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(57) Abstract: An integrated circuit for particular use in a disc drive has a core logic module connected to a core voltage, an in-
“~ put/output buffer module connected to an input/output voltage and having input/output buffer control lines connected to the core

logic module, and a mode switch input on the /O buffer module that is operable to prevent output operation of the /O buffer mod-
ule whenever core voltage is below a safe operating level. One embodiment has the core logic module determining when the safe
operating level is met and providing an appropriate signal to the /O buffer. Another embodiment has a separate level detect module
operably connected to the core voltage and the input/output voltage determining when the safe operating level is met, and having an
output connected to the mode switch input on the I/O buffer module.



CONTROL LINES N 00 N M (57) Abstract: An integrated circuit for2 7 APR 2004
particular use in a disc drive has a core | ogic nodule connected to a core
voltage, an in .. put/output butler nodul e connected to an input/out put
vottage and havi ng input/output buffer control |lines connected to the core

C | ogi ¢ nodul e, YL IMYAQbTAGE ROWERHP SFABRE INPUTHOUTBUTHIRRER t hat i s
operable to prevent output oper&r@ANTAN A DisCDRNE fer nod- ul e whenever
core voltage is below a safe operating Ievef One enbodi ment has the core
| ogi ¢ nodul e determ ni ng when the safe O operating |level is nmet and
providing an appropriate signal tehid6rtheBavdifiber - Anot her enbodi nent has
a separate |evel detect nodule o ed to the core voltage and
t he i nput/ odt put voﬂ"hlagyemwmmlynglamBrfmplh@utpaf @ poffetdircgitd andel is net,

and having an tch i ut on the 1/0 buffer
e, 5%, Ap Rt Bt RING S g e IB AR AR p 8RBT B on
CIRCUT IN A DI SC DRI VE Fi el d oBadkgeound\of gliec Iamertionhi s i nventi on general |y
relates to input/ou |/ Q). .buffer .circ icularly to a
mul tiple voltage I/ ‘h? 8“% "tg“}t%d%‘i‘a'bﬁ@é%?ra‘ﬁdw&dl%“"pg%séwle%ﬁ}hd of the
I nvention Sone iReh¢a0C dleren$ £60ravElEhg€ hidCdhi 1L vitags) ERRVE difféRenelingt {hect

vol tages present in the IC There is a core voltage and an 1/0O voltage.

Each is dif Per ofhert hhste preeallgdgniyed waltagerificgrated ccuits) | Vehpn thsag dissingtage
integrated cirGyjd sar%sﬁxlehb@m{d%mmeatf}oﬁ%e XHlbta%gﬂﬁn%pﬁle@RPi by 0 and
removed fromthe chip, when applledtoasys em inplenmentation, they
are often appl |1@glempnmtam0@ﬂa@toﬂgm arfipdied ergrempynd ap differieg timpgelintsi onal I y, the
state of the | ) t he
core of the IC. (o?ai gﬁr?ss%t#e?tm%mﬂ%%%fdt glgegﬁu?n%gl?gége%elgggtl&gl efore the
state 15 of thethq)oﬁmbLﬂ f €his meamd élta¢ both valtages tosw &t piesent Hhefarothe stal t age

Wher e thot | Po b e pytoof uitRTT delefRind®, LsSuy B 5% Pk il R pebenmp i’ e 5°

probl em The prmsodaﬁmmelawse @ edge HoWeVet, iA kR cagl wikkdths II/_QWiJItheSblCh as a
systemreset, for instance, that need to be controlled, i.e., nade

det er mi nat e, arR}‘iSF‘i‘h?“Ph@ the e9re, ¥oliaggy dhereis grasehlem. TF%@‘&P'GF‘é’é‘ées bSERUSK whet her

a core vol tage the‘ie We%@ﬁd]ﬁ sigldhesuh & £syHemtrBit, FérOndirtlct ahar GG be sol ely
determ ned by the 1/0O power,
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 1/0 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/0 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/0 buffers each 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

I



due to a requirenent for Test Mddes, and on-the-fly configurati on2 gf A PFeZUM
buffer. Therefore there is a need for a solution in which the 1/0O but
state is made determ nate whenever an I/ O voltage is present in a m xed
voltage integrated 25 circuit. Summary of the Invention Against this
backdrop the prespableileveleritiois abwmplisied byl amplyexrge@re power e ionalnvent i on
essentially is,an inte t ed, cl rey I rly useful in a disc 30
drive controll é?g‘iwg‘f’h g"ﬁ@ﬁ‘?ggh‘?ﬂﬁ /C§ H‘gf? ‘es(iﬂuﬁfaé%&%éenn%me UP to a

known state baseflerahdy tefprévided wHRtVahdtideas athedeGivite irbfmdthd 88103l ows t he
core to determne the state of the |I/O buffers only after thé core

vol tage has redd@Rdeeds SHF‘@H@P‘&PHWH&%W&C@T heApRbufley 4tatecis dpseramined byethel . Thi s

