;e3eP, (Tr6TP=laa~IWA-W ., m ~ o ~aH ~~3 VOLTAGE- BOOSTI NG CIRCU T W TH MODE
SI GNAL BACKGROUND OF THE | NVENTI ON The present invention relates to a

, voItage-boostMMﬂ uitable for use in an electronic device which is
t est ed under mﬂ” ’Wwﬁt side normal operating limts. Many el ectronic
devi ces have cir cygsls. ch nust operate at a boosted vol t age 1lgeys 2003
exceedi ng the voltage supplied to other circuits in the device. Tn a
dynam ¢ random access nenory (DRAM?, for exanple, the word-line driving
circuits may require a boosted voltage. Voltageboosting circuits such as
charge punps are wi dely enployed to produce such boosted voltages. Before
shi pment, el ectr oWOLTAGE+BESSAINGOCTRAUANt WIAHOMODELSIEGNAL t ests, i n which
the devices are intentionally stressed by continuous operation at an
abnormal |y high voltage level, in a high-tenperature environnment. DRANS,
for exarpAGKGROENDUPHeBHENINBENEAONMenory cells prone to early failure can
be di scover edpyd hﬁrégeﬁ%egnvemeﬁ gengtatedohy %E%ag%mo'o%%'

vol t age-boosting circuit during a burn-in test han t e boost ed
vol t age Yol bt et HLRP g ﬁ@Fnﬂﬁeobéréﬂl@h?cﬁé@aé§edﬁﬁéCGrM@ﬂﬁ§I15

pOVer - SUPDE He JOhh@FE ESnALBNEhs SLBSEdR RBFRalNobeshtARy hastithkar a
considerable tinme, circuit elenents that receive the hoosted voltage are

sonmeti mes dari@R¥)eESehrPRbGgREY hess BREReREECHSEEdYAICH: BUSTunder nor mal
opgr ati ngperarck taons. t_)a_dljlﬁt@grﬁollﬁaEeSleff_blﬂm baeeébenggd];ﬁal lvedtrageu!t of
reduci ng_ pr ctipn s ynpecessari creating_def ecti evi ces.
SUMVARY ﬁi%?#hﬁ%N%#%ﬁrl?l¥guggﬁo}8iﬁéﬁyxgﬁlSBIec?n ﬁ &sent
inven;icramdnmﬂ@¢©Q@SpmeugcyiOER&MéLdﬁoofe&hmpﬂeonmhedwwrdeélm$ avoi di ng
clrcult glrog d&{f&gipé”ﬂafor&&ﬁi?e b B3SFTEd vpitdediN 2093 .g An0t her

obj ect I nvention is ovide a vo oost g circuirt capabl e of
generauhﬁf%ﬁim%rcbﬁcﬁvbsd$ﬁ¢%réﬁtCb@égﬁeﬁumﬁﬁté@ésW1ﬂé FoR8PJEYEEd a node

si gnal . aambféaﬁg@e@uyplEgggt@@0§élﬁgggngU|t receives a first potential, a
second potenth% athjrd otenilal a ck signal, and a node signal The

second pot ent3&iOTS $RIRPHRE af e%EFQEéﬁ ﬁ%lFP sBr&n8IERMAr 8900t enti al s.

The nodeistgngit mmp#meﬂewSa fnrehishatreddevngesonpsl operation, and in
a second. s te dg{tgg PUSUZ Cﬁndltl ons such as b [n-in.test condltlons
ec% o?

Accordiﬁb %ﬁ?lrs vent? %ﬁ OPﬁéavéPPagB Bgostlng circuit
has a tiahnqr@ﬁﬁﬁwehxghtV@dtaeeele%slthencaohkghrgaabeaaduaatputs a first

Ui ng_ Shpnalodiiha, SesRMds {1 FnTe2hgIR, BPEMoRLALAIA! gBaLAAR] ter nat e

bet ween act| ve and I nactive states trons of one tim ng S| gnal occur
in syncHeIMZati Ol SiRFORE sthige #F Ansf 81 bRse ofaRhRe cA6ERO¥PERAI, and at
times del ayedrfd Q)"B(fs?\tléd Ngoltapsi féwapadédthe &l @@ﬁvéhgmahalTr ansitions of

th th t I h at th t iti

of the STUERT it Sr T EE t B TUERSE B FRbh FRoFRGEL FAnBREPGR of the

cl ock yuyaﬂ tnbfbaaﬂteﬂ|wmhgagergmmermue@udﬂranglnermdllupagasngnar t hat
| t t t h t th

fhe trais i o (o ging) Pl bispte) FOLLELE 18 QYRERLET SThier ™

out put s 8a b3EdoTid! dresh Nepsi st f%lataa¢®@$h<é@é%bbétm1@ﬁ tﬁérﬁllll§t and

second RO Scridy Sb’é@@:{@é“@@é'@ébg\té@ wftaé@néfél 985efimbge second
timng sjgnal.. The first drivin oes to third potential after

the sec&fPaEdri iy &t Jristugesh ?F ?ﬁf% dw%%{%n??ﬁlfaéﬁdquFﬁrns to the
first prﬁMdKﬂoﬂHﬁaﬂfngfﬁbnﬁﬂxﬂmhﬁflVTM@ wshegmainreésit nshén hhe thest

he: mooe 8ld P bt btk & SR b R, OF SEFEERRRK"L N2 hude i gna

is in therfdoestsagtisiye, crdating defective devices.

SUMMARY OF THE INVENTION

It 1Is accordingly an object of the present invention to
improve production yields of electronic devices by avolding
circuilt damage during burn-in tests.

L
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3 10 JAN 2D03 third driving signal behaves |ike the second driving signal
alternating between the first and second potentials in synchronization with
the transitions of the second timng signal. Wien the node signal is in the
second state, output of the third driving circuit is disabled, neaning that
the third driving signal is held at the first potential) or 'ﬁkﬁﬂfﬁﬁg in a
floating state, or alternates between2he first potenti al J ating
state. The first driving signal is supplied to the first electrode of a
first capacitor. The second el ectrode of the first capacitor receives the
third potential through a first switching elenent that allows the first
capacitor to %%OEhaFg@EJﬁF&nPfhéhﬁhﬂPHeﬁgﬂ@HtﬂéltQMqu%¥N%H%s the first

capaci t ofo f Qg dbseban gpneit-euliRe chiabd epoirepleindlra tMhRN ditthdr ret ®h@ct rode
acjtor 1s at _the third gotentlal the second electrode is

of the fir

accor di rijt 6}%6% FeBO?ﬁtﬁapBPéﬁﬁgﬁﬁ e¥EEBANA VENE Ot i MPASorerENE - The
second dri vi rrghsl gnakntsdsuppthed-bookhenk kit celiactieedd vafs a sficais
capaC|tor 5 cond Iec of .the se d cap ci tar s co d to an
out put e %ﬁ%g} hr%ug é %ﬁﬁngﬁﬁ Chlngggr 2e faf alloﬁg'(ﬁ% second
capacitcsigmahlsahargemodethégnaﬂputTherﬁenahd\M@mhnsaMQiantlally no

vol tage driob-hdalhee SEELREAERENFRYE! GIBNGH YRR I cSeGaNd ahpetrode of
the first capacitor is escri d abover The second el ectrode of
t he secamileaphenabrial Bbatedeines fAEsthistatgodamlingl nowm@dgh a third

SWi t chi ng, &t £EES t&ﬁa #h! aWseEBRASEEARE @Rtk Ahuks@ale I igatdy om t he
third potential, revents the second capacitor fromdischarging to the

third potEias. qﬁ% Ri t8sHr FORA4tdPgsal is supplied to the first
el ectrode of mcébrdtngapacat oirsthaspeeandrekaet nogdenafionhe tihy rd capacitor

I d el de_of th d Th
Lor m nal K DRt 80S A FFEFBE PBooRt FAPISE Fo5CIARCIOGL ™ I aspontive Lo

the nodeaigimds tleeacdeckos hghhd grdondtantst hi fd redpadmtios sdremadr i ven
when t he, %mb t st e¢iffd.onk aci tor
is drlveﬁﬂgﬁinéé nn%gmgﬁ QFg%éiln ?hghsgégnggsga g%ﬂ c%@?gﬁﬂﬁﬁﬁg a
secondaﬁﬂﬁﬂﬁe@faQﬁbvﬁn@@@ti@ﬁCt@ﬁ@ ﬁﬁﬁﬁésdr|WFﬁ§Sé¢ﬂ@GﬁtOén@n@hlrd

capaci t afinPfng h@lé‘l‘lé}?to@é@?cinaé?nEEPbﬁﬁﬁﬁt@}énaw@@‘ﬁerrl%liﬂ@ y switching
circuit that receives the second and third potentials %nd t he npde signal,

outputs'94ﬂ9§4ﬁ¥QP§mﬁgnF?%lC%ﬂ%ﬁ Fh@nﬁﬁdeag gfél tidesn deREYFdr o at e, and
out put s fidid iveg otulamneoi endh &l ohenet beosRdeighgnal Teangithenseodndhst at e.

irst ab i it B ETehdE SRYSECRAT ReteRbbTant tof Mtk rBddids el cment s
The out putanssitiornd ¢85 tleeot Hookl yibnedt edntoadi timeentdepovent ifaiom

r esponsipe iy tea APHei ShPnGt - tﬁ@cgigbﬁgsgﬁ g third aspect of the
invention, the third driving circuit and cap aC|tor of the first

aspect are rébﬁ%%@ﬂ U%r%V%?%1¢h¥°bbﬁe?u§ﬂbbﬁyasﬁﬂféﬁl Agi¥ir8uist &8ddpl ed to

the fi r&ﬁuaclfiam'mmawsumetﬁé\@nfthétfﬂfsw aﬁdswmah @bﬁ:@hﬂ’!dh&% het ween t he
first and tq# ote tlal E dg nal tﬁﬁigit fi,rst state, and
bet ween SCHE T %é% FAAPLTHRBR PhetRbd §F§n£ﬁm 88 n the
second sﬂzmal'ﬂuﬂ(nﬂ¢mmdt@whvnmg csragatnobopatsdatsethﬂedenwlpgtent|aIs
[eSponsiifrlal it oot shonels becguss phensihecTRde skaggl 1S In the

second s a’vo rop occurs ond swi 'ng el enent.
Accord|m@ﬁﬁpﬁﬂakﬁn1n1%ﬁﬁﬁhﬁomﬁzaheonnwehh|bhe thenshtidndr o¥i téeci rcuit

and thi rs@c%amacdltupir fsiéleail rsfh@sf)?%taﬁﬁﬂ}@HEaQ?QnQX gokguUibh thw t chi ng
el enent , t he node 5| E IS sugglleg ég}Yée tlnlngﬁ generator. The
e

fourth &ﬂy? iBRF S eheht 25 e T otipf et f PeEWSLANEhe8EEORA §%@tch|ng
el enent sleloseepdtwntsecbndared ecé toehkes ofot hike Secpsd papanttial aedotlee out put

term naly, and al | P & FeSPita1 defudAlY 23%8he first potential.
A third driving circuit receives the second timing
signal and the mode signal, and outputs a third driving
signal. When the mode signal is in the first state, the



5 capacitor to discharge to the output termnal, but wwth a fixed voltage
di op. When the node signal is in the second state, the first driving signal
is held at the first potential, the potential of the second el ectrode of
the first capacitor is not boosted, and the fixed voltage drop in the
fourth switching elenent limts the potential to which the 011t00 N m nal
can be boosted. Wien the nbde signal isqin the first state, the

driving signal alternates between the first and third potentials, the
potential of the second el ectrode of the first capacitor is boosted, and
the potential of the output termnal is boosted through the second

swi t chi nchiaténdntvimg hs sgibat anehavéy hbkeotheageedonp. dAdedndi sdghalal
aspects of h f t p a utput term nal
is boostée)ldt%m?essg\/\%éeﬁp?%ﬁ ?r%%e%?“ ?ﬁ?sgléggﬁgebgg%gﬁggéga§g t han when

t he mdes)mfghmniéathom heithrshe sta@@SlBRDEF OESURE PFE ONROF L THENBRAW NGS | n

the attachad, dr awngs: tl'féq'noé-e'§1?n§lr§§” indtﬁsrégbeﬁaas%h%ét siRpdicment of

the invention; FIG 2 is a circuit diagramof the timng genérator enployed
in the fQf sthe othirqd ndehpbae nehfsuif @ digabhed; r@@ﬁ?lﬁgaéhéh &Ret he | evel
shifter termi@y@dwmg hei gh&5tiéonsixt or enhedi MestSpobkfori4A,i sraiki m ng

di | | f th f t th d

i anar 0a4Fq nt 14 Pl 0% BRI Sl Gor  TRCERRF A8 RRERFEM FPFuBEFARI ng the
operailcpouﬁntimﬂfam&ttmmbﬁﬂmmenmgMQEmtehe node signal is in the second
tate; FIG [ . Cl ] J th
Tvention. 0 Surbobbl s FRRL LITSaRRERG SRR IR LB g the
oper at i elasftndde sef ondf Endode amane L Wven tHlae m@@osdgﬁéecrsoﬁﬁ plietbecond
state; ﬁ‘i@sg dép@cﬂéf%écé’i@&é aﬁ&ftﬁifﬁ 156‘1:@1?@99&”?1@%08%& Qef&%%“t' on,

FIG 8 is atimng diagramil ustratln e operation o
enbomlnﬁﬂiﬁﬂﬂiﬂﬁrﬁ#¢ﬁﬁﬁ¢sW%%%Jal%°W% %b%%ﬁdC@PéfétoFléP bels acircuit

di agr amc¥fargrddUrtdin i di e ﬁtéﬂﬂﬁwvemt Oprevéfts 1OhbSrarskrcuit

di agr am ol A0S ARG UPPL O SUELSP 09 GLL ot - EBLOYSEL LD thintRUERD and
first electrode of the first capacitor is at the third
potential, the second electrode is accordingly boosted to a
potential exceeding the third potential.

The second driving signal is supplied to the first
electrode of a second capacitor. The second electrode of
the second capacitor is coupled to an output terminal
through a second switching element that allows the second
capacitor to discharge to the output terminal, with
substantially no voltage drop in the second switching
element, when the second electrode of the first capacitor 1s
boosted as described above. The second electrode of the
second capacitor also receives the third potential through a
third switching element that allows the second capacitor to
be charged from the third potential, but prevents the second
capacitor from discharging to the third potential.

The third driving signal 1s supplied to the first
electrode of a third capacitor. The second electrode of the
third capacitor is coupled to the second electrode of the
second capacitor.

