.

For typical in- Syﬁ%gmfhgﬁ%vicg’s GttenGhcimte %déeeﬁﬁhé%%}’su\b?l :iﬂﬂgsgitﬁ

applied to the seco upply 1nput. In or toall ow _
progr amm ng shstemsppphochliege. dypicatlst 3o7\ogr 2Ymis prpvéitledita g fins pawkr supplyyspug tn

tion, i |
o reut try t oS B Shifty HEEAIbARREThHERE, iahe, (RLRRRY SUSIAR AUG
duri ng produmtvabse tatik systeoesupply tvioliagey istpraviderdoyl asevard mger suppbeinamp(Tihésd t o

th d |y, | t duri t el t tion. Th t
evel ol rour tHpPERiARY et FREIEAIn e e R Eisns ) SeNe P tepP e dect on
function by eRBMEFSWEGuPPI@ irfRC afltlaliswiiie pogramihablRogic tevigd R paedrmt her eby

disallowing any wite operations. Figure 1 shows a typical arrangenent for
a prior art POBHIAREY qpsafle"ﬂ&wlegvsﬁeﬁﬁ%“%! 1&&#&53"5&“%%%13 e
progr ammabl evbiagk Gpplead 16 ehid Hpui Wil ARRSsIGweENSTH Riti¥ns/ OF ypaadly ) thewe v ( VCC)

120 and a program and erase voltage i nput (VP\’iig 130. .For this arrag}gem&nt)
VCC 120 is cHhpbcidaed (@ ropgsamdbe progremmablelogioyispice gpripgRIedpion; heredy syst em

supply vol t agprddidg piétiueliod thrdupBp&idinti Ynidvhiziak hi@tiondeqdiprhént 8bst Hoypi cal .

This inplenentation does not allow for fast progranm ng, since no 12V
* Q00002* & PirabEEs Y3 (BOROPARLDOF.501% pr PESYSeImsuprip 39ags isappbied tq the prcatd ded.
Al'so) no wri tii [ iAb& £S5 MR mIaRe Bt wubsld to VCC
120) ther ebybgﬁéa}iﬁ%ﬁg lt‘ﬁ?’sg}g(t)lg%s_%raogr a@r#nﬁ% ra%)d erg%e 6 eﬁrqg%,i gﬁlg Figure 2
depi cts an a@digrimmilg duyipg oatmal in-aystrmeperatiary, agompiisT sysiem pRrutfriwREb| e

| ogi ¢ device | A i } g[naégg | e

| ogi ¢ devi ce %gléﬁn%rﬁﬁrgggﬂgﬂ’%§%§%ﬁw tf?gb%I a%p}ﬁ%ﬁﬁg@%& or this

i mpl enent at i cupplyinpysdermgsprpdiction ahd wopuseAds sysygm seiply va@igoto 18 Pylied ©
applied to VCC 120.. A praogram and.erase volt Q, tvpi.gal i's
applied to V Sf%?)‘fd er‘%ﬁ ?pg{j%‘gm@ocﬁﬁn E{Cég%?%r%gp%'ﬁtﬁ%etﬁgggéﬁéi&%si stor
252. Thi s i npirewigyngdy 0¢0 iatlude\srduiiry fogadvipe a duitd-protecgivg funation bycainaamgVPP
130 receives 12V. This inplenmentation al S0 provides. wite protection since
when the pr oé‘?%ﬁ?ﬁ??&%%é%é‘%bﬁ%&@%z%“{?’% dhs&ﬂ°33\gr‘?§yévdgf PRE85vPP 130)
VPP 130 is left flrpaire D8hevdha iypichi &thngOmentdondlptidieart @6 @inaiabRIdgic dbvise

i npl enentati on _has the di sadvantage o n%’g | 1.owi ng | n-system program and
erase oper at i!df4n a spmpiter ysted. | hepgogiammabledng