i s acconpl i shedefNt se8P &Rt fogRower to an additional logic which
resides within the 1/0 buffer |tself In addition, an input to the 1/0O
buffer may be provi dese oHsitwp prefanted iemhediments byrwiish this ¢mlbefaclumeﬂlnea core

l ogic. This myde 45 r .1 Q uff state is
determ ned by tﬁed g&%gﬂ}%p{&%%gﬁiggcﬂ@ ﬁé%‘t’(}g’roetﬁ%}%eansw aésr Y t wo
pref erred enbodppasent & thgsewkilledhintthe &t oo rialimgche Medmg Ideﬁ:rlpﬁhrSCTﬁé ive that

are presently Vi Sk O . .However . . ot her ans .w | | beconme apparent
to those skille St'eﬁllb?ﬂ%g%rb?mﬁwpvpg’% hﬁ{jsetr%é‘q?% ﬂCB\’/ﬁ 8@ HSR. The

first enbodiomemetehnias waédtyswnmﬂrmmetmaauuaﬂo&fm @hemcﬂ@LagiE MResiTggal from
the core to 10 det % g switch fromthe Default Mdde to the Core
Logi c Mode. Th&SCOBLED Ve ues; using jpyenaraio level detedtisiggalpingmib ar at e

| evel detect siogt tiel dofelthdt pr&;&tie%d@n&m@mefeﬁt@ tﬁahaate dafé?vm%%é ishr ghgnal to
indicate that the Core Voltage is at an acceptab | evel "to control the

core | ogic. Tha@cqepiglle loyektasentep] gigspretlogiey The b%detm sigoalithentis iestween t he
Def aul t Mbde a@du&ﬁ?&n@}h%&ﬁ&a‘ﬁtm&%&% (?;J}gigglél%d arious other features
the p

as well as advantages that characteriz esent invention wll be
apparent frdm a r eadlheseawsk varines ¢thﬂrlfmurcsgpsa&tlais hdmintaghssm clmracmmzemxd a

Fa 1 i a pt Srg affeRion e Ao ChOR s PGk el B B eq emboci ment

of an integr at desceiptianiunt aireviews ofthelagastatati drbwinfe present inventi on.

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 is a schematic block diagram of a mixed voltage integrated circuit
25  in accordance with a first preferred embodiment of the present invention.
FIG. 4 is a schematic block diagram of a mixed voltage integrated circuit
in accordance with a second preferred embodiment of the present invention.
FIG. § is a timing diagram of the various voltages illustrating the timing of
the integrated circuit in Fig. 3.
30 FIG. 6 is a simplified schematic diagram of the level detect circuit block in

the mixed voltage integrated circuit in FIG. 4.



FIG 2 is a sinplified functional block diagramof the disc drive ZSVOA\pRiGmM
FIG 1. FIG 3 is a schematic block diagramof a m xed voltage integrate
circuit 25 in accordance with a first preferred enbodi nent of the present
invention. FIG 4 is a schematic bl ock diagramof a m xed voltage
integrated circuit FIQ. ReCOGEPINGA sthchlitidisaen v tRméteéLdnahagt sent of
the present invention. FIG 5 is a timng diagramof the various voltages

i | lustrating thibetegraed ercuitshewn igtFdGrdt ed circuit in Fig. 3. 30 FIG 6 is
a sinplified schematic diagram of tHReik&velcrdghsct circuit block in the

m xed voltage integrated circuit i _ , 7 APR 2004 FIG 7 is a
sinplified schemati cA éisagfivet® ponstiectasrin pesprdante srthadrefesrrd epfbodimient of

i ntegrated circyl jn. El : tAi Pt di s rive 100
constr uct ed | n- e RsFAeHIerktin b fvein 18 PR ERR IR ARSI Lo

i nvention is shwhioh varioB$ @mpbnerfiad thid s ddve 109 atOBoumel. Udep cavebage 102 to

whi ch ' t he di dri 00 ted. t
104, Shown par EOARPYRR Shakel”ocbpfiet iokBe b0 RSB d Semed st Mor m an

i nternal, seal eehviremwént fon teriisc deive inh@omlieAtiondihater. ITha c&BpOHSRE indRaé a MaNNer .
The conponents include a _spi.ndle notor 106 _which rotates one or nore
di scs 108 at a @Wietlﬁﬂf’r lrﬂ‘sdﬁ“‘g‘dg@ﬁ? °’f(?rm?fetﬂ‘?‘r‘ﬁ11$%ﬁ aicensignt highspeedy and r ead

from tracks 1on mkemeticnGswihlh tb aROKANTéH Gadks 8n He dRBs 108GhWASIhHe ARSERP! Y 110,
which rotates during a seek operation about a bearing shaft assenbly 112

posi ti oned adj aRSEHHOr p1fEmbly 42Q whink rotytgeduriag @ stk operatic APyt abegingnbifudes a
plurality of aciuaiuy 10 dRiuddd a%&%éénhth%i%&%&%?%@cﬁﬁto} BRerfth19 50 hifflges! | "