The output terminal 1s boosted to different potentials



FIG 11 is a timng diagramillustrating the operation of the fourth
enbodi nent when the node signal is in the second state; FIG 12 is a
circuit diagramof the fifth enbodi ment of the invention; FIG 13 is a
timng diagramillustrating the operation of the fifth embodi ment when t he
mode signal is in the second state; FIG 14 is a circuit di agtGoib00fhe

si xth enbodi nent of the invention; FIGA_15 is acircuit diagramof the
timng generator enployed in the sixth enbodinent; and FIG 16 is a timng
diagramillustrating the operation of the sixth enbodi nent when the node
signal is in the second state. DETAILED DESCRI PTI ON OF THE | NVENTI ON
Enbodi nertsp@is the tovenei nodei Elgheldebecnbed beltbwtivet Is ecaingl evice to t he

attachedlr i Ogsac | fot §e3PecaPROLABARS, thE hbhs! saghent ial s chear ound

pot ent i e conventional groun the letters 10 JAN
2003 7 dND st h%t%'@%on@ln%o@’@hl’l ghej §e90}aéspap\aé1§@Weri55@mil\f>¢npd¢h@m| al

denot ed D W dhend i fd PRt enki gbcbfdashhgher power-supply potenti al
denot ed VBOOST. Wien the invention is practiced in an integrated circuit

such as a nerfsiSPHEREelO oheSBEOBOt ASBECENBE tH6t dRVICRILd VDD ta®d VBOOST are

creat ed dhird air exang! @ir@@nveaﬁuoah@%daaagab@taal o@Ottﬁlét ifalrsgupplied to
the integrated circuit 3CI’IptI0nS of t eCIrCultf:hlt hat nerat VDD and
VBOOST RS Be B t1eR1-2¢9Tab%i & BBYEHT FHBPLKeSIAVE Pgnc 5t *&@dvant

det ai | . rvardiouss stignasscond| ahé thiedrpdteothelewaas tmlengladm: t he high or

| t t h t h V , h
o !S5l €0 g1 nd e VPR ROLERLLR. AR W hahS g
netaloxﬂ@eﬁﬂﬁnﬁﬂﬁﬁﬂuﬁtﬂt¢le&ﬂdeﬁﬂénutsréhgi§?Gp§d FRéentdaanwdlen

transi stfes f¥dd ’\%ﬁ&i ef§ efnt Qh@Sstt §€Q§b5t Offe 3BEehit§al- channel

transistors as P transistors. The sane reference nunerals wll be used
to denotOdGR¥ENtA AN rPRUBP F oS RBRHY ng" &F eRbREsCLACHLLT SRERECENHOE nent s.

Fihrst E@g&@m&rﬁr?b%e@dh@xmé@;%r& hentbigh 8Epeetret tha 'h:ﬁ\i@*@t ido_n, FIG 1
shows a fi.r enbodj ment_ conprising_a timng, erat or t.hr riving

ci roui { S A LT F BT So mEES| SURPEE. EERLBRAUEPORCEEAIPERYs 10y 13,
and 14, umm$udﬁ%ﬂpsﬁﬁﬂfﬁwemwepenemtﬁalﬁ,réspoaadVEOtoThhetmadng generator 2
has an ignpyt,termnal I N at which an externally-supplied clock signal CLK

is received, ‘and output term nals OUT1 and QUT2 from whi ch respective
timng signaltscrEdigigl tee aflelbdit pekecBoph tREi ABVERGAANs Abheethdrd

bet ween dtrhezimggfh%now@vgﬁfraT&@p&biﬁértbfn PHeSkgpak AGheks agli ve |ow
the low state 1s the active state and t state is the inactive state.

The secé'ﬁ@ltalcrﬁ%é)%lagn%ﬂmq'@rlgo‘&%’fl %‘épﬂhjhs‘%%ﬁéhhpéhcéfatlét §OURdeSct i ve
state arnd tthe |fowsst ateiving heitroact i veTlsé af ersTharivihpgsignal

alternates between the first and third potentials when the
mode signal is in the first state, and between the first and
second potentials when the mode signal is in the second
state. The output terminal is again boosted to different
potentials responsive to the mode signal, because when the
mode signal is in the second state, a voltage drop occurs in
the second switching element.

According to a fourth aspect of the invention, the
third driving circuit and third capacitor of the first
aspect are replaced by a fourth switching element, and the
mode signal is supplied to the timing generator. The fourth
switching element is coupled in parallel with the second
swlitching element between the second electrode of the second

capacitor and the output terminal, and allows the second



1 ~0 JAN 2003 8 generator 2 will be described in nore detail below The
first driving circuit 4, referred to below as a |evel shifter, has an input
terminal (IN) that receives the first timng signal TGL, and an out put
termnal (QUT) fromwhich a first driving signal DR1 is output. The |eve
shifter 4 is powered froma power-supply |ine BOOSTB, whichiqupy jgs the
VBOOST potential. The level shifter 4 will be described in nore detai

bel ow. The second driving circuit 6 congrises a pair of inverters 22 and 24
coupled in series to the second output termnal QUT2 of the timng
generator 2. The outputs of these inverters 22 and 24 assune the high and
low | evelspaesponstyedi ochpgeeconehéi FLogusi g8ah1dER., Bhe Quitpul of

i nverter 34 és a secon&ﬁ?r|V|n S|9£al DR2. The ihlrd drlﬁlng circguit 8
conpri sest5EE R hptie MERRy gatReBetifapotaceigral hd IBcSAE PRAPRY si gnal
T& and stawele shgndlr§MIADEB)yinansigmai nverherd28tt bae feeeitves the out put
of the NAND 26.. The putputs o e NAND gate 2 inverter 28 assune
t he higﬁxgﬁage%ﬁ}le%%?sp?g%%ghgfv%%t%ﬂ%cie%%%ghfgﬁﬁgr$ﬁg 83t§h€ of inverter
28 is afibhisd capa¢hyosi ipaboDR3coThedf i asd thpatikxed 0litggst duobural ly
simlar 40 all N L A08! L0 ne DR RONE CRin ePENEEL  pBRANGLERNLEM whi ch Torm
a first plate or first electrode, and the gate o MBIC ornms a second

pl at e orvlskdbnehe| @¢tpwietemhbnd] redn (Bpupeestedi n)Weescthedeofdecei ves t he

first drdyvdmun signgh €. riTher secopd, (gréeriebechrodenSs¢pdRhed to a node

denoted N1 in the drawi ngs. The_second and third capacitors 12 and 14 are
sinilarQAFgﬁQ%EﬁﬁﬁhﬁY%@g%eth?rg%r%Ep%EStB?lﬁ@,p%ﬁ?gFéééFvet Re second and

third drgotergt sa pnaf sSthiR2s edshdRS1ec eBp@ctoFetlye airsbecapheisbr is

(source-drain), el ectrodes. The secon | ectrode f_both, capagitors 12 and

12 a6 B0 Clp) S £ O e ERE Rl RBEDUEEES Rroubhds TRebppRLRe

swi t chi mrdugtenthe 6sé corah MO h tagise sement t hetlsosmicetahitiwalél ne coupl ed

t o node ok in and gate of NMOS transistor 16 are both coupled to
s o

power - sup OOSTB. Transistor 16 therefore operates |ike a diode
switch, alloWaPrditento tdl) | 23Pee o BOOSTE IntoNthpRci FBEreforBut not in

the oppagid @ Hidiecid Orat Thee SocOmnd: st tfhaD £4 edehstd@ bs aBeEhRReHMOS
transistqQr, the gate of which is cou$lﬁﬁ to node N1, the déaln 8f which is
coupl ed MR N2LETA thel Both e eS BFONhi THa TS Lot EaeRotaR BAEBut

t er m nals i3hdlhaits sippihieest srdwost £k vol tage to a | oad (not shown) through a
vol tage output |ine BOOSTA. The third switching elenment 20 is al so an NMOS
transi stor, the source of which is coupled to node N2, and the gate and
drai n ofBRMIc PEEER GBI DR SCIBOIBAYINGS s transi stor 20 al so operates |ike

a diode switahy @d o rEYlwiped ! ow from BOOSTB to capacitors 12 and
14, but not in the opposite direction. To sinplify the description, it wll

be assumed béllGv thats MV 15%HNsi &tagen ot 18, T Bndit 22PRAd1R8RE Phe same
t hr esholtthevalnvage idn; and that: VBOOST > VDD + Wt

FIG. 2 is a circuit diagram of the timing generator
employed in the first to fifth embodiments;

FIG. 3 is a circuit diagram of the level shifter
employed in the first to sixth embodiments;

FIG. 4A is a timing diagram illustrating the operation
of the first embodiment when the mode signal is in the first
state;

FIG. 4B is a timing diagram illustrating the operation
of the first embodiment when the mode signal is in the
second state;

FIG. 5 1s a circuit diagram of the second embodiment of
the inventilon;



FIG 2 is acircuit diagramof the timng generator 2, which conprises an
inverter 32, a delay line 34, and three NAND gates 36, 38, and 40. Al of
these circuit elenents receive the VDD and ground potentials as their
power - supply potentials. The inverter 32 and delay |ine 34 bOtPOUgg?Mﬂe t he
clock signal (CLK) fromthe input termnal (IN). The delay line ~

conpri ses an even nunber of inverters (6our in the present case) coupled in
series. NAND gates 36 and 38 are cross-coupl ed, each receiving ~ -0 ~aN
z003 i 0 the output of the other. NAND gate 36 al so receives the output of
inverter 32) while NAND gate 38 receives the output of the delay |ine 34.
The out put of INAND dat & Idmilger 16l afgragn &ﬁkﬁ&ﬁf%ﬁ@ﬁmtﬁﬂTﬂBe§®b§@ﬂed from
the first onépstcbauMenBba@{Ehs NANR gafe (fid ecpines fder el ogk signal

(CLK) fromthe input termnal (IN), and receives the output of the del ay

li ne 345eq¢red o8t ALEof NAND gate 40 is the second timng signal (TQ)
supplied fromghersegondcawicputs tdaragirmdl SR cHi nbdSd Bnént coft di agram
of the |evel shifter 4. The level shifter 4 has an anplifying stage

conpri stiMy PMREFSRsi stors 42 and 44, NMOS transistors 46 and 48, and an
inverter 50)FaGd 8niksngerttmiggsiddege reanprlileisty & PMOS He ansesd0tom?2 and an
NMOS trapsisto rces d bstrate b 0 I of PMOS
transis %rgﬁ 2?hi§? gﬁgoégﬁgﬁg g%%%bgﬁgigﬁ“ﬁ%f%3§%%§§ﬁ%pﬁ§ %?%e BOOSTB. The
sour cess@fomMostatansi stors 46, 48, and 54 are all coupled to ground. The
drain (node Mg} 0f PYOS br@Rgiist o142 duS HOUP! ReltiS 1 bt fepf HMOS
transistor 44 and to the drain of N transistor 46. The drain (node N4)
of PMOSRE ahRY@RBECHBA is coupled to the gates of PMOS transistors 42 and

52, the draipref NYOBst habshsigh 4Bagaich 0¥e G @ We NMIPFIANSI stor 54.
The input, termna shifter IS cogﬁgg to the gate of

) . (1 of the | evel 4
NMOS tr%‘?ﬁ’s‘f%]%?g4%,lgﬁ%tt ﬁPB&QPfe%n\}é‘r & ewrdh pid NMOS t ransi st or
48. Theembi®d neewts PMOS transi stor 52 and NMOS transistor 54 are both

coupled to t out put term.nal ( ).....Next.,. t rati.on | rst
enbodi nment mff§'b Edégcgigé&in§e§§%§ﬂ?%ﬁi§%%%ﬁ%%ﬁ¥?ézqqetégiﬁ%ﬁggéor t he
case i mihilkedr fMODEBh| embpdihentti yhest athe, mosfeersighalo Iseligw e t he nor nal
mode, aghdhg Saseetn Which MODEB is in the low state, referred to bel ow as

t he burn-in node. Bis controlled externally, being placed in the high
state during Hormbf bpefafilsfudhd i@t Odw Wiatld Iy iSRP L IRAHE i t est .
1 ~fl JAe 2008eAdi&hé 4A illustrates the operation in the normal node.

Initially t | ock signal .CLK is . high the three driving signals DR1, DR2,
and DR3 ar elﬁﬁfg- af'}j(t ha arBaﬂanﬁeééﬁ)ﬂ&H‘d ‘Bﬁé‘sfqirragtm& é:&qgood)e a;(@)lrf“?:rélpaci tors
10, 12,ofanthd4f &f €hl ekbodsmeat whengraendddevealignblie isecdondtlsd ect r odes of
capaci tor s, 19) s dfscand 14 (nodes N1 and N2) are charged fromthe
pomer-supﬁfy 1§ ha" BOoSTB through the first and third NMOS transi stors 16
and 20. Sindel¢heldir4fn8 ahdcyatedioRTEma RS $Er $ 1Ko bIol igten atof he sane
potentigle #nvéhtpEe; drop of Vt occurs between the sources and drains of
t hese transi rs, _and nodes Nl and N2 are raised to a potential of VBOOST
- M rather]fhgn %%el5o?eﬁ§FSP}EVaéegffmonp5®€r§&&HW§I5QH?q§ﬁ3§HB. The
drain aamblyayed ofnttikesetrnd BiWbBdtimensi;staad 18 are al so at the sane
potential, sjmlar_vol I, f occurs .between the source and
drai n of trzﬁ%?St%€1£§,aagg&?ﬂg géggﬁ Paya&Ps%%SE&u Eﬁm%éFﬁﬁﬁgpigb and
vol t ageoHutiputsixtle 8UOSTAnEsti whenalthy maideed igmaldi dlserint Hdre VBOOST - 2Vt .
When t@%ég§@k5§éggal CLK falls fromthe high level to the low level, in
the timng generator 2 shown in FTG 2, the output of NAND gate 40 goes
hi gh, so the second timng signal TG goes high. After a certain delay, the
?ut put hIIEThAMIﬂQbE?’CIhiP@%@{Q QBG?HEO%/NVEQTQPNQ the out put ?L NAhTtD g?te NiﬁD
o go high. e output of .inverter s a i gh, so bo i nputs to
gt 2036 are TRGAEIBERE s naer PHE LEPRRRLoR: Budl Bl dpstd 1t {i mi ng
si gnal wiiGh goe=feiembde tbhetsecandadhedi dgawiigral. DRA ithedrel ven high (to VDD)
by inv e d i P, i e i.gnal is high, the
output%%hxkgKé%E%?b %@eggéggfzaﬁgﬁgkﬁﬁg gEtSHgQ§P§Fn gFF%qug'goes hi gh
drivi nglantadiby the veogvenghahabRgroontheymbgh logvéhe( IBD)terEhe
potentials of both the first and second el ectrodes of capacitors 12 and 14