'fc(s‘rsvig? o0 arliges st em
supply vol tag;ﬁpaingotésge\{EgmiJ@QC) Eh@uﬁ@al gxd'tg}dwaﬁd %%@ag@{nbmmo.fm a

prior art progranmmabl@e | a c device 1 hat al | wite protection,

fast product itbi apregsment.afeC é?Qiscopprstasktp oY) 1%8"%@@&%@@&‘ Betah and
erase operati@igve dﬂ; s*e@b%@&ﬁr&\%{ggﬁmbhi& i§§ﬁ9&a¥ly‘§?’,%§%ﬁxg%@% foaocal Iy SV

or 3.3V, is provi dto atrdnsis . A system | ogic
typical. This implementation does not allow for fast programming, since no 12V
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360 is provided to enable transistor 370 when in-system program and g:%ﬁ%m
operations are desired. Wien the transistor 370 is enabled) the sys%

supply vol t ggf is delivered to VPP 130) thus enabling in; yogram
and erase operagkslﬁ%ﬁs. When the transistor 370 is not enabl e?ém%g)%% S

normal ly tied to ground through resistor 252) thereby providing wite
protection by disabli n'g ro]gramn' ng and .e% ase operations. Wth the
transi stor 370pRY appwdsd. i Alspgnogiiile ppriecsiop lispassiblenitog Wit Hisatwandqent ase

vol1.89¢ 250 4 VAEF bl AR U gk IERARANAALLAA! prouctl o

program and erase opé rrangénent” a or fast
producti on progr afigune2 depiste 2o pddinenabtypical aragsinenn fpr o griamaraprdgmnasable

oper ati ons) d I.t e, pr.atectio ese, feat.ure re _avail a anl,y .at the
oRtra cost. ofous SOl L EClpaRLalEEa° BEGELER. M paiPoripldot i | e

resistor 252.118iRUARY a O kput NAENTIaORPPAInpuo pB0a R kHieirhgiginentdgor, agystem :
di scl osed. The progra l e | ogi g, ,deyice.incl.ude first voltage | nput and

o Tiret det ecPBR YERiERID. GBisALEY o8y oNeimpplsd oy de b Apramamrmassbeno

991 59057 PCTIVRRE D3 pidapudV, iIlaPplfeur@w@eltwctvmla@ig aldb kofiRbRAkS Whet her
a voltage applied to the first voltage input exceeds a first predeterm ned

val ue. The presepndriheonplaresier 238y This implsgeniatipu abawsior fass prodeetiangur at i on
circuit COUp!&%ﬁsﬂnﬁ sihde/ VEp 483 RELLQN 24, IBHL ImpldMEndhlidrShisE HAVIRY LA On

£
circuit configures the programmable |ogic device to receive a current
suf fici ent f drotpetingrsimpearigndheprogropening ansheraservodtag230hie nbi being appliedtre i nput

I n response t ) ' d ' . | t age
exceeds the fﬁ!;s?% r\}err ePgﬂrgnicﬁtgf?Pa\i}gF gﬂéc{ﬁgehééjgéogg{l H{rgggélgﬁltdzga%\?gﬁ%ages of the
i nventi on wi |limplenmenpgiondas the desadtantmge of notpdowinggindystemrpgesgramchnflecase t he

det ai |l ed descg iegatuioon t@g[ efeo'lslngw?‘ovl?s% o lI_3|31 ‘FF %SCRI PTI OF lTHEl 4BRAW NGS
The invent i on”B&OMY GYY raht &d' by pWay ot égaonb 188 H5 VST SR tVS{ 185n Pl t he
figures of thépPR¢dmnpanyi ng drawi ngs, in which like references indicate
simlar elements, and in which: Figure 1 shows a typical stem , .

i npl ement ati on of lﬁ%ff’ﬁd”"%ﬂ“ﬁf‘&ﬂ?’éﬁ?f?&ﬁ é’rP@&PEa‘H\é&gE@‘m%ﬁiﬂgg 9EViRgDi ct s
an addi ti onal | fo\tRatGafbwS YstiveriRe ipfaRécBioR, tha tpr@ihcAén ﬁro?falnpﬁncpérascmp@gitieﬂimm e

| ogi ¢ device., Figure 3 shows an additional typical systeminpl enentation of
a prior art pREYPERRIBSEAM AHECEasE RRATRIONSnEPLGISAETABgIRN 3 WPPY. Voliags +49. 4

i ITustrates aybl-gmksWiordnRaMHrofne @Nodi1nBahd &f a Rarld{sRE320MABehPBbk
device. Figuré 5 shows a di agram of one enbodi nent of detection and