one or nore flexures 116 exten fromeac e actua arms 114.
Mount ed at t he apumlitytodpctusier aphs Haorhidfextehdtofanis thealiscs 188, with andead 118

whi ch i ncl udes ' Al -S| i der Li t hegd, L1 fly in
cl ose proximt yﬁgrbegf%ur%ig%e g@?%’i%%%g Fan°§ Bﬁéﬁﬁ ?&gaéoerq%fls ﬁ?}'éMég’%?)éﬁgfeed di sc
108. The tragtk gistslieni ofiecaoii of thefléxared 416lik 8 heal 1¢8 whichlinchdles ghikid begrig Seek

operation, thr h the use o vaice coil ymto \ 124, .t hat
typically incl usgé RTBE e?‘f%‘I1‘§d°§¥fr‘a\%?§88f°f‘8“w&°‘g?c‘l‘% ppopding i y 110,
as well as one @ifadduféheiedodRfRe disc MBgnet s

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.



128 that establish a magnetic field in which the coil 126 is i mM2Js@APR ains
controll ed application of current to the coil 126 causes magnetic

i nteraction between the permanent nagnets 128 and the coil 126 so that
the coil 126 noves in accordance with the well-known Lorentz

rel ati onshi p. As tha feRiabserhBly 160 p@sides theregbisifcdlettrioal conssdoipahsddnei vot s
about the bearing shaft .as l, 12, and the heads 6B 118 are caused to
nove across thémgﬂ?rf aéﬁe&b%bfl%t%%aﬂ%vggg Riyotal mpvemep’ of fherchgiopasserpnly | s

typically de-eneo girabpiash. Thendk Sembly iMQudedQ phifited BiftitibbBard 382 O ext ended
periods of tinme. The heads 118 are noved over park zones 120 near the

i nner di anet er “dichihsed wires(aot shayv) gesconnsateds the headirey being rgutedaiarathe ed. 30
The heads 118 af@atsOams ¢k 24K AdGrePPleko ARAEs 128 Thd gﬂiﬁg&'cﬁéﬂﬁbt)ﬁ& of an
actuator latch arrangenent, which prevents inadvertent rotation of the
act uat or assentIB¥typically inpladesicireuitmefor songroling thelvgrite cigrents applisPR thOberds\ f | ex
assenbly 130 proy] t | S i .on. paths for the
Rctuator assentiry R ARe BFEHIoD ahen Sefitiinel B sEANRE s YeRE! 10, |21 or
assenbly 110 gemdratel ppbe beaidoHl8 diting 4 teakopresiontithy fiex adsetnlslg tedminatenited
circuit board 1 0 | head wi r.es.(not sho connected; the head
wires being rodt 5%%%%5‘{%50%'5?%5?% 055%@3?35\?}1)8?1(3{0?%*‘ FeXtfes 116 to

t he heads 1ib8. pfiked pirduittbdard ¢hdt Ehbivin) Moaxtel to iRdbottymisiialof the dRRE ltivdaBoCi rcui try
for controlling theR\é\geite currents applie o the heads 118 during a

p d t .
wite operation andR&CHINGLAPIS FiGap- shown thassin if § fimgtionabblock diaggamsof thener at ed

by the heads 1lgcdH{d 1@ RFIGA]RRRMPIHoRhg tHdRaih iGkiARF SRRy whigH fknat es at
a flex bracket 134 for communi cation through the base deck 102 to a disc

drive 10 pri nt éepident e the dirodive privied cirshidward srsinsedi@ cowjral ths operatiamrnfsi de of
the disc drive / rAQ; t . 0 110 .
functional bl oélieo‘g?cadé‘l rsg%&{ifmt@%gg%esl?o? r%ﬁgTO%&bwlﬁeg%%ﬂ?éégﬁlgfq%q |y

showi ng t helsnait;ma heshcdmpmte [14@inrvdichttse disvi drive 00sis moested! ad conventibral di sc dri ve
printed circuit_boar nd used.tp coptrol th eration of the_ disc drive
o0 The di s FHT0E GorErof orRGish ot b e RS GEL b o g compriEatba” 15 1o
a host conput erand 4@is¢ dl-iWihieﬂ&f)ffol?&sdi 182; tliirxﬁiv:eprja@&?]dri4miaﬂ¢ pxigﬂiaiﬂmg top .
conventi onal nper. Control co i caton paths are provide et ween the
host conput er rl{%ﬁp@mné‘aﬂ?’%‘dﬂ?‘?%g F@_ﬁﬂ%&e@gd’i‘ COPARCUE i cr opr ocessor
142 general |y pedprintthing fSr@R micRpRkess? THRbred i MidrpRiessSithén®ry IEMS) he di sc

drive 100 in congunctl on with
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 seek 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.



