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generally relates to input/output (1/0) buffer ]%.cuits and nore

particul arly t MVLTIHVQLTAGE POYER-UMSTABLE N UTOCTRUTEBUFHERer up.
Background of the Invention So ' d circuits (1Cs) have
two distinct voltages present E?%egﬁzqﬁeégﬂllﬁgmﬁa core voltage and an ~
|/ O voltage. Each is different than the 10 other. These are called m xed .
voltage integrated circuits. \Wen the two distinct voltages are applied to
and renoved fromthe chip, as whefieklofithedoyentignsyst em inpl enentation,
they are often applied or.renoved at differing tij I pts.. Additionally,
the stateSof the Y GHioBEERt R Lt fooPbi s PR BHEE e iSant (- ¢ he
core of the. R RuARFNG a il Yolade WO aREEr (HABls PRIPHEPEREs upel ore the
state 15 of t eegut pEt gu?fqer flg detaegré%/nate.rUsually, thg corelpvoltage
will be present at the sane tBaekgrouhdef thednvehtimge. However, in the case

where the 1/O voltage is present gr_ior_ to the core voltage, there is a
probl em The probSemeagransed Buegiasd cirgis,(Cy have Bre dishng;voHages MIeseht as a

system reset fy e e .th ed .t . rak ] |

determ nate, i%%tlpm eﬁg%l%@r\eg{:ﬂ[t%geﬁfisﬁ&%é@%& %aé:g?%ﬂﬂeffsegemﬁ@ g‘ﬁeWnet her
a core vght agmet S TRERSHB callelinBixsd @bRageflintefRirdd/ i .f Whemahotho BRtisA! el Y
determ ned by the 1/0O power, due to a requirenent for Test Mddes, and

on-the-fly cuoltigss e appliedto addaemovédfrom thiehipf a3 whemappliedso a spgtemt for a
solution in which the 1/ buffq%% state is nmade deferm nate whenever an |/0O
vol tage is pPBREMENRAHOL, ]hex arg P@B@é@ 5 TETPERdRE BEEIIGE HE PO, rmmry of t he
| nventi on Agai i | MRS § d éaq§m viel oped.
The present %dﬁéfggtﬁ%ﬁthggtg{gﬁ{fﬁ% ?@ﬁﬁlgﬁ{gﬁ?p&?)‘egrat geich%r‘lri‘gﬁ?t ar0 glﬁcﬁjl arly

useful in a teswre 8DthdICy eThoniesml thatrbotthedltagesmueshet prasent tefore thosthteer s
each power up_to a known state based off of the 1/0 vol t_age. The circuitry
then al | éhs Phtheyinut byffercis determimaten Usuallys e gore vpdtage wilbhe PEssents| y af t er

the core vol 4308 135nd SARREH golpargg.d 'ﬁo%e%rr] §S the case where the /O volage is

present prior to the core voltage, there is a problem. The problem arises because

there are certain signals such as a system reset, for instance, that need to be
controlled, i.e., made determinate, anytime the I/O voltage is present, regardless
20 of whether a core voltage is present.

The state of the I/O buffer cannot be solely determined by the I/0 power,
due to a requirement for Test Modes, and on-the-fly configuration of the buffer.
Therefore there is a need for a solution in which the I/0 buffer state is made
determinate whenever an I/O voltage is present in a mixed voltage integrated

25 circuit.

Summary of the Invention

Against this backdrop the present invention has been developed. The
present invention essentially is an integrated circuit particularly useful in a disc
30 drive controller that ensures that the I/O buffers eaéh power up to a known state
based off of the I/O voltage. The circuitry then allows the core to determine the

state of the I/O buffers only after the core voltage has reached a predetermined
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enbodi ment basi cal | \, m ﬁe&g ' inCl rcui t
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accordance wi t lsedond embediarent basically iimielveFuging 2 separatedevep detetterigralipigcuibnal

bl ock di agram of t{he disc dri ve a schematic

bl ock di agr am GHsigeths eqre fhat Pyl qs,ﬁ%%qagfoe@d{gﬁeé@fttt{lgggrq k"]é‘&?d? gb#Hte with
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FIG 5 is- a-'Piing _diagramof the various voltages illustrating the timng
of the intlégrated diteserdnd vapfons etherxfeatyresms wellgsiagvantages tht characierzatie c
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circuit in FI cP'E
description and a review of the associated drawings.

