; cde3e2@MN . | 6T5<%81 March 2004 SYSTEM AND METHOD FOR LOW PONER START- UP

Cl RCU T FOR BANDGAP VOLTAGE REFERENCE FI ELD OF THE | NVENTI ON The present
invention relates to electronic circuits. In particular, the present
invention relates to a start-up circuif for a bandgap vol $hiaresret@dence
circuit. BACKGROUND OF THE I NVENTION Voltages in a circuit may be neasured
agai nst a reference voltage that is a known quantity. A bandgap circuit may

d h f . Fi 1.i bl ock di f band
circuit 102 ¢ ﬁéﬁ%ﬁ?\ﬁ&ﬁ&ﬁﬁg? (GVrOWES STAREBCIRCU FOR

i ri dependent biasing and | dhAND YA BAGEREFERFNCEef er ence vol tages are
often required in integrated circuit design. Band-gag reference is a
circuit which generates a | ow tenperature coefficient reference by sunm ng
base enitter voltage (VaE) of XIBLPEORTHEINNVENIION and a wei ghted Vt, where
V = voltage and T = tenperature. Once the bandgap vol tage reference has
been establish Eé al | other vo;tag{es mag .be, measured agai nst the reference
vol tage. t 5 THES BEHpyeRiionrsiatesp sleponic pircuils) Jn pytipwlay thei arpseat inventianyp
circuit 1Q0. Typically, the main purpose of the start-up circuit 100 is to
start iheledgRFtast-pe aireuil @zab@‘gazmhtqgeapferﬁnpwﬁrquitloo may ensure that the
bandgap circuit 102 operates within a valid operating point. As source

vol tage (VvVd~) ranmps fromzero volts to a final value, such as SV, ‘the
bandgap circuit 102 should reach its final value as well. Since it is
possible for the bandgap ciBAOKGRIWNDO¥ THRIMVBNTIONero current and zero
vol tage, one of the start-up circuit's tunctions Is to ensure that the
bandgap ci rcui& 02 does. naqt regai n at zero current and zero voltage. 31
Mar ch 2004 Such°S*&E8HbE AEEHoR2HPe B gainstarefersese vaHagssthayis adpownr cui t
100 may be used for various applications. For exanple, these types of
circuits AeARtibe 4 baefgan cycyt may aroduer sshogltagmetarense. Bigusn! mrebhlogk t o
digital converter. A potential problemfor the start-up circuit 100 is that
it tends diegrmael abendgan simul 102 cowpi¢d withe seouecitduitid). Temperatipei rcuit 100
typically requires a current of approximately 100 m cro Anps during and

af t er 14 heindegediden bidsirpuind (6w ashssatuiesob fiRicnatef@emde Wapd £f o ARDIGYdmBLe! Y
1.25V. It would be desirable to reduce the current requirenents of the

start-up ghdoedted cikQf &kRae Bl l; b el reliable
t han hi gh pc;ﬁwer circui tls gﬁ ggg?/? ?%%gélri&;c,e 1??"@{?@3@%2& iggg%r%%%égoﬁ {Eﬁ{éj%rsat[%% t-up
circuit 1 L L LN,an. application
requiri ngg%f a?r)[tter?tgr,eﬂ?ﬂgﬁ%ﬁ%ﬁggﬂ%%%\rggt%éﬁﬁigtﬁaﬁfo g(rg(?ﬂ)g ar,? W@ggtgf E“é% may
qui ckly expi en _wth a circuit having, high current requirenments.
Another porehBa e WaE o ol e ot S irhar iter Hante e Saiesn o e rafuehaegh
current I’gﬁ(lﬁ red % fl?f}g ﬁo ventional start-up circuit 100. Since many

i nt egr at etPSAEFLETFRISEE BY GEeq ¥olfages MaK e measirphagainss theselsanas voitags. each
other, it is typically desirable to run circuits at a relatively | ow
current t 5 for, heat managenent purposes. It would 6e desirable for a
start Jup ci r cufke bagdpameipniy 183 4s waicplbneoupiad widke 8 tattiuplisgnit§80.ndypically,
efficient, nore reliable, and have better heat nanagenent. The present

i nvent i onthgaehiepepesefche stamepdircSUMNMNRYo Gt ThdEbanNiy4rNitoG 180. The sragent
invention relates to a staff-up circuit with lower current requirenments
than a corivaitli0Omady enbaretthaitheCiandgtptcircAit 10Tbpetae Mithe 2 VAR dpefSiaBlpoint.

