REGULATED | NTERNAL POAER SUPPLY AND METHOD Technical Field 5 This

di sclosure relates to electrical circuits, and nore particularly, to
regul at ed power supplies. Background WMany anal og and digital circuits
require a stable, regul ated power supply 10 to generate predictable and
repeat abl e performance. However, it is becomng increasingly difficult
to integrate a regulator into a die as power supply voltage |evels
decrease for nodern integrated circuits. For exanple, first generation
Doubl e Data Rate Synchronous Dynam ¢ Random Access Menory (SDRAM DDR 1)
devices use a 2.5 Volt su volta e and second generation devices 15

( SDRAM DDR2) use aﬂﬁ@ﬂh@%ﬁngﬂﬁﬁBvA TFOYERSHRPLY @Rs have a
supply voltage at 1.8 Volts and internal circuitries that are designed to
work wusing a 1.8 Volt supply volta%e. Thus, no extra voltage headroomis
avai l able for use of a conventiona regul ator. 20 Sunmary The

present _systiem pr ovirflesi, IR4AOHaBNd RARR Bluifs, bl ASEpEASIER A0 O €00l g

needs and additional nee not state rein. D sclosed hérein, anong

ot her things, iresuiptedegwersvprlies nt ernal power supply. One aspect of this
disclosure relates to an internal power supply system According to
various enbodi nents, 25 the systen1|ncludes a DC to DC converter adapted
to connect to an external power supBpdkgronsty al so adapted to increase

vol tage level abovgg, :lngl\égIan&ﬂgxiah&rcm%&cﬁ‘ir@@ktaﬁyP&Hﬁtﬁﬁ?!}\kég@ppl The system

al so includes a | ow pass [ter connecteéed DC converter. The
system furtHer ® a@emwaptab&ﬂ and rrecatableedprmancei Heypyer, itagkaseide t o connect

the | ow pass fuh&&.{;mg@dﬁﬁmwrmegmurzgu%rmo PEOYY SRvePfippift&ifaB@l 30 supply
voltage to a circuilt he voltage reference circuit 1ncludes a

t enper at ur e curv&islﬁe‘éf@@)f?ﬁé‘ﬁ@% integraied cogmts. Eoy expmpls. st 45p659t%e second

order curvat Urgy,eRMae0H a8y niford M Al RMRdYAER R IMentdiy {STRAM T Cui t  t hat
are of opposite dependenci'es on tenperature. The vol tage reference

circuit also i TePRHEEviess vicast Valt %ﬁ@y Yelipemd secpdgeseraiondsvistsoyi de a
tunabl e vol {;aggsHRARS BORS) IRHNE WUH SuphRY These BDR2 SDRAM devices have a

supply voltage at 1.8 Volts and internal circuitries that are designed to work
using a 1.8 Volt supply voltage. Thus, no extra voltage headroom is available

for use of a conventional voltage regulator.

20 Summ
The present system provides method and apparatus to address the

foregoing needs and additional needs not stated herein. Disclosed herein, among
other things, is a regulated internal power supply. One aspect of this disclosure
relates to an internal power supply system. According to various embodiments,

25  the system includes a DC to DC converter adapted to connect to an external
power supply and also adapted to increase voltage level above a level of the
external supply voltage. The system also includes a low pass filter connected to
the DC to DC converter. The system further includes a voltage reference circuit
adapted to connect the low pass filter to a power amplifier to provide an internal

30  supply voltage to a circuit die. The voltage reference circuit includes a
temperature curvature compensating circuit adapted to provide second order
curvature correction by summing two currents in the circuit that are of opposite
dependencies on temperature. The voltage reference circuit also includes at least
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at | east one pair of current mrrors with same aspect ratios but
different channel I|engths to provide a tunable voltage reference
gradient with respect to the external power supply. 5 Another enbodi nent
of the power supply systemincludes a DCto DC converter adapted to
connect to an external supply voltage, the converter further adapted to
i ncrease voltage | evel above a | evel of the external supply voltage. The
system further includes a | ow pass filter connected to the DC to DC

converter. In agdélidiane rdshier Ssdvinainngble ddtgdrclibhtanignitid ¢evelag@dgap vol t age
10 reference (BVR) connecfed to the lOM/E?SS filt%r.. he BVR i s adapted
to provide secdblieft Sedal obargaMmires Ryb sae SR rafieg ‘t‘tdh%’%’\tﬁ nel t unabl e

vol tage ref er aagems & preNi@t bl Rol 8 RESnct Bradifife wak k@pdaek uruppl y vol tage.
Various system enbodinments include a power anplifier connected to the

BVR and to a cicXEHrkPovEs ¥PPlYhe power anplifier adapted to provide a

stabl e intersnal supphdthetehbaKifent 6 thelfowkRpsly Sstefdiiies a Bepept of this
di sclosure relates to a sem conductor die h vin a& interﬂg% power
tﬁe 1] ?1'

suppl y. The serfPREREFEIRG tepanschio a geema] surpysiefagecthe pREvVEler egr at ed
circuit formed @4pddneinsrBs bblalzelevel BBovS & lBvel RNl exterhal dipplhadoiagel NCl udes  t he

descri bed power_supply formed on the substrate an d to supply 20
current to theTWHFQEFQPEH”BFWEﬁﬁﬁm”@ﬁ%‘5@8@??“%W°gﬁigﬁgighlosure rel ates
to an el ecltrgnicsm&yt&t m&aﬁi‘éﬁﬂ@sﬁtenfiﬁ@hﬂeaﬁadreﬁlﬁﬂﬁeb&tﬂglﬂi\)(;jb.lta@‘lehd ectronic
system i ncl udes ro or and a nory..s e oupled, to the
processor. 'fhe 'ﬁfg’ﬁ’gﬁﬁﬁﬁgsi@é’i‘ﬁc}eﬁ&tﬂﬁg@ péis)ﬁlhééiﬁ'e B&ﬁés PEtY circuit and

the described penade selsR@biieratapiRdolr@tiSLyap iy/préddd £iifableaoltade t he menory
circuit. One aspect of this disclosure rehateﬁ to a Uethod f or providing
a regulated i ﬁ?fgﬁ?%lgrwﬁf‘?‘ﬁﬂ‘e'e?ﬁ‘ﬁbqty‘? extexnal SR YEUass Y IRt s i ncl ude
recei ving a volembgdimentginduddwepoimdtantplifierceinefted @ mitel BWR frfdasm sircui Xt er nal
supply. The ne

et hod al so in@%yd S i.ncreasin q§ volta ﬁ,fi nal to a
second pot ent i &he- (P& PRYETFMPHFT f%piegmlﬂ’f"’é%rﬂf&ﬁeé} ?m?ﬂﬁ‘éﬁp& R t?é%éo second
potential i® grieadier than the first potential. The method further
Tt es 1 emov 10 DGy LS SRS oSSR g 07l I
internal power supply. The semiconductor die includes a substrate and an
integrated circuit formed on the substrate. The semiconductor die also includes
the described power supply formed on the substrate and adapted to supply
20  current to the integrated circuit.
One aspect of this disclosure relates to an electronic system having a
regulated power supply. The electronic system includes a processor and a
memory system coupled to the processor. The memory system includes at least
one memory circuit and the described power supply adapted to supply current to
25 the memory circuit.
One aspect of this disclosure relates to a method for providing a
regulated internal voltage supply. Various method embodiments include
receiving a voltage signal having a first potential from an external supply. The
method also includes increasing the voltage signal to a second potential using a
30 DC to DC converter, wherein the second potential is greater than the first
potential. The method further includes removing high frequency components
from the voltage signal. In addition, the method includes providing a voltage
reference to at least one power amplifier, the voltage reference having a tunable
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reference to at | east one power amplifier, the voltage reference having a
tunable 2 gradient wwth respect to the first voltage |evel using a
current - node bandgap voltage reference (BVR), the BVR having the voltage
signal as an input. Thus, a stable internal supply voltage is provided
to a circuit die connected to the at |east one power anplifier. 5 One
aspect of this disclosure relates to a nethod for nmanufacturing a

regul ated i nternal power supply. Various enbodi nents of the nethod

i ncl udes | Torm dgiéht W Fedpebllo HRBPL IR BAPRERG dufafi HIEGIal N X! er nal

power supply, the converter further adapted to Increase v age | evel
above a | evel ofltegsaefergnaedBHR). thsiRR Ravipe e agltesasisnahas anigout. Thotle, The

met hod further dpglindas sbgimdn ejipprgvihéa\c’j/o p@i?c%itti{ﬁlc&ﬁ'l][ect‘g&)farﬁ?eqt Rgtto the DC
the netho u

to DC converter. In addition, I nc es formng a current-node
bandgap vol t age™f 8¢sr émelficfBVR) connected to the | ow pass filter, the

BVR adapted $0_pr ovieapes ofts Al Cieh s UbML U inftinol R hflth@flingd Lo provide

a tunabl e voltage reference gradient wth respect tot ~éxternal supply
vol t age. Accor dFgidptedgnigrapalingirer sepitho dY ament embodimentsrefi theydeth®! ipghedesides f or mi ng
a power anpl i figkmikPNPEsS BE chRelid? SaBURI ARndkOlo &n Gl bbwdsGoply, L e pover
anplifier adapted 1t 0 provi dé 1aest a.baﬁaé i nt erena? supt)&%%b%/“éﬁqts%év’to t he

di e, This Sunmehsconeerisniughesadaptodioncreaseriotiage levsbaboratkigigbthof t he present

appl i cation andxigfal uphis V6L & Mifputhbde X Bl i ithe EXORLS Fnfifgt I €21 ment
of the 20 present subject matter. Further details about the present

subj ect mat t%r apwressilikier congetedhie tedRGiol Regicoguasier. i Ip pdditipnathelmathpdnded

claims. Brief Deggdel i?;hhfﬂé'a%n&hﬁo@%g%lt@e@c&k&ei(bW?EJnﬁéc% & bl ock
di agram of a regul ated jnternal power supply 25 system according to

vari ous enbodi W pass fifter, the BVR) adppsedrte providesepmg ordeesurvatire  di agr am of a

regul at ed i nt ergiakctipP¥RIto pRWRPS Yun SYVoRtde rafbe Rl A BntvAtMadhbQ WSthe
enbodi nment s. Fle%e %f«@l | lustrates a graphic representation of tenperature

sensitivity for® BRIY ¥elege i Arcerina ke Yo embeipenys. theimethgd r ef er ence,
according t1 vandwidsfoabing FB&GHr BRPRr connected to the BVR and to a circuit die,

the power amplificr adapted to provide a stable internal supply voltage to the
die.
This Summary is an overview of some of the teachings of the present
application and not intended to be an exclusive or exhaustive treatment of the
20 present subject matter. Further details about the present subject matter are found

in the detailed description and appended claims.

