WD 01/ 93409 PCT/ US01/ 12907 -1 Description LOWPOAER VOLTAGE REGULATOR
CIRCUT FOR USE IN AN | NTEGRATED CIRCUI T DEVICE 5 TECHN CAL FI ELD The

i nventi owoel/gd4es to voltage regulator <circuits, and noreCpaseieadzarly to
a circuit that re- ceives an external power supply voltage as an input and
10 provide as an output a specified |evell-of voltage for an internal
circuit of an integrated circuit device. BACKGROUND ART In the field of
integrated circuits, conpati- 15 bility requires the use of a conventi onal
5V power supply for nost circuit deescesptAbso, conpatibility requires
many TTL circuits to work at a conventional 5V external power supply
vol t age. However, when the degree of inte- gration increases, nmany circuits
are manufactured to workoROPawER l7OmERGEZORE@URA(SRCOIASUIY) in order to

there |o a need Tor verragerr Bulfe s ErRanEDsCChTEaBevebdoun oircuits)
xt ornal 25 pover Supaly_down Lo a desired 1evel (3v-4v) and to sup- ply.
?ﬁgfrcgltageﬁﬁﬁ\ﬁ@%%%@ | circuit of the device. Many designs gf th
vol tage regul ator circrhé Exé&itidh grellaiSdOWso ayEDIYGAt efal atdit er nal

stepdown circuit, 17 that is also described in the, background art 30
section of F¥CPHtent? .m%%@%ﬁ%cTi?Wa%rﬁ ‘é“cr%‘Fl.gT‘Fﬂ%a’?llF%‘strat ed

internal stepsgioys Gn Castterda ESSORST adlyp1E ORS1 Sd Se Od s 2ati ef @b @nCenyol t age
generator circuit_ 100 and an internal voltage control circuit 200. The
refereddte VHTESE FEhAatFHERYE @i ¥Pavbied abRired f ovgkrryat Eon 3%

reference voldwege MRER it respgetidtedhecddt &1 Pakhi v ohdv V€ 01/ 93409
PCT/ US01/ 12907
BACKGROUND ART
In the field of integrated circuits, compati-
15 bility requires the use of a conventional 5V power supply
for most circuit devices. Also, compatibility requires
many TTL circuits to work at a conventional 5V external
power supply voltage. However, when the degree of inte-
gration increases, many circuits are manufactured to work
20 at a lower voltage (such as 3V) in order to lower power
consumption and reduce excessive electrical field.
Therefore, there is a need for voltage regulator circuits
(voltage stepdown circuits) arranged inside the devices
to convert the high voltage level (5V) of an external
25 power supply down to a desired level (3V-4V) and to sup-
ply that voltage to the internal circuit of the device.
Many designs of the voltage regulator circuit exist.
Fig. 7 shows a conventional internal stepdown
circuit 17 that is also described in the background art
30 section of U.S. Patent No. 5,189,316 to Murakami et al.
The illustrated internal stepdown circuit 17 essentially
consists of a reference voltage generator circuit 100 and
an internal voltage control circuit 200. The reference
voltage generator circuit 100 is adapted to generate a

35 reference voltage VREF with respect to the internal volt-



-2 age control circuit 200, and includes p-channel MOS (PMOS) transistors
111-115. The PMOS transistors 111-113 are connected in series to each

ot her andv@pe9i4nt er posed between a supply input term nal PGDOS@IRIGr ound
G\D. 5 These PMOS transistors 111-113 are used as resistors, respectively,
and constitute a resistive potential di-~-2vider circuit. The supply input
termnal 300 receives a supply voltage Ext.Vcc from an external power
supply (not shown). OQther PMOS transistors 114 and 115 are connected 10 in
series to eade atderrolandhmrel t Mt @Y posedl joet wedes tihrechasupgl WOSiput ter m nal

300 and the d .GN\D in_paral t a escribed P r istors
111-113. Thegi Ner nal ovg %tgogxésacioﬁt—rlc)#gbi plglﬂelt qfrsansél a%?re%/[ﬁjifzo ect an
i nternal voldmgecddbdchadeth aovethes b amflereticer vatd agee VREFesmoSsdt 0

prevent the fluctuation of.the internal, vaolt VI whi ¢ be caused by

Phe. 1 uct T OIS 3 bl bt (gt \RE 3 20T - of a curr ent

quant i ty swTiodgdgPMDS CiitdnLildhols VIOl 1-80E3 aospagad ais Cheéslsto?20 and an

out put transistor P225 20 The current quanti t,%s.vvi t chi n%egjig%fu' f 210 is
%“i‘i‘E c

adapted to SORRTFCR Tl r Y it 1§ S udpl TR T o YR P par at or
circuit 220 videée coidance. W The ssibshy ngybet weedni g4l axt 0 veed®eeang a

st andby node of the sem conductor d]%nt egrated circuit device %fnd is formed

of two PMOS PEPRIENEGSIRFS B9 1VEhd B9 27 e poset PA Har SFPRTY bt dken

the supply ighiint er e 3O ANE-dMe; ydtA0E LURA B Drar&idShdc22d. The
vol tagﬁQcorrp,ar ator, circuit 220 is adapted to, nake a conpari son between the

ref erebte volt -SHGEEVREE Gt i 9T ot herFof B ePerOSA tiage et or 30
circuit 100Psgg%13heiﬂ§u@rw@&mﬁ%1ay@o\éﬂﬁ SRP Ry Qehd r@m  {MGOHE DLk

transi stor and to control a conductivity, —of the outﬁut transi st or
P225 in accoidaiike FpeFe Lewetired ofMhe cmpar teoh. Lthel ¥dl t age conpar at or

circuit 220 is formedngl IMO-RMIS $4008St Qs F225% ard, FR2%0angs t wo 35
N-channel MOS (NMOS) transistors N221 and N222

v

adapted to correct an internal volﬁage VINT based on the

15 reference voltage VREF so as to prevent the fluctuation
of the internal voltage VINT which may be caused by the
fluctuation of the supply voltage Ext.Vecc, and is formed
of a current quantity switching circuit 210, a voltage
comparator circuit 220 and an output transistor P225.

20 The current quantity switching circuit 210 is adapted to
switch a current quantity supplied to the voltage com-
parator circuit 220 in accordance with switching between
an active mode and a standby mode of the semiconductor
integrated circuit device, and is formed of two PMOS

25 transistors P211 and P212 interposed in parallel between
the supply input terminal 300 and the voltage comparator
circuit 220. The voltage comparator circuit 220 is
adapted to make a comparison between the reference volt-
age VREF applied from the reference voltage generator

30 circuit 100 and the internal voltage VINT supplied from
the output transistor P225 and to control a conductivity
of the output transistor P225 in accordance with a result
of the comparison. The voltage comparator circuit 220 is
formed of two PMOS transistors P223 and P224 and two

35 N-channel MOS (NMOS) transistors N221 and N222.



WO 01/93409 PCT/ US01/ 12907 -3 The reference voltage generator circuit 100
generates a constant reference voltage, VREF, which is supplied to the

vol t age o0OpHYADDr circuit 220. When the sem conductor iPCEYR@YRMTCI rcuit
device provided with the 5 internal stepdown circuit 17 shown in Fig. 7 is
in an active node, the clock signal CS-supplied to the current quantity
swtching circuit 210 is at a low level (logic level = 0). Therefore, the
PMOS transi stor P211 is kept on in the active node. Meanwhile, the PMOS

transistor 10 P212 is phaveysfétehde BNl S4qd egbespaseri tsrgate 1socon-
nected to the ground G\ND. Therefore, both the PMOS tran- sistors,P211 -and
P212 are turdRFTHTH 3 ORI e TotRr SNGRIVehRIS | RS ctirtEht 1 s

suppl i ed to ¢l Midd age oM vPBERGOT cSipEth to220i r Fher vob b ageweenparat or
circuit 220 15 co res the reference voltage VREF with the_infernal
vol t age VI I\I'IS.e“{ﬂvf\'e‘?iErrE FeE ol AR betoriest sHayte? PrRav-defevybitt &g vi N,

for insganceinthind® dhepddiet easec@it 1heshaer nal rvgl tages ViNTagaused by
the increase of the supply voltage Ext.Vcc or other _reasons, the

conduct i vi t YOOI TR PVERS t § BPST st H9nph XS geieirhses . teokRe spehBrngl v,

the potenti alyairihe SratdhDigtherKMB $1@NSL SL10ra PREd 18661 eass§icand thus
the conductivity of the NMOS transis- tor N221 decreases. Conseqﬁently, t he
S

potential atle¥el TUr@in ofherRiNMIS Fhan2iQs ofransiveeeaBell feske®Ping in

25 reducti onypfsid henconduchd ihdJe OF didien ot PUL ¢ aNSiSE Of raF28Sr or
Accordingly, the internal voltage VINT decreases to the sane value as the

vol t aged VREFPZME NS 2 VREFS . in Coie 9 ef §at ¢ fhedrrus it BEnadia vel ageomwt NT
decreases tq; &8s LiesSyLHA taen ! ef RLEACEL YO tigen VREE b 2a.YL NT) 30

the circuit 17 operates In a manner opposite to that described above to
mai nt ai n t hesqshi@arha®2vblan@gePAANRLEe turred edrerohcehie i ¢ hyee VRERS, As

descri bed a%«f’tw !‘iagéd@'céffé)ﬁi@"‘fs ChippfHid Of £18-vJ198peTaLgs the
i nternal voltage Vi i nde-
parator circuit 220. The voltage comparator circuit 220
15 compares the reference voltage VREF with the internal
voltage VINT. When the voltage VREF becomes smaller than
the voltage VINT, for instance, due to the increase of
the internal voltage VINT caused by the increase of the
supply voltage Ext.Vcc or other reasons, the conductivity
20 of the PMOS transistor P224 decreases. Correspondingly,
the potential at the drain of the PMOS transistor P224
decreases, and thus the conductivity of the NMOS transis-
tor N221 decreases. Consequently, the potential at the
drain of the NMOS transistor N1 increases, resulting in
25 reduction of the conductivity of the output transistor
P225. Accordingly, the internal voltage VINT decreases
to the same value as the voltage VREF (VINT = VREF).
Conversely, 1f the internal voltage VINT decreases to a
value less than the reference voltage VREF (VREF > VINT)
30 the circuit 17 operates in a manner opposite to that
described above to maintain the internal voltage VINT at
the reference voltage VREF.
As described above, the internal stepdown cir-
cuit of Fig. 7 generates the internal voltage VINT inde-