conf i gur at i on3® is eravidedite epablfetgansistos 330 when inTeisiean piogram and grase operations
are desired. When the transistor 370 is enabled, the system supply voltage 140 is
delivered to VPP 130, thus enabling in-system program and erase operations. When the
transistor 370 is not enabled, VPP 130 is normaily tied to ground through resistor 252,
thereby providing write protection by disabling programming and erase operations.
With the transistor 370 disabled, it is also possible to apply a program and erase voltage
250 to VPP 130 during production, thereby enabling fast production program and erase
operations. While this arrangement allows for fast production program and erase
operations, in-system program and erase operations, and write protection, these features
are available only at the extra cost of providing the system logic 360, the transistor 370,
and the resistor 252.

SUMMARY OF THE INVENTION

A programmable logic device is disclosed. The programmable logic device

includes a first voltage input and a first detection circuit coupled to the first voltage



Figure 6 depicts a programmabl e | ogic device connected to a supply 3\o§EPatjel
~and a wite protect logic signal. Figure 7 illustrates a programable | ogic
devi ce conngeteededs® a supply voltage and a program and er asecvalkeenys??
Figure 8 is a flow diagram of a nethod for automatically configuring a
first voltage input and a second vol ta%e i nput of a programuabl e | ogic

devi ce. DETAI LEE‘P D[ﬂasg?l PTION .3 0 SCP72002 WD 991 59057 PCT/ US99/ 09377 4
One enbodi MM bfe HReActashiam Eraht 45ie6ivethes # velipacrapphies tod e Brfareles | y

conf i guri ngnpat PR A FBQrEdek@Mired 48NE CEhe ProgRinfthifle feflddviiatysuf ficient for
program and erase operations through either "a program and erase vol tage

A nput or alnpjudes afissy pprfigugasion sifeull ¢nvpled e dsdivel detpctian cinenity Alhedgs | evel

appl i ed tOfcm?%u%%ﬂrcﬂ%i?@&fgﬁ%ﬂxe;/?%éﬁﬂﬁmgmb' ic deV108 %k c%@)?.g]n@%ﬂt of the

i nvention further provides For program and erase pro ecti on y using the
pr ogr am andufficaesefos prgkam wal drasg@penaperts though thedirst Yodtagd impoi ineesposeact

i nput. An intended advant of. one, enbodi nent i.s providi f ast, production
pr ogr anmi ng SN ToECUOL i ?H?Lpgc%beép%h%t © &PRARE céf)"é’?&f‘ﬁcfﬁ? R}{f‘?"]ﬂ%ﬁ‘f“cﬁ he extra
cost of syshme level logic circuitry. An additional intended advantage of
one enbodi nent is providing conplete_program and erase protection through a
sinmpl e |ogic si §hbar featyres andradypptages of e aayenyen Wil g Pppsredt fremebenbodi nent of
a program&&&nﬁaggihg deRMh &Nt Grdm thE BedlIQDERABTRRInGhAGOGwIsMbLe 405 for this
enbodi ment is a flash type nonvol atile nmenory device) but other enbodinents
are possi ble using any programmbl e | ogi c device that includes a voltage

i nput for l and a separate vol tage input for

ot her devi Bitiek DEs Qﬁﬁ(’?r@ THE DY irlllra;%gram’nabl e |l ogic device" as used
herein i s neant The inveafierdis iduskrated tly map @f exdmpie ogd soniatitaeioe lie tie figark

devi ces) includin but not limted. fl.ash and. ot her .non-vol atil e nmenory
dovi ces TS U AsEtnpmined et i Ehich s s ReeR G e Sy BE PR ng ace

vol t age i npntvhicdPP) 410 and a system supply vol tage i nput (VCC) 420. VCC
420 preferably receives a vol ta]ge of .approxi mately SV, although alternative
embodi ment s hav&8ryOEhrRR WRICR! YEER wgﬂwaéwg@f 8PrIobMt RESEAMPA udi ng,

but not |inbgiedediey. 3. 3V. Qther enbodi ments nay have a VCC 420 that

recei ves approximately 1.8V. During devige operation, VPP 410 may receive
OV) a vol tage ediigire depicisnn gddigonql Hrpigal Systam feplementaden off prérafimi ng. The
hi gher vol LRE5 . ammng is preferably 12V, although alternative
enbodi nent s usg&%{aﬁ%ﬁé@g %gg{és. The programmabl e | ogi ¢ devi ce 40S furt her