Brief Description of the Drawings

20 FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment
of an integrated circuit in accordance with the present invention.
FIG. 2 is a simplified functional block diagram of the disc drive shown in
FIG. 1.
FIG. 3 isa schematic block diagram of a mixed voltage integrated circuit
25  in accordance with a first preferred embodiment of the present invention.
FIG. 4 isa schematic block diagram of a mixed voltage integrated circuit
in accordance with a second preferred embodiment of the present invention.
FIG. 5 is a‘fifaing diagram of the various voltages illustrating the timing of
the integrated cireifit in Fig. 3.
30 FIG. 6 is 2 sifplified schematic diagram of the level detect circuit block in
the mixed voltage integrated circuit in FIG. 4.
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the preferred enbodi ment of the integrat ed circuit shown

Det ai |l ed Descriptigon A disc drive 100 constructed in accordance with a

preferred enbodi netiG-of is assimplified schematic diagram oh theprefesred embodingnt df The
disc drive 1 whi ch various conponents of the disc
drive 100 ar gﬂﬁolug%ﬁ%ﬂs%\&%lﬁ%ﬁg%’églfﬁg 3. shown partially cut away,
cooperates with the base 102 to fODBtaiil@dIDEs&FiﬁﬁJm seal ed environnent for
the disc drive in a conventional manner. The conponents include a spindle,

not or 106 whi ch roéé?@%mﬁéoaicomtedﬂ@e@:oxctmcamtb aaunfgnadtenwpgﬂmenpeﬁd 1o

e oY ace s ol A T RS R R S S ol W O "
about a bearlxﬂ]ﬁicﬁb&fléusc%ﬁﬁﬁﬂ&hk’oﬁﬂﬁdﬁ’s‘éﬁlrivb‘iﬂﬁﬁrea}ﬁbﬁﬁé‘d‘tAttgﬁsweiZ§4108 The

actuator assenbly 110 includes a plurality of actuator ar whi ch

ext end towar obéxown@am@sunmay, wooperatesewish the base $02 tocformen idtkfhat)staladli ng
fromeach of the act ua}I 114. Mounted at the 15 distal end of each of
the flexures SPYgoRmenf inpthy iSfSiW(ﬁlnéﬁc?‘hV(?PHM manner. [Thecamnegents inclide 2

enabl ing the or ndi ng
surface of thsgﬁgg%%%ﬁgtlgguﬁ "sﬂc‘%i%%’%%@%%@&%%@? | ocr?hogn Clﬂgﬁ ﬁ%ez%gs 118 is
control | ew, dufdrmgtion oesittamerant irexd, frorh iracksdn thd dists POSIhréughGhe BseCdtian Mot or

(VCM 124, that typically includes a coil 126 20 attached to the actuator
assenbl y 110,2cHetar@ssembly HY Wrchmtaesyimingraseek qmgmrsabpzSabmngeshaﬁbl i sh. a

magnetic fiel | The contro _
application ¢ Seclzﬁl})r&/g p?%{]?lhe gchFI%GLE%&é%{@ gﬁ‘i@?f X 23 i Wﬁl‘ﬂéﬁ ween
the permanenta sra@Ag} Sf abRftciasns 164 GAich e%%ﬁd%&wirhﬁhewfcs%ﬁ w&@ ves 1n
accordance with the well-known Lorentz relationship. As the col 26 noves,
t he 25 act uatmercdlszencbly6 edtending from eabbofﬂteraetulammmlhhmcbumsdsarﬂi&y 112,
the. surfaces of the discs 108.

he head
The spi ndlve. Rirdhend ok o 2yl BoRIse 16 isAee LAMR inqwies ansEs beming: 100 | <
not in use fQlidednaPsEFmeREALPTE filfﬂ}I ?A’Wths gcﬁﬁscggg%‘;e\kﬁe@&?%%gﬁﬁggover park

zones 120 near the i1nner dianeter o firve notor I-s
de- ener gi zed.surface of the associated disc 108. :