i nvention achi eves |lower current requirenents by reducing the current of

the startAppowed edliabe 'O, PR HOTRERb YoREIR: findd valhe NAEE B f\@,%e }gé}&fgaﬁ he
bandgap circuit reaches a predeterm ned val ue. For exanple, the start-up

circuit, @b i t t r. J0vention,, may. peak at a
current of g Car e e SRR ARRlas Sell. St iR I B Y bt oo el
reachegs t r termned._voltage. Thereafter, the current for the start-up
circuf rnathfiZ @ergrgglagééedo tcgnitrgﬁflggerrﬂﬁf’@?%?’ pAl %{thﬁété”t”ﬁé:"ﬁ'é‘rﬁdé‘érﬁ“@i’? BiPt no
| onger re%gsi&rﬁfetﬁqtt he start-up.circuit. A nmethod according to an enbodi nent

t

of the pr REERANEERP $iEuitd 02 dpeshpt semain abzese evFaniped pyoppbiagsnt ed. The
met hod conprises providing current to a start-up circuit, wherein a




peak value of the current to the start-up circuit is approximately |ess
than 7 mcro Anps. Voltage to a bandgap circuit is also provided, wherein

t he bandgap circuit is coupled with the i o start-up circuit. The nethod

al so includes determ ning whether at Igast a portion of tBbeneaeigem circuit
has reached a predeterm ned vol tage val ue; and causing the current to the
start-up circuit to approach zero if the portion of the bandgap circuit has
reached the predsharcombiniitionbf byelgyatineit 102 aad etaheip EEREAI00 @haytHaused for

i nvention, a systemaccording to an enbodi ment of the i 5 present invention

for startivagioas fplidgisnsCiFoeeampls tiddse &pRs @ﬁcﬁf'&hﬁ&’m gh}@ u§é’<fﬁu‘%"81 &ﬂ?c[ !arﬁa?o}oa

first device configured to flow current into a bandgap circul

includes o650 dr deX L6 W di t; the second device being coupled
with the bandgap ci rcw(t?g %}t?ﬁ%mégggnd devi ce being configured to switch
its output toward ground |f a first predeternmned voltage of at least a

portion of a b hed A evi ce coupled wi.th the
second 30 deV| ggglg%&gﬁgéﬁf%%lf%ghéﬁ gcwtﬁﬁ@s&hzf r”dteH%\fP@éER'( 8XGEHNYS gur ed
to cauge the f xrtl;ﬁt devi c Fo turn, of f Wen the third device reaches a

vol t agé approXi ?E?Veﬁtéﬁfﬁ FIAGUR cdrerih e ppically esqviraee cwraint afepproxima@ly Mar ch
2004 BRI EF SCRI PTION OF THE DRAWNGS Figure 1 is a block diagramof a
bandgap cilP@iErocdmps eering and aftes thebendgapesirewit reachdsiiguymca gbal saldelcgw di agr am
of a nmethod, according to an enbodi ment of the present invention, for
starting apb@ﬁdgaplydl 2300i It woRldgher desiBabils teredndeah@it ircend ret@iramems ofuhs kaktug!p
circuit coupled with a bandgap circuit according to as embodi ment of the

present i mirewt it @sindd, gepieall4, losy wvadr BREifsl MM @ TR Q‘Tanfhl%fﬁﬁ&%%@ cBesQr di ng
to an enbodi nent of the present invention for starting a bandgap circuit. 1

o Figure JAdd&icnaly ethecohRimitibe oflﬂﬁgfe@tnﬁfélrﬁltslto?rah?]% %a#tcﬂrcﬁlq "I'B% @v%r W th