progranmm ng for the m croprocessor 142 stored in m croprocessor rrerpt]y%pR 2004
(MEM 20 143. The MEM 143 can include random access nmenory (RAM

only nmenory (ROM and other sources of resident nenory for the

m croprocessor 142. The discs 108 are rotated at a constant high speed by

a spindl e control ciDaedis transfefi8d bamtveaniihd hosi adphiér Bloemt tieaidcldyive DoUBIt at es

t he spindl e notor 06. FI.G.. 1) through . the us back el ectromotive
force (BEMF) sefi®i ‘?]f(j %ﬁ‘F‘YWQ agegég @B@’r%’t"f’%ﬁ m"tl'ﬂjfés phuffer fp-faciiigis highyy of
the heads 118 igpediatatrhbeihetwied e hodtBomaRE 146 atd tﬁ@d@é difie06bath & ¢ he
coil 126 of the actuator assenmbly 110. A servo control circuit 150

provi des such RegHitkaito thodiss dved 00 awithuspassed from thethestepmpwprtotiessor 142
recei ves i nfor i 145 SAPhEH B9 dAfvielREhd ¥463‘Wﬂ1cﬁ%ﬁc%ld§sr % IsQui0ds 1€ head

118, and uses that information in conjunction wt , stored in
menory 143, to datardprayvidestharegnisitteric snyent $9naésimthediead§|lrl&u’|l‘o refrs®¢ Whi ch

will apply a c @FE 0|c not or . 126,

t hereby causi ng&ﬁghag{% Hgggsg}teﬁgf%ﬁﬁq% {s&%&% Vot e G ilialfl eﬂﬁﬁe(bOOk
Data i s transf enrtbehdads 18end ptoeldhd)wtthmmbmtebhahﬂél ldﬁl,dvlhdflﬁpeﬁbﬁm drive 100
by way of a di interface I ch typically includes buffer
to facilitate hi% ?fgngsaﬂ‘ &HO% taanagﬁg?xgqcu%?%gﬁ# @ Y%'étf‘ HEG??BEI‘F@%“ 1340 and
the disc driwve @ infeEfiod 14 for Bbsitfubrit ir@ikfdr@o thbBosb&ifipuiriiy@ 100 are thus
passed fromthe host conputer to the 5 interface 144 and then to a

read/ wite channel ufirst ciabadineahefyhe mtegratpdcirenih in ageosdange with thepresemt
provides the reguinfib mm;r ﬂh&éﬁaghélhgnﬁéeaém dhn %%ﬁ Tq retrieve

data that has been previ ous store isc drive read signal s
are generated s§gondiembpdimgnt ls_s_ll@WanniFHiSomadéd tlmthbh“lestremaddmwmtt the #/annel

146, which perf . | C corr

operations and @{Jf{gf)ﬁltc@g%he a?ﬁei @?‘g{/g{é ag etdqg% E)rleq{;g]g&%mogp? gstg acl@ﬁief or

subsequent 1§ anSfieh hpmt bhihe KOstuffen nPhis eonfigdk@tionAs llluswiteinhibeblosknt of t he

integrated ci recy rdance wt he present tion that may be

utilized in the® ?&{F&Pfg‘gfé%li e?%‘”@rﬁﬁ'%‘?&?’ﬁ ag;gsepgra%lave?Get%t modplsn g

enmbodi nent is Stha\mmeatslfdﬁSMdheawﬂclﬁInpﬁtmfh{éQ/dbﬁﬁér enbodi ment, the 1/0

buffer includes an additional Q{I c added to the core |logic that connects
g

to a Mbde 15 Switch Iﬁﬁl&’fedd’f’“%&% egratedeifquit 151, shown indfIG; duingludess cors
i1lustrated in bhe nRleelis2 Qﬂda&;@%mn%fe Iapi#Outbut ZEV& BREEAN §4e\;ﬂ\;‘ﬂ99¢]g‘f‘d§puhas a

separate |l evel detect nodule that conhects to the M t of
t he |/ O buf £&r . module 152 has a mode switch line 156 and I/O buffer control lines 158 connected
between the core logic 152 and the I/O buffers 154. The core logic module 152
also has a core voltage output line 160. The I/0 buffers 154 have an I/O output
voltage line 162 as well as a number of data output lines 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'voltége 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

5



The m xed voltage integrated circuit 151, shown in FIG 3, incl udes%ay grgemm‘
| ogi ¢ nodul e 152 and one or nore Input/Qutput (1/0O buffers 154. Th

|l ogic 20 nodule 152 has a node switch Iine 156 and 1/0O buffer control

| i nes 158 connected between the core logic 152 and the I/O buffers 154.