The track position of the heads 118 is controlled, during a seek operation,
through the use of a voice coil motor (VCM) 124, that typically includes a coil 126
20  attached to the actuator assembly 110, as well as one ,or; more permanent magnets
128 that establish a magnetic field in which the coil 126 is immersed. The
controlled application of current to the coil 126 causes magnetic interaction between
the permanent magnets 128 and the coil 126 so that the coil 126 moves in -
accordance with the well-known Lorentz relationship. As the coil 126 moves, the
25  actuator assembly 110 pivots about the bearing shaft assembly 112, and the heads
118 are caused to move across the surfaces of the discs 108.
The spindle motor 106 is typically de-energized when the disc drive 100 is
not in use for extended periods of time. The heads 118 are moved over park zones
120 near the inner diameter of the discs 108 when the drive motor is de-energized.
30  The heads 118 are secured over the park zones 120 through the use of an actuator .
latch arrangement, which prevents inadvertent rotation of the actuator assembly 110

when the heads are parked.
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30 The h %/}ﬁ% are secured over the park zones 120 throyghqidieiise of an
act uat or a%c arrangenment, which prevents inadvertent rotation of the

actuator assenbly 110, when_th eads, are parked 1/ 31787

PCTI US00/ 17573 A fléﬂ%ﬁmhﬁi 0&“6%/11’&@@1‘11%@ ﬁl@%ai ponmegiionpaths foF the
connection pat : ' ' | al
novenment of th%%%%%agé%?ol ggbe@lgg‘umgﬂ‘#ﬂéﬂ‘g’ﬁ% gj%?ftﬁéh%a??sgiﬁglgsenbl y
includes a p i niGedhritigldpeiatishORielckI8sentbly Wehules b pfidtediciresit bowrd 13hwn) are
connected; the head wires being routed along the 5 actuator ar{s 114 and
the flexures 1wbichdeahwimeaesshovay arrrenpedted the head wiies beigg repte §2n$6'§i cally

I ncludes ciycuitry for trolli th i rrnegt | heads
118 during & Mq@%orméﬁ?gﬂggﬁéﬁgmﬁ i%\% tﬁ?pééa;ﬂsfl g? %ﬁm %/clﬁgré;h{r%gg%%si gnal s
generated by ti&t?f?ﬁ@ﬁ%%ﬁld@%ik&ﬂrﬁfo&@&%dm@g fileivaite cilfiénté hsplica sstetheyds
termnates at a flex bracket 134 Tor communication through the base deck
102 to a disc 1it8 duinpt writerdperhtion puxia prepwmalifier fovamplifying) readbsignadsl to t he
bottom side of the disc drive 100. . Referring ,no%o FI G shown t herein
i s a functionagensrasedbyithsbeadnldp durne 2 grad OpgafioR Gle&asﬁ“é’ly ermmates AL | y

showi ng the majp_{ | P "FH'! pnAl | ; lSC drive
printed circui lf‘%’(ﬁ%%%ﬁgalg%reégk 0 c%ﬁ‘%%‘ﬁg?ﬁgﬁ%éﬁ%?@te?gﬁb%w %Eéeadlg\?ezc drive
100. The digc ?ﬁﬁt‘é@cﬂ:&ﬁt board HeVshowh) otnted té thelptiopaidddfithe disnddteetD015 to a
host conputer 140 in which the disc drive 100 is nmounted in a conventional

manner. Control conRefsiring tontofiGh3, shewnthaeindea funstiopad hlack diagsar ofdsput er
140 and a disg, dri.ve,m crQnrocesso 42.. the m.cropr.ocessor. A erally
provi ding top &15%9’8}'3 E@ﬁ’r{ﬁ % tgegﬂag%él?ocvgﬁgH}ﬁmy&fmﬁlgn%icggmas%lgg 0in
conj unction W fdaqah gy @ms@%ﬁ/%ﬁﬁt@&cﬁﬁ{ RRFCHRISEEY tolébhtrd! Bk dPerafion of

m croprocessor nmenory (MEM 20" 143. The MEM 143 can include random access
menory (RAM), thealiscaltivg 108nThy disé¢ Bk 100nd slavirein QU2 debe operaldy icommrectedenor y

for the m croprocessor 142. The discs 108 are_ rotated at. a const.a,gqﬁ hi gh
speed by alkpi Hup kost eerpwer lﬂorleemchth&aél,scﬂm%wq’;?ﬁil%@ynéwemwe ly

comut ates the_spind t . [ ]ﬁaﬁ

el.ectronotive F%’ﬁ%%" {;@g@)c&ég%xglfcﬁg@&lgsllz}r{abg)vg%g%eg%%rﬁa |ons,%qt e %& 4t0 rack
posi tion of theydgards dAvSmidtoprotdsscrl1ugthé i@bglacésser BRIYeherally proviingtepr ent
to the coil 126 of the actuator assenbly 110. A servo control circuit 150

provi des such leyeltonghuniéionngd aontrsd fordhredise dve 1M0nepuinngiiodcedsor 142

receives information . . .
programming for the microprocessor 142 stored in microprocessor memory (MEM)