35 pendent of the supply voltage Ext.Vcc. This internal



35 pendent of the supply voltage Ext.Vcc. This internal WO 01/ 93409

PCT/ US01/ 12907 -4 voltage VINT is applied to respective internal circuits
in the savpovsdort or integrated circuit device. Wien t he BemMUSadowt or
integrated circuit de- vice provided with the internal stepdown circuit 17
of 5Fig. 7 is in a standby condition, the clock signal CSis at the "H

| evel and the PMOS transistor P211 is main- tained in an off state.
Consequently, the current quan- tity supplied fromthe current quantity

swi t chi ng civeliage 2ZIONT oi ¢ hepwbi ¢dgeo coappeat Dve cinterha22@irsuiesluced, 10

resulting in, reduction. h n Lon _power in_t . st andby node. As
descri bed ab%rg/egy‘%hsé&?n éerrl%%?téfeplggg r%c?(-ﬁ) Ut uj()tr_’ @%@l%%ior art shown in
Fig. 7 is intended to Whedutketdentomsduptoonipoegratadt berstanddy- node by

set 15 ting the PMOS transistor P211 at the off state in th t apdby node.
However , eve‘ﬁl%el???‘ﬁjeé?ﬁ/[%l{ﬂ?a’ﬁ]%‘?sf%ﬁerr@ﬁls?%p(?ﬂ%eﬁlﬁw?galzu? ent is
suppli el to Bhe. Voliagen &ospandbercendiid én 2260hé ncldek ssagddy ovdest hr ough
the PMOS transi.stor._P212, becayse thj MOS transistor. P212 20.is turned
on. Further,®Yt he$ ntr n%?veéfe?)’ﬂfgmﬁ%%i#%%gtt%?ns%weof)ﬁ%jrfajrf BHtWn in Fig.
7 has structtafsed nimhaghofhestate r entohdeGentl § hethef eneneet vohimge
generator circuit 10{1)%&\&(eﬂgi n the standb% node. . O her, prior art inventions
0

try to reduce povEFPP MptrOrc o r e FARTERE S Wb FRGRI geterat br
circuit 10Q2BM0d hehd YT Pade VObhBgEa EONt EDEcgl £ C220 290rbiupbdc- ing
transistors as switches in series with these circujts in order to turn

t hem of$ duﬁ%’ﬂﬂs‘iﬂa}%bﬂynnmiw%%v%  Ehe P QRIIPRRE WO RPYRT F1RaFR®y reduce
the power cofsamgiy GRo@P. of the circuits because during active node these
circuits still consume power. Therefore, the internal stepdown cjrcuits of
the prior art, such asP® HeSSFFEeed POVRr i Fhgi frternaljsiepdown cir-

cuit of the prior art shown in Fig. 7 is intended to
reduce the consumption power in the standby mode by set-
15 ting the PMOS transistor P211 at the off state in the
standby mode. However, even when the PMOS transistor
P211 is turned off, a current is supplied to the voltage
comparator circuit 220 in the standby mode through the
PMOS transistor P212, because this PMOS transistor P212
20 is turned on. Further, the internal stepdown circuit of
the prior art shown in Fig. 7 has structures in which the
current flows in the reference voltage generator circuit
100 even in the standby mode.
Other prior art inventions try to reduce power
25 consumption of the reference voltage generator circuit
100 and the internal voltage control circuit 200 by plac-
ing transistors as switches in series with these circuits
in order to turn them off during standby mode. However,
this does not significantly reduce the power consumption
30 of the circuits because during active mode these circuits
still consume power.
Therefore, the internal stepdown circuits of
the prior art, such as the circuit shown in Fig. 7, still
have a serious problem in that the coﬁsumption power

35 cannot be sufficiently reduced. Many prior art circuilts



have a serious problemin that the consunption power 35 cannot be
sufficiently reduced. Many prior art circuits WO 01/93409 PCT/ US01/ 12907

-5 burn appooxidnately 1 mA or greater of the supply currer€T/USMBReWVer, the
circuits are rather conplicated and many prior art circuits require the
use of a operational am plifiers and baBd gap references, making the
circuits 5 |large and power consum ng. An.object of the present invention is
to pro- vide a circuit that has | ow power consunption and which burns

appr oxi mat ellyuth Sapvoeimahel gubphy curgesdtemhd Ehthe ssupchy | owerenthan in

the prior arg, 49 snotpsr obisel,of-the DLESEtohOYEOLLOR L3q 0. provide a
si npl e vol tage tegqul at of ciTcui hat ~ occupies smal I aréa and does not
requi re the mskonfamn opecaitsi ooahisapthéiese db SUNMARYE CPndHEM-NVENTI ON

The above o\b};jéfc%s have(? chieved.in the ent invention,., which

en pres
provi des a algeersr e%rﬁ a %Irlé1 G cﬂﬁejt’%%cfe%anmekeué%s%l?‘i:‘ b%ldr%%i%%i ng nade

up of & vol ttamge avodiporveéngecsndanieyi t, a voltage tracking subcircuit 20
and a plurality of volta mai nt aL nj subcircujts i nput and an

g ni.n ith an
outpUt. The vol tage t FaRKTRUCSUET r Uo7 (O FURRE | DRESR b FavES {Fé R put
vol t age trackiddea i diptidui v ot &g ehadd ehor hSowdwp Ut onv@hiiyggton NEfid agiescii r om zer o
volts. The vol tage nai ntai ni ubcircuits function to clanp the 25 output
vol t age at t%%ﬁ?%WT%@gf@ga‘%i et_flﬁ%l SURR ¥ (T TR heft Fe i nput
vol t age renaifismath t hawedeshagdin vohé agei®F &£entinues to rise to a higher

voltage. The voltage nonitoring,subcircuit functions to djsable the
vol tag]eo tracki ng subci?RFECHNEN Ehe Phpthe BFeSget coRvarttPhuks 9D rise

above the destderieod tappforvéheaddt esdial at&i rehdupndehot evabhei dde
appropriate ones of the vol ta(g mai ntai ni ng subcircuits to control the

e
anount of vat tHELL FERR VR FReHeRet tEPTHEE S gt WOF t AhePR PRER " t he

out put tional amplifier.

15 SUMMARY OF THE INVENTION
The above objects have been achieved in the
present invention, which provides a voltage regulator
circuit that can be described as being made up of a volt-
age monitoring subcircuit, a voltage tracking subcircuit
20 and a plurality of voltage maintaining subcircuits with
an input and an output. The voltage tracking subcircuit
functions to have the output voltage track the input
voltage when the input voltage increases from zero volts.
The voltage maintaining subcircuits function to clamp the
25 output voltage at the desired voltage for an internal
circuit whether the input voltage remains at that desired
voltage or continues to rise to a higher voltage. The
voltage monitoring subcircuit functions to disable the
voltage tracking subcircuit when the input voltage con-
30 tinues to rise above the desired voltage for the internal
circuit and to enable the appropriate ones of the voltage’
maintaining subcircuits to control the amount of voltage
drop with respect to the input voltage so that the output
voltage stays at the desired voltage for the internal

35 circuit. The voltage regulator circuit of the present



vol tage stays at the desired voltage for the internal 35 circuit. The

vol tage regulator circuit of the present WO 01/93409 PCT/ US01/ 12907 -6

i nventi owo 8Nl y conprised of CMOS inverters which coReTVBONERPY |itt]e
power. BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a schematic bl ock

di agram of the voltage regulator circuit-of the present invention. Fig. 2
is an electrical circuit diagramof a first enbodi nent of the voltage
regulator circuit of Fig. 1. 10 Fig. 3 is an electrical circuit diagram of
a second enbodmenn ofs trhel vl t aopepr egrd abOreMOS cinvevfer&Fighidh Fig. 4 is
a graph of the exter nal v l,ét e Vcc__(input) vs. the Vcc internal signal
(out put) of THREVOT 1L 15 a:be r%g%?“é?%’r circuit of Fig. 1. Fig. 5is a
schemati c bl ock diagramof the preferred enbodi mrent of the voltage

regul ator ci ' sent__i.nv ' Fig. 6 is an electrical
circuit di agé@#%fﬁﬁ%%ﬁg%f@glfgg@ﬁé%%sci rcuit of Fig. 5. Fig. 7 is a
circuitsdiagramillustradi Ny Bs &£ofwiedta oinalbldsdlerdibdgsdepsdwhei rcuit as
known in the rior art. 25 BEST I\/CDE(%CR CARRYI NG OUT THEtI NVENTI ON Wt h
reference t ovqgrﬂb?g%,r?%%l"i‘/ibcﬁ aGEF TEYul At 0T HTLIFRL ot Y FRRE Brisent

invention 11 includes miyol2age atosléStt NG TiELtddi 40fiadiah s£CLI ves an
external volt- age, Vcg, external 450, as the input to the cjrcupt_and is 30
al so connected % %?@H“%%.Ogh@%u‘f i ??\%‘P%Wﬁg%lr%h‘?t iTFPcircuit
400 is supplied to a voltage tracking subcircuit 500 and to a plurality of

vol tage maintaining supcircujts 550, 560, 570., These subcircuits produce
an outhut vol tage at B out ptt BOCKRFEH F3L LU ht Srd@ram of a

second embodiment of the voltage regulator circuit of
Fig. 1.

Fig. 4 is a graph of the external voltage Vcc

(input) wvs. the Vcc internal signal (output) of the volt-
15 age regulator circuit of Fig. 1.

Fig. 5 is a schematic block diagram of the
preferred embodiment of the voltage regulator circuit of
the present invention. ‘

Fig. 6 is an electrical circuit diagram of the

20 voltage regulator circuit of Fig. 5.

Fig. 7 is a circuit diagram illustrating a

conventional internal stepdown circuit as known in the

prior art.