a bandgap circuit, according to an enbodi nent o i nven

Fi 6 b t
FLoun g5 St S sk A “'"J"%%‘E%%h{)onen B b e

enmbodi nen on 15, Fi.gu 7a - 7c . are graphs
illustrat F’%%‘g %’H&Z&Q{%ﬁ%‘%ﬂ%@ 8’r‘f§rﬁ\1‘b§a‘6’gﬁ g\lgéﬁu’é‘ﬁ?‘rr%@m&ﬁigﬁ \%%thsges of
vari ous co nts over on er riod of tinme than that shown in Figures
o e, C B T R e e G th TP A MBI oREaNTD e by the | |

conventional start-up circuit 100. Since many integrated circuits include devices that are in

close proximity to each other, it is typically desirable to run circuits at a relatively low current

15 for heat management purposes.

[t would be desirable for a start-up circuit to run on less current and, accordingly, be

more efficient, more reliable, and have better heat management. The present invention

addresses such a need.

SUMMARY OF THE INVENTION

20 The present invention relates to a start-up circuit with lower current requirements than

a conventional start-up circuit. An embodiment of the present invention achieves lower

current requirements by reducing the current of the start-up circuit to approximately zero




31 March 2004 The follow ng description is presented to enable one of
ordinary skill in the art to nake and to use the invention and is provided
in the context of a patent application and its requirenments. Various

nodi fications to the preferred enmbodingnts will be readil g1 appayends to
those skilled in the art and the generic principles herein may be applied
to other 5 errg_log%ggnts.. Thus, the present invention is not intended to be
limted t&PFRICRABEARHEIFLL LRSS aRredsterminedyaluge For axamplpethestassip circuipe
consistent with the principles and features described herein. According to
an enbodi AtArdiBg 1 aecmbadimant of thegpreseoninventionsmeyrpeakcht retfrent df 613 mick®w)

qui escent power start-up circuit are presented. This start-up circuit only
requires Ampsduprdento émureathatahey/bakigay citdultReachey theRsiRlemine Qoledge! ent

requi renents of the start-up circuit. according to an enbodi nent of the
present | Mhekkethe Gaielt Toithd biGRAp BRI Riay b8 S et P Roapp-imdtell) SEPodtRR
applied for a period of approximately one’to three mcro seconds. Fgure 2
is a fiowgi 4 : ring t.0 an enbodi nent of the present

i nvent§i o\rllvb;fg{g?gést%g&rl?llf%ﬁloggérggﬂgﬁggggaﬁg%%ﬁﬁ' A source voltage begins to
ranp up fromzero i5 volts (step 200). Current flowng in a start-up

circuit, coupl cirgui,t I ranps. .up from zerqo Anps (step
202). Vol tage %%n%tﬂ%@%‘g:ﬁggg%%cainreénﬁqoglrﬁ@ﬂ§§15@f%gmtlg ?ngﬁﬁ?‘l’fﬁmrrﬁng gg?ﬂﬁ’%% to
t he start-.uga.tci rcuit és_ﬁ,@g 2@4 . 1t is then determ ned whet her, the bandgap
circuit h¥EWEARRETEE pt UdBEBPHFITBEFISES PICYHENE SHTREL (o3 EprtppE)reuitydherein a
predeterm ned vol tage val ue of the bandgap circuit is preferably a voltage
that is hP%’% Véﬁ’&@@%@@ﬁ&@rtbe HRGIUPCHEWD 5 Appredtragiclyiless yhan unidro Aegeh a
target bandgap reference voltage. An exanple of a target bandgap reference
vol t age npltage to aandgapidizsuiais asceprpyided fwhargin thedtedgupradulv ¢l doapied walhuge of
the bandgap circuit at which point the start-up circuit begins to reduce

i ts currestartubeiveuiny Themampd alsh iflwley d&@RniARRRMhether Gt Rdst Mostbndfire | T t he
bandgap circuit has not yet reached the predeterm ned voltage val ue, then