20  143. The MEM 143 can include random access memory (RAM), read only memory

(ROM) and other sources of resident memory for the microprocessor 142.
The discs 108 are rotated at a constant high speed by a spindle control circuit

148, which typically electrically commutates the spindle motor 106 (FIG. 1) through
the use of back electromotive force (BEMF) sensing. During a seek operation, the

25  track position of the heads 118 is controlled through the application of current to the
coil 126 of the actuator assembly 110. A servo control circuit 150 provides such
control. During a seck operation the microprocessor 142 receives information
regarding the velocity and acceleration of the head 118, and uses that information in
conjunction with a model, stored in memory 143, to communicate with the servo

30 control circuit 150, which will apply a controlled amount of current to the voice coil

motor 126, thereby causing the actuator assembly 110 to be pivoted.



regar di elocity and accel erati on of the head 118, hat
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I nformation™in conjunction with a nodel, stored in r‘nem)
comuni cate with the servo 30 control_ ci rcuit 150, which will g
control | ed anount Idgta isfransterred betvyeen fhy host eqmut%&ooandfé%dlsme gﬁbaaus. ng

t he act uat or i]i,% y Dat-a
S transferre bog%%c lh%gééeg%&rfrpu wﬁfg&%‘@%zgél SC #?%g{a%ég way
of a disc drispyeed ddiLirid€a bbfideen\the Bdst wﬁpaxai 140 dndahe dizs deive 906.€Datao

facilitate high speed data transfer between the host conputer 140 and t he.

di sc drive 1®@Wmnatotfbedl§@dwei mﬂeatetlmsmednﬁ@mﬂ:ﬁuh@etmwréOMs passed-
fromthe host C the terface 0 a,rea te
Channel - 136; ek T anadnen'  read pake dabnet 136 Bhich Mided aflt bR e ©
requisite Wig)g fidr r@ﬂhessdmg%%fuﬁltbcavﬁt%uﬁé‘rﬁ@?gnéﬂs%thE%e%%Ilsa"?o réi@dve that
has been previously stored by the disc drive 100, read signals are

generat ed bydatathattma bserpi@viansly stoved biethetdisctduive rlﬂﬁ,chbwﬁ signals hrergeatrafedo,
whi ch perforns _ decodi ng and er i ogn and cqrrection operations and

outputs the dtthe beads 148 and provi dtt‘hg‘elrﬁ Writs.channel 146, Which pefo®y ¢ r ansf er
to the host c@ﬁ?@ﬁéﬁn&é@m cfe‘tech&? anfgg}?egtlﬁ? F}Ber%or%%do nugé’tgé f‘&nﬁ]é’dcdﬁ'ta in

accordance w resen I nventl on “l1ze

|nterfaC@10144oﬂfe1§beMe 144 for Sbse @a&aﬂsfa%mﬂ@bxﬁﬁmadlmnt i's shown in.
FIGS. 4 and 6. In the first enbodinment, the I/O buffer includes an

addi ti onal |ogic aAldiest embotiiment of dlel mg:gmtc;dmtcmmmmrdamay withvtigiepreseit Swi t-ch
| nput of the |/O buffer. This.c rati ustr.a bl ock

di agram of Fiigyensionhat r%%‘fctlﬁfﬁ 1@&@ Hﬁerfﬁ%&i%‘ 58 %\"Ht”é%&g§e$ 3525 edt nodul e
that connect g E&dtJﬁW %"kﬁoﬁ% Iig{‘lgés Qfanhhf é(tﬁel?ﬂ tenibodifént TGP Vol t age

I ntegrated circurt es a core ogl ¢ nodul e 152

and one or nbufet iplideSdh pdditiohd! Dgibuddedrt tﬂééorersgicmeoilnwtsao a2dod®dul e
152 has a nopde switch line:156 and |/ O buffer control |ines 158 connected-

bet vveeln tlﬁﬁ cYyitch Iagntcoftho /G hnffese mvmqnﬂgu@t@nlsﬂlustm@d]g@ﬂ@ hlegk chrmdul e
152 |
170 output - S aGet G, 378 SR brbfifueht s LBt AR il a1 21° 57

More speci fi qRdtldsnndchGo the Mode Switdh! Inputest the€ YO Riffeg.  epresent ation of the:
25 "power good" sensing portions of the integrated circuit 151. The core
| ogi c The mixed voltage integrated circuit 1 shown in FIG. 3, includes a core