now rise by VDD, the potential of node N2 becom ng VDD + VBOOST - Vt. Since
node



1 ~0 JAN 2003 12 N2 is at a higher potential than VBOOST, the third NMOS
transistor 20 turns off. Wen timng signal TGl goes low slightly later, in
the level shifter 4 showmn in FIG 3, NMOS transistor 46 turns off and NMOS
transistor 48 turns on, taking node N4 to the |ow | evel. PMOS)QraRsp@Et or 42
is thereby turned on) and node N3 is brought to the VBOOST | evel) turning
off PMOS transistor 44. In addition, when node N4 goes |ow, PMOS transistor
52 turns on, NMOS transistor 54 turns off, and the first driving signal DRl
rises fromthe ground level to the VBOOST | evel. The potential of node N1
in FIG 1 is thereby raised fromVBOOST - Vt to 2VBOOST - Vt. Node Nl is at
a hi gheiGNpot enitd ededdrah pBEIST akol 4 he dog st iNVIBWeansuspdy 16 turns of f.
Due to t-agerpns f e t e, pot of the
second V%% ?ériaa?llsﬁgstor ; r\lgbslj)now ng%%%g@}%g g? afgnﬁg%{lgktl al is
VDD + VBO®BST -smztplBumtéenmleanai@lemcbn\fB%@S“éxce%@%nthl@e diayenpdeenti al by
nore thar \Stra(&qwenvmﬁfe@ dd Mipciodes ¥ cag i geharge to the

output termnal 30 with substantially no voltage drop i n_transistor 18,

until t KEVE6Eenaa ©HI0HIHO NEBARE (RS GRS t Wi #Rd YBOGRTE are
subst amc'r@'a't}écﬁ%' foior@(aﬂrfpﬁ_ehe @J}W&%ﬁdrﬁr@ﬂ Am éi‘ﬁeﬁx@&Dnﬁo@@ﬁitiQUd

capaci tors Jlrﬁadn 14 IS thereg%/ E‘(’pl i ed, thro h node, N2, )Elangi stor 18,
output CERR e e SR hi HOETORS Phevhe
above- mntncmneﬂ; | tcheect (g’mtersdmam)DD raal:tlJC\rBtg)S’heprlemélcahlatempdeONz from

VDD + VI t r. l.ewv VBORT svaf fhe value of a
i's deter%glgﬁgd ot?\é l%ﬁrfgb tgl\%e 1Il&arﬁécie and lhe cor ?"ﬁ%dt par aEH el capacitance
val ue of capé’@l‘twlvs m@ﬂqmwm ae arnad rﬁ%ebﬁw‘brﬁ$ heelngy LRvel to

the hi ghnleewlgn the ffdw Sedidl Nt shpnalrelG@l 45 MR Rt gbye gl yen high by
inverter 32 and NAND gate 36.in the timng generator 2, and the first

dri vi ng a&dgALW ﬁll?lqbse AN PFTEHMEBo0ST ~ 10 JAN 2003 13 to the ground
IeV\e/:3 o%éTt he\yh%vgfmbﬁmfnieefté c&@ﬁmedﬁah ile 1 Qadﬂ@tpl-rcfhérﬁ@éﬂ wmmz - M
to - M ter. a cert the second tim [ is

i ven Cobagy S R e Yeh Eraf THat AT HOEGTS « nafhs i Hh 4t aror 2,
causi ngttriaassle(rm awid]t her deffd gy i wlmmmmm gand ovhand t he
pot ent i f e fall. fro - a toward VBOOST - Wt
- a. eﬁ?l ?1%(1 te tz‘lotrjsno&l efp \(En ows\/BomT - Vt, however, the
third NMOS tﬁ@{@sﬁ@m rZBCfetW me%qﬂl(ﬁm“riglhdd% weed o bedenebar ged from
power - sypphy ildane BOSSIBes Eiderfts Nade N direfore setties at
VBOOST - Mt. Since nodes N are at identical potentials of VBOOST -
Vt and f’ﬂ@ogﬁf“ﬁ@t St-er m nal 30 |s now at a higher potential (VDD + VBOOST -
Vit - a F;LrtsltteEg@bﬁimtrﬁ:ntl al of the second NMOS transistor 18 is equal to
or less than,hot urc otent| al Tra.nS| stor 18 is

t herefore turnea‘g 0 reeveoﬁftl% 2{ &e S Hom

&SRS escap| ng oM tH vol t age
out put Filfie BOSBM(SbacIfltr(stn@mdﬂZmeM tchom parbicevien @ e rtaitn iorg cont i nues duri ng
fu”her & %?EtE))EClesftg%%r%i'vslrfgegﬁ %Q'ﬁét arégfeér{cfch”ﬁf?ééé""’er'supp'y

e

l'ine to no hen rai se er 'pot enti al transferred
to the Eﬁfcé&rof‘éﬁlﬁrﬁﬂ“i@@ndﬂwtﬁ? §3\W3{W‘Pé'5vd40t»adé3 oPLt1I4 i ABOOSTA i s

boostedtnb@éeswecmﬂ@@%l@@ﬁe@rttsl alg ,0f1 gnoweid ppl y BOOSTB. The tim ng

gener at or 8ntroli t hese operations so that they are carried out
efficientl y fie t<BEBRd gﬁﬁt%attPin& 8a5r afg Ay TS HRE LY whil e node
N2 i s awhachoast edtponedfliyalsuppidrd rcdsikstsdrgnbl ICLK ursnack o, vady eover,

its gat S e . il [ r e : t hat can be
transfefgrrlgd ngﬁtt ggthI@ ?‘tg towéﬂou glutol?]tqtezr %ﬁjr?g{ " %vﬂpﬁe J]clat:'gl‘?)l e voltage
drop. Théndngpeiegneds A&l 30d AGS vagcivadpite sdathpdiianinals MIm ks VBOOST -

Vt - a 35cBPHBA2pehiRtbn AR PRYHALNAN 1k hR& LW N- lﬁé*qdlerém |41 Peng
descri bed. The operation of the timng _generator 2, |evel
signal TGl is active low: the 10w state is the active state
and the high state is the inactive state. The second timing
signal TG2 is active high: the high state is the active

state and the low state 1s the inactive state. The timing



10 JAN 2003 14 shifter 4, and second driving circuit 6 in the burn-in node
is simlar to their operation in the nornal node, and the timng signals
TGL and T& and first two driving signals DR1L and DR2 have the sane tim ng
waveforms as in the normal node. The operation of the third drigjn ﬁhiﬁgit
8 and the waveforms of the node signal MODEB and third driving's 6@%

differ fromthe nornmal node. Referring to FIG 4B) when CLK falls fromits
initial high level to the lowlevel an®d T& is driven high by the timng
generator 2) the second driving signal DR2 goes high as in the normal node.
Since the node signal MODEB is | ow, however) the output of NAND gate 26 is
hel d | ovged ®F £t 08 zh\eﬂmibs deb¥irA@esli dnalmoPR3 dex sSit1ayhAlovi he ground | evel .
Thus while t seggg (&ai i elegtrodz of th sec%g% %p%fltor 12 is raised
to VDD + VB BLELBBNG L FGHIL) Yol EEEESHE D Y REYW 4F Gapacitor 14
remai ns dva/BAISTftelt . h&s nap tihese eleeatinaded Iare tilratte rearmisctsedtehr ough
node N2, r be en._t aysi|

el ectro é§n2%9€1m§néh§9g£§i gg%é gﬁﬁlﬁpegﬁqhﬁ% gib éeﬁlal 3DQ%%®ECEST -
Vi - a .witheha| fieret drigiogt eignaedDBy tllse oydpadi-t adde rlavied of the
second agifh #44 d4cf§a€/b®9f§d1?r8fﬂd lﬁow&u SulpPliS’ MTRHAED RALN Al S St' I
hi gher than VBOOS so th hird NMOS transi stor 20 turns off. We

TGL i s FYRRKL$S gﬁh%yVBQ%STl RPRENGEAGr at aRe2 18 VeRosh Ifitier 14aterll taee f | rst
drIVIrm;dﬁgﬁﬁﬁbéﬁﬂlmSmgféV@@tEQltB@lyBCCST | evel by the level shifter 4,

and the potenfial_ of n g is raised fromVBOOST - Vt to %éB T - Vt.
Node N1 is noWtatSeCHrYh FlﬁngnFFﬁFuﬂﬁaﬁ FORRL 1SESp Ay PEl¥e 9B0OSTB, so the
first NMISdrtess sS2oradé 24roasupliéd Euesbelbbetwokm@gseb@mmtmmgpmk nodes N1

d N2 } f 8 V| di
20 N) O ARE PRSI ne" (MIER ! RRBLINK, 12 | SRVRRQRTee Yip excending
di schar g schrigigrienansistand 1834 sgspue ttémnhnalh and diow BEUSTA to the
| 0ad (nalosthailve 3 thd sOcdAuN: 209318 pAde haazagdmaeo%tpw deer mi nal

30 assume a potential eq , Where a and a
are as déS&IHd Hbole. aT%%C%%@eﬁfﬂﬁﬂnétSﬂﬁgaéupﬁﬁt ternminal 30 of the

first | enbodi ey ﬂlﬁlﬁd]edl;[ei‘ﬁiﬁ‘gb@@ﬁbﬁﬁ!tgsséom?ﬁ'&@@sbw fﬁ{»vbnllﬂilb@Q NMIIIDfI ?ht he
nor ma n_anpun epen n e capaci eratio o e
Cecond BAT4 Y DTt 6 Eed othRgSRAO0T AOPAHEBoRDe ay ConrPlbre cel ecti on
of this majead terele (MQDER) t hendi apuitvdesegnes caatareaerdeeforthihe
voItageEQﬁﬁﬁ% p e h u t is
hi gh enoug or agéqugﬁﬁN%u$%y%nE§est?ﬁé BP%? cErg&?t§%N% gﬁb%tbgglng SO
as hi gh aadl tinwerlie dadthges 3wne hoke bBigbuhng, l@WeﬂaeVﬁéagﬁevmnénaevBQOST are
hi gher tiggn iy IMESHETP! Metn ORSE 8bhONo £ AL RPB¥EBL 08ak sVal kagedbeeskiing
circuit of t he H%Pe referred to earlier is obtalned by renmoving the third
dr|V|ngS&| and third capacitor 14 fromthe first enbodi nent, and

gi ving the Smd‘m&pamachﬂﬂoﬁ TApAagi saﬂuetuahmeyeqmahlm toe agonbi ned
capaci t { 0 hj,rd or 2.and_1 first
enbodlnzﬂ@%§& é%ﬁ%%h(ﬁgngﬂl g % %ébogﬁg %£C|§3élg% g é §g§ obvi ously
cannot ﬁ@ﬁ@u&(fﬁﬁ&ﬁeﬂﬁammoxmeﬁipﬁteQLEQtsodﬁ r esgolibe gata pfdehdichnal , or
protect £,0ad Gi rscelec;rm fﬂﬁ@é’%f‘t%‘@'&x‘?ddéi@&é?g&é' ngrhyr B384t ests. Second

Enbodi nent In the volta boosting circult first enbodi nent above,
si nce i AFOME&E BTN he& L GTreade T%%Pbﬂ?ﬁu?hgtﬁiéSFndFﬁélﬁﬂrﬁigﬁa%nde when

node N2pRrat.ur mhef c@Bdie QRO pde VOt t p88e | e¥eto(YPPI+tYBREde Vt - a - a )
to the ynbo ste%tlevel (VBOOST - Vt)) the first (source-drain) electrode of

the thi 8“8 SNt M £ HHEHRES i 1y pul l ed down to a |evel bel ow the
gr ound IevelTh@amydquaandnthirm cunglee Shops 0P aheé tLhi ndedsinimgrsi gna

DR, Thape i3 ch0asidhl Ly 411« 1045 0SE SD90! oIt OPLcbib@URha | at ch-up

in the
second and third driving signals DR2 and DR3, respectively,

at theilr first (source-drain) electrodes. The second
electrodes of both capacitors 12 and 14 are both coupled to
a node denoted N2.



16 driving circuit 8. The second enbodi nent reduces this possibility.
Referring to FIG 5, the third driving circuit 8 in the second enbodi nent
conpri ses NAND gate 26, an inverter 56, a two-input NOR gate 58, a PMOS
transi stor 60, and an NMOS transistor 62. The other circuit eIB gé@ﬂgg t he
second enbodi nent are the same as in the first enbodi nent. WE

recei ves the node signal MODEB and sefond timng signal TG as in the first
enbodi ment. Inverter 56 receives the node signal MODEB. NOR gate 58
receives timng signal T& and the output of inverter 56. The source of
PMOS transistor 60 is coupled to the positive power supply VDD, and its
gate recei vesThaefbuspuswol chibhp gatmel. 1Thessanr GMOSf tMHDS itsrtansi st or 62
is coupl n ts.g ei.ye equtp of 93i£ 58. The
dr ai ns ofg%ogﬂgfggngrsﬁggghGg 8%38588 %g ﬁ ﬁ§|P3 |n#éFconnec e3¥Fand their
out put igatéeof WN¥ASdtrenagsspynipb BRS bgpbl cedrtedt ke Pleiwed -cawadivt or 14.
The oper n e s di e e ddecul ar
attenti ooy TRe R, e g TPy poPEratesr dae & Pade
capaci t o#WiBchThal bPWERECERELRRL efMEAPY EpeRa @O§§Brﬁn¢ﬁecﬁm@§ﬂt0r

enbodi mepg tﬂttﬁl@tn@ﬁﬁ@hemgﬁos%@ndm&&ba hi gh and the output of
i nverter 56 |s | ow, NAND gate 26 and gate 58 both invert the second

timng signal TAe2SCGRRA § thlﬂggﬁ}eNﬁNB 48t £52878886Gc&YOZ | ow out put ,
t urni ng @maﬁmmﬁkéranshetQatsoofawleﬁRigabeu58eal$0 nbﬂdu@ﬁs ahleow out put )

turning fi. N i he thir vrn nal accordi ngly
driven %ingéﬁkéégg Y, mﬁ% §+%§ %8 PS&g tﬁe bg Foufcrnfgrter 56 is
hi gh, thehbo;rlupus obupred gat an26utsuhi ghrmtlnahr A ohhtPwOBrtligssiast or 60,
and the Ul ?‘Uédo\;o%%g%@ §8lb§dh'(£18t Eg&ﬂh”gtfl?olﬁ'ﬁ@sat %fiﬁ:g%ﬁor 62. The

third drivin accor di ng riven low. The th riving
circuit eu%m@tthrm@ BaPAtAt or 14 thus operate 10 JAN 2003 17 as they did

in the first ﬂm@oﬂmﬂmtswﬁﬁéhtﬂe ewtRehtt eomiBah1368 ke Rmosted to VDD +
VBOOST - Mt - a burn-in_node) since MODEB is | ow) ghe out put of