The core logic smdluInﬁ)dééauchainsqsmsmal/wuefeaéqka ag8is Pef ftal is a6gid®q- The

| /O buffers 154 _have an |/ O output vol ta? line 162 as well as a nunber

of data output ifjiapdenly ifshe gase bszr,pfeme|(é§| ¥8, Presews, angt Withinga safergperating d
schematic reprefedt athi 2uRior & W efcl'=1s of the
integrated circuit 151. &Tﬁeorcorétﬁlé i &’é@aé%‘?&?ggg | nc(Pfg g@@“ﬂ%&l at or

300 and the 1. 8anad|othegimes.| ogi c 302. 1 8 volt power is generated by the

regul at or 30 A 3. Okt SHADI he Vdds pin of
t he vol t age ?egul at gFrI&B E’lh ne’ ou{u%@%gglf cg?eclgé]ggﬁé@%gf%’fép vol t age
circuit 306 is owirchdint @56 wpoa startnpoﬂﬁlﬁvei'mpbh&eﬂfﬁmplﬂl io Feldtiof t¢ mguuoator 300.
30 The bandgap ref erence ¢l rcul 306 provi.de stable reference to the
vol tage regul a{l(ﬁ}agg(ggﬂg}{ﬂ t"tgﬁ’a"t“d Systerm esB‘r%‘ﬁ@e time 4, g PRWer ‘?/Bﬂ’f’cheguppl y.
The vol t age rewﬂlaﬁy@femclziﬂmlsgoﬁf)ﬁtiﬁ%ﬂﬁI/(Pﬁlffe@@ﬁt?h'ttls Blaihtaifel G6w RROVI des a
power good signal 5 2?7 APR 200k on the node swt line 156 to the 1/0
buffers 154. Thmedexwith ling 156 is loy anddhe KO veltagerling AGR ishew. Duripgithecore | ogic
vol tage (1.8yV) f: ol

regul ator cir cu?%ﬁégg%&ﬁgﬁlﬁeaﬂggllg ‘;oméléc%é% 1%619&%%?%&% svﬁe ;é?thltlﬁ 156 at
all other timest: Punngathlsstum thgyl(}tmfggoutn@s rgmpimigwi Themeat bothe cprggi ¢ nodul e
152 on the node p. the circuit
151 in relati onv?l%% hgdp?ly%%(\l/%%? t&‘P&Eb %agé Q}}éﬁ‘iﬂé lega\l\@é g £ét%eltr% reset
signals. At ti rrMehﬁyhilnothpuwée szs:haprpdmseldw ftam ¢, latilay SWaen thAbotbhrbBangl nt in
time, the I/O buffer t nt.ai ne 0 e swi.tch Iine 156
is |ow and the ?%5"%?8?‘#%%3 ?ﬂeﬁ’&n?i ﬁell%grgvg O\gﬁ*ra}tr‘n’gthlcﬁ‘é(’%fé WEREr up
sequence, the | ddriadlbighgeAfp@r dofe logic dareriinkithay ol ky@eh reSet Gequiterdenysd! t 'S, at
tl. During this , tine the 1/O buffer outputs remain |ow. Then, at t2, t he

core voltage i %8451 Beh dhinedodie o5 lﬁg"gtdﬁ‘ﬁ?sért%@F LOhwler pytpss. ligwdhe e g.

1.8 volts. Meapohjubgt ﬁéeléﬁlgﬁ‘&g@mé‘é&s‘t&rhlsrra%bd‘ﬁohqwefrom until t3. Wen the
core voltage has reac safe operating level, e.g., 1.8 volts, at t3,

the mode switch is 18 thessseqnd embedigent, showain FIES. d6nd 6, theintegmiedninetiites t hat
al | system resebq §aUnk1GE8E 2 'cSre logic module 202 and /O buffers 204. The core logic

20 202 has a core voltage line 206 which is typically at 1.8 volts and the I/O buffers
204 has an I/0O voltage line 208 which is typically at 3.3 volts. The I/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 1/0 buffers 204. Instead, a level detect circuit module
25 212 is connected between the core voltage line 206 and the 1/0 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/0O voltage, not the core
voltage 206. The level detect module 212 provides a “CVGood” signal to the

6



have been nmet, at time t4, the core logic de-asserts the /0O buffgr] APR 2004
outputs, i.e., the 1/0O output goes high and the systemis released from
reset. In the second enbodi nent, shown in FIGS. 4 and 6, the integrated

circuit 200 also includes a core Iogi c nodule 202 and 1/0 buffers 204.
The core | ogi c mde SORhinpyt 214d0 the Q) ﬂf&gezﬂ“i When2Cah iVoltages206\ipwitkin| y  at

1. 8. volts and threhétcgrrﬁﬁgFf gglﬁy@oiéle ge ﬁ@el,z 6\4 Flkﬁeﬁ%gheHaﬂg og 8 le\(yqI ch is

typically at 3 have a nu of data
out put |ines 21@stecHowmnteX2) mtheﬂdvebdeteem«ﬁahlenﬁbomowamm FRDA, Tlhﬁe\nsbde switch

I nput 214 does n e core e 202 direct to the I/0
buf fers 204. | ns(gecéﬁ'rcug %"zg\}gfu et %o&paa (Tc’l@g% Wﬂg?gg‘ﬁﬁ ifs nsgathyp jn R"‘é&%{)nnect ed

bet \r/1veen t he sorec;meﬂctiédaga réfeﬁﬁceZﬁﬁd@pdlobhhezd / "Ehe\zblagdgalgelo@ggwnashﬂs rihﬂ)ﬁt 208

with its output feedin Wi ut n_addition, the output
buffers are opefd@REHed? gﬂlfﬁgo B‘lelgevg %es:me%%“é\(ﬂ ippu3él. ofthe eQRRATAG i ¢ Mbde.