Brnef Description of the Drawings
FIG. 1A illustrates a block diagram of a regulated internal power supply

25 system, according to various embodiments.
FIG. 1B illustrates a block circuit diagram of a regulated intemal power
supply system, according to various embodiments.
FIG. 2A illustrates a graphic representation of temperature sensitivity for
aregulated internal power supply voltage reference, according to various
30  embodiments.
FIG. 2B illustrates a graphic representation of external supply voltage
sensitivity of a regulated internal power supply voltage reference, according to

various embodiments.



FIG 2B illustrates a graphic representation of external supply voltage
sensitivity of a regulated internal power supply voltage reference,
according to various enbodinments. 3 FIG 2C illustrates a graphic
representation of ideal characteristics of a regulated internal power

supply vol tage reference, according to various

enbodi nents. FIG 3A

illustrates a bl ock diagram of a current-node bandgap reference 5

circuit, according to various enbodi nents. FIG

3Billustrates a

schemati ¢ di agram ofi@ 2CUNsRhtbs TRERicheMIaARIon bEL&N BRFReAisid . according
to various enbodinents. FIG 3Cillustrates a schematic diagramof a

current - mode baReREss inemplnowssaPRly yeltags reffienes, %’“?@H&B’I‘@”&Fsadl ent,

accordi ng to vadiyetimes@bodi nents. 10 FIG 4A illustrates a graphi C

representation of val tgg ref erence characteristics with varying device
r

channel | engt hs, ac&Hr

Hpstrajes ailock dinerapyph 8 girrraipede bamdgap wfsrinee ystrat es a

graphi c represegdiat, |a&@,&fgtyogﬁogg§ngog,§,ﬁﬁ§nce characteristics at startup,
according to various_enbaodinments. 15 FIG 5 illustrates a schematic

di agram of a cur r enf1Grg8alsEweRfphemES ‘@Fgéi%éf RretintodabandeaR t unabl e

gradi ent and segRRMQHIR!, a&YfdBLN BiofUbRGERS),

according to various

enbodi nents. FIG 6A | | lustrates a flow di agram of a nethod for providing
a regul ated intern&fC SS\A}@F”%‘EWFEP“‘%%@WG?H@WHW%%B@ &Pbodi ments. 20

FIG 6B il ust rafeRsiceidchiPwndi ﬁﬂdb&rﬁrﬂﬁenﬁa&&tdh@% {aPibusgbedigehdlr i Ng a

regul ated i nt er nal E_zgé\e 'i‘ﬁBg‘F ?cor di n}gﬁit 0 var| ous_ enbodi nents. FIG 7
i | Tustrates!% bl ock THi-44r agrg e eRrEseHBRn PhvoltagedefF WSy to  vari ous
enbodi nent s. F|c§5ara&erhs|tlbdlﬁltlf@h@% davibd dekmeHbadfs it RlingroV@ngisy nodul e,

according to

ri ous enbodi ments. FIG 9 illustrates a bl ock diagram

v
of an el ectronleé“b§§§’tﬂ§‘ﬁ1 according to various enbodinents.
FIG. 4B illustrates a graphic representation of voltage reference

characteristics at startup, according to various embodiments.

15 FIG. 5 illustrates a schematic diagram of a current-mode bandgap

reference circuit with a tunable gradient and second order curvature correction,

according to various embodiments.

FIG. 6A illustrates a flow diagram of a method for providing a regulated

internal power supply, according to various embodiments.

20 FIG. 6B illustrates a flow diagram of a method for manufacturing a

regulated intemal power supply, according to various embodiments.

FIG. 7 illustrates a block diagram of a circuit module, according to

various embodiments.

FIG. § illustrates a block diagram of a memory module, according to

25  vanous embodiments.

FIG. 9 illustrates a block diagram of an electronic system, according to

various embodiments.

FIG. 10 1llustrates a block diagram of a memory system, according 1o

various embodiments.

30 FIG. 11 illustrates a block diagram of a computer system, according to

various embodiments.

Detailed Description
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FIG 10 illustrates a block diagramof a nmenory system according to
various enbodinents. 30 FIG 11 illustrates a bl ock diagram of a conputer
system according to various enbodi nents. Detail ed Description 4 The
followi ng detail ed description refers to the acconpanyi ng drawi ngs which
show, by way of illustration, specific aspects and enbodi nents in which
the present invention may be practiced. The various enbodi nents are not
necessarily nmutually exclusive, as aspects of one enbodi ment can be

conmbi ned 5 wi t h aspHeifellfingdeailbEdes@iphateRNS the TeSLarnORPAdWIRAt S are
described in ?f@'f&hl ci ent det%{;\il to eng@lr,‘ﬁe those skilled in the art to
practice the i 15 by ey el lusEpiog ot SPsskpndenbedments aywhicy
structural, | ogiegadsent afventidh @l bé sradticed) e @&i0iBdmboREneAB R n¥i t hout
departing fromthe scope fﬁtign]%vgresent invention. It should be noted

that refer encedegtrasilygumaily @S aspegts of gae-empodigep sah PRASMEINES, ¢ hi s
di scl osure ar e wilitaspeas 65mathéd eyhbbdimt € TR3OBntRARRAIs BRMescribdddn  Such

references conteppl ate nore than o emodi nent .. Di scl osed reinis a
robust cur vatuF‘gﬂgwgtﬁ‘éﬁ?teéﬁbtl?/&s?égﬁedr‘gﬁlﬁﬁﬁﬁ‘b‘ﬁact"ﬁeu‘hf)i“&?}}“a’é i nt er nal
suppl y vol t age einbsdithai ! Beaghzed and G@&urall RRichlNindleRatkica URiAbes mayol t age has
a tunable positive,gradient with respect to the external supply 15

vol tage for na&’&fﬂﬁd%é@‘[of"rf%?mﬁ"}% E’&Hﬁif F"Bﬂe, of thePrgseit SV EION s uppl y vol tage i s

i ndependent of variltHoaldbe noted it refslemennl “asUTHRL’Y ovQhlichge and vari ations
in tenperature pver its designed operating range. The internagl supply
vol t age p(ralg}vi 8‘5’80‘@?}3“(1%8 “BSr‘gﬁcgjﬁ‘fre %Bfté’(?fes?‘?a{ytt‘éﬁl isﬁnece“a’%%‘f“émo?“%nanuf acture
by common semisehndtreices cdnadhiplacatdromat aghkmbeiaest. 20 Regul at ed | nt er nal

Power Supply FIG | i]II trates .a bl ock di agramof a requl ated i nternal
et B st

power supply system™ TP K PR VARSTSoR dxolees TR Dver suppl y

system 100 i netavdiesn aitdd@! supplDEolegafoe idwevroltidsAevdckapTixdntemalsopphect to an
o oa | ubP! Yofue K8 3081 Bobhove GhBie RO SEDER o B SHla AP o 1O T norease
15 voltage for margin testing. In addition, the internal supply voltage is
independent of variations in the external supply voltage and variations in
temperature over its designed operating range. The internal supply voltage
provided by the present subject matier is capable of manufacture by common
semiconductor fabrication techniques.

20

Regulated Internal Power Supply

FIG. 1A illustrates a block diagram of a regulated internal power supply

system, according to various embodiments. The power supply system 100
includes a DC to DC converter 102 adapted to connect to an external supply

25  wvoltage 101, the converter further adapted to increase voltage level above a level
of the external supply voltage. The system further includes a low pass filter 104
connected to the DC to DC converter. In addition the system includes a current-
mode bandgap voltage reference (BVR) 106 connected to the low pass filter.
The BVR 106 is adapted to provide second order curvature correction and to

30  provide a tunable voltage reference gradient with respect to the external supply
voltage. Various system embodiments include a power amplifier 108 connected
to the BVR and to a circuit die 110, the power amplifier adapted to provide a
stable intemal supply voltage to the die,
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of the external supply voltage. The system further includes a | ow pass
filter 104 connected to the DC to DC converter. In addition the system

i ncludes a current- node bandgap voltage reference (BVR) 106 connected to
the low pass filter. The BVR 106 is adapted to provide second order
curvature correction and to 30 provide a tunable voltage reference
gradient with respect to the external supply voltage. Various system
enbodi ments include a power anplifier 108 connected to the BVR and to a
circuit die 110, t hacm&i@g toaila'i[bduis tinbrdinzalaphe DCtoDOcoweds 162 insludds| e

internal supply vo ]{g e gor ! di e CS'Dm,fbéccor i n%ﬂtﬁ’ W ;Ol os enbodi nent s,
the DC to DC cdhVeFt RILOPRE fdﬁ@s‘/ ca 1°tor’ power supply
converter. The swlqomﬂdeamontcs&ahrbemtérhbout amigtthbl”led pmﬁhmahd)ﬂlshxgapasbe filtered

out using the ow n ply rejection
ratio (PSRR) ofP s"'%”%%éo"r '?%&’é gg I?" g"ﬁ%\/\é?ﬂgpﬁ% poﬁ lgr According to
vari ous enbodli nandifer. Tmeorﬂ)ﬁ‘g to@aﬁxﬁsemmdmidnerthe PCliaBE€sonvantgamhdes er havi ng
at | east 90% power effici entclff Stg%g/c owere L2,V ri %ung 09g*3,0d| ments, the DC

aconv Tter iavin cieng CCO
to DC converter® S°RET dl 8" T8ast e € arge punp. exi sting SDRAM

circuitry alr eamiybodlnmhtu,dlesD@mefo:)conmeemclhdasgécqstmpshmetﬂumpl Swme power

ef ficiency that (oo ower effi N rters 10
designed to drle\)/“eS r gﬁ)lg%llw\flem “t(ry‘/ grea&y'llﬁc “dgso 560 Cczﬁg ﬁumppuﬁ%s required is

det enni ned by tlbheerpawerefiinioy therzbuld be medlﬁrfd imapmerhﬁ“rcget gouveperand t he
maxi mm tot anC e&rgn?eﬂ to Enve e"ljsﬂgve lﬁapds O{"hetnl?l%b ok'zt, %%g é)u {me"rlﬁrg Nefis POVeEr

anplifiers urrps ca I ntegrated on
the die or as adetesepedrlartthe pazmhageunmtctrheOfmdmher,gepmnwaﬂltlws enbodi nent s.