i ncl udes a hi gh Rigire 3ghowiearesiditinalgypicalsygiemamiptamentition @ ageioeat circui t
450) a gat [ i LOR: Ci It 0, and a drain control

confi gurat ﬁgﬁ?ﬂéﬁp@h}eﬁ8§g8%§§%\agg@g S&%%%‘rlgééconfi guration circuit 430

out puts a gate ddiptredlillsstgreala bioéR diagvinh ef birecrobyoglimero @fitipodgraromablgur at i on
circuit 460l ou'zﬂou.ts a drain control signal 480. The gate control signal 470
provi des t h&B§I*Y'She necessary for program and erase operations to the
gates of the traFigagatsahews BdiagritDoigne tehtbodimdee ofigeiédiien pnd gorfipwedolor | ogi C
device's mem)ré Ce!ﬁlds (al so not nzowni). The 3 0 SEP 2002 WD 99/ 59057
PCTNS99/ 09 FFFulls Hyctpdrd E‘o‘}]lfff’gﬁaﬂg‘?% AP8E88VISF-ovi des the vol t age necessary for
program and er asgig@eey dpic®Sprofraifibi¥18giddedice tditheted iSh SipplySvdlage adtbke up
t he progranmmabl e logic device's nmenory cells. The high voltage detect
circuit 4402 VEGRrOWEt lpgis sigppl- i nput 410 and det ermines whether a vol t age
applied to the VBBl Tl A a%@ﬁ-ﬁ&l:%a@le%?g@EﬁEéQdiﬁ@ctUd)loté‘%piye\)bﬁhge For

i npl enent ati ons ere the higher voltage for fast production programmng is
12V the hi gdaprogigm andresase veltaggui t predet ermined vol tage |evel is
preferably 8V, afi . I L . Fgh e detect
circuit 440 is cglggﬁlehg@tagfo%&em%’g%g)f23?1{{?%(108?:gl!rtltp {“gﬂ?%l? %Sﬁhg'ln}n?%l f§r§%30, and

t he hi gh vobelege inat aet a secomlivdltageldpuoosfrprogamembldilegicalevices of t he

determ nation to the gate control configuration circuit 430. If the high
vol tage detect circuit 440 determ nes that the voltage applied to the VPP

i nput 410 exceeds 8V) then the gatBETQLEDDESCRIFFIONT ation circuit 430
allows the voltage applied to the VPP input 410 to pass through to the gate
control signal 470. The high voltage detect circuit 440 is further coupled
to the drain control configuration circuit 460, and the high voltage detect
circuit 440 comunicates the results of the determination to the drain
control configuration circuit 460. If the high voltage detect circuit 440
determ nes that the voltage applied to the VPP input 410 exceeds 8V, then
the drain control configuration circuit 430 allows the voltage passed
through to the gate control signal




470 to pass through to the drain control signal 470. The | ow voltage gﬁ;ﬁ]ﬁzt
_circuit 450 al so receives the VPP input 410 and determ nes whet her h

vol t age apprld eslsdosy t he VPP input 410 is |ess than a predet epaigesh/dogirel .
The predetermned level is preferably 1 V) although other levels are

possi ble. The | ow voltage detect circuit 450 is coupled to both the gate
control configuration circuit 430 and f‘he drain control configuration
circuit 460, arfnecunbasmenoétherinentign pravidesrireyivy fsruromatigalion to each of
configuratj kX LU S At o A8 vick | ¢ : ' jt 450
det erm nes o?ﬂé‘tgﬂlégﬁebvgpt ageb%;psi I et‘j”ct o0 %E@VV g#ﬁ%&@ﬁfﬁﬁfﬁ%@s& % rEdan 1V)

t hen the geres aperatipnd thomugh egheratprogramiand erase #@Gigamgut bea siis@msupphyt r ol .
configurati circuit 460 ea revent the.voltage applied to the VPP input
920 and o VOReSieSt hperdmecs 0 BIGEE N el PusSls B Brnible affrRinligh to « ne
gat e cont r pbusigivtier édBodif@nt bfahel nveitichdaEthe provi@iidbe f8@ramliitepfser e, a