the curr efdndgho¥ird@Hak fes@Red LpredétBrmtiRed WifabEvALA 2ha LBy ' 202) .
I f, however, the bandgap ci I’C}l}.lit has reachgdvt he preg'gt egrﬁyh{é%é@gcfﬁgge
val ue, thggt;BRiEME f dae YL ez i I | NS .t proach
zero (step 20 )}r An e 1rrrﬁdl g\é%ﬂf)qgﬁjgggﬁ%ogfo tf&ﬂuéﬁaé&ééa%}ﬁhﬁ%\yﬁﬁ%& ?aﬁ?gt etoart-up
circuit prJ L t.ati t he downward approach to zero Anps is 3.3 mcro
Amps. Fi géjgfgét?;‘?gé@éslt enattc di agram of a start-up circuit 300, according
to an enbodi nent of the present invention. The Start-up circuit 300 is

shown to be c I wi th a_.hbandgap, circuit 302.. The schematic di agram shown
in Figure 3 a?flélpaﬁggng ﬁsparetsoé%?eﬁggﬂﬁwn,asystem according to an embodiment of th(‘e::] :

15 present invention for starting a bandgap circuit is also presented. The system comprises a

first device configured to flow current into a bandgap circuit. It also includes a second device
with an output, the second device being coupled with the bandgap circuit, and the second
device being configured to switch its output toward ground if a first predetermined voltage of
at least a portion (Sf a bandgap circuit is reached. A third device coupled with the second

20 device is also included, wherein the third device is configured to cause the first device to turn

off when the third device reaches a voltage approximately equaling a second predetermined

voltage.




lo conjunction with the flow diagramof Figure 4. Figure 4 is another flow
di agram of a nmethod, according to an enbodi nent of the present invention,
for starting a bandgap circuit. The start-up circuit 300 of Figure 3 is
shown to include a transistor device 394 coupled a source 6.
Devi ce 304 may be a Positive Channel N%:t al Oxide Sem condagg\hoérra?%%)
device with its size adjusted far a predeterm ned peak startup i 5 current,
such as 3.3 micro Anps. Device 304 is also shown to be coupled with a
capacitor 312. Device 304 and capacitor 312 are also shown to be coupl ed
with inverters 308 and 306. Inverters 308 and 306 may be an N-channel Met al
Oxi de Sem conductor (NMOS). Inverter 306 and Device 3d4 are al so coupl ed
with a node 314 of bandgaBrEEy DESCRIPPIONSFOTHETIRAN exanpl es shown in
Figures 3 and 4) sol ace voltTage (Vad)y—3t6—Ts —o—tnrt+a-ty zero (step 400).
Source voltage_316 then starts to ranp up fromzero (step 402). The source
vol tage 316 t hEmWehétrebloek diagraghef abamdgapageun toufsted with Gkl g @Ru%04) . An
exanple of a threshold voltage of device 304 is approximately 900nV, with a
range of 31 March 2004 approxi mately 750nV to 1 V. Once the threshold
vol tage of devFigardDis 4 Sowdagluof dmethod, B0crding tb AR RrbYARLLPHE the bEReA06) -
Device 304 turns on because its gate is held at ground due to ca acitor 3i2
not bej nginvhatiaye dor sBesihg € baligap Bigduifl | ows current into node 314 of ‘the
bandgap circuit 302 (step 408). The voltage at node 314 then rises (step
410). Capacitor 5 312 adds sone delay and ensures that node 314 is at zero
vol tage at i ni Figate TBntichéaa d ' - al.l ows device

? e S R SRR i g S R e

304 enough tinme to flow current Tnto no he“vo

314, and ﬁc@fdinéﬁ%%mﬁﬂe:ﬁio?ﬁ&é!p&esgg -nvéqmexarrpl e of an anmpbunt of del ay,

whi ch may be required, 1s approxirmately SeVeral nanoseconds, such as 7-10
nanoseconds. !o Wien node 314 approaches a base emtter voltage (VaE) of

devi ce 320 pl ug; | .t age. (V, f device 318, then current

fl ows through ﬁ‘é&f”g‘*‘e&%“ ?ﬁgpg%&\égag{ﬁﬂggfé%&i@géﬁ@ééﬁga arembodsponti i e on)
(step 412 vice.320 may. be a hi polar, PNP device with a base emtter