15 For a devi Cemmh@mﬁa? eﬁﬂ?c%n{unjgn&rﬁfﬂre&ahaggmwee pBkEAGRIEG, be at | east

equal to the externa p up converter is
required to pr@éﬂ@@omhéhmeml@mlehﬂWtfgﬂQﬂdhetfh‘g@aﬁe the vol t age

reference and pg gteg e lof 118 modf10in HEY sc%m\lfy]%ﬁp do not have this

requirenent, the external ~ sup tage is also useful to
provi de addit i onal f@l&@g’éeWblaldfeG'@mthel@@“ﬁl PHPPR YElRge ¢ bedblleast t echni ques to

| mprove the pergf Qﬂ Q‘Ext%alts%ly%lﬁg%@a%c b%@&%%o%ﬂerﬁ?%ﬁm@@' ifier.

The converter ?\g:q power ficient and smal | size, according to
vari ous enbodi nﬁ!ﬁ‘tl%e th w%w&%we‘w@%e EPd]PF \@Bage reference and power

amplifier. For devices which do not have this requirement, the boosted external
supply voltage is also useful to provide additional voltage headroom to

20  implement circuit techniques to improve the performance of the voltage
reference and power amplifier. The converter is highly power efficient and has
small size, according to various embodiments. Multiple converters can be
cascaded to provide the necessary current, according to various embodiments.
The converter can be integrated on the chip or on the circuit board, according to

25  various embodiments.

The low pass filter 104 includes an RC (resistor-capacitor) filter to filter
high frequency noise, according to various embodiments. Low frequency noise
1s removed by the PSRR of the voltage reference and power amplifier, so the
internal supply voltage signal will have less noise than a non-regulated supply

30 voltage. The voltage regulator can produce a zero gradient under normal usage
and produce a slight positive gradient with the external supply voltage while

testing.



cascaded to provide the necessary current, according to various

enbodi ments. The converter can be integrated on the chip or on the
circuit board, according to 25 various enbodiments. The |ow pass filter
104 includes an RC (resistor-capacitor) filter to filter high frequency
noi se, according to various enbodi ments. Low frequency noise is renpved
by the PSRR of the voltage reference and power anplifier, so the
internal supply voltage signal will have |ess noise than a non-regul at ed

ndornor i Usage. andproduce sl abt as kL ve ot e ear ut h the
under nornmal usage. t (
external suppl yVort By RSt ‘é&ta%e:@?‘?iifg.‘ts 81%"?‘}?8& SHRA'S e @emebWrPlY an out put
buf f er adapt ed toltagir iAesordihgtodiatous emBodithdnts, malﬁﬁﬁiﬂeflm'&ihﬁinlﬁ EE&E@:&Z e V0|dff ﬁge
R L e et
suppl y vol t afje Ayt tovirrioss Ghrbiodindsys,anuliptd mpﬂtﬁdlzr@aﬁl vkastdded i e COFea g t

[ ' ' iple anplifiers can he cascade o]
Q?g\?irglen?azior\elgﬁ%”g eﬁ%“ﬁr@%{é’%és%g%ﬁé%ﬁﬁﬁ%?@“f@t°srﬁ'f1?'fe P¥nt to renove
| ow frequency frgugey ndgcardiing td arinarembodimand ahsrenbaliméidwes enbodi ment s
are posgi bl ey 'oEﬁé‘%v'tﬁo%f&r griti]qg J;,{,%@ toheﬂilstﬁeolg% of t.hce Qre?sent subj ect
matter. FIG 1B ui%)ra“eéJ Lgfrgn é‘flpg_l' @Sﬁfﬁ?ﬁbp?ﬂ‘rgﬁlat?d
internal power 10 §lippBylhsystsshlochcomitdiagemtdd a vepniard fnte@ndd peliarent s.
According tg vaglqus cenbodinents.. the, system 150 .includes a DC to DC
converter 152 aﬁ%"g’?evéte{ o TG ko feripus RO DEE {FOHBEL YRSy y 151 and
al so adapt ed t eribndmeats hospittrads) intledeeh Dé:b@Dlécawle&eteB% @jl‘a?t‘e&lalgzternalect o
supply vol tage. i S w. pass fi conn

PPhy Do 1 oo Dok P LA LB S sPB R Byl

to the DC to DC converter. er i'ncT ude ?/oltage
ref erence circufvel 288 aldeghobdie extermdmpplytvolidge Tlewsypas slsd intlbds at 0 a power

anplifier 158 tig, BEOYiida s@bonhftRidhk DEYPPCEodi Ut 29he £Q18 sGilnecui t di e 160.
the vo

According to various enbodinments, t tage ref erence ci rcuit includes
a tenperat Ur e edlpdpae veliesosteracesaciintf 6ailantadite coanapthe wtssfileviode second

order — Cur Vat urobel difififib08s RYor BT Blerh Ol Vofllk 3o d Drchii G cUl ¢ that

are of opposite 20 dependencies on tenper at . e vol tage reference
circuit al so i Mfcordive togyaripyspabodiments, the voltage reference circuit includes a

temperature curvature compensating circuit adapted to provide second order
curvature correction by summing two currents in the circuit that are of opposite

20 dependencies on temperature. The voltage reference circuit also includes at least
one variable resistor to provide adjustment to the overall magnitude of Vref, and
a series of current mirrors with approximately the same aspect ratios but
different channel lengths to provide a tunable voltage reference gradient with
respect to the external power supply, according to various embodiments.

25 The circuit dic includes at least one low voltage electronic device, in one
embodiment. Low voltage electronic devices include CMOS (complementary
metal oxide semiconductor field effect transistor) image sensors, certain
SDRAM devices, or other devices where internal power supply requirements are
equal or slightly higher than the external supply level. According to various

30  embodiments, the external power supply has a potential of 1.8 Volts. According
to various embodiments, the external power supply has a potential of 2.5 Volts.
According to various embodiments, the described system can accommodate
external supply voltages with a wide range of potentials, even below 1.0 Volts.

7



one variable resistor to provide adjustnent to the overall magnitude of
Vref, and a series of current mrrors with approxi mtely the sane aspect
ratios but different channel |engths to provide a tunable voltage
reference gradient with respect to the external power supply, according
to various enbodi nents. 25 The circuit die includes at |east one | ow

vol tage el ectronic device, in one enbodinent. Low voltage el ectronic
devi ces include CMOS (conplenmentary netal oxide sem conductor field

ef fect transi stThelexfeHARWELNAY San hGRY 4 A Erangel IRHNE BN WSS thetneg} NeT
devi ces where i r}ltéer nal atlpovver supply requirenents are equal or slightly

hi gher than t he"Reut PRy vollags syorkimedgnge of the PGt PR gonvertsraacrsdiag 80

enbodi ment s, t harigusteRbBdineROVE@her BB iNeriiAde FosBIt S Rhdutbep@iing frén VOI t'S.
According to various enbodi nents, the external power supply has a

potential of 2.%B° %8P the PResens SRS y$6 - var i ous enmbodi nents, the descri bed

system can acconmd&lGS. 28%hEIB AlstBAR Ypivd tlafBRSstM bt Bndpagle range of
potentials, even below 1.0 iéri!?-tﬁs 7 The external power supply can have a
[

wi de range of potasfrpigeace,f Hystsatesacaraphic represpriqtion pf PRI o| t age

wor ki ng range oknsithery R atrgulafed G2 p&0dr suppBGRLiske RdertiRe, addidiBhd

enbodi nents. O her eg@g‘ﬁi ment_ﬁl&are, possi bl e without depar tlfiaérfg from the
scope of the préS@RtSAHett ffgpnce yohapeiYrefpsuplicd 15 380WY #5ist rat e t he
_t?/lou Cfll ;:har actendtsi bmaaésigaataacspdt tgﬁﬁg tel}dﬁﬂritﬁﬁ&angff@feelmﬁrig]ﬁa@atn?-p\f
illustrates r ic representation o erature sensitivity for a
regul ated i Hflegﬂcg&gf)w agfﬁ)tﬁllnﬁerWFfa%‘éOtlr'g Qﬁi:(ge,]s“ﬁé?:ﬁ}‘éﬁgf?ﬁs to various
enbo;jl n}[ants. TI"[EbcliSilﬁf OtlencRraiag teﬁttg@at(u‘e‘rr&fg&s ﬁdmi]ut lih @€l sdofe &hlgqym ana il
constant over a,desi erating t.enperature range. e industria
standard 10 incqlsﬁg’é‘gggﬁbgg%?ﬁftfaﬁe@ a?‘%ﬁ%‘é%’?ﬁﬁ"@“?"a‘ﬁﬁge ISUBRY degr ees

Cel ﬁl us L o 85 degagems§ti@ﬁjzgﬁmglulaﬁdhﬂémii:1|lcpewatsiéﬁpg/l Toltageeefarente S rangﬁ_s are
within the scopg.of. this. disclosure . ill,ustrates a_graphic
representation ag?oniem @r‘%& “55‘6’%"6’1‘ nf/engs\'/gf"(sélgémi%ﬁléaf #fe\?/lstcﬁnsg“f“ lgﬂgegul at ed
internal poWer dsippdypagingagelneftacemgeafter pocongimgecoalingas voioss
enbodi ments. Thi s kllustrates that Vref is constant in the 15 designed

operating supply voltage range after powering up, according to various
enbodi ments. FI G 28G. 2Culbtstratsepraphig reppisencation pf idsibehizet texisticodf ai deal

characteristi Csreﬁlflatéfﬂ internal power supply voltage reference, according to various
embodiments. In region ], the regulated voltage (Vcc) is shorted to the supply
20 voltage (Vcex) during power up and power down to ensure data retention during
low voltage conditions. In region 2, which includes the designated operating
range, Vec has a moderate dependency on Veex to allow margin testing and
characterization. Inregion 3, both temperature and Vcc are raised above the
normal operating range for burn-in to identify infant failures. Voltage in region
25 3 can be achieved by tying Vref two diode drops below Veex,

FIG. 3A illustrates a block diagram of a current-mode bandgap reference
circuit, according to various embodiments. The reference includes curvature
correction, according to various embodiments. To allow for testing of the
product margin, the Vref output is designed to have an adjustable positive