NAND gat%ré%ﬁt%t%fghth?u?ﬂrﬁﬁeo?? PRERDt £SnSPUPORI66C PR &r Fes@Dgf the
state ofcﬁétegete@oamddtdmn@ stgmaiciGireScoaplehetouBpOSTES. | Mhdst er 56 is

19, e S DU 075 MR G 8008 L8 | Pitce T BLAGCOL VS Liangiistor 62)

again rega e35° of drrvrn nal ere ore Fl oats with
respect QuwrNDIE abel @l@mnﬁrOMh§0%&TB te naneCnEOpSeﬂérabﬂylént@Médn@¢
driving YODER | 9Mp &4 1 Be ta B ¥pEAt he clock signal CLK is high, so that the
initial level of the third driving nal DR3 is_the ground | evel.
Referring to'EQ(§1Qplhﬁ%ntﬁikﬁ?%¢¥épt?ﬁﬁtthE Kigh PeversuBeenleloW | evel in

t he bgr NeH e NOMIES arftdaﬁéist@rd(rjwenml gﬂn%yz%%lti Hhrlagbgﬁ_@eeatn@r 2) 2t2he |
secon riVi s driye t he evel by inverters an
24) boogt q%ﬁéiggitgﬁg?g ¥ E??gde of the second capacitor 12 from
VBOOST - Wt to VDD + VBOOST - Vt as in the first enbodi nent. Since the
third driving signal DR3 is f§§§%§@ £198h, .t{g second (gate) electrode of

the third capacitor 14 assunes e sane potentral vDD + VBOOST - Vt, and
the DR3 potential rises fromground to VDD. Node N2 is now at a potentral

of VDD + VBOGQEL - Miss® dhechht relmtéﬁnﬁhétetmzﬁgt Eéﬁér@ftf)r After a
short deé)v%1 Igﬁﬁgﬁﬁﬁagh%? t he frrs drivin gna DRl s CEéven to the
VBOOST 1% |§n%%55?5d #rofn ings 3¢e 3UBOBRTEE Wt as in
t he ferMNﬂﬂEHhGENHG taﬂrnamncﬂm th31iiostthh£8 ti1aosist elehénasd turning
on the eco N or i
supplie qgﬁbhgfé iﬁ %ﬁéout fﬁg?gigf% 8H85 p9oF%a§38EQ%put l'ine
BCCSTAtmmtdn;ﬂak&i(not shown)) reducing the potential of node N2. As the
potential of mpd N, 4 e ) g tential of
the third dr|V| n SI If@t%tl%'i% r}cﬁ‘ dgyéi% ngn gg bégﬁ %8@5\7@ thE

clock signal (CLK) from the input terminal (IN). The delay

line 34 comprises an even number of inverters (four in the

present case) coupled in series.

NAND gates 36 and 38 are cross-coupled, each receiving



falls, so the output termnal 30 is not boosted to as high a potential as
in the normal node. Node N2, output term nal 30, and BOOSTA assune a
potential of VDD + VBOOST - Mt - r , where r > a , and DR3 assunes a
potential of VDD - r . The value of r is deternmined by the | oad f.0rpg 200 ﬁ
and the capacitance value of the second capacitor 12. Next CLK goes hi gh)
TGL goes high, the first driving signal DRl goes |ow, and the potential of
node N1 i s reduced from 2VBOOST - VWt t69BOOST - Vt. \Wien TG goes low a
short tinme later) the second driving signal DR2 goes | ow and node N2
returns fromVDD + VBOOST - Vt - r to VBOOST - Vt. The third driving signal
DR3 fol ltve dwytpet ushi tige f 6 oFe ¥DD NANDgEQU@d36V\ﬁé11t§©u'(rel¢léd®resh(wffei ng the

U i n FEGELE (76 HEoRE Erbaci HEht ploUPaBe Tha bs ahs Jddar dbre ef fect as
the fi rsiutmﬁmdmmne Mbam hynehd4vol Thgeoatptiie odulNAD werte 38 i30 by

less inyd i . i d n digt,i DR3 is
free to fmﬁel ow e{llp%rﬁe?t%g %%aﬁggg a?ﬁﬁgg gElz?lrr?lnt ﬁzlgbEtrirll‘lc"%rqlE & (@%et

princi pleemRaak HBELforced bel ow the ground level, and the possibility of

latch-up is neduseghtdhid dr@@@?@'éﬁf‘ﬁe' 8159& E%‘hﬁ‘i QELR’St ?@@ﬁldt‘h%nt' nuous

operation in the burn-in node in the second enmbodi ment t hou
pri nci pli@RWe Tiniraki (Ihy: s’f"@%a?emvﬁﬁoﬁ@ aptpefers rtaﬁgidﬁgaﬁ’rom gr ound

to VDD, liiheract i cendRu iyt déffNAIhH@' @a\/ter aundsl evel keddadt @ imyhigher

Furt hor SCHE gt SEabT L i T ECRoBRS NBEFEnAopHPAfg CFF BiT-oBD0TROCST -

Vt - 7 to VHEIE. -3 s apaa:ircuni‘ardiyagfamhefvahaelefvetl shilfaege4.The third

rhod . Tbil]
drivi ng 015 QYRR LS FPESS n b  TEVERE B0akE hﬁpﬁiﬁﬂﬁg FIOSEY s
t r ansi sttararggl s e NMDS?I!(i a‘h%l SYPS GQr@#lSEﬁéoﬁcéﬁdaéﬁbé@l meRe, afi t hout

10 JAN 00% 4 o | ARA (9% By apc AR 03k6 88noFie1gts PlIOBMOS transi st or

62 is now driven by inverter second _driving circuit 6. The ot her

circuit HAAREREOL5Z g R AP ot #RRiSBPE Phe sARE 8SUFAeFhéaPArst and
se;:ﬁnd %trﬁmcbﬁm ﬁuﬂi&e @pfw@%lh@n of pmsthr?ﬂseg‘@@ﬁsrmnta wil | abe ees_c[| ged
Wi particul.ar a on to eoer ion o ir riving circui

WL PALLISUAT ALLENL Op, o the. opeb ALl 0, of chRerbh Tl dr Lyl ng el kel t 8
enbodi mMiMOS Itr arfeel sty msal 4 8o des , vdmeah SHheareodel’i goablMIDEB gsohngdgh, the

out puts of ﬂrﬁ@d %HHIB LGca Ybe ecand
timng si gnalr't\f%rGZCﬁ]r s%ﬁ ot g(?ft %@%a%ﬁ?hgﬁgrcggeh Bo{lg&g t8

transi sttéve @@tss afur o‘hraw(?lf aﬁél%@@rtQZthg @Hﬁh@doﬁf NMO&nd the third

drivi ngt§4a91@alstla‘¥3 des. drivenad Lin hendd® heyebr ey thensesend iinmiag
signal T& 'SdI[ t he out puts o%ﬁl%ve rter. 22 and NAND gg%e ggpare bot h

hi gh, s&OBBEEY rehdilg Falsts i Qf ¢ dt 39S LRKPES t FAndPd: s turned on,
and t he dirfaiimd odY INMOR) tst g s 333 4 &, dandethé oghbe gfoNMds| evehsibmoshort,

0 Uhe sgrratyode, e ANLL SN N ORe” fes aSndidelng 1Erst and

second enbodi Ment’s erm na 0 a potential of VDD +
VBOOST cowpledato Ithe k@mrQﬁiNMQﬁ)d@)almmtm i sndowhrenghout put of

NAND gal ¢ vel tiet @(ﬁ*hfe\ﬁ?édérﬁé Of rﬁﬂf@ss x?sPétcTPZAtsSO THESqkhgRsi stor 60

is always turned off ow, eouE inverter 22 is high
and NMOSTt PRSI dtrémses jar tﬁj?rrﬂébddﬂwogf o‘f‘éﬁ‘%l% ‘értﬁﬂrﬂrﬂrPQth si gnal DR3

to the gooapned Q\tﬁlthé/\hﬁrtpw 1 Sr o 194 (djmput put of inverter 22 is |ow and
NMOS transi stN%r 62 i.s turned off VDD and

t
Do H G Mxgo s AR E o T e el frP b B RETREE PR The
bur n- i ndesde.ibkld. osamm@mmmtmmsm gtven fbe theondse

enbodi MRt WhilG vIbrd risoaiﬁ %&%m%‘%‘atﬁg F&r0E88a PEOpLiLRt aki SES tO

VDD, theén ?valls back to
the normal mode, and the case in which MODEB is in the low

state, referred to below as the burn-in mode. MODEB 1s
controlled externally, being placed in the high state during
normal operation and in the low state during a burn-in test.



20 VDD - Y, followi ng the potential changes at node N2. The difference
bet ween the second and third enbodi nents is that when TG goes lowin the
burn-in node, DR3 is driven to the ground | evel by NMOS transistor 62,
instead of being left free to float responsive to the potentiff JAh2hes at
node N2. Accordingly, even if the third enbodi nent operates for an extended
period in the burn-in node) DR3 will return to the ground | evel once in
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enbodi ment accordingly provides the sane effects as the second enbodi nent,
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22 In the burn-in nmade, when MODEB is | ow and the powersupply sw tching
circuit 64 outputs VDD, the fourth enbodi nent operates as illustrated in
FIG 11. The operation of the level shifter 4, timng generator 2) and
second driving circuit 6 is the sane as in the normal node. InrtraII th
clock signal CLK is high, and both driving signals DRl and pr2 T The
drains and gates of the first and third NMOS transistors 16 and 20 are at
the sanme potential, so a voltage drop df2 Vt occurs in each, and nodes N1
and N2 are both charged to VDD - Vt by the VDD output of the power-supply
switching circuit 64. The drain and gate of the second NMOS transistor 18
are al sd¥2atlst et sart‘eigimrertmmmis@l atlva t @gRO8 T optbe VhiodclMOSbet ween t he
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24 BOOSTB and receive the VBOOST potential, as in the first enbodi nent.
Next the operation of the fifth enbodinment will be described. In the nornal
node, when MODEB is high and the powersupply switching circuit ﬁ4 ﬁ%ﬂguts
VBOOST, the fifth enbodi ment operates in the same way as the fl) rJfl

enbodi nent, boosting the output termnal 30 to a potential of VDD + VBOOST
-Vt - a. In the burn-in node, when B is low and the powersupply
switching circuit 64 outputs VDD, the fifth enbodi ment operates as
illustrated in FIG 13. Initially the clock signal CLK is high) the driving
signals DR1 and DR2 are |ow, nodes N1 and N2 are both at a potential of
VBOOST -toVitheangrdlred oLépall Berthdalevsl aghaf potenti ahuotin¥BREGE N12Vt, as
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or 1 n (

transis urns on, and charge is transferréd from node N2 through
transi stor 181inma padaserNi eid N2 argl BooSTNtbcaherdba@t {adbs efiown)) but

si nce t h@ogate PAtEY] Rl o JUANS St milBai S3010fs asoli B &Sniprthe nor mal
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fourth agpeel 0fchhgd NEHIRLtdd1s théhrif s &a Stxdh SHROEL s@pb1y The sixth
enbodi nent elim nates the pomer-ts}ijqprﬁ]lly swtching circuit 64 of the fifth
nt

enbodi neAfe BPGPIFe<L % 1A% e iy eheratbrt BRe L ROBeREIa1f ourt h
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o dr a A EAECGALAPU: dr e it A ROt AP ol YBOOR & 15
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imng g r a iV Y, n gat es
38 and 4§H§gatlﬁettl i n%%engrsig{}%r Sg) Iq:::l atq{w pryecefn% llelﬂg%di?r%ﬁt s, shown in

FIG 2)ebfitciepitades tiite SRETIhPIOSNAND st 96 6t Rekns tiwimed gefer at or 2
with a phigewhaput naDN@atie B NI FRHE ptrdifcaiVes Wity mode si gnal
MODEB af wel |, as tg% qQutputs of inverter 32 and NAND e‘ga.te t§8. Thg out put of
NAND gaf B2#8 1AL st WAt i Jiedieof@r . 1ts gate 1s' boosted To

a still higher potential, so that charge can be transferred

from node N2 to the output terminal 30 with negligible

voltage drop. The output terminal 30 thus reaches the same

potential VDD + VBOOST - Vt - a as node N2.