| ogically | ow signal delivered to the VPP input 410 prevents program and
erase oper BOISSHRA bY BURBING PRSI ANt §rasoEPt ¥oliRes nputsis tlagie leys! wake t he

pr ogr anmable,dcogbé:. I8 inkhddPSivantage 8 SERAMAZNMP I AI0E faf HidhRR0/ 09377 6
In the eve{rJIt tchaP the trlli gh volvtagsgcdet ect ci rcui {5%340 dgt er %gnesﬁﬁﬁat t he
vol t age apploguenming and inggysterpragran Mdgsess operatienscatwusihegaua cose of ow vol t age
detect cirgyi :NeSs " : i RP_i nput 410
is not | es@éﬁn&%@% 1&?‘:? [{e l{g}g't éﬁglgzrilltu&)g? lﬁtgﬁ@%g@fggﬁ?gp% gﬂf"?‘ﬁﬂ%{ Hénd t he
drai n cont pwividingompleta prograne and efase pré@ciaenubeoughe singple dupic sippll irgait.t 0 t he
VCC i nput 420 tg. he psed.for..progr d_erase eratiaons herefore) a
Logi cal |y high DePEeES ibio o R of BB dh AR R rieRble INSE BLAES)

pr ogr am and0®r Heeprogramaiablzrisgib yieviaei 405 fpr thieegpbadjmanainbiflasi gge aowevi ce 405

to use the vol.tage appli.ed to the VCC.input 420 .for program and erase
operations.votfﬁlﬁ'%%ﬂgélm’fﬁ%lb@[?tEﬁ?f“l%\‘ff‘ S%ﬁ?"ﬁ‘é‘i}c}‘ﬂ&ﬂ PO unps (not
shown in Figpd &vibe thittind@Rs hivaliag ibputlfer prbf@mindicthsa BPer@@éi sp@At rol signal s
480 and 470 in order to take the voltage applied to the VCC i nput 420 and
provi de appRets Welees ynubins odsrdeics enstatiopy el ke ieup “praugmmablglegisr ase

Oper at i ONS gefit Sk @sc RIAUSs Mt PIRIMIL R bRAHF & de P p%%garﬁr%ﬁlk QIAERchION

circuits included in a programmabl e | ogic device. di agram of Figure 5

is a nore deviegs) ingludingnbusinot hited as fhashsand asgrgepolatlpreemprytdeyvisspect to

Fi gure 4. }u?ﬁ% ofey! : [ (=1 02 and a
| M resi st o?hgg} or mhlgc \q/ogﬁ;cte%c\gg&d%ilgcét;{@gialpg%%mi&hgf raﬁ? g&&é?ﬂ%&a%%@t age
recei ved a#1@ hed &/PRtenmpuppiyivaitagy input (W CGoARPh BEE SR preferabhlyeereives ar esi st or s
502 and 504 are di scl ose I vid L Cul [ ment ed
usi ng ot her Or&sSi S B oYY auééggg?algrgoftggtqﬁgghf eecﬁﬁoqhnéeglﬂoéa‘g?vyggg 2 ora?di vi di ng
a vol t age. rddetveputrgge obkoitdges, indlbdige, bat wotdemited tocl3 V. Doliemechbbyintenes

resi stors 502 .and 4.is.received by a.co rator,. circui.t 50S.. Th

Conpar at or TRHEF & Ags 4 HCieEd e PP BED o £ 1 n2UGBF SSNiEe ORFFAa8r VEP r cui
formed by the mshed @ oV, 20DlageeqRtoWCa, 6 2Dgha vehseder fael pragambdag. Si nce
the voltage divider fornmed by resistors 502 and 504 divjdes the voltage
appl i ed t o ksdushepveliagaforAay PRRErammingts PEferably: 13- alihaugh alempafivean det er mi ne
whet her t henitRbinGes R RtHeeJoltdzet.Ne VPP input 410 is greater than 8V. For
exanmple) if the voltage applied to the VPP input 410 is 12V, the vol tage

di vi der formed hherpsegrammabledogic davicstb fpherdneludssadiighhveliage defectof 3V to