30  gradient with the increase in Veex. A current-mode voltage reference sums
positive temperature coefficient (TC) current (Ipra7) and negative TC current
(IctaT), to produce a zero TC current (Izrc). Iprat is proportional to absolute
temperature (PTAT) and Icrat is complementary to absolute temperature
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regul ated internal power supply voltage reference, according to various
enbodi nents. In region 1, the regulated voltage (Vcc) |I's shorted to tile
supply 20 vol tage (Vccx) during power up and power down to ensure data
retention during |ow voltage conditions. In region 2, which includes the
desi gnated operating range, Vcc has a noderate dependency on Vccx to
allow margin testing and characterization, In region 3, both tenperature
and Vcc are raised above the normal operating range for bumin to

i denfify infantctar) qg@fisré/ﬁleae\gﬁbasaexmgmnag%%vgt)sa%eda@reachl eved by tying
Vrcf two di ode drops ow Vccx. FIG 3A illustrates a block diagramof a

curr ent - node b&ﬁ'éfg%i?f 3% andrlemris formpd ba thermaloebiresitiy bewd 6WFbus

enmbodi ment s. Trﬁ‘éﬂéﬁ‘ﬁ@l@@@”ﬁ%slnﬂQ%%dﬁﬁas%drth&&féﬂra‘%un&l@ﬁxﬁﬁﬁfefm,an&iﬁcor ding to
various enbodi ments. To all or testing of the product margin, the

Vref output is remsigrgpia sersraatbereirenseyoliasealiet positive 30 gradient with

the increasg in Vecys, AB Akt Rl sARAGIMADE acBi-&-REEHaMEGEH POSi tive
tenperature coefficient (TC) current CP'?AT and negative TC current

(1 CTAT), to pr defefeacegirousts areqrding i YaEpis e(“P%*FE‘S“‘S USRS AR SRR PR onal t o

absol ute tenpekativédnitRinkhceas d1d. CA AL hévaAeept BaBMphdsttRnabsol ut e

tenperature 8 (CTAT). ICTAT is. forned. b base-em tter | t age (VBE)
based current b@’é‘l‘l@“ﬁ%"’ﬁfef?%'ﬁ‘?eéﬁﬁlnloﬁﬂﬁ 3%5’]?‘?%&??&%?‘5' agﬁ‘ﬂ% Y vol t age

(VT) based cur nblio@edeuadaar 304 The sum | zTC, is passed through a

current anplifier 306 an [ tor rate the reference

voltage, r¥k. 5 FIG 3 rf’flalzugic @@’éﬁ ﬁ‘d’?ﬁ@ﬁdl agram of a

current - node bandg@pe scbfétfi GilCQuatioh, Gl bdv,antagé(bﬁ)t‘lﬁ icirgent-ModaEdhaslsgy

enbodi ments. Usi ng hec Ei cﬁ? ﬁcrlbed with reference to FIG
RO aHPE e s i

3A and the val lPé%”(S’ ‘agteﬂ RPIE o R sAE & BLNGGAP r ef erence
circuit of FI GThSB,evetnhethé efiebenoe ﬂnﬁdz Tagk: te@pcckabre affett by be tdmeelédl | owi ng

equation: 10 Vref As can be seen
fromthis equat®bl® ﬁ’ﬁ%?&%‘ﬁﬁgﬁeg‘g%sfg‘ﬁﬁ I?rr]]‘?fﬁfr"rge?llf’ géhm%lresN%tgré ﬁ%\%'feogy over
vol t age- nodes bah‘&ig&ﬂad‘ye)fﬂiéeﬁl@ﬂsrefbxsnctehaltagt he resistance is in ratio form

Thus, ‘even if the rF&lbggol ustrge%vaes ]Ielmg. 1¢ dia, ran‘l ofta currgrﬁrgf))ﬁg %l?%?eef fect can be

cancel ed out by us he “sarre 0 esfrstors ere mat chi ng
resi stors ensurrefrence circuit with a tunable gradicnt, according to various embodiments. To

design for testability, a current-mode bandgap reference with a tunable Vref to
Veex gradient is provided. This circuit provides the tunable gradient by taking
20  advantage of the short channe! modulation effect of a PMOS (P-type metal oxide
semiconductor field effect transistor) current mirror. In FIG. 3C, the aspect
ratios of transistors M3 to M10 have a width to length ratio of approximately 10,
but with varying channel length according to an embodiment. According to
various embodiments, the width and length (W and L) are nominally 1 micron.
25  Resistor Rref is variable to make corresponding adjustments in the magnitude of
Vref, according to an embodiment, which eliminates the need for a non-inverting
operational amplifier to trim Vref, An output buffer is used to improve
bandwidth and slew rate. The depicted switches can be implemented as fuses or
programmable logic switches. For short channel length PMOS in saturation, the
30  drain current is given by
Ip = % g Cox W/L(VGs - ViY'(1 +A Vps))
where the positive constant X is the MOSFET channel length parameter. Given
that all other variables in the equation remain constant, the drain current will
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15 the accuracy of the output reference voltage. FIG 3C illustrates a
schemati c di agram of a current-node bandgap reference circuit with a
tunabl e gradient, according to various enbodi nents. To design for
testability, a current-node bandgap reference with a tunable Vref to

Vcex gradient is provided. This circuit provides the tunable gradient by
taki ng 20 advantage of the short channel nodul ation effect of a PMOS
(P-type netal oxide sem conductor field effect transistor) current
mrror. |In Fl Ginchase Wikt La:Scpasds, and AbvilDificrodse Whankd chamieSleddth dcorebded 0 have a
width to length rati o qf approxi mately 10 but.wi th varyi ng channel

| engt h accor di /Y °“§h8\3ﬁﬂ%§irﬂ’€ﬁ?"?an}§é@%ﬁa‘8?'n g ill c\‘?g‘?sf’?ﬁé’% ngodi nents, the
w dt h and | engtiktrdab¥ thfi6hitpu)} banidh cooéit ad, biildkeapisg tha curddt iRediest or Rref is
variable to make corres on%aﬁ“ ad'} strrenis iQ gr.'he [éra nitude of Vref,
according to arP SIS EHER: | R TELSTSIRY YONPRSs Y ikt "‘égz?r(?r a non-inverting
oper ati onal sanpémperAire tdefficienias Ve the nidanitudé Pk iihdreased ia Iiagenbtt 0 1 nprove
bandwi dth and s] ew rate. The.depicted switches can be inplenented as
fuses or progr¥nFEMTEF SY e Y t ches. For short channel |ength PMOS in
saturation, the 30Fd aAnihstii¢santaphis rapreganmtiby ofl voltage Y&erdiice Cox W L( VGS -
Vi)' (1 +), VDS)) where th ositive constant ) is,the MOXSFET channel

| engt h par anet éﬁ‘?‘aﬁ%ﬁ w‘lﬁﬁg‘iy '"5IdFv'??tcﬁglﬁlgl\}%{llgp]%ﬁf@édl?gﬁotvﬁ'éou%quati on remain
constant, the dadbdiments. rBidillwsirhtionSvas paerzs by whenputer simnafisases, and k wi | |

i ncrease wh t he channel | engt ecreases. even though th spect ratio
renai ns theﬁgaisﬁ%‘?mgl' RS N ppcgg &Eﬁ‘lgﬁ%dlleyngb% dr%grf ea ghet%gl%gﬁt put branch
current | ZTCL wéngthe okibe pamgtotsi{®3cirougb™M 10iimFi§t BEY Annpéimcdeds constant. The

out put reference volta r.ef i RELALE W e
coefficient as %‘ﬁ}guﬁatfoﬁg"?%ghnﬁ%?e&lcééd&? IIldl]{z} cca?ggcfelrile%f]g'gigdl [ I’tl I ZTC1, not the
t enper at ur e coefiveithd demted IvEIRf VAeh i | | ustrates a graphic representati on of

vol tage reference  RAAGHSELALISEINLIGIs AR A ofif G gRaNNel | engt hs,
according to various ~enbodi nment’s. I's 11Tustration was generated by a
conput er si Hul ahirensrisi® a6 Huwprageardies forveteiasebddinantse Tivs diusijation \c o x
gr ad 'ugﬂt et Odfﬁﬂéﬁ%ﬂo@%l&% é_hﬂz\ﬁnglﬁai%lrn?uzgggnqwez af Fid)8cs adngbiaher & (VB
startup circuit ensures a nonzero current state by sourcing or sinking a small
amount of current to or from the current generator. This startup current is fed
into a low-impedance node, such as V1 or V2 in FIG. 3C. The current is then
20  amplified through the loop gain from the bipolar transistors Q1 and Q2 and the
operational amplifier gain. Using the current mode bandgap reference decreases
the design complexity of the startup circuit and also decreases the current
consumption of the circuit.
The bandgap reference can also operate at a lower supply voltage in
25  current mode as compared to voltage mode. One reason for this is that the
voltage drop across the MOS current mirror will be less than that across resistors
used in voltage mode. Another reason is that Q1 and Q2 do not need to be
operating in the active region to achieve a zero temperature coefficient for Vref.
QI and Q2 can operate at conditions as low as sub 1 pA collector currents. If
30 these transistors are operated in their saturation region, additional voltage
headroom is available to implement the addition of a cascade current mirror to
improve current accuracy and power supply rejection ratio (PSRR). Further

improvements to line regulation and noise immunity can be made to the vollage
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conbi nati on of the channel |ength and Rref can be determined by iteration

to give the desired level of Vref. FIG 4B illustrates a graphic
representation of voltage reference 15 characteristics at startup,
according to various enbodinents. This illustration shows how the

current varies through QL and @ (in FIG 3C) during startup. A startup
circuit ensures a nonzero current state by sourcing or sinking a small
anount of current to or fromthe current generator. This startup current
is fed into a rtferhdetp @@ty heOPSRR STeckniquss Mﬁm@bve%ﬁﬂ’in&hcﬁpréc The
current is then Zgﬂ.an}Plififd 1throu h the .l oo g P fromthe bi pol ar
transistors QL NS he supplyyaltaeg giipcressipg the '%ﬂ I°F 8% b%f‘?‘?f"“’ﬂm ng the
current node bam@afaef,rteilerpemeu@gw}ze@ag&scddhand&sesgn conpl exity of the
startup circuit and al 5‘? ecre ses the current onsu on of the
circuit. The bandgap® gt"?ﬂ‘éee‘ "G ISHPETYS Y ‘i‘eé‘f%f & OUPY BET S uppl vy vol t age
in 25 current vopge, sacont oripedofgensQiol Odntta @endih de geforution efdsan for this is
that the voltage, dro cr.oss f.he current, mrror e |l ess than
that across r eome S0 e diritoto s oo e BUpPs Chae |
and 2 do not ra:qeadmﬁ,wsb&nodpﬁﬁraiﬁrmmoﬁalhhexnﬁaritume region to achieve a
zero tenperature cogfficie \y. e n operate at
conditions as | ow as®s E {) @é‘l"lg i Toc u(r”rgﬂ}% ©30 these transistors
are oper at ed i rhicheyto a;:h:tewmmd)nrdm@gmm;e caaletitibn xsrhabremmkg,taagaelindaeadr oomis
avai |l abl e tR i [ L.§ent ttIhetaddl ion o 0 llanearalsca%ecog lgrtg%mrlp rror to

i mprove current accuracy™Mandp aice wer “Stpp EPESHTON & ATC I PSRR) . Furt her
i nprovenents t @mbbdimentegul at i on and n0| se inmunity can be nade to the

vol tage 10 ref erencﬁ 1Y 11!11%@4&% agmme @%fﬂﬁ&&%%@éangg% ' ”pro"e PSRR

i nclude pre- regulating e sup e orincreasing the i npedance
fromthe sensi tréferencegoelat WIWHeﬁnablmraﬁhet apd seeendandsp fuyvatyre emenlgmcascode
structures. TO a{zwr&l %v&#‘o‘lk‘ g.%n&emﬁsﬁh ?efgﬁﬁéeﬁlhﬁée&@%%xthe out put
reference tage, secon er conpens tion can one in the

gener ation b‘>f |c@VAmTe Comﬁeihandg Cmg@dumt WEREampive BRRB and cabenie. As can

be seen fromt hﬁn’%x@lsg RQriY, Tﬁé’c‘d&Baéjc'ﬁnen\(ﬁfndr%ilmtdeb%rf}ﬁQ{ dek: bPJsﬁ%Eo” | onal to

tenperature. VBE (T) = VB (VE3G - VBEO) T/ To - VI'In T/ Tc

within the bandgap for improved power supply insensitivity, accordmg to

various embodiments.