25 BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 1, the voltage regulator

circuit of the present invention 11 includes a voltage
monitoring circuit 400 which receives an external volt-
age, Vcc external 450, as the input to the circuit and is

30 also connected to ground 460. The outpﬁt of the voltage
monitoring circuit 400 is supplied to a voltage tracking
subcircuit 500 and to a plurality of voltage maintaining
subcircuits 550, 560, 570. These subcircuits produce an
output voltage at an output 600 which is a Vecc internal

35 signal to an internal circuit of a device. As the Vec



35 signal to an internal circuit of a device. As the Vcc WO 01/93409

PCT/ US01/ 12907 -7 external voltage 450 increases fromzero volts to the
desired woOvaY09 evel for the output 600, the voltage trRCRURG/RAMICI rcuit
500 provides the voltage at output 600 at the sane | evel as Vcc external
450. As Vcc exter 5 nal 450 increases te7¢1 x |IVTl) threshold above the de-
sired output voltage, where kTTl is the threshold voltage of the PMOS and
NMOS transistors in the voltage regulator circuit 11, the voltage tracking
subcircuit Sém:ematﬂs mIta@@d%(heirﬁct:reaseml fage zrer@tadahtsgteubhér cuit 550
turns 10 on, 4

n_t he. out voI tage th % age. As
the Vcc externszﬂ ancr:ja 3Tt ]oeY x a%ug%ut ﬁ%g !éll'l?eﬁ f%‘—fl?%ge | evel ,
the first voliltaacgelmml sblad - angyi t sﬂ@@pmid%%hermlb&@ea&d dhepsecond

vol t age nai subC| reui t. 560 turns _on to k 0 t the 15
Hosi 1oG Vol adh e e 5  Fohat SR T cSnerrr et ieR - | Ba ol b ey Cbe
:crrpl ﬁrm'in_t ed rial mmtma&\}réé@e@ut@ultl ﬁﬁk}t{dgetﬁiﬂeéh@mesb@ed t]e&ecﬂeﬂ{rlough
urther increase cc externa e tage regul ator circujt

conti nues tOo% c?li”iﬁu‘é E%??be‘ﬂh%%vgm&n’tgl t]PﬁeU]F‘Fﬂﬁllt‘ %IY% &399

mai nt ai ni ng sfibche crNdSs S0 1Mol | tiaesh st¥Ed 1ef enenceltfgéi geg@ladofi rst
enbodi nent 12, of, the present jnvention is shown. K The, voltage nonitor- ing

circuit 401 FTEhprisedtt wtRIH B‘Faﬂlfb%%ss%ﬁlrﬂ%b’fe%iopnt‘é@? efffEach
of these di ades wae berdIPiEl 2hg@ad Bk Dyn g NMEc i Fenst St90 bavheg its

gate connected to its drain. These di odes operate as a voltage divider.
Each dibde 9Pt He® VB RERIFORRE PRI &1 YRLFRIQ0AT r ERe edegered ‘éOVBTtage

drop of one 44y eshol dewol v@@eex@rhdl Xinkddddes The {2 rat failpdgrddd in the
chai n of diodes has an_30 input connect ed to the Vcc external voltage 450.

The vol t ageEht? R&FHELS R Foaf 118502l corectsre YRBLSP 1BYERtABRI RS i ng

circuit 401 @ipdode, AlOssohihend herfiLsy vobtscl88aMpbNERLEI Y SEhchLcuit
551 and the second voltage
ing subcircuit 560 turns on to keep the output at the

15 desired voltage level. Additional voltage maintaining
subcircuits may be implemented to maintain the output
voltage at the desired level through further increases in
Vee extermal. The voltage regulator circuit 11 continues
to function as described above until the final voltage

20 maintaining subcircuit 570 is utilized.

With reference to Fig. 2, a first embodiment 12
of the present invention is shown. The voltage monitor-
ing circuit 401 is comprised of a chain of diodes con-
nected in series. Each of these diodes can be imple-

25 mented by an NMOS transistor having its gate connected to
its drain. These diodes operate as a voltage divider.
Each diode in the voltage monitoring circuit 401 repre-
sents a voltage drop of one threshold voltage, or (1 x
NTI). The first diode 431 in the chain of diodes has an

30 input connected to the Vecec external voltage 450. The
voltage tracking subcircuit 501 connects to the voltage
monitoring circuit 401 at node 410, while the first volt-
age maintaining subcircuit 551 and the second wvoltage
maintaining subcircuit 561 connect to the voltage moni-

35 toring subcircuit 401 at node 411. Subsequent voltage



mai nt ai ni ng subcircuit 561 connect to the voltage noni 35 toring subcircuit
401 at node 411. Subsequent voltage WO 01/93409 PCT/ US01/12907 -8

mai nt ai niwgoseddad rcuits connect at nodes further down thePCTH&WI20§7 di odes,
such as at node 412 and node 413. The |ast diode 437 of the chain of

di odes is connected to the ground potengial 460. 5 The voltage tracking
subcircuit 501 consists of a PMOS transistor P501 having a gate connected
to a node 410 in the voltage nonitoring circuit 401, a source con- nected
to Vcc ext ermmintaiiag deeboi conbest ednhect het ouvpas B@dthdheddim sthaol t age

mai ntaining gircuit-551 -10 consists of a I\/Cﬁ(ranistr 1 ving a
gate con- nec 6(talant%f aéjs%%%‘%d %%(?1% % 1‘3? nn?(]gﬁ)% v ?t%%@ l}lr%ﬁ?tgf?hghﬂﬁrcuit
401, a sourckeasonhbodedidd &Ectlextehadh , oindi @adeslr s ncoonaeceé@dtd othde gate

of an NMOS transigtor N5t51. Téqansi stor N551 has a drain connected to Vcc
external and1B K HUrER tdhneeYed to the output 601. The second vol t age
mai ntaising circuit 56fheonsisige of rackind i phiexercd0d 5havedgs Bshé obf | nput

711 connected e second no 411 of the voltage nmonitoring ciccuit

401, a low i%h O%&Ea%%f‘é%lrt]gg%é“%%‘&ﬁioap%?"e‘ﬁt‘? NeGERY obk F npete 712,
and an 20 outputi lheonbeesgd honiher §ay ecDf cait NMES, t 4 agshsé®rcoN561. The
NMOS tr ansi st or 2561 has a drain connected.to, Vcc exterpnal and a source

connect ed t SRR PUICBOTEESTRR! ¢ MPRY Fottahe PRRRESFREnGC cFRRuit 571

consi sts of autiod té@l exerhd 021 haw i V@l Badi: Oha i Mpain2d €DRGECE eslsto a 25
third node 412 of the voltage nonitoring circuit 401, a |ow input 720
connect®d t FIME HFroun PoTENT | BN EkEO R hplAvie® andPbd SRR put 724.

The out put 724-da the a nAdédid exsde 7021 i Sn CONDEsd Bk @_I%hmyle{ﬂ%r 713
which provides an inverted clock signal at the clock input 712 30 of the

nul ti pl exer FAACWFE thel pri oFOWEFe MRS FRGAI FP NdCC cferrabeand e out put

Ké;llof Whrml Lid&l%rcg&@é&@l 60 tEONRREL edr tHh tipeo gt £:,081 & NS 1 ransi st or
, IC
Transistor N551 has a drain connected to Vce external and

15 a source connected to the output 601. The second voltage
maintaining circuit 561 consists of a multiplexer 701
having a high input 711 connected to the second node 411
of the voltage monitoring circuit 401, a low input con-
nected to the ground potential, a clock input 712, and an

20 output 714 connected to the gate of an NMOS transistor
N561. The NMOS transistor N561 has a drain connected to
Vce external and a source connected to the output 601.
The third voltage maintaining circuit 571 consists of a
multiplexer 702 having a high input 721 connected to a

25 third node 412 of the voltage monitoring circuit 401, a
low input 720 connected to the ground potential, a clock
input 722 and an output 724. The output 724 of the
multiplexer 702 is connected to an inverter 713 which
provides an inverted clock signal at the clock input 712

30 of the multiplexer 701 of the prior voltage maintaining
circuit 561. The output 724 of multiplexer 702 is also
connected to the gate of an NMOS transistor N571, which
has a drain connected to Vcc external and a source con-
nected to the gate of a second NMOS transistor N573.

35 Transistor N573 has a drain connected to Vecc external and



has a drain connected to Vcc external and a source con- nected to the gate
of a second NMOS transistor N573. 35 Transistor N573 has a drain connected
to Vcc ewepngdsoand WO 01/ 93409 PCT/ US01/ 12907 -9 a sourBeT/ASMeei7ed to
the gate of a third NMOS transistor N575. Transistor N575 has a drain
connected to Vcc ex- ternal and a sourcegconnected to the output 601.
Subse- quent voltage maintaining subcircuits may be added to the 5 voltage
regulator circuit. Each subsequent voltage main- taining circuit would be
construct ed a ns@uis¢an d:camnemmrértottchda mttdaiasfi a/oitlhiangé YO Bt aram s toxr
subcircuit ex 1958 tha(t) ﬂlﬁ?ﬂ? (i ansi s%or \A@ul d_be added
for each su seqUen Vor tage" ah? ng Ubc l?r%?ﬁn?eﬁe 2 h&C90%%econd
subcircuit 5&driwbk drwd mmrmmmu@msedtm the reutsubcédTui tsdde-has
three NMOS trans; st a fourth, subC| rcuit would have fo
transi st ors, T80 . Voit%% T P e sS B C B Pr Rnat Toh, b%s%‘g(a%é\ltth%tth‘f he
out put ol ta\g@ltaag@mmmlﬁﬂdrlcslﬂasiﬂ: ed E@c}besmma;é‘quéﬁt t~ad edh@tmadiwvol t s.
Al so, assune_that the, voIIa e Qﬁ sh old dro(g across, each diode is 1
t

kTT
vol t. When V& Weﬂf&?”ﬁ% © P EAE fjrl?)rﬁl 728 LT (PR %R node

410 in the dwdten@hmmcﬂw@lt@gé Qi 10k n 10y edubd b sul ©VE 71 pobecdgvel turns
on the PMOS transi stor P501 i actl ve 20 node, allow.ng the Vcc external

applied to tHASHAR @AGHEL Q) SR - B "(‘Eiﬂp%s}%et?’ﬁi%%wﬂ?% t he

out put 601 afach heusdsgukbrht mg@%@ﬁ@ﬂané%bwf&@@s 10t henedesired
VOltagqul evel, in_this case 3 volts, thereis a (3 x k TI) voltage dr op,

corr esigbndi PTG FUAPSARITH DL \RAS agE0 IS ARl B of el es

431, 432, anglid3Brcusticiy 1 hads therQodeudd O 808 fisoBd, a | ahagi c level . As
t he i nput voltage, Vcc external, |ncr eases beyond the desired vol t age

| evel , node SMRFIFEAST tWeHHkd tRAVE Hi I NMYF cLTasvel StQWs ceEGrns) of f PMOS
transi stor P501 which ﬁgrsﬂggspﬁﬁog&e YOl 89844 20k Ny subgd repd ¢ 501,

Initially, node 411 is also at a low |logic
the output voltage at output 601 is desired to be main-

15 tained at 3 volts. Also, assume that the voltage thresh-
old drop kTl across each diode is 1 volt. When Vcc
external 450 starts to increase from zero volts, the node
410 in the dicde chain is at a low logic level. This low
logic level turns on the PMOS transistor P501 in active

20 mode, allowing the Vcc external applied to the source of
PMOS transistor P501 to pass through to the output 601 of
the circuit. When Vcc extermal 450 increases to the
desired voltage level, in this case 3 wvolts, there is a
(3 x kﬂﬂ) voltage drop, corresponding to a (1 x bTb

25 voltage drop across each of the diodes 431, 432, and 433,
such that the node 410 remains at a low logic level. As
the input voltage, Vcc external, increases beyond the
desired voltage level, node 410 transitions to a high
logic level, which turns off PMOS transistor P501 which

30 shuts off the voltage tracking subcircuit 501.