Next, the operation in the burn-in mode will be

described. The operation of the timing generator 2, level



1.0 JAN 2003 26 Next, the operation of the sixth enbodinent wll be
described. In the normal node, when MODEB is high, the timng generator 72
operates exactly as did the timng generator 2 in the preceding

enbodi ments, and the resulting timng waveforns and voltage | evels are as
shown in FIG 4A The only difference between the sixth enbodilflenty e t he
precedi ng enbodi nents in the normal node is that even when the second
transistor 12 is turned off in the sixts enbodi nent, node N2 is able to
supply charge to the output termnal 30 through the fourth NMOS transi stor
74. Since the gate and drain of transistor 74 are at the sanme potenti al,

however) shhif$ eghar,gentdr arsfoeid icﬁ'i&qwrﬂcﬁﬂitb% aj v Of H &G 4 OPn Gho¥é . and
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| ow and %Q@e?@?ﬂ@doq’w%et S $4iQ 248 Mo CHH) {6 1 B ha]hrggfe SO d pues,

first through MOS transistors 18 an then thro ransi stor 18
al one, uﬂB?IdhggéerrQﬁldtﬂlﬁ’en&ﬂﬂ@t}t mogheyi naI 30 are at the sanme potenti al

of VDD + VBOO§€fervt1ng %o FAGtenpt,heneecongk MMIS o reasd sty ddidSad urned
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of both RhENSLRYA Eﬂdtp&llpﬁ’ 58 1t A0 To20 s £ Ineh M el P¥%ithe sane
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t hr ough M%}?aﬁ%fg QEBMFSQVE%T 99@%1(%1% :b(r%\%lphg) tgl %%’ i ng enbodi nents.
When CLKe boetsr ¢ des amidTlmdanNZDRQ beshmgoahi ghtemm@dlmel poieottied. from
VBOCST -vify 4 oy VDD ¢ VBORST - 1ifk: vBYLeCBY g2 53 lgedns rnre%d d gy om node

N2 through the fourth NMOS transistor 74) put term nal vol t age
out put 14 ERRESTIC4RCE heanadoanPesﬁﬁﬁﬁ?d §8dn68érﬂ2 C@@é’@ﬁéé’re‘é P&t ent i al
of dVDE andBQAST Tﬁ/isf1Irterthb@i!iﬁbUﬁo@éntldeQ@dlsl‘ﬁngn htlfg?elroag@hanlrrpedange
and the itance of the s itor 12. Begause of t vol tage drop
in the four NNB%H%%SF%?O 8 ﬁﬂ@ BFEHFrléFSr %% 38& g%d t he out put
term nal 30 ddretThe esluc—hh\zenl hnbh bmt thei alimdhgt henemﬁpruﬂr Remm nal 30
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node N2. The output ter ere ss’inthe burn-in
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t ransi sBOOSTHE e dwtthatf ihet SMm@S potensiatoasinodarig. offifke t he precedi ng

embodi nent s, Dtu}ee 'xttlpe v”bﬂgéggn}soosting of nodes N1 and N2, the
gate potential of NMOS translistor 18 1s 2VBOOST - Vt,
exceeding the drain potential of VDD + VBOOST - Vt - 8 by
more than Vt, so node N2 discharges through transistor 18,
output terminal 30, and BOOSTA to the load (not shown), and



10 JAN 2003 28 boosts the potential of the output termnal 30 and vol t age
out put |ine BOOSTA by one anount in the normal node, and by a smaller
anount in the burn-in node. Mreover) the sixth enbodi nent requires only

m nor changes to conventional voltage-boosting circuit designs, ?ng&ﬁZMH
changes being the addition of the fourth NMOS transistor 74 and

repl acenment of a two-input NAND gate %y a three-input NAND gate in the
timng generator 72. The precedi ng enbodlnents have been shown as exanpl es
and are not intended to limt the scope of the invention. The structures of
the timng generators 2 and 72 are not |limted to the structures shown in
FI Gs. 2 mode 152 dhe ShéuchUbﬁtOﬂ:eE‘hthQVebf atc}lﬁﬁm@r ad piostermiidli Tédtﬁﬁl to the
structurg s ruct ure t he power supply sw tching
circuit ©% ?@ notvﬁghgﬁea Yg sfrdﬁtuWﬁ €Sfiovth & |W% ‘%.gﬁé %he structures
of the stesodilaed sbovd. dr|V|ng circuits are not limted to the structures
shown in FI , d n . f i |.polarities
may be revefﬁTh%opéﬁegti %gmﬁﬁgnoﬁﬁguﬁréﬁ?hﬁ§%&T§Oné&fﬁ%ﬁgﬁﬁsfﬂbne

possi bl eempeld fneat i e, thareferehbedséntodierentn the Hara-di WIS transi stor
60 in thenddifdl ehévhoOngh AUk BpgohdaRiBultl ven thu aReaddidd appldvert er

provided in that driving circuit to invert timng signal TG, 1nstead of
bei ng dré&RRCIFIRTE nveEierof2tha ﬁﬁéogécéﬁé dhividngagiacdiior s 1 2Task

skilled in doen@tddWabbveecoggi éaltameoge@écwéhf bgathgrs are possible
bel ow. 10 JAN _Z003.29 WHAT

within the s Pe of the |nv% tion as i me
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d j f t I th
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when saidy Cdaojt‘%ﬁ%rfdngnéﬁd é’félﬁ édséﬁéﬁé théPdgéa %%’1‘& kl 4 ng

si gnal going e 1 nhactive e a cer sal cl'ock si gna
goes t o ViU s tevEhe @ombl@@ddcanaﬁgt@nﬁeau@f(npecéasp@d eddsai d

timng &Qﬁqr@tccgpa(@])topytpytémgm ihrﬁﬁedfwgﬂgeﬁbea%ea& saipd fi rst

potential when said first tlnlqg Enal is in P hnactlve ) ate 3
out put t IGRVERE TtV A FRF XL P YhLFE af LEGR YTt Rf r § bﬁt@ﬁ??ap YHesdsi d

first tlcmmgnsncgnﬁiut sdiflféh@nactbwetscﬂapeteﬁtsamsndndtbsbbgsel touiat (6)

o i PR ARy U SPEAHE ol PERRES <PBal RERRRafkl iiBeRelc™

stat e, @mdhmﬁ[hﬂﬂﬂﬁﬂpfﬁﬂ&ESecond driving signal at said second potenti al
when saigd sePMhdddidhsi gnal is in the active state; 10 JA N 2003

In the voltage-boosting circuit of the first embodiment

above, since inverter 28 is held in the low output state in
the burn-in mode, when node N2 returns from the boosted
voltage level (VDD + VBOOST - Vt - 8 - @) to the unboosted
level (VBOOST - Vt), the first (source-drain) electrode of
the third capacitor 14 is momentarily pulled down to a level
below the ground level, causing a transient undershoot of
the third driving signal DR3. There is a possibility that
this undershoot might trigger a latch-up in the third



30 athird driving circuit (8) coupled to said timng generator (2),
outputting a third driving signal at said first potential when said node
signal is in the first state and said second timng signal is in the

i nactive state, and outputting said third driving signal at said second
potential when said node signal is in the first state and said $gCaR%g3
timng signal is in the active state) output of said third driving signal
bei ng di sabl ed when said node signal is 16 the second state; a first
capacitor (10) coupled to said first driving circuit (4), having a first

el ectrode and a second el ectrode, the first electrode of said first
capaci t ofr { #Qhgr e¢eicviiRg ssai drfel Istle oWd b SinfHIRY | r & HEEON £apaci tor (12)
coupled to s?bg iecond driving circuit (6)) having a first electrode and a
second ePREEFBUEI¥he first electrode of said second capacitor (12)

recei ving sai HegeeondgdroviFig .sisgnalhe ahiid dircapas torrduld) souplate to
sai d thi vin i,rcuit havi n first Iectrode and a second
electrodéeg Sﬂe Egﬁigﬁggtfégéréﬁeéal I%%FC&%%N%QN YEHt e vithg said
third drtWOﬂgnBugnHDR gadiet B, s ec ®d Se lteranrsdde: caf &ﬂm(hddﬂaniNMuEKntor (14)
bei ng COHPAﬁQlE@OFhQZSGC?§g %Eﬁ%&rgg?cﬁ S8 eG q]ec 'téggé

first swmtc coupled'to the secon e ald flrst
capamixﬁmQQ@}megﬁpBF?lﬁ@eséﬁaetHﬁrdnpé@@nﬁlaﬁtt@mﬁgdiﬂewmi capaC|tor

(10), but prengnbi pateabd tekslveaPank! Yodel Q) fxgm Digah al d
third potential; aEsecond smntéﬁln eeengn m;l cogg1 to the seé%nd
e

eIectrod%l¥%n§afHgFPFs?GgaﬁﬁcFPth€1§}rsﬁh@ ﬁ@nélecﬂmWEEWGﬂ'§%id second
CapaClEQfetf%g‘)ésaﬁﬂesﬂgdeﬁyﬁgﬁbltﬁbﬁE’EBa' oR) tga%léel %\Mh%o%altv%sSquﬁdxgt t
capacit or sali ird_capaci o discharge to said outpu
term nal %é%?iﬁﬁég ¢hd EéﬁoﬂHtBP cPFoggngt§£|§65e03W8 %Qﬁﬁﬁq(ﬂ (12) is
~ d ~aNEM3 Blamsiatpot €0t ial conpérdedoatiebebwaen veaipdweirr Stuppdtyent i al

and a pqwt'@hdoit;hgaff@cpase%s% 1599;@@3@ d ¢l Na gxbcgmc' %Of(%e) and

preventing said second capacitor dthir aci tor from
bei ng cﬁﬁ%ﬁﬁﬁf@fﬂﬁ%@ﬁdtbﬁﬂpﬂﬁtpérﬁ?nas Gggplﬂﬁeﬁotﬁﬁoyédonanéla@Srode of

sai d firgdtcapacs iés (492 @ﬁépﬁheo%eﬁéﬁd ﬁlt%CBéodeTer %%'aqnée%f%n%o%pac' tor
5 sw tching el enent (20) coupled to

(12) are_ at ual entlals

t he semﬁﬁf&ﬁi&ﬁ?%ﬁe %fa%%|ﬁzs%E%nHuEgﬁé&VtéPtFIQP?n§G§6ﬂy|ﬁ@dséﬁ@Hﬂurd
pot ent i aluttputsaisl slecotidi e@pasivong(32gnandprai dupbiliddcapagheornii4) ) but
prevent| zgékse nd capacitor (12) and said third capacitor (14) from
dlschargl Yo Faitthird potential. 2. The vol tage-boosting circuit of
claim1l, wheﬂ&ﬂ1QﬂﬁxhthmmdoﬁrthéngecbnduémbbaimbntdW1saidethird driving

S 9nal sl thdd nalepofenti el wben oubpntyof oshd LRbEA Gohvig cgianal s

di sabl ed.. 3. The volta osting circul saidthird
driving &%ﬁﬂjquWBnguﬁkﬁp%bﬁd8t%$¢dtﬂir@|ﬁgpéﬂgﬁar Lfh.a Theapithgrst ate

with regpgectult srdbits sdpPedeataal ianghsat drsecendonduenti al when out put
of ol aim . iert St podf ur YReRGIOPPRLHE FAF nBRaSCas: QUERTFd dr i vi ng
si gnal aff daverftiarstsaientow) NND sate secand NORi pgtsi g8aboth in the
RCL Va0 QUM Ola sk IBLER S0 N 80881 13 BLag! ol
first péedst iz ramdlurdsl secondopment i ahrmhesn cmi BM8®8condnsiatag signal is
0t he Bk e Ak Y RutsOlpidhitd I AT dhiut] 0PRkn} g lbpel! ed
%% transistor 62. The third driving signal DR3 is

accordingly driven high. Conversely, when TG2 is low and

the output of inverter 56 is high, the output of NAND gate

26 1s high, turning off PMOS transistor 60, and the output

of NOR gate 58 1s high, turning on NMOS transistor 62. The

third driving signal DR3 is accordingly driven low. The

third driving circuit 8 and third capacitor 14 thus operate



32 5. The voltage-boosting circuit of claim1, wherein said first capacitor
(10), said second capacitor (12), and said third capacitor (14) are

nmet al - oxi de- sem conduct or capacitors. 6. The voltage-boosting circuit of
claim1l, wherein said first switching elenent (16), said second sw tching
el ement (18), and said third switching elenment (20) are field 2@
transistors. 7. The voltage-boosting circuit of claim®, mherelﬁ Z@ﬁlrst
switching element (16) has a source coupled to the second el ectrode of said
first capacitor (10), and a gate and drain receiving said third potential.
8. The vol tage-boosting circuit of claim®6, wherein said second sw tching
el ement 4<8)hdmwasd id somr tke cOupsedembodamdnoyt pud taemonalput3Germ rget e
coupl ed eg ode id rst capacitor (10), and a drain
coupl ed "%(8 {%gb%g%g%g g{}e %odevg(;)oégi d ggconaa capacitor (12). 9. The

vol t age- boostimgtieé rigurn- oft ©dde m $inwheME@DARBsdisd LoWi,r ¢ hewictudhpiutg ol enent
(20) ha u t n I o] i cond capaci tor
(12)) andel HEE 26 0 Rk, DECREGe deS) PRDSI TafeidRal @

vol t age-trRtd gseioEuthe retat€i ag §h¢I pecopot élﬂltﬂllalg Sagslédoﬁ’@Zpot ential, a
third pagitd e octPek Sf gf@ber@@fi §6n@geh§Fﬁnalthet Bﬁt?@ﬁcc’%@ RefRent i al

being internedi ate between the first ﬁotentla the third potential, the
cl ock si&fd 28 t£F nk@Y ngt peRiREnCE! f FHQP Fé?@ﬁléﬁﬂrasgecéﬁﬁlpevel and t he
rzrggg ggqrwéaxhawem @ffmzlt S'mé etanddadsecong stghal ﬁ)ﬁﬁplth%!r@g‘ore éO)JA N
utp erm na ower - su it circuit 4
receiviﬁg's% é&ﬁ:rﬁf?ﬁﬁ%ﬁt? YD§a$%&eﬁF?HB§0teﬁ$%aﬁP & sgﬁg %
s!gnal“nmﬂﬁgnahlx)entmme@tbm]deqwhmgtMOBEBdlbhlad potémei ahemhehesai d node
si gnal qﬁﬁé dsfér{%f éﬂd@tfé ﬁ{‘gnouéé’“%ﬁé{?gtﬁep%g@&bi' 18%?:' otfo t§@ d second
a en na

pot ent i sal s in'sard second Staté; a'timng generator
(2) recéhﬂﬂﬁgQﬁﬁ?ﬂmﬂo%kg%¢hn%ﬁ3 g%néhatgnguadfﬂ¢§31t|nlng S|gnal havi ng an

active state gk @ fags i ves St@l ey andcORNEE AL NG r8mSeRend i tg‘hml'ég'e%' gnal
having an active state and an inactive state, said first timng nal

goi ng t &% H&%ckiWel St at el ‘b%‘?’t%‘t“FPT’r’hﬁm‘é@Fe?‘nga?rﬁzcllécfilrél"ﬁﬁalhl@ s to

said fimst deved )mived dedndsdtdit N2 Notise g9atogai agivengheignact DRe sisat e when
sai d cl ock _si aI oe econd | evel | egond

goi ng tgdctlh ng | vtgﬂ stsvé& A (%l sba¥ dl%Y%rF(ers %gl éeggf obéal 5qglgr g?‘rél evel ,
and sai @mqu gatd hge s gnaddgodhgthe meondacapaeisoatéZafcemt ain tine

af ter saighriock i afalvisiees oot d-second Levehe 81FbESbnBbiyhlgeci Touit

(4) coupled to said timng generator (2), output irst driving signal

at sai d Siincg th dtind dnlehlngi signakt R3niﬁgf§¢gngp f30R%,t BBE| nacti ve
state, @Rt QWdidy sedck fddStodriyéd nﬂhﬁ@”é‘épé&1§@kd1hhh§§uﬁﬁbent i al

when sai flrst tlnln sig e acltive sta econd driving
circuit B gﬂh?ﬁiﬂé&agggrat o (2 Bﬁ?pﬁg Rgtantde nd
driving rsiis@rsalframn wlcdnfd rtsd Yol entNade mnlsahdwsetomdpbtgnmgail gfial is in

the inaghjne i/‘q"bto\%n'r a”%t"“ts"&téﬂ@grtﬁfw W&Q”QFQEEYLPQ{SEE”% gk said

second potentia en sai'd 'second he aclive state; a
first c&bdcitor (10) coupled to said flrst dr|V|ng circuit (4), having a

first elect r%‘i‘%e@“% sk electfodedoddeniprsttrbegiFodeqphivead first

CapaCItor %%E)DRl 1s driven to the VBOOST level, and node N1 1is
boosted from VBOOST - Vt to 2VBOOST - Vt as in the first
embodiment, turning off the first NMOS transistor 16 and
turning on the second NMOS transistor 18. The charge at
node N2 is therefore supplied through transistor 18, output
terminal 30, and voltage output line BOOSTA to the load (not
shown), reducing the potential of node N2.