20  Method for Providing a Regulated Internal Power Su

FIG. 6A illustrates a flow diagram of a method 600 for providing a
regulated internal power supply, according to various embodiments. Various
method embodiments include receiving a voltage signal having a first potential
from an extemal supply, at 602. The method also includes increasing the

25 voltage signal to a second potential using a DC to DC converter, wherein the
second potential is greater than the first potential, at 604. The method further
includes removing high frequency components from the voltage signal, at 606,
In addition, the method mcludes providing a voltage reference to at least one
power amplifier, the voliage reference having a tunable gradient with respect to

30  the first voltage level using a current-mode bandgap voltage reference (BVR),
the BVR having the voltage signal as an input, at 608. The method also includes
providing & stable internal supply voltage to a circuit die connected to the power
amplifier, at 610.
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One way to achi eve second order curvature correction is by creating a
non-linear 10 PTAT current, INL, to cancel out the non-linear |CTAT,
according to various enbodinments. FIG 5 ]Jillustrates a schematic

di agram of a current-node bandgap reference circuit with a tunable
gradi ent and second order curvature correction, according to various
enbodi nents. This bandgap reference has second order 15 curvature
correction and a cascode current mrror to i nmprove PSRR and current

mrroring accuracy. Alml@se;&dﬁs&woaﬁmm%mmgm@rrréa@endﬁSI gned as
self-biasing within the banﬁgap for i roved povver su SDC%)Iy insensitivity,

according to VAPPYGES BRBAHY ?%élgnamcwaﬁtsw&ag PHRC Rz a Regul at ed

I nternal Power Axd@iing idaffous@hbbdimbifi, b@bﬁﬁlgastfam@méilﬁaagrpamvelfwgatmt hod 600
for providing a .re uI ated internal power supply, according to various

enbodi nents. V&GHEde Wﬁ@ﬂﬁﬁaﬂémﬂ%&owemwééwé@@mzﬁwwm t age

si gnal havirsg ambbdifknt) @fRMidgalvoltdpk RilRréite RYhES PAIvidhgRRbHageat 602. The
nmet hod al so |ncltydes i ncreasi,ng, the 25 voltage signal to a second

potential using® SfcfféhPH“W‘H’dﬁ{ﬁé¥i“é‘fam’W€F‘éi°ﬁ Asrardingde ¥HUhot enti al i s

greater than tkebbdifsits, pRivRIigiadbltagdtef@Eite indinges WhH A khmhdler i ncl udes
renovi ng hi gh freﬂ%enc co onents. fror{gllthe v Ita e signal, at 606. In

addi tion, the %“rﬁP‘dW'B'i % mEgp Sﬁ@ Ve Teidd at | east
one power anplinttim@rpowtirepphoirt agkin iRfsepe Biikis dRMbAg. a t unabl e gradi ent
with respecf,to 30 the first voltage |evel using a current-node bandgap
vol tage reference (BVR), the BVR having the voltage signal as an input,
at 608. The netNmtibda"brSMaﬂufHCiudﬁ@RemramﬂihdémP&vﬁ'is.f_i@@ internal suppl y
voltage to a circui onnected to th fier, at 610. |
According to variougcgﬁgg sﬁ%ﬁt °Wf%ﬁ%$‘ ﬁ%ﬁ6$ﬁ§gﬂ Ev&h@%ﬂponents
fromthe vol tag@uﬁtdgnmbmalmowe:dmlmmcmgmam mmhsmmbpamntf iVdrens  Accordi ng
to various enbadi ovi Itage to a
circuit die inctg el?e’éstsa%@él tf'de 'gﬁhfdes ﬁtom"ﬁ%?/vie??ttcgﬁ P vf'ge?sad%ff}écor ding to
various 5 eHbodpmamusm)@mmmﬂﬂmwgmmpwgmtagemwehehamﬁwmﬂmzbuﬂas providing a
vol tage ref er qpee NAY MG eSAERNS o HRMal P Hafe & el AR 2 AcCOr ding to

varl ous

652. The method further includes forming a low pass filter connected to the DC
to DC converter, at 654. In addition, the method includes forming a current-
mode bandgap voltage reference (BVR) connected to the low pass filter, the

20  BVR adapted to provide second order curvature correction and to provide a
nunable voltage reference gradient with respect to the external supply voltage, at
656. According to various embodiments, the method includes forming a power
amplifier connected to the BVR and to a circuit die, the power amplifier adapted
to provide a stable internal supply voltage to the die, at 658.

25 According to various embodiments, the DC to DC conventer is adapied to
connect to a supply voltage level of 1.8 Volts, According to various
embodiments, the power amplifier is adapted to connect to the BVR and to a
circuit die including at least one memory circuit. According to various
embodiments, a current-mode bandgap voltage reference having an adjustable

30  positive gradient with respect to the external supply voltage is formed, which
includes summing positive temperature coefficient (TC) current and negative TC
current. Other methods of making the regulated internal power supply are
within the scope of this disclosure.
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enbodi nents, providing a voltage reference includes using short channel
nodul ation effect of a current mrror. Other nethods of providing the
regul ated internal power supply are within the scope of this disclosure.
10 Met hod for Manufacturing a Regulated Internal Power Supply FIG 6B
illustrates a flow diagram of a nethod 650 for manufacturing a regul ated
i nternal power supply, according to various enbodi nents. Various

enbodi ments of the nethod includes formng a DC to DC converter adapted
to 15 connect to an external power supply, the converter further adapted
to increase voltage Ievel above a Ievel of the external supply voltage
at the input ndxpglicagipns Usgm pblniemal § PRRLYi nc| udes formng a | ow
pass filter connect ﬁldhé.@ms.hﬁag @g}nest @a@@amwﬁ]neé des@bed® BAheyidfe addi tion,

t he net hod includes form ng current- node bandgap voltage reference
(BVR) connect eds§dgn ¢ H@’eFYcRX/aBPA’%‘of'i |Acsprding fpshoigachigs A dheesentt o provi de

second orders CufiRbds, %mﬁé)difftl?&édléknnt@ﬁlﬂbeta@p@diﬁyd Eléhtatn atudagt@bée vol tage
reference gradient with respect to_the external voltage at 656.

According to vdAFSUGiRe s dPwRAERRYY. (THheY sloronpiainiother ‘Hgﬁ@%? Bfti'ng a power

amplifier Conn%ﬂﬁtsh&lﬁab@h BYGs adsi {i6s Ainés, iilfébUOhnedﬂs,q;lugtshﬁdspmr anplifier
adapted to provide a stabple |ntﬁrnal egé) voltage to the die, at 658.

25 According t GOVSFighdsEREERheher ko to DC converter is adapted to

Cﬁgngm to a Sﬁppl YAVQIOWQFFIFEV%O&fmoéeaes\ff(mnrﬁybé\&ﬁrm'rdﬂﬂ@ﬂ\tdﬂ vari ous
enbodi nents, the power a ifier is adap to connect to,the BVR and to
a circuit He ‘Y‘H’B?tli’é‘it‘??&n‘}a)\?as‘r‘%éfﬁ?aSFﬂ'—:"t H’@ft'l‘ﬁ ¢ {P0de F'ﬁﬂ‘?“? or KT ng to

various eﬂbOdlfﬂmbtﬁaJltyébfawmﬂﬁﬂtlalﬂlédel.bfafbdgamdﬁdemoamHeeference havi ng an
adj ust abl e 30 pOs| tive

ient with res pply
Vol tage i s Tor HERDITERAS) 1T PG TR HOLFhD & Rl o
coef ficient (TG)esdur mmﬁm@nﬁb saagainbmaﬁm lnmue ¢nghotlimeal, heuunmthld@ds of

making the reg%&g&cﬁlg%?ﬁ %sgg‘ncsﬁ et slﬁere 1%5%’ tﬁrﬁ(c 7” nw\ﬂ nﬁe Ope of this

di scl osure. Fhternal’ Power upply In the
remai ni ng fi5gur®s js reefved. sSlairvd2 duoaSembddlmelnels deisitibbad 7Hs Sﬂd1é§12,are used in

a variety of apa%the(:\’raéaltn 8 unentArg;?rgslén ] p%onn?m%lngmé E%}DA&Q&!? R }t he present

embodiment, dies 701 may be received by slot 752 in a pick-and-place operation

by suitable pick-and-place machines.
Some examples of a circuit module 700 include memory modules, device

20 drivers, power modules, communication modems, processor modules and
application-specific modules, and may include multilayer, multi-chip modules.
Such modules wil! have a chip receiver in which a chip according to the present
disclosure is inserted. Circuit module 700 may be a subcomponent of a variety
of electronic systems, such as a clock, a television, a cell phone, a personal

25  computer, an automobile, an industrial control system, an aircraft and others.
Such modules will have a circuit module receiver in which a circuit module
according to the present disclosure is inserted. Circuit module 700 will have a
variety of leads 705, through 705y extending therefrom providing unilateral or
bilateral communication and control in its particular application.