t he conpar atar:. i j J N/ £ ACE: t age 532)
the conpar 2%"8?“ %llu?gﬂlb{v vég§ ewd%:l#gggéhenr?%ggg?gﬁg{“@ﬁ%&l—?gl@l{?n\;\% gﬁ“?fbﬁdi cates
that a vol taade deaio eentrol godfiguraticmpichis ¢60.0Thdgate/pentioh penfigntion|circwihé3¥ ol t age

applied to the VPP input 410 . 5. & han..8 el t AM deassert
Che VPPH  <Jlbiy s B3 Sontrol Signal 470, e i Bt SRR Bttt oo
conpar at or gtpish HrahDdontolFigiA 480 hThe gatt agrrad BighhleidOtpeovides tMPRbltagput 410

with a 1 V reference voltage. If the voltage applied to. the VPP input 410
is |ess thadlfCPssyy fPHRFOBBRpAIASE OPETAGRY OB EAS qf rdaansistags @OL v NYppLo 510
| ndi cating hBehai ik PERrRRRIE A devite SmahBh @l asolioe s maBt 410,
The conparator circuit 507 will deassert the VPpLo signal 510 if the

vol tage applied to the VPP input 410 exceeds 1 V. The VPPH signal S 15 is
coupled to Level shifters 532, 536, and 562. Because the signal VPPH 515
is asserted only when the voltage applied to the VPP input 410 is greater
than 8V, the level shifters 532) 536) and 563 are necessary to allow the

| ogic signal VPPH 515 to enable transistors 534, 536, and 538 which) when
enabl ed) couple the voltage applied to the VPP input 410 to a gate control
signal 470 and a drain control signal 480. As described above in connection
with Figure 4, the gate control signal 470 provides the voltage necessary
for program and erase operations to the gates of the transistors (not

o o o L,




the VPp input 410 is less than 8V, and the VPPLo signal 510 is al so

. deasserted) indicating that the voltage applied to the VPP input 4lbnis§P 2002
greater thagoko¥esi NOR gate 525) which receives both the VPeiiyssi@sal 515
and the VPPLo signal 510, wll assert a VPP=VCC signal 520. The assertion
of the VPP=VCC signal 520 indicates that the voltage applied to the VPP
input 410 i s approximtely equal to the vol tage applied to a VCC i nput 420.
The VCC i nfFatn pnolssignsi ﬂ@ivrpn@ewwaﬁgcm@émﬁr prefranapdiedper at i ons and

har gb. purs Sy Ghith B (/2 SHERER nORRRG PN A R R S o

12V and grwamery ¢ellan 1 V) the voltage for program and erase operations is

Current necessalt Tgh Bias e ahati LB VERThE TR deteetig fe”

t ransi st or g#héhéerta iageppiizato MaRIPPLApithIE 0 pr@gdsapreiidiemting woldgy ievel. s menory
cells (al s not shown). The qate current g’sf del ia/er.ed via the gate control
si gnal  470F YHERiegiations wihere thhisha vaiags fanfashmiduriigh POgFRwRINEthE e punp

570 provi degg Higievdtidsé 84kct RREEE SraldterfiedVaddEARVE Idprefedffly @vedialohgns to the
drains of the éhe‘é OESEP 2002 V\%eggl 59057 P /U599/%9377 8 transigtpors t hat

nmake up t hetherls¥elaasmesableodhe highyplagedetesheiropit 449 scoupied toythgigatecurrent i s

del i vered yi jo 3 : j Iy | St i
enabl ed.  Thariol Snrhphion SHEY #lo, shORRMARRINECR: LIGRSIGIRIAERAS 1 o0
and ar e entisireutltsiofthe dhteruipRtio/0C the gpieborBD condigassion tirchit 430 Uf thetighepi cts a

pr ogr ammab | ogi ¢ devi 5 _as ribed,.above. iin co tion wth Figures
i and . Theass S s itk dee PRal RIS BBl Vs b ERYRF RE Y20 and &
VPP i nput édddedsT81, th@Che gpteicortAd) cosfiguoativmadiredit #80 allswsape yolvagk apgleded0 and

t he VPP i ngut 0 is,connected to a wite praqtect o] i gnal 660. The
supply vol {5EgePispu 4! tPé’f“?r‘E’nﬂ”? K e §?‘Fﬁ8&5ﬁ SRl 78vﬁf§bés"°&f’%e possi bl e)
i ncl udi ng detdM.cirdhiendd Refumhdricbuplédiorhd dairgtbatrobéfigdratibn Eirdudicoadddy | ow
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erase operations. Therefore) the enbodi ment of Figure 7 provides fast
production progranm ng and i n-system program and erase operations using
only the lowcost resistor 752 for external circuitry. Figure 8 is a flow
di agram of a nmethod for automatically configuring a first supply voltage