When both 1/ 0 vexig@snnestel m&n\éQJafr%G&sﬁfo?s]Pfﬁﬁﬁfﬁforr ga%ftﬁ%tdnk?&frf ers are
operated in the Core Logic Mde. If not, the ouwg fers 204 revert to

the 30 Default Msyerk mélhicév%wna@c@eéé@ Cotsd{liega 1 ¢rsthpdwéagedbe onhs |/ O
vol tage, not t hﬁosﬁ&@%@uyﬁst@gfé é)p@an %@% %33{1}&%%&&5?%9{%ﬁ @l2 provides a

"CVGood" signal to th e SWtc t h&9¥’'0 buffers
204 when t hdo Cothe C%P@Q%Zmllloswahgmltmtmmdmsmm input 2ide rWhenrthe

tol erance | evel t Grcuit 220
in the | evel deyeA‘[ﬁés adr RII""ZT"Z%Q% Hat%r ?52 ‘Hﬂ@ukp%y%Lglcl evgfan gé{%r&
Circuit 220 i ncheludeed suchabemﬂ&r\a)lto)ge \2-22)11\&1113 pblmuhamputtns o€ gricomparatopd2 224 5

connected to a r erence | o andgap bl ock 226 has its
i nput  connect ed* {lffﬂrF?éerI‘E ‘g‘g? ém&%n% Orq'ﬁ ”ﬁ%g agf"(ﬁe"“input 228 of
t he conpar at or px%&’éiemﬁnea@ﬂeepéradnghakmmu@ ihe olitpf of tiSdondparator B22,ansl R2
formng a vol tag}e di vider network 230 which is connected to Core \ol t age.

Waen t he vollf aglogic\d, instragis the &/O budfersitp be in the,Defavlp Mode, Hfitheyoutput ofthe t he
vol tage on the Eﬁﬂﬁ}a‘t&@ﬂ Mgl@q4m@mﬁmers Zbg obé]‘ate%mfeaﬁdﬁﬁ héde, W ||

output a logic 1 on the node switch i nput When +|sfessthan
Vbdgap, the conpbisawbeneperahegore vqmzqa@ﬂ)elawmgfrd@teonmsd V%lm;l tmompaatosel ect ed

h th h t 222
Wil bo great or AR IHEE0 T upUR O i Rl opgald f o T BRE 21

pr edet er m ned s%hie exsoees #iat thg 110ehefers dmintajnnwnidmrmutedmmteoﬁhehdwer thenpar at or
222, if a

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



15 logic O, instructs the I/O buffers to be in the Default Mde. ?f?tAm
out put of the conparator 222 is a logic 1, the 1/O buffers 204 operate |n
a Core Logic node. Thus, whenever the core voltage is below a

pr edet enni ned val ue, the conparator 222 outputs a logic O and thus the

| /0 buffers 204repsayditput bperitivn oDgie a0 buffet@uch af 156 o£20a) Whignelétadbord he 1/ 0
buffers are in a,known, d éogrm'ge_d st ate whenever the 20 core voltage is

low, such as orfolagsdish 2 gr 20 floy 3\iafe OPeTaiREdFVelp scenario.  Only when

the core voltage eXQﬂ@ﬁ&f@reﬂfeﬁtﬁ@&ﬂEﬁv(ﬁeﬁaé Psi?is é%ﬁ%hr&f‘@uﬂ mOc¥ibdge
present will the I/O buffers switch fromthe t Mode to the Core

Logi ¢ Mbde. THeodule\(gich ge 132 operahly. gpnnegreryo tireumods] switchy inpuic(such a’sﬂé6)cor e

| ogi ¢ by ensuri d@‘l,ﬁ | e

whenever the Oodrﬁghevlw? ggg}ﬁ%(ﬁ)es wﬁ%f‘@wir Eg&grl& ace[%'gcﬁlrlr?ﬁﬁ%% t1§ shol d

det er mi ned by Fltsdblmetemr'nneswhnmﬂxysafehﬁrﬁmgslmtisinment|on may be viewed as an
(such as 152 or 202 A8E s ripen’ Gusn R 2000 el o Bffe el 160 or
206), an i nput /mnnlbpwttclbmfnite{mclmmnlwcox(nsdﬂetlhoaSevJ:Béet@E mB&flé (sﬁﬂﬂi&@tl)iz)]?g to an
I nput / out put v as 112 or 8 and_i nput / out put uf fer
control lines ?‘éﬁﬁ?ﬁ 5’(33% &W‘éi‘b&%‘?{&ﬁO‘%ﬁ@&%&‘hﬁé@éé dithe inpR/ougyt ¢ | ogi ¢
nmodul e (such asoltypd)suchas2e8) "adelesaMdbes rﬁdﬂﬂlét(s&ﬁ WEP 29 erdPbindwidd the ON  the
| /O buffer nodul e (such as 154 or 204). The node switch input is operable