30 FIG. 8 shows one embodiment of a circuit module as memory module
800. Memory module 800 contains multiple memory devices 801 contained on
support 861. Representative memory devices include, but arc not limited to
DRAM, SRAM, SDRAM, EEPROM, flash memory, ROM, eic. In one
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5 disclosure, sone of these dies, it will be appreciated, contain at

| east one reqgulated internal power supply. They al so contain other
integrated circuit elenents such as capacitors, transistors, |ines,

i nterconnects, plugs, pads, 1/0 connections, insulators and other known
el ements. As shown in FIG 7, two or nore dies 701 may be conbined, with
or 10 without protective casing, into a circuit nodule 700 to enhance or
extend the functionality of an individual die 701. Grcuit nodule 700

may be a conbi nafbb@imef sugh@E867 thtludERIRI3 D Fdr R@eidiny 6ty e@es BONCt i Ons, or

a conbination of dies 701 containin he sanme functionalit, I n one
enbodi nent, ci r@’ﬁi“t‘“‘?ﬁf)aﬁ‘i"@‘owéﬁ"‘ieﬁ%qng'a'é’sdea‘f“df‘é’%ﬁ’§t‘h"d‘ﬁ%re§ k‘fl%ﬁ%/‘h sl ot ,
recess or the ldnehe @8strefdtiparitwhMeR oty aevicts 80 1LiRch/d bt Jest b:RGR haeklg aSl ot 752 in
one enbodinent is a circuit board 750. Slot 752, in anofher enbodi nent,

represents a moUGNET SARYY ACFRE P ifat RrerHdiscipira e swrtb i lvent, dies 701
may be receisedndhdesbdekets! 5idts] rbceiePorGike-1RBESDERE edPR@atde@ a Dy suitable
pi ck- and- pl ace machi nes. gonﬁ exg@pfesﬁgf a circuit nmodul e 700 include
memory modul es, MR derice 31 A PP&19E leBRAL FOTHYFAAD b A8t i on nodens,
processor nodulggnoandevicaBpl. i Madkdromodidesnofat@ptid cinemd sighdl fig@¥ani ncl ude

mul tilayer, multi-c ig df'%%' Such nnd%IeE ggll hQ%e f. hip receiver
in which a chi F*% %’FQEY‘B‘ Aan),op asgppand fink 892 aud provides Prdatd t ed. Gircuit
nmodul e 700 may ikt andsdaheaippoineaata lioks 8&5 vatte ceinynandifnk b aidrdanailigkssy st ens,
such as a c|oc a tel evisjon cell.. ne. a personal .2 onput er, an
aut onobi | e, loan%t(’ﬁa{?scf’?l}e‘éﬂe;‘(?geﬁﬁsr%? eé‘%dt“@‘m%ma%e %‘PE §a6$t E‘éﬂ‘?iﬁ%”f ‘ers. Such
nodul es wi | | hakewafoe tancepiial pnghsdsend &€ edt\ietited 10 thdtiosihiorashewsi.cui t nodul e
according to the prﬁﬁfgthdisglo ur%1i§ inﬁﬁ&%?ESJE%{ﬁﬂk£mQQQU|e 700 wi |
have a variety of [ea §‘y6§,°?ﬁﬁgudﬂ‘$6% ex eﬁﬁlng there?r%n1providing
uni l ateral or dokbanheraircuitamdulns 8t Aoleasaord of diacrralit madule 0parti cul ar

application. 30 Fl : i . CLrcul | e as nmenory
modul o 800, NesBg® s PG B TRRRL BERks Blrpdin Sk y BB O 20
cont ai ned ol Sueppodisgedure. Rdptresesntsani %@ gemently sontay p ges intenfebeaude, but are

not limted to 96%@& i1§% ?%Ws Eﬁgﬁﬂ%g&lﬁ@@ &ﬁémbdo wiﬁq}ﬂneet c. In one

13 enbodi nent, ‘support es s or “recei vi hg nmenory
devi ces 801. form of control or observation of the results of the electronic system 900. Some

examples of user interface 969 include: the keyboard, pointing device, monitor
or printer of a personal computer; the tuning dial, display or speakers of a radio;
20  the ignition switch, gauges or gas pedal of an automobile; and the card reader,
keypad, display or currency dispenser of an automated teller machine. User
interface 969 may further describe access ports provided to elecironic system
900. Access ports are used to connect an electronic system to the more tangible
user interface components previcusly exemplified. One or more of the circuit
25  modules 700 may be a processor providing some form of manipulation, control
or direction of inputs from or outputs to user interface 969, or of other
information either preprogrammed into, or otherwise provide to, electronic
system 900. In another embodiment, electronic system 900 includes memory
modules 800, As will be apparent from the lists of examples previously given,
30  elecironic system 900 will often be associated with certain mechanical
components (not shown) in addition to circuit modules 700 and user interface

969. 1t will be appreciated that one or more circuit modules 700 in electronic

14



The nunber of menory devices generally depends upon the desired bus wdth
md the desire for parity. Menory devices 801 include at | east one die
having a power supply In accordance with the present disclosure. The
support 861 5 includes sockets, slots, recesses or the |like 852, each
adapted to receive a nenory device 801 and provide el ectrical

communi cati on between a bus and nenory device 80 1. Menory nodul e 800
accepts a conmand signal froman external controller (not shown) on a

conmand |ink 86RaNshoRAPY tiftRed B a SliBnechMpMlicAl Ik Ut put on data
| i nks 865. The command |ink 863 'and data |inks 10 865 are connected to

| eads 867 ext eflgstrngicisyssem PHenay b g sttcommrpent phalgwesdertigiesyssfown f or

concept ual  pur pOSESFIG fh @bEs SHembd¥hnB6E dn@lebiBidAORED bOfersiWN, FI G 9
shows one enbodi nent of an electronic system 900 containing one or nore

circuit nodul esysEg0l004t Memery sysismel 08P cantatns opg ergpare wejaely 89dwei3cont ai ns a

di e having 3 regd Alfdy bdusliddab70P AMRhst SRLUIGR nhdhoRCHESUIRRGE W th the 15
present disclosure. Electronic system 900 generally contains a user

interface 969mnclydesa diphaymeacwubicd misren)peress supplydpiccerdancewithihgct 1 oni ¢

system 900 W t BresQiBiscldstle MR InoRRBAFSMEr 1070 HEFIBE\4Ad EdaRol9h the resul ts of
the el ectronic system 900, Sone exanpl user interface 969 incl ude:

: em < es o
the keyboard, PYIRRtORY iprClevespremery systim 190 adan eiermal syiene Bysa
conputer; the tomi Menbrpdystesli 1500 RYepRla cERARIERIRalGFonAthe Sebirful bid0 t he
ignition swtch, gauges or gas pedal of an auiﬁgrmbi | e; and, the card

reader, keYpadd7%and mlayyitée the pheoa met Remopahieteles 840 onp commaibliy tel | er

machi ne. User 107 eidnaeesy96Q 1080prbvidet e Batll Rp@rahdEatdetiRE beten i provi ded
to electronic system 900. Acglgsssoﬁorts args,use t@ fon ect .an el ectronic
mOfES YU BYHEAL &

systemto the AB7¥ TARGFBIE Ao EgR iRy ust y

exenplified. Onereor nore of the circuit 25 nodules 700 may be a processor

provi di ng sone for f ni pul ation ontrol . or direction of inputs from
or outputs to user nb?f‘t E{T&&Ega é’gg‘fre?ﬂmdc e“i)?%@rde"tfoﬁ'fcos?’ﬁﬂ? P%oh eit her
preprogrammed icohputer@ysicat NE0 WCaspulpsr Oxsieabel 1 0Dcon@ing @ proosss@ 11&lyamtiem 900, In

anot her enbodi nent, el ec ic system 900 ingcl.udes nepoy. dul es 800,
AT e Tty e {hofied S bl s P B s TR iMens TR €3

el ectroni c systhemof09stewm [10000fdeles bde by airaubed wtdrmal pewd agwcemechani cal
component s (not,. Qi AJALL iR0h8. 34 EbHHe! clTBEHeRpE AR USer
interface 9697 Wil be pappr ecrated that one or mbre circuit modul es
700 i n el ect r omcudes a dic having a regulated internal power source in accordance with the
20 present disclosure. Computer system 1100 is but one example of an electronic
system containing another electronic system, i.e., memory system 1000, as a
subcomponent. Computer system 1100 optionally contains interface
components. Depicted in FIG. 11 are a keyboard 1181, a monitor 1185, a
pointing device 1183 such as a mouse, trackball or joystick, a monitor 1185, a
25  printer 1187 and a bulk storage device 1189. It will be appreciated that other
components are often associated with computer system 1100 such as modems,
device drivers, additional storage devices, etc. These other components, in still
another embodiment, include at least one die containing a regulated internal
power source in accordance with the present disclosure. It will be appreciated
30 that the processor 1101 and memory system 1000 of computer system 1100 can
be incorporated on a single integrated circuit. Such single package processing
units reduce the communication time between the processor and the memory
circuit.

15



14 system 900 can be replaced by a single integrated circuit.

Furthernore, electronic system 900 nay be a subconponent of a | arger

el ectronic system FIG 10 shows one enbodi nent of an el ectronic system
as nenory system 1000. Menory system 1000 contains one or nore menory
nodul es 800 5 and a nenory controller 1070. At | east one of the nenory
nodul es 800 includes a die having a regulated internal power supply in
accordance with the present disclosure. Menory controller 1070 provi des
and controls a bi dadeata@ndtheipbaill dc@osbEicMaaed FERFP YIS K@ 1000 and an

external system bus 072, Menory system 1000 accepts a conmmand signal
fromthe exter :Pﬁf arf)ﬂ%t:l-‘f’éte‘i@ygeéir‘%b?esls’éﬁpg) YFQ“%{“B "P'I‘f’éegﬂﬁémﬁrth%re menory
modul es 800 on require Mgk erhdl BloplyhQitdke tdRIBA oS gt th@Q: RiDYiMes for data
i nput and data out nory nodul es 800 and

t hetween the one or nore
ext er nal systerﬁx‘ﬁﬂ'gp%‘g%; i intgema “quﬁﬁgmgel‘@‘?%s.“”&‘lt exfenjal @RBfs a furt her
enbodi nent of apliRe@dthladmable pyisiive @radisntawHibh MBWPLHr dsich el MNstingl 00.
Comput er system |. 100 contai.ns a processor | 10.1 and a. nmenory system
1000 housed in “8‘8?26{?&‘@?? ‘tﬁ?{{gﬁe ‘iﬁ%ﬁ.@"?’f’%‘ﬁ%‘“&%&ﬁt Vif¥he nenory
syst em 1000 i nchppliesdia teltvevahaviongpedaticagiiit disdcied bl RthorP S38BfateSOUr Ce i N

accordance with the present djsclosure. |n anofher enbodi ment., processor
110 1 i ncl udesanéleaafeg{oﬁ%\%tiuﬁéndam?ee |1rg?rg%sqpﬁgf VP&*’&F 'Sdm?lsysg{%?ed% in
accordance w t lonlyhendD oprrgkieataseinspicasuticerenCanpuigily blydt erdtherd 00 i s but

one exanpl e, pf .an_el ect.roni c system contai ni anot her el ectronic
system i.el.O,O ﬁse%o‘r?f}%gl)}glf’ e o ,proggmﬁleﬁs'ﬁ%{cz’otﬁ%%wgﬁ‘{arsu&]% %f system |