Initially, node 411 is also at a low logic
level and this turns on PMOS transistor P551 of the first
voltage monitoring circuit 551. However, when the output
voltage is less than the desired voltage level, NMOS

35 transistor N551 is off because the voltage level at the



| evel and this turns on PMOS transistor P551 of the first voltage
nmonitoring circuit 551. However, when the output voltage is |less than the
desired woOvEY09 evel , NMOS 35 transi stor N551 is of f becrOBp®SeliRIVOIl t age
| evel at the WD 01/93409 PCT/US01/ 12907 -10 gate of transistor N551, Vcc
external through transistor P551, is equal to the voltage |level at the
source of N551, since Vcc external is equal to Vcc internal. Therefore,
there is no voltage threshold IVTlI difference 5 across transistor N551,

whi ch woul d detenezkessaanysistor des51 t dVearexoernahnshstwgh NEBdnsAfter t he

vol t age trackid subcircuit 501 is turned off he I t the source
of transi st?:é%g%llésjt%%agft%of%f PAS {ﬁ%e ou?‘f)%Jf %%I?%%eég‘%%%gi% ernal at
out put 601 NS sindecfeasextdhenl the dfuabltadgecd/cintateahal at out put

601, and therefore the voltage at t source of, trangj gtor 51, reaches
(1% F T et e GRS Vo rhge of cedanarar e IEs T PhrERRhess neen
turns dnh. Thusroddecfansistat tNERL Marid ch nbdgl d S checes abp lin Sotdened on
and passes val tage of_ (\Vcc, 15 e al -_.1 IVIl) to the output, 601 to
mai nt ai n thgto &Hrﬁgtor\l/otf]{%%l% o% ﬁis’e%gsi r%%t%ltrl&%ev?%me u'ﬁ]f% the

ext ernal Vcosubwireases $yl atwtherndd XEKVRe vadlsagdfderthé heoexéer nal

vol tage increases by, (1 x IVI]) the node 4 transitions to hi gh 1 ogic
ovel Jani oh TarTe A IS A M0l W PSS 1Bk 1SS (o S dowre TSR r ot
vol tage mai nfcd airdddiehsubet reutpudsdol |tdied | v Abereiode 4fdenstiaé a | ow

logic . | evel, the second voltage nmaintaining subcircuit 561 is _off. The
| ow sidhal I"CURIRLIIT rAEFRA il 1P erbFo1 3 dheseheee atlehi s poi nt

the clock i npttalde dis e didie dPUHLah&VSior s D) dheddpeld (11xto the
mul ti pl exer t{)]ri) ceeds to the output 714, which passes the |Iow signal to
the gate of VEandtIF Mv192tRi IR F arsaRt bF ENEANO S bf fEr#pehSthe node

411 transitiohs ¥R hiahs shgnalznide 30 N ghssi-ghed o passesntdough the

mul tiplexer 701 to pass .
subcircuit 551 is turned on and passes a voltage of (Vecc

15 external - 1 kﬂﬂ) to the output 601 to maintain the
output voltage at the desired voltage level until the
external Vcc increases by another (1 x kﬁPb volts. After
the external voltage increases by (1 X kﬂPb the node 411
transitions to a high logic level which turns off tran-

20 sistor P551 and thus shuts down the first voltage main-
taining subcircuit 551.

Initially, when node 411 is at a low logic
level, the second voltage maintaining subcircuit 561 is
off. The low signal is passed first to a multiplexer 701

25 and since at this point the clock input 712 is at a high
logic level, the high input 711 to the multiplexer pro-
ceeds to the output 714, which passes the low signal to
the gate of tramsistor N561. This turns transistor N561
off. When the node 411 transitions to a high signal, the

30 high signal passes through the multiplexer 701 to pass
the high signal to NMOS transistor N561, turning N561 on.
This turns on transistor N563 which passes the Vecc exter-
nal signal, a voltage of (Vcec external - 2 IVTJ) to the
output 601. Since, at this point, the external voltage

35 is (2 x kﬁDb above the desired output level, the (1 x



the high signal to NMOS transistor N561, turning N561 on. This turns on
transi stor N563 which passes the Vcc exter- nal signal, a voltage of (Vcc
external woR1/904) to the output 601. Since, at this poi RPCT/USOIE1200¢t er nal
voltage 35 is (2 x kVTl) above the desired output level, the (1 x WD
01/93409 PCT/US01/ 12907 -11 ~Tl) vol tage drops across each of transistors
N561 and N563 nmintain the output voltage at the desired level. After the
Vcc external reaches a voltage higher than (Vcc external + 2 kVTl), node

412 transitilpmd) fvomagel anope htghss| shchabiycrandesdad2si Rsboveaad the | ow
si gnal proce % t hrough, nul ti pl exer 702 to $roviQﬁBa | ow aifnal at the
% t

mul ti pl exer d?a#&gélﬁthec%ﬁg%%ttY%%ta% stortRB79eFL Be L8YRed of f,

V\ﬂi C|h resglts inlthe nmterveﬂléaw@cnakﬁé@hmnﬁeé@l}@@%rguvél’ézzg}ebﬁ%@ge@fL. ]
The | ow 10 signal ,at 714 goes_to anpinvertin ifier to provide a ig
si gnal at thg%?Wog%c?n%ﬁ?gﬁ%%loT %uh@ﬂbié%%@g7gﬂg WhPeRL F&Pest REORi gh

signal mt it 7dlnpaiss throughltihe noabtipbexeriép she gnterof; transistor
N561 to turn on the second voltage majntaining subcircuit 561 as_descri bed
15 above. WiSHIROHPRADSHET oHREORIYHTU BEP hPERE sTghalC pPBOvESRd3 tR¥ough

mul tipl exer JQhandst Stﬁé'pfﬁthi’@:gpi@xéfvftﬁﬁpuﬁ ngy &Pl ki 87 cddSe Whi £l provi des

a low signal to the clock input 712 of multiplexer 701, which turns off
mul ti pl exer FAtARINZHUt 80 donterecd upEf r cviriclseresghies 20nhilgd Beghal al so

passes througln wadd iRl exes; {0 L Oubad Acu PP $PE PEXE VOEEagergri N Ai ni ng
subcircuit 571 as in- verter 71 turns on. This turns on the subsequent

NMOS 1 ansistanal NB737 HhdIaBT st hipyevttes anwblfhge bP pYweEdexzer nal
L 2 KVTL) toutdie OURA £01end0a] foi aSngae SHFI £ ULl DABL LUERS 01 1 the

subcircuit 571 turns on, . voltage drop at the source of transistor
N575 turns W ek ahetstore INeTl5, sSNGTBL alhdimzTl Tbl ppavs dehtrdregldethsi r ed

vol tage at QHIFE§pf£§erTtﬁkgﬂécgéﬁéyofagrgﬁsf§EoPaﬁ9§9 Lo co¥grohhengase

for further I ncreases In
second voltage maintaining subcircuit 561 as described

15 above. When node 412 becomes high, the high signal pro-
ceeds through multiplexer 702 and is supplied to invert-
ing amplifier 713 which provides a low signal to the
clock input 712 of multiplexer 701, which turns off
multiplexer 701 and shuts down the subcircuit 561. The

20 high signal also passes through multiplexer 702 to turn
on the next voltage maintaining subcircuit 571 as in-
verter N571 turns on. This turns on the subseguent NMOS
transistors N573 and N575 which provides a voltage of
(Vece external - 3 JVTI) to the output 601. Again, as

25 subcircuit 561 turns off, the subcircuit 571 turns on, as
the voltage drop at the source of transistor N575 turns
on transistors N575, N573, and N571 to provide the de-
sired voltage at output 601. The circuitry can be ex-
panded to cover the case for further increases in Vcc

30 external. A further rise in Vcc external would put node
413 in a high state and the high signal would pass
through inverter 723 to turn off the clock input 722 to
the multiplexer 702, which would cause subcircuit 571 to

turn off and a subsequent subcircuit would then turn on.