i nput and a second supply voltage input of a progranmable |ogic device. At
steps 810 and 820) a determnation is nade whether a voltage applied to a
supply voltage i nput exceeds a predeterm ned value. Step 830 indicates that
if the supply voltage exceeds the predeterm ned val ue) the supply voltage
input is enabled to conduct a current sufficient for program and erase
operations. If the voltage does not exceed the predeterm ned val ue, the
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configuring the Brograrrma e logic device to receive a current sufficient

for received by a comparator circuit 505 The comparator circuit 505 compares the output
of the voltage divider circuit formed by the resistors 502 and 504 with a 2V reference
voltage 532. Since the voltage divider formed by resistors 502 and 504 divides the
voltage applied to the VPP input 410 by 4, the comparator circuit 505 can determine
whether the voltage applied to the VPP input 410 is greater than 8V. For example, if
the voltage applied to the VPP input 410 is 12V, the voltage divider formed by resistors
502 and 504 would deliver a voltage of 3V to the comparator circuit 505. Since 3V
exceeds the 2V reference voltage 532, the comparator circuit 505 will assert a signal
VPPHi 515 which indicates that a voltage exceeding 8V is applied to the VPP input
410. If the voltage applied to the VPP input 410 is less than 8V, the comparator will

deassert the VPPHi signal 515.
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programmable logic device’s memory cells.

When the VPPHi signal 515 is deasserted, indicating that the voltage applied to
the VPP input 410 is less than 8V, and the VPPLo signal 510 is also deasserted,
indicating that the voltage applied to the VPP input 410 is greater than 1V, a NOR gate
525, which receives both the VPPHi signal 515 and the VPPLo signal 510, will assert a
VPP=VCC signal 520. The assertion of the VPP=VCC signal 520 indicates that the
voltage applied to the VPP input 410 is approximately equal to the voitage applied to a
VCC input 420.

The VCC input 420 supplies the voltage necessary for read operations and also
provides power for 2 low current charge pump 560 and a high current charge pump 570.
When the voltage applied to the VPP input 410 is less than 12V and greater than 1V,
the voltage for program and erase operations is provided by the VCC input 410. The
low current charge pump 560 provides the current necessary for program and erase
operations to the gates of the transistors (not shown) that make up the programmable
logic device's memory cells (also not shown). The gate current is delivered via the gate
control signal 470 when a transistor 564 is enabled. The high current charge pump 570

provides the current necessary for program and erase operations to the drains of the
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405 receives the power necessary for program and erase operations through the VCC
input 420, also described above in connection with Figures 4 and 5. Thus, it can be
seen that complete write protection is provided via a simple logic signal and also in-
system program and erase is provided without external circuitry.

Figure 7 illustrates a programmable logic device 405 as described above in
connection with Figures 4 and 5. The programmable logic device 405 includes a VCC
input 420 and a VPP input 410. The VCC input 420 is connected to a supply voltage
640. The supply voltage 640 is preferably 5V, although other voltages are possible,

) including 3.3V, Other embodiments may use a supply voltage of approximately 1.8V.
The VPP input 410 is connected to a programming and erase voltage line 750. The
programming and erase voltage 750 is preferably 12V, but other voltages are possible.
A resistor 752 is coupled between the supply voitage 640 and the program and erase
voltage 750. During production, 12V may be applied to the VPP input 410 via the
program and erase voltage line 750. This enables the programmable logic device 405
to perform fast program and erase operations. When the programmable logic device
405 is used during in-system operation, no program and erase current is delivered via
the program and erase voltage line 750. During in-system operation, the VPP input 410
receives the supply voltage 640 through the resistor 752. The value of the resistor 752

should preferably be one that will minimize the voltage drop across the resistor 752.
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voltage exceeds the predetermined value, the supply voltage input is enabled to conduct
a current sufficient for program and erase operations. If the voltage does not exceed the
predetermined value, the supply voltage input is not enabled to conduct the current
necessary for program and erase operations.