As the potential of node N2 falls in the burn-in mode,

the floating potential of the third driving signal DR3 also



i

10 JA N 2003 receiving said first driving signal; a second capacitor (12)
coupled to said second driving circuit (6), having a first electrode and a
second el ectrode, the first el ectrode of said second capacitor (12)
receiving said second driving signal; a first sw tching elene (16&
coupl ed to said powersupply switching circuit (64) and to the & &003

el ectrode of said first capacitor (10), supplying the potential output by
sai d power-supply switching circuit (64 to said first capacitor (10), but
preventing said first capacitor (10) fromdischarging to said power-supply
switching circuit (64); a second switching elenent (18) coupled to the
second e g¢i§0dgo0fpaabthikst %&%ut 30_(x0hodt %o)%ec‘:e‘?{‘q:c?'aes‘:trf Qge of said
second capaci t (12) salg term nal | owi ng sal d second

capamixﬂ0¥QQF1@é ﬁﬁséﬁaﬂéé P@f§éﬂdm89@putNP@ﬁwN@m QRﬁDURMﬁﬁfﬂﬂﬁﬂkecond

e'ECtrOd@OOfaﬁél90§S?Qnﬁs§@ﬂéchtth@ﬁ%hauso@tV@Dpat®®UO®T intyay nedi.at e
between said first potentla and a gote ial of the second el ectrode of

sai d firé2eEapdcitor® ¢180d BRd BPEVERSI Ay Podied tdédod daPhci tor (1B from

bei ng chedped &fom sasdd@ubpmunbar mynahe( 30n anh e eldag ceecord t@leect r ode of
said flrst cag citor éi?% Pg téhe secon d el ect.rode %f sai d second capacitor
a

(12) ar e 3l C%OY ﬁdsgcpﬁ & Bﬁcﬁgﬁ'n& el emrent (20) coupled to
sai d pomersup@éyts@LKcHDag biigbui TG(L64peand igh ,t thesddasd elrdotingde of said

second cap i%Rigéé SPJBQ' ygﬂ& s BBtt%ﬁtt&%'l %g\g)‘btdebﬁls%' A RURIsuppl y

smntchln Ircurt second” capaci preventlng sai d
second d%ﬁﬁ@l?%BOQ D) fV§niQ|B@ﬁ§?grn§tto §§ﬁa B&Re BoSSppIoy Snisthieiitng

circuit £ifg- 1éﬂerThEhéogéagﬁdb99§wﬁg Giigdirt DR GloRism bW aMer@ide said
first ca aci tor sai d second ca aC|tor gpt are 35 10 JAN 2003

met al - oxX1Ue- SeM %néEE?OYDBaﬁagppgﬁg “13% The 995005t iitg cilf€uit of

claim 10t.hmfwr@mvsmgdsignsn Bwat cb&mgwel esremtet(llcﬁ)mgs&lr@ms@@@nd si t chi ng
elenent_é sgr Salg% n ng ggg %20) gr.e field-effect

transi stof QEH The! gB 85§ R TRE Uit 22 wher ei n sai d
first swtchiBy ®lkoehng(tBe hhsrd dodvdegcedpghed DB3t te Sdoartd il ect rode
of sal d did Shu RPAE h0de ( 10he. gggoﬁdgaﬁsoaeﬂegg 2hRoygaelyiag HaRenot ent ! a

out put &&sal ower supply "sw I'ng CIrcui The voltage boosti ng
circuit dFskrab 1foﬁﬁ refntBai §158E0ABLORINERTL AgPEPERARE (T18) has a

source G £fk tor sehés output terminal 880by 2edat enceupl edrhoihhe second
el ectrode of éﬁécjflrSt capaci t or rain coupleg to the second
b

el ect r od¥ % B SRcH Egbﬁéitﬁ?&?12)Inlgdg?ﬁéogolFéB&e 88t itfg circuit
of claimr: whefelowatidetpotensial cohaggeseaenho@0N2haa gheobuea-coupl ed

to the %ﬁ?%ﬂﬂie'e?ﬁrégfh { f?JSR§GE§”§ 83989 £8rb£1%% tﬁ%d ﬁ . and
drain receiving the potentfar ou pu rd° powersuppl’y s I'ng circuit
(64) . 1@8W®lmﬂanﬁﬁ$hﬁxnm$ﬁ@btlibﬂi@fréeéchrﬂg asfreéucpdtentlal a second
potenti aln i@ tHHSh Adeptial, a clock signal) and a node signal, the second
potenti & berng internedi ate between the first potential and the third
potential, tHeé dRcIC{GHaIOhl 2%t epdedhgcpeE hBBAUE PPRERTEEReLNafB®a second

level , angd-he nistee signghe heytogd aehibd8imshal eadbHoaghegangrihatifle

Conpris%%% é% &n&¥gvfeﬂrg{fha£38§3 floats at levels ranging from
ground to VDD, in practice DR3 may drift below ground level,
due to further charging of the third capacitor 14 from
power-supply line BOOSTB. Such further charging can occur
whlle node N2 is returning from VDD + VBOOST - Vt - ¥ to
VBOOST - Vt, particularly if the value of ¢ 1s large. The
third embodiment addresses this possibility.

Referring to FIG. 7, the third driving circuilt 8 of the

third embodiment comprises the NAND gate 26, PMOS transistor
60, and NMOS transistor 62 of the second embodiment, without




a power-supply switching circuit (64) receiving said 36 1.0 JAN 2003
second potential, said third potential, and said node signal) outputting a
potential equal to said third potential when said node signal is said first
state, and outputting a potential equal to said second potential when said
node signal is in said second state; a timng generator (2) re&&MNr@ggjsal d
clock signal, generating a first timnggsignal having an active state and
an inactive state, and generating a second tim ng signal having an active
state and an inactive state, said first timng signal going to the active
state a certain time after said clock signal goes to said first level, said

first tlﬁﬁégiﬂé]ﬁ@ér%%&ON(ﬁ[hegaﬂ@CSBVe @B@t avwBeprsamdscl ock si gnal goes
to said second | eve said se ondtlmn omgtothe active state

when sai'f ALK QY dfival L G deR™ t &F $%¢%Y ‘PYrg’PV? §%F anél s&P§ $6E6RE tini ng
si gnal gnilngmg) dim;c?ntaoe}i verrfsc_ﬁaben@r C@It@unttem_emahtter o$aitirlleg|t<hq|fd5i gnal
goes to s second | e , & flrst driving reuit pe to sai
povmrsupeﬂ%ﬁp%wefrb%%@e cﬁ?%u‘??’m? 61215 g Elfi;fﬁ 98%8 or (2),

out put t iempbced ferstts dri vi ng signal at sai d first potentl al when said first
timng signal ﬂeS d iakfldﬂ‘a&%' 5{1‘?{?@ é&?@o&ﬂ&@ﬂ%tw:ﬂﬁ% d gblst$h plig Vi ng

signal at the out put r-su i ng Ci rcwt (64)
when said th rIBﬁI‘TIJIQﬁJrﬁ}‘ sabmti@nlhotﬁee a@P¢V@t$Oat ef &hee&bAdddriving

circui t (B GOUR /U0 SR ghd T ER DA g@ék?ééi%r(ﬁ oghBUbEhRg @1$8GAR

driving signal at said first potential when said second timng signal is in
the i na&liSRETt P LHE At phit tFRy Shi et seebediBeRying signal at said

fS_econd potentnmk(nfa;&mmxli nscﬁi;@d ndwrt%xmmesm%@@lsignam mbeEBCtkvaighate; a
Irst capacltar ed to I Ir rrving,.clLrcul aving a
lrst ol @i of SR ef of e, VN Faver 28/ BEEr denbkeadra f1r o
capaci t (Wthe(nlO:)her emaemndqg: igmindy f8 ¥gtadriG2 niys sh ygal ; botB?ofOtIhAEIe2003 a
second ) O i d.driyi havi ng a
first eI%Zl(F:E?M eae{r(neézl @eﬁnﬂqﬁcﬂ%efﬁﬁg ?‘?r%% Pﬁ ﬁms)al d second
capaci t ¢ranp)s togc &y ilrg Wrine dexhd and vilhg Shindl drévﬂngsslgmﬁﬂchl ng

el ement pRBO); sCRUMvRG 11D e AP R BCt Nptlen Of heakdcbhaSt 1mapgci tor (10),
suppl yi ng said third potentl al to said fjrst ca acitor ﬁééoﬁf\@bm reventl ng

sai d fi Fs€@dpdG% drS AR itsm U RbS gc?fhg”EY)e’é #8 £Ahi At Fare
second 26i m—m rm@tejl e, (%)Pmpdmhstrsﬁcm 6@0D@dtﬁi‘ﬁéﬁr ode, onsal d first

t 1Q d electrod t 2 d
capact B s Oeck S SSO SlE fpdoyof gl dRESRTA PORRE' efpbdZbponnd
to sai dlsutiputvemercm e (E3®unshelrevdie. sehomh@lr‘ectmdtahef neamndlsmodrd
capaci t @p o Jc%)lr'as eﬂ:tboﬁl%%ﬁleéq?%rd{gsegd?d%ﬂ eu‘i’@t pepgor Sahd kLEShgpotenti al

and a potential of the secon ectro sald first capacitor (10), and
pr event PR§OSAME NS00 R@OSIIASE t1dre (MHPYY o el Myl cBlr Bedaf PeRFBALaLout put
term nabr( $8b whemoblse seaand el ectrode of said first capacitor (10) and

and a third S8 COR Ry TerafeMOqR0 RIS o1t EORocbhe RPERRFolE of sai d
secon_dt NANBcgla(me @B2)is awupghl yerprsHiebd of dtl'p@tﬂn?tal szo';‘Gal. dsseEMﬁE

capaci Uk oPnev schar gi ng
to sai dggﬁ S)Sto?etﬁto aI(g %War}% rq]et agg%oos i hQ @Frc%%t é n}:g%m i 6)

wher ei nogﬁpétf prfsttné’&pi&@lrt @2 (1B0)higid agul d%b%omam:pat@roﬁz( i9) are

met al - oxj dgageghcondyetal %@aoahtiqré dr]i&finTé"es1 éﬁgﬁRﬁ’O’e)éttHQ circuit of
claim 16, wherein said first swtch |11€31 el ement % sai d second sw tching

el ement ET28Rd ARHedai dWpKrr JCAlSc e ol U {0 ' of elRYRF HeBf £&ct
is low and NMOS transistor 62 is turned off, so DR3 floats

with respect to VDD and ground.

FIG. 8 shows timing waveforms of the third embodiment
in the burn-in mode. All of these waveforms are the same as
in the second embodiment (FIG. 8). In particular, when TG2
1s high, DR3 first rises to VDD, then falls back to



10 JAN 2003 38 transistors. 19. The vol tage-boosting circuit of claim 18,
wherein said first swtching el enent (16) has a source coupled to the
second el ectrode of said first capacitor (10), and a gate and drain
receiving said third potential. 20. The vol tage-boosting ci ricuijAy g3 ¢! ai m
18, wherein said second switching elenment (18) has a source coupled to said
output termnal (30)) a gate coupled to the second el ectrode of said first
capacitor (10), and a drain coupled tosphe second el ectrode of said second
capacitor (12). 21. The voltage-boosting circuit of claim 18, wherein said
third swtching elenent (20) has a source coupled to the second el ectrode
of said ggpond ﬁapa@uu_@w1h§2)thea@@t@ngqtaq Mhrdied o efzﬁlevlm said third

tential. 22, A b t t tial
Cacand poi ent TP, S47 T RFRACRDERTRER Mo iAE0TE Gl ) et FTRE Rl |t he

second pb$ethaal wbenngsengeegedbatenbemee)mxrmhanf mro&ite pmtﬂald@n@d he
third potential) the.c Iternatl elwegn I IeveI and a
second | #h %5 8 #8881 53 §h0§a$Fﬁ§Sés fét Stépg (# eﬁﬁﬁﬁgstate
conprlS|hgftaﬁreatputfﬂeaMImabp@&@)veat©|wmwgpgamEMEmar chéd)gersecei vi ng sai d
Clock o188t @99 SaLOoPRYRLILINBYer09RkA! 19 G’ i inTl SHnilediavi ng

an active state and an Ina tate geneérati secon
si gnal héer ngnafxbteniiod peadedand éhelﬁa@miv@ @@éﬁe D§§|&lmhwﬂeﬂﬂnﬁ ng

si gnal b@‘(bnﬂh@ekgohﬂds@bdehnéﬁEbVQnSte%te%y‘M&Q%c%a'c cede s8igRal11l Hidth said
second statg,51 said first timng S|gnal going to the active state a certain
[

time aft@FlEhiBeLPBckhei §RAPRG0eE VRS -said first level, provided said 39 1

0 JAN 2003 notgestgnall efbblisand ﬁbb&&d&h@ﬂ@,p%@debBr&hetmeQg si gnal

goi ng to pact i state i,d cloc [ d second

Povel’ . et Bkt Fns hEcEptnamoglighieo ol S0tk 88804 Bt S ¢l ock

si gnal g@eeteotSandatanBStlenébrsandtsand decahd upi, mpag tdicgriarlgoi ng to the

|nact|vqh$§ ? goﬁgrﬁgkg &hn@egk er said clock signal goes to said second
ITS ri

| evel ing circuit ) coupled to said tinmng generator (72))
outputtlﬁﬁﬂﬁﬁhtﬁmboﬂlmenﬁg signal at said first potential when said first

timng SlgnaJAéSahnekQﬁpRBaé?'%ﬁeskékéhdaﬁgp@%%pBthﬁg iﬁb@nEhb%t driving
signal at sald third g %entlal mgen said first |n1ng g %ﬂ is.in the
active stHfe:9aSRe%dng HPPEERGCRPPEEPEREE) LBEpFEYTE QU ™y gener at or
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driving si sai d setond pot enti en-sald secondtimng-signal is
in the 3UU1V@15$bte$econd, and third NMOS transistors 16, 18, and

20, which are similar to the corresponding elements in the

first embodiment. The capacitance of the second capacitor
12, however, is equal to the combined capacitance of the
second and third capacitors 12 and 14 in the first
embodiment.