vol t age o%re%egglrngg?t %Wta'éﬁ’@rﬁkangﬁalpﬁlr&“‘r‘-ange of approxi mately 600NV to
700nV. A PNP transistor is a bipolar junction transistor in which the

emtt 0r and col.l ector ! | ayers_ are p-type sem conductor material. The

vol tage at node8¥F2 18 APt eBermyicrdiagsam 9 e starteup sisshiitagepled withdeaddgapr eaches
threshol d vol|tage of inverter 306, then inverter 306 switches its output to
shin t owaEeitgds0meng wiaggmbodimennaf g prastre imfendon.ange of t hreshol d vol t age
of inverter 306 is approxinmately 600mV to 900nV.

Figures 6a — 6d are graphs illustrating an example of relationships between currents

and voltages of various components over time, according to an embodiment of the present

invention.

15 Figures 7a — 7c are graphs illustrating an example of relationships between currents

and voltages of various components over a longer period of time than that shown in Figures

6a - &d.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




30 The output of inverter 308 then noves up toward source voltage 316 (step
41 6) . Wien inverter 308 reaches source voltage m nus threshold vol tage of
devi ce 304, then device 304 begins to tomoff (current approaches zero)
(step 418). g 31 March 2004 Figure 5gis another schematizg pdragpasa of a
start-up circuit 300", according to an enbodi nent of the present invention,
shown to be cou_lpl ed with a bandgap circuit 302'. The bandgap circuit 302
is in turn coupldfolPyingadeserirtionon-presented ge raatdt one 352rdifdre skiliniet thornab t he
power -on-reset generator 352 is to generate a signal when power is first
turned on makesanddgase tiel invemiontand $s protided irathei doatekt of Qpéte:kt%éncd{ﬁh‘éﬁd ikhe
devi ces discussed in conjunction with the circuits shown in Figure 3 are

| i kewi se | raipsitenthnis) W drions iniclifidasiof QWi prriEtedWnsboimddls %flg%bém%lé Qgg}agegm

devices that were shown in Figure 3, the start-up circuit

shown t o ipcihuée sgdavd - vices ;350a - 350d. are_shut - down
devi ces that are not g??{l??g?a?%?ﬂ?ﬁ?ge?ﬁcbﬁ%zplg Q"F’ﬁén &3y pe applisgt &g oghfr ¢
300' . Shut i 50a_- 350d may. be use en an, application

r equi r§s efﬂ& \gpn%ﬁée{ gﬁscﬁ}etpg?seflﬁ@lvm%g‘s §P’aﬂ“‘f‘°"—"§ffw€q be limiteggpthe emhodiagnt

circuit 305' ar%d an% ot herscg rtgui t coupled to these circuits, such as the
pover - on- ra8¥T YL elabopceerded the widest serns eonsistemewithtbe PBOciples 260 dearans
respond to, a shut-down signal originating fromoutside these circuits.
Devi ces 35igcribedbegindo not play a part in the function of starting up the
bandgap 15 circuit 302" and are an optional design choice. Figures 6a - 6d
show a set of graphs illustrating an exanple of relationships between
vol t ages and cu¥cerding tf av ambodisenoofthe gmésenoinventina atsystBmCindCiibthod FSChH as
start-up c[i rcuits 300 of Figure 3 and 300" of Figure 5, according to an
enbodi nentlowf quikeepr pseat stru@néiral. ard heedealedz okl ' i - 6d
indicate tinme; the vertical g?i s of Fi ggre 6a and Zséﬁ%é}lguc?%uigd&lﬁlg%gr?%
vol tage; auderttor ¥ o shak tad. SFQTexEinglel Lo rrent. . The
by F&HexEm@ie 88 &He%q?&edﬁﬂ 816%1? j%gtfuq:flbcwte 3

graph shown in Figure 6a shows voltage over tinme for node

d nod i [ ; - Fl_au h shows. t ti
1 ovi ng. 1 oo dao sarsdmelf SLADRE VoM 0 SR es Abne Ve i o
Fi 6 : ' £l ow .g 31 March 2004 th h th
pandgap ¢ raun s ey ou Brrp Gl sothmrinbachioge & tsranigragosfloun | n