to 7 11 APR 168% %?fé%tev%m%ﬂn BisembedigkntofThe fleve] ¢e@905wp¢lé¢ @uqhsa;ch as 154
wh
or 204) wheneve20nk g coMP&%t?%ﬁu&h%@%Z)Qﬁatl ks FOGre gg‘lSaQt?ésﬁ&{ ﬁfﬁ@ur ed with

operating |l evel. One ment (such as 1 con
the core |logicto MW@C(VQU@? (snch a5224) toisteatping theoafeapemating loval h@hisnde swit ch

ogi'c modul e ( SuRparaer (e ds'Baitefll ual « VBEHE vk 08 230 hanekéf 1 eve
i s nmet. Anotsheno fheebrervobagedmizhds 2060 bnd t6aqlositiee ﬁﬁﬁ)(smh acm bftheed t odh?ve
th d itch | 14 ect nodul e
(sﬁchngsezi\g) %P?flgﬁq tog(sg%’g gﬁ?’; ‘%%Wh‘gf the]% ?‘f“r‘i%v‘ll&g%?s\‘}& ‘Es%@ ¥such as
206) and the i ephdetwedtadibegdfvevififut GUch {204 ofdise cdRParatof lidack @s\mf Oehect

nodul e (such as 212) determ nes when the safe operating |evel is net in

this enmbodi mentcOmBaror is\patvered by the ippy outant veltage (sish ap208).” Rhesreferenserpar at or
(such as 222) tjgRigeQeitRas £56) ist@nfeptel o/flk {pBfoutpie ¢h1taBS (sa8as 208).

20 Stated another way, the present invention may be viewed as an integrated

circuit (such as 200) having an input/output (I/0) 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 I/O buffer (such as 204) is
connected to an 1/0 voltage (such as 208). A level detect module (such as 212) is

25 connected to the core voltage (such as 206) and the 1/0 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 1/0 buffer output and a Core Logic Mode
permitting I/O 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) unless the I/0 voltage (such 208) is at a safe operating level.



to a reference voltage (such as 224) to determ ne the safe operat| AP
| evel . This conparator (such as 222) preferably has a voltage divi d(Zr R 2004
(such as 230) connected 15 to the core voltage (such as 206) and to a
positive input (such as 228) of the conparator (such as 222). An

i nput/ out put ref er enag1eval de@Bt8nddaléCbuch Bs 3?ﬁhaé§con§ﬁl“ﬂ?&“{§&ﬂ al 828 negative

i nput (such as 224) of the conparator &suc conparator is
power ed by the GoRgsGied duthp IO WS“G@‘@h@g Q&)aaéhM)mP“rﬁF@Ch@fmbnce vol t age
(such as 226) |SnfLAREHE ool 208) . 20

St at ed anot her way, the pr(()ase(r)llulg \}lgtg%lt%dr?yhpwgg\é%hﬁnﬁew&ce?snt egr at ed
circuit (such a?éo)zoﬂ)e domphuatyr ¢such asputz)’ haatapmher(mMuchlaﬁ 224) c()mcdad tsa 204)

connected to s 202 The co dul e
(such as 208 eeRa YAl CaRR3Y 250, e frpRucyolans (1% 6B Befeedl) &

buf fer (such aso224)O veltage Goctet208).t 0 an 1/ O vol tage (such as 208). A

| evel detect nodule_(suych as 212) is 25 connect to the core voltage
(such as 206) and tH(W Hﬁ’@c@?ﬂ ‘gﬁé‘({f RrefseHn t‘?‘bg)weir?ﬂapt‘fdom&“ﬁ'ﬁag eads ect
input (such as add4dvadfgdshifentibied Y WEREs hedeGhnensnt diefkin. Whge b BMe8dniydet ect
nodul e (such as 212) is ogperable to control the I/O buffer (suc% as 204)
bet ween a Def adirefenvgsambodimeathas heen degsrived fos purpgses of thisrflisclosesy e Logi ¢ Mode
permtting {¢d ORuk f 202). The
| evel 30 detect rmiioﬁgg&?éﬁ%ayggg%%%ggglg{%gﬂ%%gg&gt/ﬁgﬁ?eﬁ%gt?%&t@é of the I/0
buffer (such a§k1112®m)themme%whxﬁearp/e@wmsagm thespitit FOB)inveptiont a safe
operating | evel R ect nodul e (such as 212) has a
conpar at or (suc %scgsgdﬁ@ Bd%glgénlgcpggg Xa%bﬁ% /O voltage (such as 208) and
has an input (such as 228) connected to the core voltage (such as 206)
through a voltage divider (such as 230). The conparator (such as 222) has
anot her input such as 224) connected to a s reference voltage (such as
226). The reference voltage (such as 226) is connected to the I/O voltage
(such as 208). It will be clear that the present invention is well adapted
to attain the ends and advantages nentioned as well as those inherent
therein. Wiile a presently preferred enbodi nent has been described for
pur poses of this disclosure, to nunerous changes nay be made which will
readi |y suggest thenselves to those skilled in the art and which are
enconpassed in the spirit of the invention