»-4_)

logic module 152 and one or more Input/Output (I/O) buffers 154. The core logic
20 module 152 has a mode switch line 156 and 1/O buffer control lines 158 connected
between the core logic 152 and the I/0 buffers 154. The core logic module 152
also has a core voltage output line 160. The 1/0 buffers 154 have an I/O output
voltage line 162 as well as a number of data output linés 164.
More specifically, FIG. 7 is a simplified schematic representation of the
25  “power good” sensing portions of the integrated circuit 151. The core logic
module 152 includes a regulator 300 and the 1.8 volt core logic 302. 1.8 volt
power is generated by the regulator 300. A 3.3 volt supply volfage is connected to
the Vdds pin of the voltage regulator 300. The output 304 of a bandgap reference
voltage circuit 306 is connected via line 308 to the REF pin on the regulator 300.
30  The bandgap reference circuit 306 provides a stable reference to the voltage
regulator 300 son that it can produce a stable 1.8 volt supply. The voltage

regulator circuit 300 has a “PG” output pin which provides a power good signal
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nodul e 1 es a regulator 300 and the 1.8 volt core

vol t %quél‘égnerat ed by the regulator 300. A 3.3 volt suppsfq’y vo?tage S
connect ed to the vdds pin of the vol ta e re&ﬂ‘l ator 300. The out put, 304 of a
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on the rmde swidtall dtherainddés6 to the 1/O buffers 154. This PG signal is a

| ogi cal I f and on I f_the core | ogic voltage 8 ese and

within a saf5e operat‘f%;g iflusteates %8@%3‘ Bcgqeqeggz @@gﬁ%ﬂ%’ﬁ@(ﬁf € ogi cal
.0 on the node s 5 I tes

the timng i n teecare 1BGpem Nufh of bhulFbr bk Tt bsfldcinob b e B

startup or poweggsiiape AforkVeolfalzé, ki (Sydtedh reBetfsipnalsi QXX tirge f,igo pokr ls(appmgb
Core Voltage, and Systemreset signals. At time tO, no power is applied to

the system At tbhhzssxsmxmtAﬁﬂlmpvmtlmtheclﬂld/ﬁhbﬂf&f@m%mmﬁ@w diew; ted | ow,

ur ngD?ﬁeS\imotChllnejf‘glg}f:.gq foo it R Pl i s ., DlrlnRicc)”

vol t age, ﬂzrhéo%v e, the I/CR'Ulia ¢ 58&'15 1&'%&111‘1&1@01&@ U, f3e3 vol, At S

remai n | ow. € core Vvo ge I's applied and goes to a stable

saf e operating { e\mirmgahg ume]thSIMDbﬁﬁer oulfamsweimiairelow. h®hem de t,s thietooke r emai ns
low fromto until t3. \Wen the core vol tage has,reached a sgfe operating
l evel , e.g., 1.®ltage n%apphed argl gaendo ﬁﬁ@élesiﬁfec‘éﬂ?f‘%t@gﬂsv%’s%éntle YOYh. After

ot at i e ¢ Aeerien e pOfH ol SHALSTRV IR ikl (TR e ORLICEET
the 1/0 out pUthaB%&h@d Q'%aﬁr!%eltaﬁﬁg%@l Q.| 3.8 WiRaaag, the amde ewath isl n t he
second enbodi nent, shown in d 6, the int egrated circuit 200 al so

i ncl udes a tor easisexgpdchlglnd After geXoentbgic/ dbt@uﬁm%ﬁhatmysmde&%ﬁ@lﬂﬂ@glems 20
202 has a core voltage |ine 206 |ch|st |ca volts and the 1/0
buf fers 204 hasha¥§ herwmawg@u,:ﬂt/ﬂ%@e sqegts ﬁ@giﬁ" QutpEIs 1. ?/oh %.
The 1/0 buffefSx/oz&éplﬁ'gﬁesﬁsgﬂwtﬂam%igﬁemwﬁ@mea_IInes 210. However,