100 optional |l y isprvenans. i nt erf ace conponents. Depicted in FIG | | are a
keyboard 118 1, a ' : A Pal ntin evice.1183 such as a nouse,
trackbal | or joyst rgﬁé 5%%&%#%{3}1%%3?&%%“1 rsﬁlr"?/%rlllftétrhe ngufesélﬁ%l a bul k

storage devi ce olEggreuitty showhi anfl déseritap pereio cat ledmplaa¢ntaitisipg sofparponent s ar e
of ten associ at %QTdWaJtebanﬁ%&pH;l HonsSof %(Sfﬁ{%é[ au&Q%H\%fH'g.hA ch, %%tr&te&jew ce

drivers, additional storage devices, C. es€ ot her conponents, in
still anotXer mdhigeiandesireuitry are inteddedde ercompass witwandieplenentations. ng a

regul ated inter : i [ i ) esent
di scl osure, It h%%hme%g@{?;g?e?‘g{isgt%g&@fggﬁg%g&%?ﬁgre%fgééﬁ?&lr 10 1 and

mermory system 1000 &%e eeshadsilluptraieddn dindisglograapnot intended to be exclusive
of other methods within the scope of the present subject matter. Those of

ordinary skill in the art will understand, upon reading and comprehending this

20 disclosure, other methods within the scope of the present subject matter. The
above-identified embodiments, and portions of the illustrated embodiments, are
not necessarily mutually exclusive. These embodiments, or portions thercof, can
be combined. In various embodiments, the methods provided above are
implemented as a computer data signal embodied in a carrier wave or propagated

25  signal, that represents a sequence of instructions which, when executed by a
processor cause the processor to perform the respective method. In various
embodiments, methods provided above are implemented as a set of instructions
contained on a computer-accessible medium capable of directing a processor to
perform the respective method. In various embodiments, the medium is a

30  magnetic medium, an electronic medium, or an optical medium,

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calculated to achieve the same purpose may be substituted
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be incorporated on a single integrated circuit. Such single package
processing units reduce the conmunication tinme between die processor and
the nmenory <circuit. 15 Advantages of the presently disclosed regul ated
power supply include, but are not limted to: the disclosed supply

regul ates voltage for parts that require their internal supply voltage
to be equal to or greater than the |evel of the external supply; the
internal supply voltage varies with the external supply 5 voltage with a
t unabl e posi ti \fer thy gpedifddmboddiestsh@ld. O apflicatomsd i@fended ngdonert est i ng; the

internal supply,voltage is nore tenperature insensjtive,tha evi ous
suppl i es due tcf’d?f’ttﬂl\‘)?ﬁg 4 8“3618?15;?2“‘58%%) ‘h?“tt’{eﬁténagfrs W)k’ebﬁ “‘é‘ifb%ﬁ"g ﬂ{% nor e
accurate and amsdveve deseriplicri intepdadnélbd illivrativeld ntitrestrivsive. suppl y vol tage i s
| ess noisy; there.is. on small overall jncrease. in_quiescent current
at the supply b 8’&’!&?“%8}%%" e?’bbofj‘é“eﬁ“ﬂ%?’ﬂL 4" ’P"E‘B?soc{; RERt °?n pr oduct
yield due to thesshovdtnbodiflents npHeyemi@lingae will apparenenthsss of3kél of ordi nary
skill in the art _will understapnd that, the dul es d . circuitry
shown and descr'? B&FHRYEFHAW tﬂ%éb“lv?w%ﬁ's‘gwgﬂ’fe RV en%tatgeo?r?s\%'tg:} lglgje'&har dwar e,
and conbi nat i onsattef shewld bandeteem madtiwitarcfivenco thispsuddd clajing alohgd widt r at ed 15

nodul es and cir ry are intended.to enc ass ftware inplenmentations,
har dwar e inple&%ﬁlgf%%ﬁgﬁmgﬁ%mg%Ffﬁgﬁgmgﬁp SéFﬁﬂg@g'inplenentations. The
met hods illustrated in this disclosure are not intended to be exclusive
of other methods within the scope of the present subject matter. Those of
ordinary skill in the art will understand, upon readi ng and conprehendi ng
this 20 disclosure, other nethods within the scope of the present subject
matter. The above-identified enbodi ments, and portions of the
illustrated enbodi nents, are not necessarily mutually exclusive. These
enbodi nents, or portions thereof, can be conbined. In various

enbodi ments, the nmethods provided above are inplenented as a conputer
data signal enbodied in a carrier wave or propagated 25 signal, that
represents a sequence of instructions which, when executed by a

processor cause the processor to performthe respective nethod. In

vari ous enbodi nents, methods provided above are inplenented as a set of
instructions

17



cont ai ned on a conputer-accessi bl e nmedi um capable of directing a
processor to performthe respective nethod. In various enbodi nents, the
mediumis a 30 nmagnetic nedium an electronic nedium or an opti cal

medi um Al t hough specific enbodi nents have been illustrated and descri bed
herein, it will be appreciated by those of ordinary skill in the art that
any arrangenent which is calculated to achieve the sanme purpose may be
substituted 16 for the specific enbodi nent shown. This application is

i nt ended t o0 cowekatisathapdddé:i ons or variations of the present subject
matter. It is to be understood that the above description is intended to
be illustrative, and not restrictive. Conbinations of the above

enbodi ment s as el | Aasstarbhfaingeons of portions of 5 the above

enbodi nents in other rrbﬁgi ments will be ap arent tqg those of skill in
the art upon revi e\/\ngt? 0318’8{}%3%’&8}??9{11‘ an’f%erg%%‘@eré?p ?yhe present
subj ect matst el’théid%ﬁ\laﬂrldr fofhed edaﬁfemmeﬂem tditageditrel shoeea lewl bhibe appended
claims, along with hei f(l{j{ scope of equivalents to which such clains
are entitled. FPMMYPREYY%8Fmed is: 1. A system conprising: a DC to DC
converter adapted tmlo&maﬁsa“ﬂterctoﬂn@mdemheﬁﬁadD@omerts;qnpl y, 5 the

converter further ada } d eem':enc‘i:rrcfﬁ setvcﬁom1 ectme\{ ) o8 PIYrto | evel of the
external supply vol?agé'lg i pas R cennect Haf he DC to DC

converter; and rawecintpéifjer to mbeﬂeemmemalrscmnlst voidgept e dirdug deptheedtage he | ow
pass fil ter 8 ere{) ecmm{e\r’rgndlfl er to provide an internal supply voltage
to a ci rcw d| eth ?age 10 reference circuit including; a

t enperature curvature corfpersar agvatire guipensatigpiredt adeptgitopiogdde second

or der curvature cor Ee% ¥d| OQ&I' %ﬁ&mﬂ%&lo&%g iy 15?@{0 CUl’I‘Qﬂtg 1“?11(3%1&:!99' t t hat

are of opposite dependencies on tenpera east one varl able
resistor to provi dethat arenfappasitedeperdepsios ¢hlempératence nmagni t ude | evel ; and

at |east one pair of CUrf@R ofTivEEMcredlitdillo 3R ASRRRIvoIE 0 but

15 reference magmitude level, and
at least one pair of current mirrors with same aspect ratios but
different channel lengths to provide a tunable voltage reference gradient

with respect to the exteral power supply.

20 2. The system of claim 1, wherein the circuit die includes at least one low

voltage electronic device.

3. The system of claim 2, wherein the low voltage electronic device
includes at least one CMOS image sensor.

25
4, The system of claim 2, wherein the low voltage electronic device

includes at least one SDRAM device.

3. The system of claim 1, wherein the external power supply has a range of
30  potentials within an energy efficient input voltage working range of the DC to

DC converter.

6. A system, comprising:
18



di fferent channel lengths to provide a tunable voltage reference gradient
wWth respect to the external power supply. 20 2. The system of claiml,
wherein the circuit die includes at |east one |low voltage electronic
device. 3. The systemof claim2, wherein the | ow voltage electronic
device includes at |east one CMOS i nage sensor. 25 4. The system of
claim2, wherein the | ow voltage electronic device includes at |east one
SDRAM devi ce. 5. The systemof claim1l, wherein the external power supply

has a range of 30 POICABDCALEvenbrlipledadcARQE BYn efifmAisEiply JoRRgsl vol tage
wor ki ng range of the DC to DC converter. system conprising: 18 a

. A
DC to DC conver'befonxgishiugter adepieg thigerease vohass level diowad lewshpbhy vol tage, the
converter furthgfenafappigdoliage;i NCcrease voltage | evel above a | evel of the
external supply voltage; a. low pass filter connected to the DC to DC
converter; 5 a curr 8L RsHEehesprsiEd [Q/8f PAdRPR 69 ¢%ice (BVR) connected to
the low pass filtegcutdiembéRatidaptdeodroeRIQBUR) SARRRE idthERL Curvature

correction and to fgrngvi d‘&) tupabl e vol tage reference gradient with
respect to the RE&TEERE B %FR}"’ 19 g1V i eecondpydes CHUREF ARSI connect ed

to the BVR and grévid aximabléivblidie Referéld@gB@WR with Adpedi B ilicfek@marda ed to
provide a stable internal supply voltage to the die. 7. The system of
claim6, wherei'?'#85%¥8C to DC converter includes a switched-capacitor
power supply conver k@eswer hiaplfier ddngectyd 3¢ BEBYR aad RiaTirduit dd) @egoert he DC to DC
converter include verter i ng at lepil)gt 90% B’% r efficiency. 9.

a_.c ha
The system calmzi’?‘ﬁ?r'ffla af Bovds piabisaremalserntoiRias 'R Ci%c | udes at | east
one charge punp. 20

7. The system of claim 6, wherein the DC to DC converter includes a

switched-capacitor power supply converter.

15 8. The system of claim 7, wheremn the DC to DC converter includes a

converter having at least 90% power efficiency.

9. The system of claim 7, wherein the DC to DC converter includes at least

one charge pump.