30 external. A further rise in Vcc external would put node 413 in a high
state and the high signal would pass through inverter 723 to turn off the
clock inpw@ 0723020 the nultiplexer 702, which woul d causeCBUBe/RWi t 571
to turn off and a subsequent subcircuit would then turn on. WO 01/ 93409
PCT/ US01/ 12907 -12 Each subsequent voltlZye mai ntaining subcircuit has an
additional NMOS transistor in order to account for the nunber of 1VT1
drops necessary to conpensate for the increasing Vcc external signal and
to provide a constant Basbl selgeeqtmemhevrollt@gle Iﬁ@itntﬁbmiegaa@]beird:ﬂnetfi rst
vol t- age [ b te when gxter nal i bet ween
t he desi regel{l/ga% %I?agn%dj??hgﬁ%f%%g va ‘%1951 Jl'<]:|’T(P3}ﬁé{grl'he(r)e %(r:%unt y 1 NMOS
transi st or NS4 mgnmecesE klarydropssheeceesatry to conpensate for the (1 x
| VTI') volt 10nc§ijtﬁégserrenc‘z ween c_exte naldand t he ng| red votI: age.
il lustrate, &ssSuM gt ‘fct?ﬁé %E%? STt a8 | BVPTT RIS ot PRS T the
poi nt wvhen nooktaddd drasthastutputedodn Edsﬁnexa:mplePSB]ie fhest/ceo it ernal
woul d be 4 volts to tr nS| st.or 51. Theref
B 15 VI Vo a gt o RO BreT et bt oL NBE SRR B r Lot PEUET T o der
to reduce th&V]@éttv@@@nftlﬁ)mdeyﬁré@ taltdean®- (sheedestvell Vdl3evolis at the
out put 601. at the tine en vol tage ai ning subcircuit
561 is oper§#'tr %@‘Br%xt%?ﬁﬁliv&%%g\g bEARFLFERE ]&ggt{reﬁ BECTOT t age +
(2 x kTTl)] Samslrtemerwgc@it\ﬂ\»w Eompen s 0 SEoNGede and AERE |j nvdhe
volta n% IP su circuit 561 in order tc('i) drop_t he voIt age by 2 1VTI
the

down t S oPEEERSRt VER et RA L 681C S seetehtd sSUBEFFERi ts wil |
require one Bsldi1ineta O EEanshet Oat OFheaghs pedl ¥61tdeaa o¥dT s
increase in the Vcc external. Wth reference to Fig. 4, the graph 900 of

the circuit?i¥RHESvATagee RRENextReRaIoR74LE. h%eﬂléttcwtne%u%ut

vol tage, VccoidHerdadr 999 denonstvad esxbommd hevoRl &rsd i 4 Vvof ¥ ol hagen

mai nt ai ni ng subcircuits oper ate
would be applied to transistor N551. Therefore, a h x

15 thvoltage drop through transistor N551 would be required
in order to reduce the voltage from 4 volts to the de-
sired level of 3 wvolts at the output 601. Subsequently,
at the time when voltage maintaining subcircuit 561 is
operating, the Vcc external would be at [the desired

20 voltage + (2 x WTb], thus requiring 2 NMOS transistors
N561 and N563 in the voltage maintaining subcircuit 561
in order to drop the voltage by 2 kﬂﬂ down to the desired
voltage at the output 601. Subsequent subcircuits will
require one additional NMOS transistor for each addi-

25 tional kﬁPIincrease in the Vcc external.

With reference to Fig. 4, the graph 900 of the
circuit input voltage, Vcc external 907 vs. the circuit
output voltage, Vcc internal 905 demonstrates how the
plurality of voltage maintaining subcircuits operate

30 within the voltage regulating circuit. In the graph,
900, a portion 910 of the graph represents the period
when the voltage tracking subcircuit 501 is operating.

As can be seen from this portion 910 of the graph, the
output voltage 905 tracks the input voltage 907 on a

35 corresponding one-to-one basis. When the input voltage



30 within the voltage regulating circuit. In the graph, 900, a portion 910
of the graph represents the period when the voltage tracking subcircuit
501 is opeoat/H@e As can be seen fromthis portion 910 oPCT/A8oIgnRaph, the
out put voltage 905 tracks the input voltage 907 on a 35 correspondi ng
one-to-one basis. Wien the input voltage3AD 01/93409 PCT/ US01/ 12907 -13
907 reaches 3 volts, which is, in this exanple, the de- sired |evel of the
out put voltage, the voltage tracking subcircuit 501 turns off, which cause
a slight dect®asecadiidsih vhktoutypuiclvols agen Ginem, exdranl ¢ hetiie rée- vol t age

5 mai nt ai ni ng. ' jt_ 585 ur.n n, ap ho n_ increase 912 in
t he voItagqug%%yﬁ%éf%ﬁ3o€o%?%,$%€kﬁ%eﬁéigég%htg?é %é£?$%%.t??F%kﬁ%ion 913
of the graphsultdierout puill vohtageo st ayghicunstante st Sl ight sdediréase he i nput

vol tage congdnues t,0 increase. en the i nput .voltage reaches 10 the next
t hreshol d | g%/iejr ,lrt%hteﬁ)?i?% Pyl %%%a%%i nte%tlll%ri?'ngWhesrbb@?er C%HS? uffis-dfF, shown
in the 3li ghtaidectizasey | subdiercwiit pRE1 viobtrageorat o tdoanpld Idhowendart he

second voltage _nmaintajhin ubcircuit turns on, as noted by .the increase
915 in vol ta C%%%iet%i%]hjegd'@%? rEA TRRIPAThetP tHe Duf© %S'putth‘?gl%‘()%tant
at portion Qlmtatid htesteséd ed molpegei ot eveld ehtithe tdieapiext tidire@stwbe | evel
is reached. Thus, the output voltage js regulated tao the desired voltage

| evel of 3 v%?rﬁtlga%‘?/e%t%ﬁl O?%‘éal?ihp%tc %/o‘f?]a‘g% Tt RSt THYontPt e | evel .
20 Fig. 3 showsiatued tes naterenbodi nﬂﬁéfnttﬁhé mmp@%rmttawojv&%wbﬁ g. ﬁ
The difference between th circuits of Fig, 2 and Fig. 3 s that in the
enbodi]ndent © Ry 3&%%\%?1030‘%1 el thol t c‘f‘?Jc‘iﬁqg% TP eI 1 epl aced
by a PMOS transdist@iit Thusns tAEF VOHARE 14 agke 251 1 ik Sibehé£dl t1502hand t he
first voltage maintaining subcircuit 552 are_caonstructed and operate in

the same neEMHE Q7 YR Rld RYOVEPT ¥ Yof ithcld® o RFEI YRUFRIDf  Fig. 2.
The second v itragei i it b NE S Cd el to82%as noted by the increase

915 in voltage back to the desired level. Then the out-

15 put is constant at portion 916 at the desired voltage
level until the next threshold level is reached. Thus,
the output voltage is regulated to the desired voltage
level of 3 volts even while the input voltage increases
beyond that level.

20 Fig. 3 shows an alternate embodiment to the
circuit shown in Fig. 2. The difference between the
circuits of Fig. 2 and Fig. 3 is that in the embodiment
of Fig. 3, each of the multiplexer circuits have been
replaced by a PMOS transistor. Thus, the voltage track-

25 ing subcircuit 502 and the first voltage maintaining
subcircuit 552 are constructed and operate in the same
manner as described above in reference to the circuit of
Fig. 2. The second voltage maintaining subcircuit 562
consists of a PMOS transistor P562 having a gate con-

30 nected to a node 422 of the voltage monitoring circuit
402, a source connected to Vecec external and a drain con-
nected to the gate of an NMOS transistor N562. The tran-
sistor N562 has a drain connected to Vecc external and a
source connected to a second NMOS transistor N564. Tran-

35 gistor N564 has a drain connected to Vecc external and a



consists of a PMOS transi stor P562 having a gate con 30 nected to a node
422 of the voltage nonitoring circuit 402, a source connected to Vcc

ext ernal ve@d1/g3409 ai n con- nected to the gate of an NMOS t PERER&I12P0TNS62.
The tran- sistor N562 has a drain connected to Vcc external and a source
connected to a second NMOS transi stor N8g4 Tran 35 sistor N564 has a drain
connected to Vcc external and a WO 01/93409 PCT/ US01/ 12907 -14 source
connected to the output 602. The third voltage maintaining subcircuit 572
consi sts of SOWRMIS coramstisedrto RS mah@tnlg @03 at éTlu:@ntﬂei:r@dmbt@geecond

node 423 of t [ r 401, a4 s onnected to Vcc
5 external Iﬁag&ta (rg‘rgji connecligu e&%%%mt ?ﬂ%graﬂasﬁls %J?ORIS?Z.
NMOS t ransi sﬂiﬂrz NEA2L ran ca sgdo&equmrlectt%d)s:d: ram%ﬁmé&é%mm%ﬂlﬁe are

connect ed in t sarre lnanrnierg as, desctrlé{p&f Wit 1Eef erence ct:o (ir ansistors
N571, N573 ‘Ahc NS SR 10% R S A RO 8 %ffl on of
the sexond attdaztﬂu]r dam/cbla a@mM| avdbrai e theed St Ct e Udrd iSe 562 aarchM(SQZ Si nce

nodes 422 and 423 are i al | a | ow i vel PMOS transistors
P562 and PS%a&}Sel%ﬁl: lﬁ % %ﬂ@g t%]?r}\%jf C&l?%‘?‘@e‘ﬁ%%mbet ween the
15 i nput Voll\tb/&gf,tx\ém:s:&:(ﬁ@rm&ll57@mhd hﬁiwtepté alcﬁxhrt@@eed\&:l@ thatesmal , is

the sane at the tine en xternal i |y i ncreases fr zero
vol ts. ther &FEG Z| 3 ST o T e L SR R

transi st or s N8B arldlu$575fwfm tx ansi stors N562 and N564 of subcircuit 20

562 and. NMOS transi stors 72, N574 and N576 of subcircuit 572 are all
of f. VWn the Vec ext é’?@%:\gpéﬁ’@ﬁ& {9REFRGT D RRRIA 2 FEURIOF nlder 420

beconmes hi ghsecoMd ahd wm&féoiﬁ@g@lrﬁéﬁ{téﬁoﬂng?r@hﬁd@ra@iwgﬁsz raeki ng
subcircuit 502. Node 421 is still at_a low |lev so PMOS 25 transi stor P552

remai ns on, Pssi iR 1SRG hPIR A22a%8 ndti st e gat@ B iransi stor
N552. As thelddiRItL el | ages R0 Sxt:RId s idies eases ahavesthe.desiied out put

tially on. However, since the difference between the

15 input voltage, Vcc external, and the output voltage, Vcc
internal, is the same at the time when Vcc external ini-
tially increases from zero volts, there is no voltage
threshold difference across the NMOS transistors and,
thus, the NMOS transistors N562 and N564 of subcircuit

20 562 and NMOS transistors N572, N574 and N576 of
subcircuit 572 are all off. When the Vcc external
reaches the desired output level, node 420 becomes high,
which turns off transistor P502 and the voltage tracking
subcircuit 502. Node 421 is still at a low level so PMOS

25 transistor P552 remains on, passing the increasing Vecc
external to the gate of transistor N552. As the input
voltage Vcc external increases above the desired output
voltage, the voltage at the source of transistor N552
becomes lower than the voltage of the gate of transistor

30 N552. This voltage drop across transistor N552 turns
transistor N552 on and this turns on subcircuit 552 in
order to provide the steady output voltage at the circuit
output 602. Again, since transistor N552 provides a (1 x
th voltage drop from Vcec external, the output voltage