di scl osed and as defined in the appended clains. 9 2 7 APR 2004 Whap ?%«PR 2004
claimed is: 1. An integrated circuit conprising: a core |logic nodule
connected to a core voltage; an input/output buffer nodule connected to an

i nput/out put voltage and 5 having input/output buffer control |ines

connect ed to thahokseldimgiis: nodul e; and a node switch input on the I/0

buf fer nodul e operable to prevent output operation of the I/O buffers
whenever core vol tagg isA ell t%%v gdsaf e 9 erating level. 2. The circuit
according to claim1 wherelR eneccore 88  Fodul e is operably connect ed

to the node switch iangué logie mdialelcofhededll tea cor®dsltage;and the 10 core logic
nodul e det erm nes when thF saf e erating level is nmet. 3. The circuit

according to clai m *\VAR{OPRUE jrLe 1& FAnReatEd; th By fnppdoutp yaltage @bl t o a

| evel detect snodalig @PR/oaPuYbUFRP BREEEn CofnbReCRMthe dpé IRREnGREL; bt
i nput/out put voltage, the | evel detect nodule determ ning when the safe

operating |evel is nbmodesyih inpyeoncthe V0 tuffercmenids ongrabls teiprgvestduipier ei n t he
| | detect ; i :
evel detect nogid&ionRRted/§ Qﬁ?pe?s{ ﬁﬁéﬁ@vc? Qe5R %Bft%g ilslt’l l%?(ivg ?éﬁe X@J_r&tﬁ)%%xleﬁ a

reference voltage to determ ne e sare oper e clrcuit

according to claim4 wherein the conparator has a voltage divider
connected to the cor®e vollhagEcuitrgeoidipg g ¢laipd whesein thsfcorenlegio modulepar at or

and an | nput/ oubjiinly EHELERGS akGhdRATIEPARRCHRE 16 pErrlGaGhicFaliPul Of

t he conparat or. ne circuit according to claim erein onpar at or
is powered 1By ¢ore legigomeduindetrrmingswhenghe safe operating lavelus mediccording to claim
4 wherein the reference voltage is 25 connected to the input/output

voltage. 8. An integjat ety i decdr@ng RECIAR 1 WRkdih %gﬂ?&g sgvgélgnpﬁqg fer

connected to a core |logic nodule, the core |ogic nodu I ng- connect ed
to a core vol t agennectede aligvel datéct modiie ppegablyorenaesteddo the care volt@evapfitiege, t he

circuit conpris Hﬁgt'/oul&f 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/oﬁtput (I/0O) buffer connected
to a core logic module, the core logic module being connected to a core voltage,

the I/0 buffer being connected to an I/O voltage, the circuit comprising:
10



2 7 APP 2004 a |l evel detect nodul e connected to the core voltage a2d7 tAIPﬁ
/O voltage and to a node select input on the I/O buffer operable to 2004
control the I/O buffer between a Default Modde preventing I/O buffer

output and a Core Logic Mdde permtting |/O buffer output fromthe core

| ogic nodule. 5 9. Rhevebdetsctinbdile comnetitdigo ti Blcvoliagh MARKET/O vbitge &y €

detect nodule operatesg to prev ni{ output of the I/O buffer unl'ess the I/0O
vol tage is at 6{035‘?036 S%f%t“ﬁ’f‘f ‘Hb‘g? Qehutter pperapledo conteal the 142 beffetibagyeen cl ai m
9 wherein the |epehulddb@cprereatad PO v ) tRfnthet he 1/0
vol tage and has an i nput l?:onnei?:ét ed tgﬁﬁ’éﬁ@%g‘?’g%ﬁ%@pﬁﬂ?‘gﬁ’ﬁh a

vol t age di vi derl/O pufferphiputcirom thetcoreclegie anodyles o cl ai m 10 wherein the
conpar at or has another input connected to a reference voltage. 12. The
circuit accarding to, clarkscrhuit@bRiid th R 8WRERN e KOLIRRE: héiuSONNect ed
to the I/O voltage. 15 13. An integrated circuit conprising: a core logic
modul e; an i np APFBIEE fLRTe e} eytpus of the 1/ Qifen urlesy thed/@ Neltageriseatiacafec nodul e;
and neans conngelggh fey@ core voltage and an 1/0 voltage for controlling
operation of the I/O buffer to permit operation of the I/O buffer only

when core 20 vol ta?e is at a safe operating level. 11
0.  The circuit according to claim 9 wherein the level detect module

has a comparator connected to the I/0 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/0 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 I/0 voltage for controlling
operation of the I/O buffer to permit operation of the I/O buffer only when core

20 voltage is at a safe operating level.

11