The fourth embodiment also has a power-supply switching
circuit 64 with a first voltage input terminal Vinl that
recelives VBOOST from power-supply line BOOSTB, a second
voltage input terminal Vin2 that receives VDD, a mode signal
input terminal IN that receives the mode signal MODEB, and a
voltage output terminal Vout. The voltage output from Vout
is supplied to the drains and gates of the first and third
NMOS transistors 16 and 20.

Referring to FIG. 10, the power-supply switching
clrcuit 64 comprises an inverter 66 that receives the mode



a first capacitor (10) coupled to said first driving circuit (4), having a
first electrode and a second electrode) the first electrode of said first
capacitor (10) receiving said first driving signal; a second ca?30|tor (12)
coupled to said second driving circuit (6), having a first elec odd 2003d a
second el ectrode) the first electrode of said second capacitor (12)
receiving said second driving signal; ad4jrst switching el ement (16)
coupled to the second el ectrode of said tirst capacitor (10)) supplying
said third potential to said first capacitor (10), but preventing said
first capacitor (10) fromdischarging to said third potential; a second
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el ectrode of Nefite SdtOP LRI BT (thS | fourth embodiment will be

described.

In the normal mode, when MODEB is high and the power-
supply switching circuit 64 outputs VBOOST, the fourth
embodiment operates In the same way as the first embodiment,
with the second driving signal DR2 in the fourth embodiment
performing the combined function of the second and third
driving signals DR2 and DR3 in the first embodiment, and the
second capacitor 12 in the fourth embodiment performing the
combined function of the second and third capacitors 12 and
14 in the first embodiment. The timing waveforms and
voltage levels are the same as in FIG. 4A. The output
terminal 30 and voltage supply line BOOSTA are boosted to a
potential of VDD + VBOOST - Vt - a,
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The vol tage-boosting circuit of claim24, wherein said fourth TWLhﬁh'

el ement (20) has a source coupled to said output termnal (30) gate
and drain coupled to the second el ectrode of said second capacitor (12).
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source and drain’of this transistor 18, and the potential of

the output terminal 30 is boosted no higher than VDD - 2Vt.

When CLK goes low and timing signal TG2 goes high, the
second driving signal DRZ2 is driven to the VDD level by
inverters 22 and 24, and the potential of node N2 is raised
from VDD - Vt to 2VDD - Vt. Node N2 is now at a higher
potential than power-supply output terminal Vout (VDD), so
the third NMOS transistor 20 turns off.

When timing signal TGl goes low a short time later, the
first driving signal DR1 is driven to the VBOOST level by
the level shifter 4. The potential of node N1 is thereby
ralsed from VDD - Vt to VDD + VBOOST - Vt. Node N1 is now
at a higher potential than Vout (VDD), so the first NMOS
transistor 16 turns off.

Due to the voltage-boosting of nodes N1 and N2, the
gate potential (VDD + VBOOST - Vt) of the second NMOS
transistor 18 exceeds the drain potential (2VDD - Vt) by
more than Vt. The charge at node N2 is therefore supplied
through transistor 18, output terminal 30, and BOQOSTA to the
load (not shown), with substantially no voltage drop in
transistor 18. The potential of the output terminal 30 1is
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VDD + VBOOST - Vt), the output terminal 30 1is not boosted as
high as in the normal mode. Node N2, output terminal 30,
and BOOSTA all reach a potential equal to 2VDD - Vt - § ,
where ¢ 1s determined by the capacitance of capacitor 12
and the load impedance. If the capacitance of capacitor 12
is equal to the combined capacitance of capacitors 12 and 14
in the first embodiment circuit, then 6§ is equal to «.

When CLK next goes high, TGl immediately goes high, the
first driving signal DR1 goes low, and node N1 returns from
VDD + VBOOST - Vt to VDD - Vt. When TG2 goes low a short
time later, the second driving signal DR2 also goes low, and
the potential of node N2 returns from 2VDD - Vt - § to
VDD - Vt. In this state the second NMOS transistor 18 turns
off, leaving the output terminal 30 and BOOSTA at the
boosted potential of 2VDD - Vt - 6 .

The fourth embodiment accordingly has an effect similar
to that of the preceding embodiments, the output terminal 30
being boosted less in the burn-in mode than in the normal
mode. In addition, the possibility of latch-up in the third
driving circuit that existed in the preceding embodiments is
eliminated, because the third driving circuit itself is
eliminated.
Fifth Embodiment

As an illustration of the third aspect of the
invention, FIG. 12 shows a fifth embodiment. The fifth
embodiment has the same circuit elements as the fourth

embodiment, but connects the output terminal Vout of the
power-supply switching circuit 64 to the sources of PMOS
transistors 42, 44, and 52 in the level shifter 4, shown in
FIG. 3, rather than to the drains and gates of NMOS
transistors 16 and 20. The drains and gates of NMOS
transistors 16 and 20 are coupled to power-supply line
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BOOSTB and receive the VBOOST potential, as Iin the first

embodiment.
Next the operation of the fifth embodiment will be

described.

In the normal mode, when MODEB is high and the power-
supply switching circuit 64 outputs VBOOST, the fifth
embodiment operates in the same way as the fourth
embodiment, boosting the output terminal 30 to a potential
of VDD + VBOOST - Vt - ¢« .

In the burn-in mode, when MODEB is low and the power-
supply switching circuit 64 outputs VDD, the fifth
embodiment operates as illustrated in FIG. 13.

Initially the clock signal CLK is high, the driving
signals DR1 and DR2 are low, nodes N1 and N2 are both at a
potential of VBOOST - Vt, and the output terminal is at a
potential of VBOOST - 2Vt, as in the first embodiment.

When CLK goes low and TG2 goes high, the second driving
signal DR2 is driven from the ground level to the VDD level
by inverters 22 and 24, raising the potential of node N2
from VBOOST - Vt to VDD + VBOOST - Vt. ©Node N2 is now at a
higher potential than BOOSTB, so transistor 20 turns off.

When timing signal TGl goes high a short time later,
the first driving signal DR1 is driven from the ground level
to VDD by the level shifter 4. DR1 is not driven to VBOOST
as in the first embodiment, because the level shifter 4
receives VDD instead of VBOOST from the power-supply
switching circuit 64. The potential of node N1 is thereby
raised from VBOOST - Vt to VDD + VBOOST - Vt. Node N1 is
now at a higher potential than VBOOST, so NMOS transistor 16
turns off.

Due to the above voltage-boosting of nodes N1 and N2,
the gate and drain potentials of the second NMOS transistor
18 are both equal to VDD + VBOOST - Vt, while its source
potentlial 1s VBOOST - 2Vt. Under these conditions
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transistor 18 turns on, and charge is transferred from node
N2 through transistor 18, output terminal 30, and BOOSTA to
the load (not shown), but since the gate potential of
transistor 18 1s not as high as in the normal mode, a
voltage drop occurs between the source and drain of
transistor 18, and less charge can be transferred than in
the normal mode. The transfer of charge reduces the
potential of node N2 to VDD + VBOOST - Vt - ¢, where ¢
depends on the capacitance of capacitor 12 and the load
impedance. If ¢ 1is small, the potential of the output
terminal 30 and voltage output line BOOSTA rises to
substantially VDD + VBOOST - 2Vt - ¢ .

Like the fourth embodiment, the fifth embodiment boosts
the potential of the output terminal 30 by less in the burn-
in mode than in the normal mode, without requiring a third
driving circuit.

Sixth Embodiment

As an example of the fourth aspect of the invention,
FIG. 14 shows a sixth embodiment. The sixth embodiment
eliminates the power-supply switching circuit 64 of the

fifth embodiment, provides a different timing generator 72,
and adds a fourth NMOS transistor 74. This transistor 74 is
coupled in parallel with the second NMOS transistor 18
between node N2 and the output terminal 30. Both the drain
and gate of transistor 74 are coupled to node N2.

FIG. 15 is a circuit dilagram of the timing generator 72
in the sixth embodiment. This timing generator 72 has the
same inverter 32, delay line 34, and NAND gates 38 and 40 as
the timing generator 2 in the preceding embodiments, shown
in FIG. 2, but replaces the two-input NAND gate 36 of that
timing generator 2 with a three-input NAND gate 76. NAND
gate 76 receives the mode signal MODEB as well as the
outputs of inverter 32 and NAND gate 38. The output of NAND
gate 76 1Is the first timing signal TG1.
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Next, the operation of the sixth embodiment will be
described.

In the normal mode, when MODEB is high, the timing
generator 72 operates exactly as did the timing generator 2
in the preceding embodiments, and the resulting timing
waveforms and voltage levels are as shown in FIG. 4A. The
only difference between the sixth embodiment and the
preceding embodiments in the normal mode 1s that even when
the second transistor 12 is turned off In the sixth
embodiment, node N2 is able to supply charge to the output
terminal 30 through the fourth NMOS transistor 74. Since
the gate and drain of transistor 74 are at the same
potential, however, this charge transfer is accompanied by a
voltage drop of Vt, and the initial potential of the output
terminal 30 and BOOSTA is still VBOOST - 2Vt.

In the short interval between the rise of timing signal
TG2 and the fall of timing signal TGl, after the potential
of node N2 is raised but before the second NMOS transistor
18 turns on, node N2 discharges through the fourth NMOS
transistor 74, and the potential at the output terminal 30
begins to rise while the potential at node N2 begins to
fall. When TG1 goes low and the second NMOS transistor 18
turns on, the discharge continues, first through both NMOS
transistors 18 and 74, then through transistor 18 alone,
until node N2 and the output terminal 30 are at the same
potential of VDD + VBOOST - Vt - « .

After the second NMOS transistor 18 1s turned off and
nodes N1 and N2 have returned to VBOOST - Vt, the drains and
gates of both the second and fourth NMOS transistors 18 and
T4 are at the same potential as node N2, preventing current
flow from the output terminal 30 to node N2. Escape of
charge from BOOSTA back to node N2 is therefore prevented as
in the preceding embodiments.

In the burn-in mode, when MODEB is low, NAND gate 76 in
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the timing generator 72 is held in the high output state, so
the first timing signal TGl remains high and the first
driving signal DR1 remains low, as shown in FIG. 16. The
potential of node N1 therefore remains at VBOOST - Vt. As a
result, once the potential of the output terminal 30 is
boosted above VBOOST - 2Vt, the second NMOS transistor 18
turns off, and as long as the output terminal 30 remains at
a potential above VBOOST - 2Vt, the second NMOS transistor
18 remains turned off.

Initially the clock signal CLK is high, timing signal
TG2 1is low, the second driving signal DR2 is low, and node
N2 1is charged through NMOS transistor 20 to VBOOST - Vt as
in the preceding embodiments. When CLK goes low and TG2 and
DR2 both go high, node N2 is boosted from VBOOST - Vt toward
VDD + VBOOST -~ Vt, but charge is transferred from node N2
through the fourth NMOS transistor 74, output terminal 30,
and voltage output line BOOSTA to the load (not shown), so
node N2 reaches a potential of VDD + VBOOST - Vt - ¢, the
value of { depending on the load impedance and the
capacitance of the second capacitor 12.

Because of the voltage drop in the fourth NMOS
transistor 74, the potentials of node N2 and the output
terminal 30 cannot be equalized; the potential of the output
terminal 30 stops rising at VDD + VBOOST - 2Vt - { , lower
by Vt than the potential of node N2. The output terminal 30
is therefore boosted by less in the burn-in mode than in the
normal mode.

When CLK goes high again, TG2 and DR2 return to the low
level and the potential of node N2 returns to VBOOST - Vt.
As In the normal mode, escape of charge from voltage output
line BOOSTA to node N2 through transistors 18 and 74 is
prevented because the gates of these transistors are both at
the same potential as node N2.

Like the preceding embodiments, the sixth embodiment
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boosts the potential of the output terminal 30 and voltage
output line BOOSTA by one amount in the normal mode, and by
a smaller amount in the burn-in mode. Moreover, the sixth
embodiment requires only minor changes to conventional
voltage-boosting circuit designs, these changes being the
addition of the fourth NMOS transistor 74 and the
replacement of a two-input NAND gate by a three-input NAND
gate in the timing generator 72.

The preceding embodiments have been shown as examples
and are not intended to limit the scope of the invention.
The structures of the timing generators 2 and 72 are not
limited to the structures shown in FIGs. 2 and 15. The
structure of the level shifter 4 is not limited to the
structure shown in FIG. 8. The structure of the power-
supply switching circuit 64 is not limited to the structure
shown in FIG. 10. The structures of the second and third
driving circuits are not limited to the structures shown in
Fi1Gs. 1, 5, 7, 9, 12, and 14. Any or all of the signal
polarities may be reverse to what is shown in the drawings.

To mention just one possible modification, in the third
embodiment, the gate of NMOS transistor 60 in the third
driving circuit 8 could be driven by an additional inverter
provided in that driving circuit 8 to invert timing signal
TG2, instead of being driven from inverter 22 in the second
driving circuit 6.