Figure 6d shows voltage over time of source voltage 316 of Figure 3 and

316" of Fi gureFS. A?.shgl\g] éin Fi gqtres g’g and 66, as the current flow ng

t hrough devi ce 30X fAtF 8Q¥eSgAm A Amamed apeading|to ap embpdimsae 0B the pessol

increases.star.tiEﬂgg at . time 400, As _the current 5 flow ng through device 304

reaches a NSRRI SEERNEGYP & bapdasp cireyis| Aqearcgtvoltage beias tot ampupl fragezent

node 314 al so begins to reach its predeterm ned voltage at tinme 402. An

exanpl'é otolubkam 2MY. tGerepuflowing meamkiaftarp devitc eodlell ioSa Bafighp GirBuif M at

poi nt 404. The peak current at point 404 need only remain at that current

| evel f or rapprupdromzeoyimpsGiepl2a0). OV6ltdFe 6K gleaﬁgtqg&g.cir'g{ﬁ@&ﬁﬁfbg%h totgﬁg) rent
0 an enbodi

t hrough devi ce 304 drops and approaches zero. -~ ccording t ment

of the préasessporisavenid spt-uph@rchit e YOI IWRIckdh GOSEHE] WﬂEthH]ﬁx‘é’sba%Qéough

device 304, is very short, for exanple,” one mcro second to ree mero

seconds. Gl && iLl r.atl | ati,onshi p.befween
vari ous corrr%gnentrszgc&? tha ﬁ%égﬁ%ﬁﬁgbéfagélﬁ ﬁlreég%%?gpﬁgﬁ-ﬁ% p&%e@ﬁﬁ@g?ﬁ‘@ #&%f

t he prese,d tyl Lgures 7a. .-, {C_ i correspond to Figures 6a - 6¢,
respect i veI&;;é,: ng{e&rBaglag%drfglgéﬁ”p%rﬁrgfamgky ??”?}zzfge,&éi?d? g‘f%rlbﬂ?}‘glitit‘bﬁ?%‘fei&‘ﬂsms a
gr aph.,pof - yersus time at node 314, Figure 7b shows a graph of
curreﬁ(? vgggﬁﬁ@g? I"HE f’vdﬁ TR B MAEH) BARABP T95TBRGh vl tage c AR GAAmBle D darger 7c
shows a graph of current versus tine for the bandgap circuit current. As
seem thr oéﬁﬁgﬁ? preacey ¥oliagg ynays ke Ueghd Vo uvitilsnan examge tofraoprgleteienined v3Ref or
just enough time to boost the voltage of node

value of the bandgap circuit at which point the start-up circuit begins to reduce its current

flow may be approximately 800-900mV.




30 314 to reach a predeterm ned vol tage at point 500. As previously

di scussed, the approxi mate predeterm ned voltage val ue of point 500 is
determ ned when the voltage at node 314 reaches a threshold voltage of
inverter 306 of Figure 3 and 306" of Fggure ~, triggeringslhg,; & opoLf
current through device 304 as descri be%l in conjunction with streps 412 10
31 March 2004 - 418 of Figure 4. The threshold voltage of inverter 306 is

preferably det & ure heatigapcirchinass hdt yiesreachedht predbRRABER W dealtiel AlRRNCE
of approximately 1.25V so that the threshold voltage may be reacheg to turn

of f the staériplew reomiifues t6Uak@Ntp il ke EJA&W%%N@%@Q@%? gf?b%%cgér?ftﬁé ably

a hi gh enough voltage so that the bandgap cirrcuit
previ ousl i f_.a range of .threshold voltage of
Prvertor SoUE b a0 A8 el AL e B e el ofir B ruren 808 7 thre