in this second

-~

In the second embodiment, shown in FIGS. 4 and 6, the integrated circuit
200 also includes a core logic module 202 and I/O buffers 204. The core logic
20 202 has a core voltage line 206 which is typically at 1.8 volts and the /O buffers
204 has an I/O voltage line 208 which is typically at 3.3 volts. The 1/0 buffers
204 also have a number of data output lines 210. However, in this second
embodiment 200, the mode switch input 214 does not run from the core logic
module 202 directly to the I/O buffers 204. Instead, a level detect circuit module
25 212 is connected between the core voltage line 206 and the I/O voltage output line
208 with its output feeding the mode switch input 214. In addition, the output
buffers are operated in one of two modes: Default Mode or Core Logic Mode.
When both I/0 voltage and Core voltage are present, the output buffers are
operated in the Core Logic Mode. If not, the output buffers 204 revert to the
30 Default Mode.
The level detect module 212 is powered by the I/O voltage, not the core
voltage 206. The level detect module 212 provides a “CVGood” signal to the
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enbodi meow1/2{387 the node switch i nput 214 does not run fyerusd@rsare | ogic
nodul e 202 directly to the I/O buffers 204. Instead, 'a | evel detect circuit
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Mbde or Core Logic Mbde. = When both 1/0O vol tage and Core voltage are
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the out put buffers 204 revert to the 30 ayl.t. Mode. The | evel tect
modul e bib | deisel Sran 120 rBdes SriBrarag: 22 Shidh A 05 nekatys BREL2EG.  The
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This ensures that the 1/0O buffers are in a known, determined state whenever the

20  core voltage is low, such as on a power reset, power down or power up scenario.
Only when the core voltage exceeds a predetermined level with the I/0 voltage
present will the I/0 buffers switch from the Default Mode to the Core Logic
Mode. The level detect circuit 220 thus also protects the core logic by ensuring
that the mode switches back to the Default Mode whenever the Core Voltage falls

25 below the predetermined threshold determined by R1/R2.

In summary, the present invention may be viewed as an integrated circuit

(such as 151 or 200) that has a core logic module (such as 152 or 202 or 302)
connected to a core voltage (such as 160 or 206), an input/output buffer module
(such as 154 or 204) connected to an input/output voltage (such as 112 or 208),

30  and input/output buffer control lines (such as 164 or 210) that are connected to the
core logic module (such as 158), and a mode switch input (such as 156 or 214) on

the I/O buffer module (such as 154 or 204). The mode switch input is operable to

7
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comparator is powered by the input/output voltage (such as 208). The reference

voltage (such as 226) is connected to the input/output voltage (such as 208).

20 Stated another way, the present invention may be viewed as an integrated
circuit (such as 200) having an input/output (I/O) buffer (such as 204) connected
to a core logic module (such as 202). The core logic module (such as 202) is
connected to a core voltage (such as 206). The 1/0 buffer (such as 204) is
connected to an I/O voltage (such as 208). A level detect module (such as 212) is

25 commected to the core voltage (such as 206) and the I/O voltage (such as 208) and
to a mode select input (such as 214) on the I/O buffer (such as 204). The level
detect module (such as 212) is operable to control the I/O buffer (such as 204)
between a Default Mode preventing 1/O buffer output and a Core Logic Mode
permitting 1/0 buffer output from the core logic module (such as 202). The level

30  detect module (such as 212) operates to prevent output of the I/O buffer (such as
204) uniess the I/O voltage (such 208) is at a safe operating level.
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VWhat is chaemdzgys: L Lilup LTI EITTINT 1111 1. An integr@gdwdsdhieyi t
conprising: = a core logic nodule connected to a core voltage; an
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input/output voltage, the level detect module determining when the safe operating

level is met.

15 4. The circuit according to claim 3 wherein the level detect module
has a comparator comparing the core voltage to a reference voltage to determine

the safe operating level.

5. The circuit according to claim 4 wherein the comparator has a
voltage divider connected to the core voltage and a positive input of the
20  comparator and an input/output reference voltage connected to a negative input of

the comparator.

6. The circuit according to claim 5 wherein the comparator is powered
by the input/output voltage.
7. The circuit according to claim 4 wherein the reference voltage is

25  connected to the input/output voltage.

8. An integrated circuit having an input/output (I/0) buffer connected
to a core logic module, the core logic module being connected to a core voltage,

the I/O buffer being connected to an I/0 voltage, the circuit comprising:
10
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has a comparator connected to the I/O voltage and has an input connected to the

10  core voltage through a voltage divider.

11.  The circuit according to claim 10 wherein the comparator has

another input connected to a reference voltage.

12.  The circuit according to claim 11 wherein the reference voltage is

connected to the I/O voltage.

15 13.  An integrated circuit comprising:
a core logic module;
an input/output (I/0) buffer connected to the core logic module; and
means connected to a core voltage and an 1/0 voltage for controlling
operation of the I/0 buffer to permit operation of the I/O buffer only when core

20  voltage is at a safe operating level.
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