35 remains at the desired voltage level. When the Vcec ex-



vol tage, the voltage at the source of transistor N552 becones |ower than
the voltage of the gate of transistor 30 N552. This voltage drop across
transi st 3yONMBSA02 urns transi stor N552 on and this turns POTASWCI2P@UI t 552
in order to provide the steady output voltage at the circuit output 602.
Agai n, since transistor N552 provides a13-x |VTl) voltage drop from Vcc
external, the output voltage 35 renmains at the desired voltage |evel. Wen
the Vcc ex WO 01/93409 PCT/US01/ 12907, -15 ternal increases by (1 x KkTI)
vol ts, node Ydnakathesecasehi gh Kbgkckﬂ@weVOMhschnbdenészteachasiators

P552 and The Vgc r ont jhue 0, Il nd the, Vcc

ext er nal iEE% % tﬁ?}gv% ?éfaﬁgégﬁtﬁéfﬁﬁtéﬁ% 55 ﬁgéégoﬁsr?gﬁéi%?%rs N564
and N562 ar Vo2 andllpe oVedeeaté2nal kddhlinvest agerdsep &ndnwher ekeernal in
order to mai i ut put ., vol at-Lhe_desir volta | eyel. This
pro- cess caﬁ%?ﬁ%%égﬁ%a e%%r?%eﬁ g@%iev?%ﬁﬁu%ﬁo ﬁbggﬁug%%pgng?gggfe’

mai nt ai i ng sthcsistudts, NSGthaad BubZi acai dn532d dbotide & shows |)

hematic bl ock di iLlus- trating the subcircuif st f th
ot ororred onfc DU aR OB CEHR Vo L SORCFROn L0 obtRFT coP LT L AL pF BSent

i nvention. Thecpot tagetagguhat tie cilesiiréd1bol behedesval . voThageptoacki ng
subcircuit SCl, a voltage nmaintaini 5 subcircuit SC2,. and a pair of
vol tage moni¥PF NP SHREET cf t e%ﬁ§$g%%n?bqﬂ% Goreugl FoRFESrER
subcircuits vdlt&@bh@af@ﬂ@iﬂfﬂgiQﬁbcbﬁ@uﬁubpié@@htasa§u%@i28@i@rSVEQUS
enmbodi jents, but in this case one voltage nmonitoring subcircuit_ SC3
corre§g§nds to the vol{age %r%E?W%gac?ggeﬁﬁt%%i?lgﬁg JhAST AR bi%@?‘voltage

nmoni toring cifgtidg SEe @b L6PQNESstButberydl bagensepptabpiag ehtcuit SC2
in order to provide a_separate timng delay to, their respec- tive
subcircuit. ?éﬁ%ﬂ%%%c??cﬁh? FASERIANERITbREOE oChr Wt ekt BRRaPTTBeBRd a

ground (GN\D)iSfenSLbiei I ché BEl t25e 8L SQuILESE VESNi £ NPYIt 13416888 5
subcircuit SC3 and pro- vides a Vcc internal signal 80 to an interna
circuit. voltage tracking subcircuit SCl, a voltage maintaining
15 subcircuit SC2, and a pair of voltage monitoring
subcircuits SC3, SC4. The voltage monitoring subcircuits
could be combined into one subcircuit, as in the previous
embodiments, but in this case one voltage monitoring
subcircuit SC3 corresponds to the voltage tracking cir-
20 cuit SCl and the other voltage monitoring circuit SC4
corresponds to the voltage maintaining circuit SC2 in
order to provide a separate timing delay to their respec-
tive subcircuit. Each subcircuit has connections to a
Vece external 70 and a ground (GND) 90. Subcircuit SC1
25 also receives an input 31 from subcircuit SC3 and pro-
vides a Vcc internal signal 80 to an internal circuit.
Subcircuit SC2 also receives an input 42 from subcircuit
SC4 and also provides an output to Vcc internal.
With reference to Fig. 6, subcircuit SC1l is
30 comprised of a PMOS transistor Tl1ll having a gate con-
nected to an inverter I32 at input 31. The source of
transistor T1ll connects to Vcc external and the drain of
T1l1l connects to Vecc internal. Transistor T1l helps Vcc

internal to track Vcc external, with no voltage drop,



Subcircuit SC2 al so receives an input 42 fromsubcircuit SC4 and al so
provides an output to Vcc internal. Wth reference to Fig. 6, subcircuit
SCl is 300009309 sed of a PMOS transistor T1l havi ng a gaP€T/@wso/12e6ct ed to
an inverter 132 at input 31. The source of transistor T1ll connects to Vcc
external and the drain of T11 connects-1®-Vcc internal. Transistor T11
hel ps Vcc internal to track Vcc external, with no voltage drop, WO

01/ 93409 PCT/ US01/ 12907 -16 when Vcc external increases fromzero volt up
to a de- siregewvdVeagextSubel rtuctedS2si Srewnpergedobt ap toverder 121,
and NMOS two_1r) s‘i@i%éeTZl and T22. Inverter 121 con- 5 nects to Vcc
external and” nd also receives an i nput 43 from subcircuit SC4.

Transi stor T21 has a gatlectoouinest2dis ocompuisdd, of amnainveobaecizt, to Vcc

external, and rce connected to outp of Lnverter .

Tr ansi st or ﬁ%dﬁ%@&% %‘ﬁ?eg %Iﬁﬁje%if%ﬁst%?fh%n urr%%t oi[n‘i%r%ﬁﬁe#%%rc‘ﬁ—l, a
sour ce Tonnecteids t vo Wee exteenad ]l amdd aGNDr amd@ sbanecteditos Ven impernal .
Subcircuit SC3 is conprised of hain of di- o 9 D31, D32, D33, and
D34 connect e%i r%%r%@%@ﬁ%%ht %?Et he@léarﬂi?bﬁté%rg@?ﬁ%ﬁ%?i BFIANRS N/PS
transi stor heavdtegdacdSigete cdnnecdedihoconticatad Tbevsec dertesnabrk as a
volt- age divider. There is a node Nwthin the di opde chajn. de N

connects to WO F nYRPEEFsCPAERFFastO 154 anita4% . Of THEVRLESht Tof - i nvert er

132 connect sTtandéhergat e20fhé s an-gst St @sndddtodl ssIbeghé CothtpPElo £ hr ough
i nput 31. 20, Subci rcui%hsm is conprised of a chain of di- odes_49 in
seriesta1, BRTERR Ly AntPHASe ERReOEed t FRs¥ECHi Sk edhs?_E s? of an

NMOS transi sdedihavbmgedr At €0 COANEet&eehdD. a drain. There is a node Qin
the di ode chain. Node connects to a chain of four inverters in, 25

series: 141, 142, 143 FHCIEMITHECHUEPUROBRTIFRereera daaiRonhedts to the
i nput of inveddéer3d2izof SAPCiHTU tand D34 connected in series. Each

of these diodes consists of an NMOS transistor having a

15 gate connected to a drain. These diodes work as a volt-
age divider. There is a node N within the diode chain.
Node N connects to two inverters in series: I31 and I32.
The output of inverter I32 connects to the gate of tran-
sistor T1ll of subcircuit SCl1l through input 31.

20 Subcircuit SC4 is comprised of a chain of di-
odes 49 in series D41, D42, D43, D44 and D45. Each of
these diodes consists of an NMOS transistor having a gate
connected to a drain. There is a node Q in the diode
chain. Node Q connects to a chain of four inverters in

25 series: I41, T42, I43 and I44. The output of inverter
I44 connects to the input of inverter I21 of subcircuit
SC2.

The voltage regulator circuit 15 of the present
invention, described above, works as follows. When Vcc

30 external increases from zero volts to V1, transistor T11l
helps Vecc internal to track Vecc external with no voltage
drop. When Vcc external starts rising from zero volts,
the voltage at the drain of transistor T1l follows Vcc
external. However, the voltage at the gate of transistor

35 T1ll remains at zero. This makes PMOS transistor T1ll stay



SC2. The voltage regulator circuit 15 of the present invention, described
above, works as follows. Wen Vcc 30 external increases fromzero volts to
V1, transv@ou934i4l hel ps Vcc internal to track Vcc externeCTASe2e@ vol t age
drop. When Vcc external starts rising fromzero volts, the voltage at the
drain of transistor T11 follows Vcc extl¥ernal. However, the voltage at the
gate of transistor 35 Tli remains at zero. This nmakes PMOS transistor T11
stay WD 01/93409 PCT/US01/ 12907 -17 on. The input of inverter 132 al so
remai ns at zemo Tt tsnpat dEabhvéorerm W2 | &l sd/ccemanties nat zenoecddtso t he

drain of tr$@s
S

whi ch connec

jstor I1l: therefor Vcc internal tracks Vcc, . e
{80 A8 2 LT Syl it AR T onfl 8EKS ¥G0eng

xt er nal

alrl
source of trahsis u charh 39 of

subcircuit SEB twwaksistasr alib} t dgeraf vieeryet hmvathaetadchodecd (cal | ed

Vn)

in diod hai n, 3 | i wh | .rj .. _Ho , Vn i
propo??iohglg§€%%%$}éghfﬁggc%%%g§§?é$££¥gg %ﬁ%géggﬁggéfﬁgﬁ?%a%ygﬁgih 38 ;?e

desi gnedl such that wheBeduMEGibxderdtadimand et subbetnahiti Se3 abovlest he

desired voltage VI, Vn reaches a volta hi gh _enough to, be
i nput to inv%ﬁt%fvﬁ%ﬁ.gﬁﬁi éﬁ%a % é% ﬁ

1

HEL TN T TS aRedl {3 Lieantil’ oyi

0, which in fmrdyedeiseisaime3o aul Paitr Died nyest evcd 32kt Orthangesésom logic 0
to logic 1. 15 This turns off transistor Til and Vcc internal no | onger

fol | ows Vec BOHSYFal Fhd-StRreROT ety T Hhenhee exher@bbeircuit
SC2 takes cortié olii Gdéls hieh p8iMEs chaierdlato deyBimedt stow thaeswivén bel ow

Vcc externa

T22), Ven i¥C

ere Vtn is_the threshold voltage of transistors T21 20 and

wh
é«c%%%@%ﬂn%o%%?m%e%@$i@é%& VR bR dledt /e V2. Just

before transystodgd ki1 0f vigUbSh Eigel ta SEd1 tSge thH e debligh assupse 4 hat input
43 has changed froma logic O to a logic 1 (subcircuit SC4 can be designed
to cause 25 +PFEC chaliyt &Ri SVRFer - t heten r e sPwkRuT 2af aky-

verter I31 becomes a logic 0, which in turn causes the

output of inverter I32 to change from logic 0 to logic 1.