Those skilled in the art will recognize that other
modifications are possible within the scope of the invention

as claimed below.
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WHAT IS CLAIMED 1IS:

1. A voltage-boosting circuit receiving a first potential,
a second potential, a third potential, a clock signal, and a
mode signal, the second potential being intermediate between
the first potential and the third potential, the clock
signal alternating between a first level and a second level,
and the mode signal having a first state and a second state,
comprising:

an output terminal (30);

a timing generator (2) receiving said clock signal,
generating a first timing signal having an active state and
an inactive state, and generating a second timing signal
having an active state and an inactive state, said first
timing signal going to the active state a certain time after
said clock signal goes to said first level, said first
timing signal going to the inactive state when said clock
signal goes to said second level, said second timing signal
going to the active state when said clock signal goes to
said first level, and said second timing signal going to the
inactive state a certain time after said clock signal goes
to said second level;

a first driving circuit (4) coupled to said timing
generator (2), outputting a first driving signal at said
first potential when said first timing signal is in the
inactive state, and outputting said first driving signal at
said third potential when said first timing signal is in the
active state;

a second driving circuit (86) coupled to said timing
generator (2), outputting a second driving signal at said
first potential when said second timing signal is in the
inactive state, and outputting said second driving signal at
sald second potential when said second timing signal is in

the active state;
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a third driving circuit (8) coupled to said timing
generator (2), outputting a third driving signal at said
first potential when said mode signal is Iin the first state
and said second timing signal is in the inactive state, and

outputting said third driving signal at said second

potentlal when said mode signal is in the first state and
sald second timing signal is in the active state, output of
said third driving signal being disabled when said mode

signal is in the second state;

a first capacitor (10) coupled to sald first driving

circuit (4), having a first electrode and a second

electrode, the first electrode of said first capacitor (10)

receiving said first driving signal;

a second capacitor (12) coupled to said second driving

circuit (6), having a first electrode and a second

electrode, the first electrode of said second capacitor (12)

receiving said second driving signal;

a third capacitor (14) coupled to said third driving

circuit (8), having a first electrode and a second

electrode, the first electrode of said third capacitor (14)

receiving said third driving signal, and the second

electrode of saild third capacitor (14) being coupled to the

second electrode of said second capacitor (12);

a first switching element (168) coupled to the second
electrode of said first capacitor (10), supplying said third
potential to said first capacitor (10), but preventing said

first capaclitor (10) from discharging to said third
potential;

a second switching element (18) coupled to the second
electrode of said first capacitor (10), the second electrode
of said second capacitor (12), and said output terminal
(30), allowing said second capacitor (12) and said third
capacitor (14) to discharge to said output terminal (30)
when the second electrode of said second capacitor (12) 1is
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at a potential intermediate between said first potential and
a potential of the second electrode of said first capacitor
(10), and preventing sald second capacitor (12) and said
third capacitor (14) from being charged from said output
terminal (30) when the second electrode of said first
capacitor (10) and the second electrode of said second
capacitor (12) are at equal potentials; and

a third switching element (20) coupled to the second
electrode of said second capacitor (12), supplying said
third potential to said second capacitor (12) and said third
capacitor (14), but preventing said second capacitor (12)
and said third capacitor (14) from discharging to said third
potential.

2. The voltage-boosting circuit of claim 1, wherein said
third driving circuit (8) holds said third driving signal at
sald first potential when output of said third driving
signal is disabled.

3. The voltage-boosting circuit of claim 1, wherein said
third driving circuit (8) holds said third driving signal in
a floating state with respect to said first potential and
sald second potential when output of said third driving
signal 1is disabled.

4, The voltage-boosting circuilt of claim 1, wherein said
third driving circuit (8) holds said third driving signal at
sald first potential when said second timing signal is in
the inactive state and output of said third driving signal
1s disabled, and holds said third driving signal in a
floating state with respect to said first potential and said
second potential when said second timing signal is in the
active state and output of saild third driving signal is
disabled.
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5. The voltage-boosting circuit of claim 1, wherein said
first capacitor (10), said second capacitor (12), and said
third capacitor (14) are metal-oxide-semiconductor

capacitors.

6. The voltage-boosting circuit of claim 1, wherein said
first switching element (16), said second switching element
(18), and said third switching element (20) are field-effect
transistors.

7. The voltage-boosting circuit of claim 6, wherein said
first switching element (16) has a source coupled to the
second electrode of said first capacitor (10), and a gate
and drain receiving said third potential.

8. The voltage-boosting circuit of claim 6, wherein said
second switching element (18) has a source coupled to said
output terminal (30), a gate coupled to the second electrode
of said first capacitor (10), and a drain coupled to the
second electrode of said second capacitor (12).

9. The voltage-boosting circuit of claim 8, wherein said
third switching element (20) has a source coupled to the
second electrode of said second capacitor (12), and a gate
and drain receiving said third potential.

10. A voltage-boosting circuit receiving a first potential,
a second potential, a third potential, a clock signal, and a
mode signal, the second potential being intermediate between
the first potential and the third potential, the clock

Signal alternating between a first level and a second level,
and the mode signal having a first state and a second state,

comprising:
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an output terminal (30);

a power-supply switching circuilt (64) receiving said
second potential, said third potential, and said mode
signal, outputting a potential equal to said third potential
when said mode signal is said first state, and outputting a
potential equal to said second potential when said mode
signal 1is in said second state;

a timing generator (2) receiving said clock signal,
generating a first timing signal having an active state and
an inactive state, and generating a second timing signal
having an active state and an inactive state, said first
timing signal going to the active state a certain time after
said clock signal goes to said first level, said first
timing signal going to the inactive state when said clock
signal goes to said second level, said second timing signal
going to the active state when said clock signal goes to
salid first level, and said second timing signal going to the
inactive state a certain time after said clock signal goes
to said second level;

a first driving circuit (4) coupled to said timing
generator (2), outputting a first driving signal at said
first potential when sald first timing signal is in the
lnactive state, and outputting said first driving signal at
said third potential when said first timing signal is in the
active state;

a second driving circuit (6) coupled to said timing
generator (2), outputting a second driving signal at said
first potential when said second timing signal is in the
inactive state, and outputting said second driving signal at
said second potential when said second timing signal is in
the active state;

a first capacitor (10) coupled to sald first driving
circuit (4), having a first electrode and a second
electrode, the first electrode of said first capacitor (10)
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receiving said first driving signal;

a second capacitor (12) coupled to said second driving
circult (68), having a first electrode and a second
electrode, the first electrode of said second capacitor (12)
receiving sald second driving signal;

a first switching element (16) coupled to said power-
supply switching circuit (64) and to the second electrode of
saild first capacitor (10), supplying the potential output by
said power-supply switching circuit (64) to said first
capaclitor (10), but preventing said first capacitor (10)
from discharging to said power-supply switching circuit
(64);

a second switching element (18) coupled to the second
electrode of said first capacitor (10), the second electrode
of said second capacitor (12), and said output terminal
(30), allowing said second capacitor (12) to discharge to
said output terminal (30) when the second electrode of said
second capacitor (12) is at a potential intermediate between
said first potential and a potential of the second electrode
of sald first capacitor (10), and preventing said second
capacitor (12) from being charged from said output terminal
(30) when the second electrode of said first capacitor (10)
and the second electrode of said second capacitor (12) are
at equal potentials; and

a third switching element (20) coupled to said power-
supply switching circuit (64) and to the second electrode of
sald second capacitor (12), supplying the potential output
by said power-supply switching circuit (64) to said second
capacitor (12), but preventing said second capacitor (12)
from discharging to said power-supply switching circuit
(64).

11. The voltage-boosting circuilt of claim 10, wherein said
first capacitor (10) and said second capacitor (12) are
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metal-oxlide-semiconductor capacitors.

12. The voltage-boosting circuit of claim 10, wherein said
first switching element (18), said second switching element
(18), and said third switching element (20) are fileld-effect
transistors.

13. The voltage-boosting circuit of claim 12, wherein said
first switching element (16) has a source coupled to the
second electrode of said first capacitor (10), and a gate
and drain receiving the potential output by said power-
supply switching circuit (64).

14. The voltage-boosting circuit of claim 12, wherein said
second switching element (18) has a source coupled to said
output terminal (30), a gate coupled to the second electrode
of said first capacitor (10), and a drain coupled to the
second electrode of said second capacitor (12).

15. The voltage-boosting circuit of claim 12, wherein said
third switching element (20) has a source coupled to the
second electrode of said second capacitor (12), and a gate
and drain receiving the potential output by said power-
supply switching circuit (64).

16. A voltage-boosting circuit receiving a first potential,
a second potential, a third potential, a clock signal, and a
mode signal, the second potential being Intermediate between
the first potential and the third potential, the clock
signal alternating between a first level and a second level,
and the mode signal having a first state and a second state,
comprising:

an output terminal (30);

a power-supply switching circuit (64) receiving said
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second potential, said third potential, and said mode
signal, outputting a potential equal to said third potential
when said mode signal is said first state, and outputting a
potential equal to said second potential when said mode
signal is in said second state;

a timing generator (2) receiving said clock signal,
generating a first timing signal having an active state and
an inactive state, and generating a second timing signal
having an active state and an inactive state, sald first
timing signal going to the active state a certain time after
said clock signal goes to said first level, said first
timing signal going to the inactive state when said clock
signal goes to said second level, said second timing signal
going to the active state when said clock signal goes to
said first level, and said second timing signal going to the
inactive state a certain time after said clock signal goes
to said second level;

a first driving circuit (4) coupled to said power-
supply switching circuit (64) and said timing generator (2),
outputting a first driving signal at said first potential
when said first timing signal is in the inactive state, and
outputting said first driving signal at the potential output
by said power-supply switching circuit (64) when said first
timing signal is in the active state:

a second driving circuit (6) coupled to said timing
generator (2), outputting a second driving signal at said
first potential when said second timing signal is in the
inactive state, and outputting said second driving signal at
said second potential when said second timing signal is in
the active state;

a first capacitor (10) coupled to said first driving
circuit (4), having a first electrode and a second
electrode, the first electrode of said first capacitor (10)

receliving said first driving signal;
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a second capacitor (12) coupled to said second driving
circuit (6), having a first electrode and a second
electrode, the first electrode of said second capacitor (12)
receliving sald second driving signal;

a first switching element (16) coupled to the second
electrode of said first capacitor (10), supplying said third
potential to said first capacitor (10), but preventing said
first capacitor (10) from discharging to said third
potential;

a second switching element (18) coupled to the second
electrode of said first capacitor (10), the second electrode
of said second capacitor (12), and said output terminal
(30), allowing said second capacitor (12) to discharge to
said output terminal (30) when the second electrode of said
second capacitor (12) is at a potential intermediate between
said first potential and a potential of the second electrode
of said first capacitor (10), and preventing said second
capacitor (12) from being charged from said output terminal
(30) when the second electrode of said first capacitor (10)
and the second electrode of said second capacitor (12) are
at equal potentials; and

a third switching element (20) coupled to the second
electrode of said second capacitor (12), supplying said
third potential to said second capacitor (12), but
preventing said second capacitor (12) from discharging to
said third potential.

17. The voltage-boosting circuit of claim 16, wherein said
first capacitor (10) and said second capacilitor (12) are
metal-oxlide-semiconductor capacitors.

18. The voltage-boosting circuilt of claim 16, wherein said
first switching element (16), said second switching element
(18), and said third switching element (20) are fileld-effect
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transistors.

19. The voltage-boosting circuit of claim 18, wherein said
first switching element (16) has a source coupled to the
second electrode of said first capacitor (10), and a gate
and drain receliving said third potential.

20. The voltage-boosting circuit of claim 18, wherein said
second switching element (18) has a source coupled to saild
output terminal (30), a gate coupled to the second electrode

! of sald first capacitor (10), and a drain coupled to the
second electrode of said second capacitor (12).

21. The voltage-boosting circuit of claim 18, wherein said
third switching element (20) has a source coupled to the
second electrode of said second capacitor (12), and a gate
and drain receiving said third potential.

22. A voltage-boosting circuit receiving a first potential,
a second potential, a third potential, a clock signal, and a
mode signal, the second potential being intermediate between
the first potential and the third potential, the clock
signal alternating between a first level and a second level,
and the mode signal having a first state and a second state,
comprising:

an output terminal (30);

a timing generator (72) receiving sald clock signal and
sald mode signal, generating a first timing signal having an
active state and an inactive state, and generating a second
timing signal having an active state and an inactive state,
sald first timing signal being held in said inactive state
when said mode signal is in said second state, said first
timing signal goling to the active state a certain time after
said clock signal goes to said first level, provided said
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mode signal 1s in said first state, sald first timing signal
going to the inactive state when said clock signal goes to
sald second level, said second timing signal golng to the
active state when said clock signal goes to sald first
level, and said second timing signal going to the inactive
state a certalin time after said clock signal goes to said
second level;

a first driving circuit (4) coupled to said timing
generator (72), outputting a first driving signal at saild
first potential when said first timing signal is 1in the
inactive state, and outputting said first driving signal at
said third potential when said first timing signal is 1n the
active state;

a second driving circuit (8) coupled to said timing
generator (72), outputting a second driving signal at said
first potential when said second timing signal is in the
Inactive state, and outputting said second driving signal at
sald second potential when said second timing signal is in
the active state;

a first capacitor (10) coupled to said first driving
circuilt (4), having a first electrode and a second
electrode, the first electrode of said first capacitor (10)
receiving said first driving signal;

a second capacitor (12) coupled to said second driving
clrcult (6), having a first electrode and a second
electrode, the first electrode of said second capacitor (12)
recelving said second driving signal;

a first switching element (16) coupled to the second
electrode of said first capacitor (10), supplying said third
potential to said first capacitor (10), but preventing said
first capacitor (10) from discharging to said third
potential;

a second swilitching element (18) coupled to the second
electrode of sald first capacitor (10), the second electrode
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of said second capacitor (12), and said output terminal
(30), allowing said second capacitor (12) to discharge to
said output terminal (30) when the second electrode of said
second capacitor (12) is at a potential intermediate between
sald first potential and a potential of the second electrode
of said first capacitor (10), and preventing sald second
capacitor (12) from being charged from sald output terminal
(30) when the second electrode of said first capacitor (10)
and the second electrode of sald second capacitor (12) are
at equal potentials;

' a third switching element (20) coupled to the second
electrode of said second capacitor (12), supplying said
third potential to said second capacitor (12), but
preventing said second capacitor (12) from discharging to
said third potential,; and

a fourth switching element (74) coupled to the second
electrode of said second capacitor (12) and said output
terminal (30), allowing said second capacitor (12) to
discharge to said output terminal (30) with a certain
voltage drop, but preventing said second capacitor (12) from
being charged from said output terminal (30).

23. The voltage-boosting circuit of claim 22, wherein said
first capacitor (10) and said second capacitor (12) are
metal-oxide~semiconductor capacitors.

24, The voltage-boosting circuit of claim 22, whereln said
first switching element (16), said second switching element
(18), said third switching element (20), and said fourth
switching element (74) are fleld-effect transistors.

25. The voltage-boosting circuit of claim 24, wherein said
first switching element (16) has a source coupled to the
second electrode of said first capacitor (10), and a gate
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and drain receiving sald third potential.

26. The voltage-boosting circuit of claim 24, wherein said
second switching element (18) has a source coupled to said
output terminal (30), a gate coupled to the second electrode
of saild first capacitor (10), and a drain coupled to the
second electrode of said second capacitor (12).

27. The voltage-boosting circuit of claim 24, wherein said
third switching element (20) has a source coupled to the
second electrode of said second capacitor (12), and a gate
and drailn receiving said third potential.

28. The voltage-boosting circuit of claim 24, wherein said
fourth switching element (20) has a source coupled to said
output terminal (30), and a gate and drain coupled to the
second electrode of said second capacitor (12).