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader
spirit and scope of the invention as set forth in the appended claims. The specification
and drawings are, accordingly, to be regarded in an illustrative rather than a restrictive

sense.
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1. A programmable logic device, comprising:

a first voltage input;

a second voltage input:

a first detection circuit coupled to the first voltage input, the first detection circuit to
detect whether a voltage applied to the first voltage input exceeds a first predetermined value;

a first configuration circuit coupled to the first detection circuit, the first configuration
circuit to configure the programmable logic device to receive a current sufficient for program and
erase operations through the first voitage input in response to the first detection circuit detecting
that the voltage exceeds the first predetermined value;

a second detection circuit coupled to the first voltage input, the second detection circuit to
detect whether the voltage applied to the first voltage input is less than a second predetermined
value; and

a second configuration circuit coupled to the first and second detection circuits and the
second voltage input, the first configuration circuit to configure the programmable logic device to
not receive the current sufficient for program and erase operations through the first voltage input
in response to the first detection circuit detecting that the voltage applied to the first voltage input
does not exceed the first predetermined value, the second configuration circuit to configure the
programmable logic device to not receive the current sufficient for program and erase operations
through the second voltage input in response to the second detection circuit detecting that the

voltage applied to the first voltage input is less that the second predetermined value.

2. The programmable logic device of claim 1, the second configuration circuit to configure
the programmable logic device to receive the current sufficient for program and erase operations
through the second voltage input in response to the first detection circuit detecting that the
voltage does not exceed the first predetermined value and in further response to the second

detection circuit detecting that the voltage is not less than the second predetermined value.

3. The programmable logic device of claim 2 wherein the first predetermined value is

approximately 8 V.
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5. A programmable logic device, comprising:

first means for receiving a voltage;

means for detecting whether the voltage exceeds a first predetermined value;

means for detecting whether the voltage is less than a second predetermined value;

means for configuring the programmable logic device to receive a current sufficient for
program and erase operations through the first means for receiving the voltage in response to the
means for detecting whether the voltage exceeds the first predetermined value detecting that the
voltage exceeds the first predetermined value; and

means for preventing program and erase operations in response to the means for detecting
whether the voltage is less than the second predetermined value detecting that the voltage is less

than the second predetermined value.

6. The programmable logic device of claim 5 further comprising:

second means for receiving the voltage; and

means for configuring the programmable logic device to receive the current sufficient for
program and erase operations through the second means for receiving the voltage in response to
the means for detecting whether the voltage is less than the second predetermined value detecting

that the voltage is not less than the second predetermined value.

7. The programmable logic device of claim 6 wherein the first predetermined value is
approximately 8 V.
8. The programmable logic device of claim 7 wherein the second predetermined value is

approximately 1 V.

9. A method for automatically configuring a first voltage input and a second voltage input
of a programmable logic device, the method comprising:
detecting whether a voltage applied to the first voltage input exceeds a first

predetermined value;
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10. The method of claim 9, further comprising:
enabling the second voltage input to conduct the current sufficient for program and erase
operations if the voltage does not exceed the first predetermined value and if the voltage is not

less than the second predetermined value.

11. A computer system, comprising:

a programmable logic device including

a first voltage input,

a second voltage input,

a first detection circuit coupled to the first voltage input, the first detection circuit to
detect whether a voltage applied to the first voltage input exceeds a first predetermined value,

a first configuration circuit coupled to the first detection circuit, the first configuration
circuit to configure the programmable logic device to receive a current sufficient for program and
erase operations through the first voltage input in response to the first detection circuit detecting
that the voltage exceeds the first predetermined value,

a second detection circuit coupled to the first voltage input, the second detection circuit to
detect whether the voltage applied to the first voltage input is less than a second predetermined
value, and

a second configuration circuit coupled to the first and second detection circuits and the
second voltage input, the first configuration circuit to configure the programmable logic device to
not receive the current sufficient for program and erase operations through the first voltage input
in response to the first detection circuit detecting that the voltage applied to the first voltage input
does not exceed the first predetermined value, the second configuration circuit to configure the
programmable logic device to not receive the current sufficient for program and erase operations
through the second voltage input in response to the second detection circuit detecting that the
voltage applied to the first voltage input is less that the second predetermined value;
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