15 This turns off transistor T1ll and Vcc internal no longer

follows Vcc external and starts to fall. However, at

this time, subcircuit SC2 takes control and helps Vcc

internal to remain at two times Vtn below Vcc external

(where Vtn is the threshold voltage of transistors T21

20 and T22), even i1f Vcc external continues to rise to a

second voltage V2.

Just before tfansistor T11l of subcircuit SCl is

turned off, assume that input 43 has changed from a logic

0 to a logic 1 (subcircuit SC4 can be designed to cause

25 this change). This would mean that transistors T21 and

T22 are on. Because the gate of transistor T22 connects

to the drain of transistor T21, Vecc internal is clamped

to two times Vtn below Vecc external. Transistors T21 and

T22 are designed such that 2 x Vtn = v2 - V1.

30

The function of subcircuit SC4 is similar to

that of subecircuit SC3. Subcircuit SC4 is designed such

that just before transistor T1ll of SCl is turned off,

node Q reaches a voltage high enough to change the input

to inverter I4l to a logic 1. Then, the reaction propa-

35 gates along chain of inverters I41 - I44 causing the



T22 are on. Because the gate of transistor T22 connects to the drain of
transistor T21, Vcc internal is clanped to two tines Vtn bel ow Vcc
ext er nal wapapadstors T21 and T22 are designed such that PCTASMII296T V2 -
V1. 30 The function of subcircuit SC4 is simlar to that of subcircuit
SC3. Subcircuit SC4 is designed such t4i8-just before transistor Til of
SCl is turned off, node Qreaches a voltage high enough to change the
input to inverter 141 to a logic 1. Then, the reaction propa 35 gates

al ong chai n whltayeraersnddd 43 1dd becsnadghide. WIDls 98408s PG/ tisgd/+ 12907

-18 voltage at_input_43 to me.high.. This t s.on tran- sistors T21 and
T22 of subci%:slﬁ?]p%&z J;n%n%bf%%) ?%e?#b?%ré%lf/l oélé?a?r%&\}g%ﬁ Hit @P?fﬁl . The
chai n of i nvesddy std4dlamp Vdc i insetxeal cui ThSCHhai dBlilRetrtnessbTidrcuit

SC3 5 operate a. del circuit [ QVI e.desired timn to the

vol tage regul af%% Tr Lgligcfl]i%L.ll% %#?c%l@ %19]26#] can %%b%ﬂlacéﬂpfog?%e

enbodi nfent opefdatge &Hs so débdy i ¢iMeci extermabvidseshe odasvoediagemM3g whi ch
is four tinmes Vin above Vcc.internal is cjngnped 10 to four tinmes Vtn

V1,
bel ow Vec ext®rid Y71 e?9%15 9 HF 0% xahpf et C andt her bl ock conprising a

chain of four invert- mreiafdia BSUddk ockn | bk eaddbdi £6 Ut he SERbsANmELt
connected to a hode R in diode chain 49. The djodes in di ofe cha\i{/g 49 are
desi gned such* tisd - ol 5P wheRE bk ESE ePREFTRF 561 $85 1521 BuYCLFAE8 VB n above

V1, node R nrgacdiesi @ #oht agemdd ghcn eosigd ¥D, chaddent8endDpus Ofahbeafir st
inverter in the_ inverter chain fi n added circujit conponent) to a logic 1.
Then, the ent? rEPHadet®F ofK: iP$HOYW UAEE | SRCEE Rt akp- ¥ccViint eFPEl to four

times Vtn bebewdts, externat . bLEciBesatise: $ heg Vol diagenregutatprigiésuit of
the present invention uses nostly CMJS transistors, power consunption is
reduced si grf¥F il 1§ SONPEPEE T HRPriepcingiit |$CE heaprief eFPRECERBBdi nent

of the invenid an,ndde R VDhtROEqE € Ak OL9 Ci Ik L3 PBEYs Pk NG 8ART oxh Rt el y
0.5 pA 49 are designed such that only when Vcc external iises to

15 four times Vtn above V1, node R reaches a voltage high
enough to change the input of the first inverter in the
inverter chain (in added circuit component) to a logic 1.
Then, the entire added block will function to clamp Vecc
internal to four times Vtn below Vcec external.

20 Because the voltage regulator circuit of the
present invention uses mostly CMOS transistors, power
consumption is reduced significantly compared to prior
art. In the preferred embodiment of the invention, the
voltage regulator circuit only burns approximately 0.5 pA

25 of the supply current, which is much lower than the cir-

cuits of the prior art.



25 of the supply current, which is nuch Iower than the cir- cuits of the
prior art. WO 01/93409 PCT/USO01/12907 -19 Clains 1. A voltage regul ator
circuit owoprYEINgG:. an i nput node receiving an input volt BgEUSHdLI220T 5
out put node produci ng an out put voltage, a voltage tracking subcircuit
having an i nput connected to the input-Itede, a second i nput and an out put
connected to the output node, a plurality of voltage maintaining
subcircuits, 10 each voltage maintaining circuit having a first input
connected to the input node, a seconddlgduws and an out put connected to the
out put node, and a voltage nonitoring subcircuit having an i nput connected
to the input node and a plurality of outputs, a 15 first output of said
plurality ofl.out putsobmgy cemnnectad ¢diordlie: ssoandi sipwt of the vol tage
tracking subcircuit, each of_ a rgmai ni ng_nunber of theV(Piuralitﬁ/ o]

P

f
out puts being connect®d Jt%p%tt cor rees]f)%cnel nlgn%n‘—’lerl o]fnLElhte uj?%q(? ta)‘/ doeim
vol t ages nmai nidipu g asdd g rodiud sng 26h uthhe: wodbtteegee r equl ator circuit of
claiml1l wherein the vol taﬁg m)qj[r{ ori.nr?%su circuit enabl es the, voléage
tracki ng subcircuit wien TheShHpie ot Thge e T 1t e dl®d 1Y rEm Z&H S vol ts to
a desired valdrage;tddecv oti@gen@dhc triadk g sadoid clidu tred i admi g dle
out put voltage at a _sane |evel as the_input voltage until the input
voltage re THRA I3 H SR EYE°% The vol tage regul ator circuit of
claim1 wherein the 30 poltage- it tadli dehs whci neatidih selbesrdirecyol t age
tracki subcircui t. and enapl es, one of, the plurality of, voltage
mai nt 2R ng SABEITE LS Wﬁ%ﬁ%lﬁlw%&m@g ihcrieated dbtve the
desired vol tagtheddsd ©f e MehingddBIiNtSAHMNY Suhct row tan Rl ddat ni ng

the out put %ghifgg%ég to the out
put node, and |
a voltage monitoring subcircuilt having an input

connected to the input node and a plurality of outputs, a

15 first output of said plurality of outputs being connected
to the second input of the voltage tracking subcircuit,
each of a remaining number of the plurality of outputs
being connected to a corresponding one of the plurality
of voltage maintaining subcircuits.

20
2. The voltage regulator circuit of claim 1 wherein the
voltage monitoring subcircuit enables the voltage
tracking subcircuit when the input voltage is increased
from zero volts to a desired voltage, the voltage

.25 tracking subcircuit maintaining the output voltage at a
same level as the input voltage until the input voltage

reaches the desired voltage.

3. The voltage regulator circuit of c¢laim 1 wherein the
30 voltage monitoring subcircuit disables the voltage
tracking subcircuit and enables one of the plurality of
voltage maintaining subcircuits when the input voltage is
increased above the desired voltage, each of the voltage
maintaining subcircuits maintaining the output voltage at

35 the desired voltage.



35 the desired voltage. WO 01/93409 PCT/US01/ 12907 -20 4. The vol tage
regulator circuit of claiml1l wherein the voltage tracking subcircuit

i ncl udes veO01/23489 st or having a control gate, a drain, anBCHUSoUnReE wherein
the control gate connects to the second input of the voltage tracking 5
subcircuit and connects to the first outgo# of the voltage nonitoring
subcircuit, one of said source and said drain being connected to the input
node and the other being connected to the output node. 10 5. The vol tage
regul ator ci4cuitThé wdhiagd weukior heirduistof rabsist brvhsraiPMI8: said
drai n connect i h out p 0 nd; saj ur ce_conn i o the

i nput node. C\;%ﬂ‘gd[i% %/%%%b%ér%%%&a %%ﬁ%ﬁ%@d%g %:I %I:%?%l%%e% gjlgan&%rrl] 15 of
the plurality afntvodl agreteni antdranimg subca reuntcse i wickwetas: tlae feostrol
transi stor having a drain,_ a source nd a gatge,, .one said drain and
said source 1T REIFTTST 15 anaT st eroROnHRRE T gt { BF HEOTHINT HOUe el t he
20 othedy comedotimnguiio 4@ ootippedttmode, tlandf br Secondolt ansi sheor having a
drain, a sour and a gate, one of said drain and said source of the
second trans‘féf%?‘g%(fﬂ%]c’??ﬂjgﬂqosﬁcél‘?%‘bhtf’ nJife %ﬁdg?Jn STtHer Thnecting to
t he gate of gdiedfdrsin tihadisy Ssé@tine@insd 200 sethel papet ododdears@cems transi st or
connecting to.the. output of the_voltage nonitoring subcircuit. 7. The

vol tage regl@ @ Tr RETEi TOBFETHET nr'® %ﬁ%r%lilwlftf'leno‘g%cond transistor is a
PMOS, said source of the second 30 transistor connecting to the input node
and sajd drain of the@l‘s}econd transi stor, connecting said gate of the first

transistor ahd, VIBDITORMRE P9 U194 Bo7cuih 0 Fih 4 HEgre the

tLan_si stor ifmiae NShsBatsh & ad nedds | heafd rétaid alshisdOf i €@MECthag to
t he i nput
P output node and said source connecting to the input node.

6. The voltage regulator circuit of claim 1 wherein one
15 of the plurality of voltage maintaining subcircuits
includes:

a first transistor having a drain, a source,
and a gate, one of said drain and said source of the
first transistor connecting to the input node and the

20 other connecting to the output node, and

a second transistor having a drain, a source,
and a gate, one of said drain and said source of the
second transistor connecting to the input node and the
other connecting to the gate of the first transistor, and

25 said gate of the second transistor connecting to the

output of the voltage monitoring subcircuit.