20
10. The system of claim 6, wherein the low pass filter includes an RC
(resistor-capacitor) filter,
11. A method, comprising:
25 receiving a voltage signal having a first potentia! from an external
supply;
increasing the voltage signal to a second potential using a DC to DC
converter, wherein the second potential is greater than the first potential;
removing high frequency components from the voltage signal,
30 providing a voltage reference to at least one power amplifier, the voltage

reference having a tunable gradient with respect to the first voltage level using a
current-mode bandgap voltage reference (BVR), the BVR having the voltage
signal as an input; and
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10. The systemof claim®6, wherein the |ow pass filter includes an RC
(resistor-capacitor) filter, 11. A nethod, conprising: 25 receiving a
vol tage signal having a first potential froman external supply;

i ncreasing the voltage signal to a second potential using a DC to DC
converter, wherein the second potential is greater than the first
potential; renoving high frequency conponents fromthe vol tage signal;
30 providing a voltage reference to at | east one power anplifier, the
vol tage reference paviding astable hhLsu@plRablet 1o cirbuil §6QMadctdd® thbe first
voltage | evel usjng a current-node bandgap voltage reference (BVR), the
BVR havi ng the a\t/l?Fga‘beé’owﬁ‘ﬁ’?Pé“e’as an input; and 19 providing a stable
internal supply voltage to a circuit die connected to the at |east one
power anplifier. 12, The nethod of claim1l, rein renoving high
P equency. compdient The bt Bitel by bheran s s Ak FRRRIIGETHERRS ao RC 1 ow
pass filter.5 13romlihevimRpdeghabificitdenidinglah ROVG®R h&ss filrgr ovi di ng a stabl e
internal supply voltage to a circuit die includes cascading nmultiple
power anplifiers. 10 14. The nethod of claim 11, wherein providing a

vol t age referenGe i Med méeBRl of plamyi 1 ivhigein pro0iding @ etable inddre egplyavi ng second
order curvature ﬁorrtect.i on.. 15 The nﬁt hoq ﬁf cl ai m, 4, wherein providing
a vol tage ref er'@htes 9 HETHY &S Welpdpstgscating PuliplspovSy *RBYIfat i on effect of a
current mrror. 15 16. A nethod of formng a power supply, conprising:
formng a to ,DC cponverter. adapted to connect to_an external supply

vol t age, t@ cglﬁVer'?germ%ﬁordﬁfuégmh a‘ﬁ”eé?:fnf%wﬁ ] Fé’%tlt%aée{foﬁr nzﬁalémlluge\f‘el above a
| evel of the gx¢wdimgad vatagepbigren@lhbagesecdd0 ofdor avnngrecomestiopass fil ter
connected to the DC to DC converter; formng a current-node bandgap

vol tage reference (BVR) connected to the |low pass filter, the BVR

adapt ed to provisde Fhemetbodnf dierm biiwhertin peviding a voltage reference includes

using short channel modulation effect of a current mirror.
15
16. A method of forming a power supply, comprising:
forming a DC to DC converter adapted to connect to an external supply
voltage, the converter further adapted to increase voltage level above a level of
the external supply voltage;
20 forming a low pass filter connected to the DC to DC converter;
forming a current-mode bandgap voltage reference (BVR) connected to
the low pass filter, the BVR adapted to provide second order curvature
correction and to provide a tunable voltage reference gradient with respect to the
external supply voltage; and
25 forming a power amplifier connected to the BVR and to a circuit die, the

power amplifier adapted to provide a stable internal supply voltage to the die.

17.  The method of claim 16, wherein forming a DC to DC converter adapted
to connect to an external supply voltage includes forming a DC to DC converter
30 adapted to connect to a supply voltage having a range of potentials within an

energy efficient input voltage working range of the DC to DC converter.

20



correction and to provide a tunable voltage reference gradient with
respect to the external supply voltage; and 25 formng a power anplifier
connected to the BVR and to a circuit die, the power anplifier adapted
to provide a stable internal supply voltage to the die. 17. The nethod of
claim 16, wherein formng a DC to DC converter adapted to connect to an
external supply voltage includes formng a DCto DC converter 30 adapted
to connect to a supply voltage having a range of potentials within an
energy efficiens. i nmhﬁmmhﬂdtoagleinmm khergin foamggapiﬁwetrlampmrt@m%dcmnverter.

(Z:gnﬁgi:tl:get (r)re t q‘ﬁedB%ﬁ%‘ tﬁ:ﬂrp{r&%ﬁh lmﬁ‘g@f {%ma'?%%%v%f ﬂaé%evfe%)? (MTs| c]gaghpowe

anpl i fier conn&dMRahditoa tinait dBVRhaling at leastore inteiohyteirdiie i ncl udi ng at | east
one nenory circuit. 5 19. The nmethod of claim 16, wherein a current-node
bandgap voltage reference (BVR) connected to the |ow pass filter

i ncludes forsm ng. a thHmﬁMd-ofnbdelﬁbamgmpcmhtqagb baredgey eigge havi ng an

adj ust abl e pOSI t encegréeﬁb)cg)%wfcygdtlo the foy a5§ V\)nter mcthg?fo%itng L @ﬂen?l"ppl Y

vol tage. 10 20.° clarm orm a current-node
bandgap vol tagmodlebﬁrelganmeag@axfcm@peammnuéjhaﬂilepqwm gr'adzelt guthdi ent with

respect to the o SX u v ge includes sunm ng positive TC
current and nega |Et/g %m aﬁ)pué’ﬁky 81|13§921 A sem conduct or die, conprising:

a substrate; an integrated circuit fornmed on the substrate; and a power

DY at o B B, | "B RPN ABREG ik 0 AHABYaCUREPL 10 1 De

integrated circuit ower supply Inc t0 DC converter
adapted to connehtgetrdcrampeéx‘tl@maﬁjumkrmlwltlwyhdl with repeciiotheer t er furt her

adapted to mcr&%&%%ﬁg{,% \!:ﬁyl%es?\gﬂ}{lﬁg sith s’re'cummm%egﬁwf@al suppl'y

vol tage; a | ow pass connect e DC to DC converter; a
current - node bamdeglp vol t age reference (H\/R) connected to 25 the | ow
pass filter, the BVR adapted to provi de second order curvature

15 21, A semiconductor die, comprising:
a substrate;
an integrated circuit formed on the substrate; and
a power supply formed on the substrate and adapted to supply current to
the integrated circuit, the power supply including:

20 a DC to DC converter adapted to connect to an external supply
voltage, the converter further adapted to increase voltage level above a
level of the external supply voltage;

a low pass filter connected to the DC to DC converter,
a current-mode bandgap voltage reference (BVR) connected to

25 the low pass filter, the BVR adapted to provide second order curvature
correction and to provide a tunable voltage reference gradient with
respect to the external supply voltage, and

a power amplifier connected to the BVR and to the integrated
circuit, the power amplifier adapted to provide a stable internal supply

30 voltage to the integrated circuit.

22.  The semiconductor die of claim 21, wherein the integrated circuit

includes at least one memory device.
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correction and to provide a tunable voltage reference gradient with
respect to the external supply voltage; and a power anplifier connected
to the BVR and to the integrated circuit, the power anplifier adapted to
provide a stable internal supply 30 voltage to the integrated circuit.
22. The sem conductor die of claim2l, wherein the integrated circuit

i ncludes at | east one nenory device. 21 23. The sem conductor die of
claim 22, wherein the level of the external supply voltage is about 1.8
Volts. 5 24. The sem conductor die of claim 23, mherein the menory devi ce

is adapted to erate usi e of Vbl 25. The
seni conduct or p ?] 'alcﬂ’i"g?‘“qs/(ﬁgf[r)c@/"h%fl‘? ﬁlberlﬁveﬁ ]eeé‘ei"}‘?cl udes a DDR2

SDRAM devi ce. ]s@pp?}ﬁvohéf‘: iehet ' OVisl¢. system conprising: a processor; a
menory system coupled to the processor, the nenory system including: 15
20 25 30 at |least one nmenory circuit; and a power supply adapted to
supply current 0 tik sBiBfEBnIicMctﬁlidiCbﬂcla,im 23, begoawer manoppdavicesc| udi ng: a DC
to DC converter t 0o connec nal supply voltage, the

t
convert er furtﬁg?ptggﬁﬁ‘ﬂeéﬁe'fsﬂlgaﬁ‘&qp ‘§’§39\78ffaé]§{t | evel above a |evel of the

external supply voltage; a |ow pass filter connected to the DC to DC
converter; a %gr ' e?ﬁe-sgr?l%gn uat[)lxgI AE8r cYaxm E?QV%erl;n%ft erlger}x(l:oery Se%}t/zlg)mcludes
a DDR2Z SDRAM device.
10
26. An electronic system, comprising:
a processor;
a memory system coupled to the processor, the memory system
including;
15 at least one memory circuit; and
a power supply adapted to supply current to the memory circuit,
the power supply including:

a DC to DC converter adapted to connect to an external

supply voltage, the converter further adapted to increase voltage
20 level above a level of the extemal supply voltage;

a low pass filter connected to the DC to DC converter;

a current-mode bandgap voltage reference (BVR)
connected to the low pass filter, the BVR adapted to provide
second order curvature correction and to provide a tunable

25 voltage reference gradient with respect to the external supply
voltage; and

a power amplifier connected to the BVR and to the
memory circuit, the power amphifier adapted to provide a stable
internal supply voltage (o the memory circuit.

30
27.  The electronic system of claim 26, wherein the level of the external

supply voltage is about 1.8 Volts.

22



connected to the low pass filter, the BVR adapted to provide second
order curvature correction and to provide a tunable voltage reference
gradient with respect to the external supply voltage; and a power
anplifier connected to the BVR and to the nenory circuit, the power
anplifier adapted to provide a stable internal supply voltage to the
menory circuit. 27. The electronic systemof claim26, wherein the |evel
of the external supply voltage is about 1.8 Volts. 22 28. The

sem conduct or dB8e oTheGkmiconddbior didelobii 26, hbergnin yendey devieeiss adapted to

operate using a,s |y voltage of . 1.8 Vo 9. The sem conductor die of
cl ai m 26, mher@F%ﬁﬁﬁ%&ﬁﬁﬁﬂfvgaéWWQQmﬁﬁfPtLgémt% a DDR2 SDRAM devi ce. 30.
The seniconductor die of claim26, wherein the current-node bandgap
vol'tage referenge (FVR) I DCUIERe &loidid 38 whRR s il adlict flfuestC 23

5 aDDR2 SDRAM device.

30, The semiconductor die of claim 26, wherein the current-mode bandgap

voltage reference (BVR) includes at least one current mirror.

10
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