7. The voltage regulator circuit of claim 6 wherein the
second transistor is a PMOS, said source of the second

30 transistor connecting to the input node and said drain of
the second transistor connecting said gate of the first

transistor and,



node and said source of the first transistor connecting to the output

node. 5 8. The voltage regulator circuit of claim1l wherein one of the
pluralitw@b1/9@be age mai ntai ni ng subcircuits includes: aP€THSe/L20@NSi st or
having a drain, a source, 10 and a gate, one of said drain and said source
of the first transistor connecting to 4Jd1e- i nput node and the other one of
said drain and said source connecting to the output node, a second

transi stor having a drain, a source, 15 and a gate, one of said drain and
said source of the fiwlsrermnshestiirde ngaroimest etk tan tXMEO$ npsidode and

the other one.of, s ddrabfyand. sald sour ce helng: ,gangecled; L9, Lhe gate of
the first transi'stor, and & |r5ﬂ%ran3|stothaV|ndga dr ain, source, 20
and a gate, e cdndasal dirsvuramd Sailte shiurste ofandies tsecomhécaingg st or
connecti ng 9o ttEéiglut goqg gﬂd the other one of said drain and said
source connecti {0 ehe Ibé%e’of the second transistor, and said gate of
the setxond transistor connecting to one of the plurality of 25 outputs of

t he vol tage nitqgrin ubcircuit. 9. The voltage regqulator. circuit of
clai M8 wherti n (HHE Y 12T P L T | S S M LA SbUFRET B (RS hi r d
transi stor connged igiguta0l ithe ohHpedl tee mth S gk 6 adbeirS@itde third

t ransi st or cpnqﬁﬁiing said gate of the second transistor, wherein the
second transi¥tdt?9% an NMOS, said drain of the second transistor

connecting to the inpu rFiege wrehSodEb:s REEEnPfa tdhes HEC N dsdliads] st or
connecting 35 to the gate of %he first transistor, and WO 01/ 93409
PCT/ USEPL/ 12 a PAherdis TheSdid s‘?i‘raclr?f%atrfasl”l‘%t%?*l‘if1 SAFIEL 3 d drain of

the first trensdistoraconnest idvhiecthey i tWUhe input node and the
other one of said drain and said source connecting to the
output node,
a second transistor having a drain, a source,

15 and a gate, one of said drain and said source of the
first transistor being connected to the input node and
the other one of said drain and said source being
connected to the gate of the first transistor, and

a third transistor having a drain, a source,

20 and a gate, one of said drain and said source of the
second transistor connecting to the input node and the
other one of said drain and said source connecting to the
gate of the second transistor, and said gate of the
second transistor connecting to one of the plurality of

25 outputs of the voltage monitoring subcircuit.

9. The voltage regulator circuit of claim 8 wherein the
third transistor is an PMOS, said source of the third
transistor connecting to the input node and said drain of
30 the third transistor connecting said gate of the second

transistor,

wherein the second transistor is an NMOS, said
drain of the second transistor connecting to the input
node and said source of the second transistor connecting

35 to the gate of the first transistor, and



node and said source of the first transistor connecting to the output
node. 5 10. The voltage regulator circuit of claim8 further including a
fourth t ve®ei/g40¢ having a drain, a source, and a gate, ROTUSE/M07
connected between the first transistor and the output node, one of said
drain and 10 said source of the fourth 42Znsi stor connecting to the input
node and the other one of said drain and said source of the fourth

transi stor connecting to the output node, and the gate being connected to
the other one of sai dvideréin anlde shidssouramspfteheidiastNM@Ansszidr. 15

11. The voltage regulator_circuif_of. cl al rther .in din plurality
of transistéﬁ%t%6ﬁ%28?%% %% %%e%}a??%§#§%2%5%$%ﬁé}§ o?éa%%gthn ogtput node,
each of the npleraldtsand soanse sedHrshdalingt athmshistar scongecaidga 20
gate, each q; tgg p ggalét gg transi stors having one of said drain and
sai d source connectEd XY the hput node and the other one of said drain
and said® source connected to the gate of a subsequent transistor, with the

gate of a fjrst gf th lurality of transistors_bejng cgnpected 25 to the
ot her one ofiiai dﬂb%a‘f?%“g"ﬁ%e sﬁ?%#]s%tfﬁ%ecﬁwhté O#iﬁ:js?ﬂl‘rgn YEHTT and one of
sai d drai n anttBadthgourteunth Brimsisodr thevphgral dityinf &ramsrséprs being

connect ed tolgihe out%ut ngg..mD 01/ 93409 _PCT/ US01/ 12907, -23 12. The
vol tage reg# &t G roui RGP i AnGRHerdi et oreR of "e e BPhral ity of
vol tage nmai ni@dnd N Stibghd chd Southet utlese, solé ref i aAsds40n &adi ng a
dr ai n, sour ce 5 and a_gate,_one of said drain and sajd source of the

a
first 1% ansi<a'd HHIF Ohnedt PR erdmptR t o dePBRRCEERE Be hErCone of
said drai n aithsaithSOUEE Bed Ngcheonnest ee $0i 4 her oL partha neged

source of the fourth transistor connecting to the output
node, and the gate being connected to the other one of
said drain and said source of the first transistor.

15
11. The voltage regulator circuit of claim 8 further
including a plurality of transistors connected between
the first transistor and the output node, each of the
plurality of transistors having a drain, a source and a

20 gate, each of the plurality of transistors having one of
said drain and said source connected to the input node
and the other one of said drain and said source connected
to the gate of a subsequent transistor, with the gate of
a first of the plurality of transistors being connected

25 to the other one of said drain and said source of the
first transistor and one of said drain and said source of
a last of the plurality of transistors being connected to

the output node.



a second transistor

having a drain, a source 10 and a gate, one of said

drain and said source of the second transistor being connected to the
i nput nodeO angB404 he ot her one of said drain and said sour BET/H8INIRI07

connected to the gate of the first transistor,

having a first input, a 15 second inpu23-a clock input and an out put
bei ng connected to the gate of the second transistor, said f
i nput being connected to one of the plurality of outputs of the volt
nmoni tori ng sliibci rthe teoloage sagdlazeconciropit &I ojatonhectedréina ground

out put

potential .
of the plur

aﬁfx’? 13 Jhe g?&%gﬂft%egk”%féa%i rxﬁéjiﬁt%n&'f_gir%‘?ﬁ%%i%ﬁfg%gs :

y of "voltTage nmarntarni hg subcrfcurts

and a nmultiplexer circuit

, said
i rst
age

each

plurality ofitchnde¢stors connected between the first transistor and the
out put node, each of 2; Eyesglgéalét% of:ﬁransisto s_having a drain,
source and a gate, eath of°The Pritafrt  Bf 1 aaststors Ratthg Bhe
said drai n andd sai ghisour cee cofinesi @ ddtaind hend ngat d nesiercandf t tiee ot her

connected to.t he gate of

bsequent

a
of

istor, with the gate of a first

t
of the plurattt5Fo r%%S%?gQEi oS ?ﬁ??ﬁé%%%n%%t%ﬁetﬁn?%E Brfher®dhe of said

drain and saile sothiee oletde 418t DMNShEd 0fa DMds ONEcOFfbeSgd drai n and
said source of a |last of the gluralitgﬁof transi stors being connected to

the output roTEFCHED1FQ34RHY

‘Ysot

9907 -24 14. The vol tage regul at or

circuit of claim1l whesesscéhe t¥ohsBGEONTMFDEIG NG SHCH | Cali §olred udes a

volta 93

voltagh

di odes
15
20

25

30

di vi
di vi

havi

%ﬁ§ circuit havipng an_input and_an output, said input of

t he

TiTEUTt VeRnebt TR t R FMpREHOFEOUBCa 50t THRC vol t age

regul ator cigesbdd ofrghdi stdA MEEE@ Fonddie &@ tagendi vhsier Sbdeudafurt her
conprises a chain of diodes in series, a first_diode in the chain of

P AFRFH TR oPhetd Bl 675 ARG nfrutd oFouFRe VR iage

connected to the gate of the first transistor, and

a multiplexer circuit having a first input, a
second input, a clock input and an output, said output
being connected to the gate of the second transistor,
said first input being connected to one of the plurality
of outputs of the voltage monitoring subcircuits, and

said second input being connected to a ground potential.

13. The voltage regulator circuit of claim 12 wherein
each of the plurality of voltage maintaining subcircuits
further includes a plurality of transistors connected
between the first transistor and the output node, each of
the plurality of tramsistors having a drain, a source and
a gate, each of the plurality of transistors having one
of said drain and said source connected to the input node
and the other connected to the gate of a subseguent
transistor, with the gate of a first of the plurality of
transistors being connected to the other one of said
drain and said source of the first transistor and one of
said drain and said source of a last of the plurality of

transistors being connected to the output node.



10 divider circuit, a first node in the chain of diodes connecting to said
out put of the voltage divider circuit. 16. The voltage regulator circuit
of clai muGouwanei n each diode is inplenmented by an NMOSPCT/ERGIVRPOT havi ng
a 15 gate, a source and a drain, the gate and the drain being connected.
17. The voltage regul ator of claim 14, \gerein the voltage nonitoring
subcircuit includes a delay circuit 20 having an input and an output, said
i nput of the delay. circuit connecting to said output of the voltage divider
circuit. 18.14The Tiot tagktaggul egoratodr cuitcwit cdfi ol difn whewleemeir2Schde
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15. The voltage regulator circuit of claim 14 wherein
the voltage divider circuit further comprises a chain of
diodes in series, a first diode in the chain of diodes
having an input connected to said input of the voltage

10 divider circuit, a first node in the chain of diodes

connecting to said output of the voltage divider circuit.

16. The voltage regulator circuit of claim 15 wherein
each diode is implemented by an NMOS transistor having a
15 gate, a source and a drain, the gate and the drain being

connected.

17. The voltage regulator of claim 14, wherein the

voltage monitoring subcircuit includes a delay circuit
20 having an input and an output, said input of the delay

circuit connecting to said output of the voltage divider

circuit.

18. The voltage regulator circuit of claim 17 wherein
25 the delay circuit further comprises a chain of inverters
in series, a first inverter in the chain of inverters
having an input connecting to said output of the voltage
divider circuit, a last inverter in the chain of
inverters having an output connecting to said input of
30 one of said voltage tracking subcircuit and said voltage

maintaining subcircuits.