PMOS devi to the. size of the NMOS devi may be adjusted to obtain the
proper t hfrgtgrst hu8)I ¥ Q@‘éﬁ?%ﬁ%too?pf%g g {stsp éﬁf)Af%?x%‘(’e?%# peakecHesnitiia in
pr edet er m,ned vol t?Fge. at, point 500) the voltage continues to rise until its
reached atl5rHELR CHFHEBTiPR I initiating e ey@wash apiroachetoazepd ey mssis it 2\vhiotss| y
10 nentioned, the predeterm ned reference voltage 502 nmay be approxi mately
.25 \éol té&@stﬁd : Eougrr:bt gg pr;aseﬂt i nventi OP haZ. been disf:lri pedt ihn il
accordance w e enbodi nent shown, one of ordinary ski in e art w
readily recognize that there could be variations to the enbodi nent and
these vari ati ofiguodl & leschamatic ndibdrems pf rd tstadigh Serepe 100, t R8BS &'tan
i nvention. Accordingly, many nodifications nay be made by one of “ordinary i
5 skill iembdimantofuhd prestnt HepMidn. MhefstRhd AEuHIO0IL s -
appended clnaigrr;. 11 31_121/512 Egajogg&wgézlﬁs LA NED ?hsa 15%9\%%%@%%%%&
starting BandaaslgaeuicBoE Ui 302 : er; cpmprising: ..
providing current to a starets-up R (?%%\m Q’OBIEE% %t‘ﬁ: E%E’\Rhéqsg???dt'ﬁe
currepdy tQ RSt Akl ' [t (10G. 300, 302') has a peak val ue (404) of
appr oxi mat en?y Pgés 1%%{;1% @%%Eérg(ga OS;CF‘EWSV*'di r’ﬁj”%/g’l Faﬁ’@tf{gb%&“bﬁﬁaﬁgboﬁﬁr cui t
102, 302 "J..coupled with,the start-up circuyit (100, 300, 10 3Q');
((:Iet erm ni 'F\lar \%’e‘%ﬁ%@m {0 PR §Tpodimsat ?fittsﬁpﬁﬁg’ct Weaﬁ%é&pﬁmm&@b%nd@mgi,rcteoz,
302') has reached a predeterm ned vol tage val ue; and causing the current to
the start-up cjrcuit (1Q0, 15 300, 302') to approach zero if the portion of
t he bandgappc ﬁ@u?@“‘("&d’?{‘:%@o %E“%é)'ﬁ éh@‘hggo tincluder e deneistor miedilzvdl{)ﬁ age
val ue, wherein the predeterm ned voltage value is lower than a target
bandgap revBIEEnt SOYE wiege 2062 Depine A8t hmay bk xlPabiniva, Clvinaele Metdl hOxide
predeterni ned vol tage val ue is appr_oxyrratel y 800-900nV. 3. The method of
cl ai ms 1 ¥migonduhior éPMQFedoier vith 25 size adfustedt RE tr Predeteffitbd pedidQiarafQ
3P2i ?rﬁli applﬁg ed fo(ra'i gggr o;iagat ell)y 1é§@h2‘i)cérpg9$§i%onds. 4.EThe“£rrEt hod of
cl ai e, sudheased. crpeRtipy aDedc s o dhBEnGH bk &BLin] : - up
circuit (100, 300, 30 302') is applied for approximatel yp %‘gsst %h%hgt%{noé
m crosecad, Devide $0SheIMtddakitst bt cl Lt (102, 302 ..302'),
¥ PR 22 R iR PR el i el D0 AR

the systemconprising: 35 a first de conri

current i3g60 RvARICISP afil 368 dhay 8% NeHinnd Wrelat Oxide Semiconductor (NMOS).

Inverter 306 anerevice 304 are also coupled with a node 314 of bandgap circuit 302.

According to the examples shown in Figures 3 and 4, source voltage (Vgg) 316 is
20 initially zero (step 400). Source voltage 316 then starts to ramp up from zero (step 402).
The source voltage 316 then reaches a threshold voltage of device 304 (step 404). An

example of a threshold voltage of device 304 is approximately 900mV, with a range of




12 31 March 2004 a seccnd device (306, 306') with an output, the second

devi ce (306, 305') being coupled with the bandgap circuit (102, 302, 3&'),

and the second device (306, 306') being configured to switch its output 5

toward ground if a first predeterm nedyvoltage of at |east1aifren b of a

bandgap circuit (102, 302, 302') is reached, wherein the first

predeterm ned voltage value is |ower than a target bandgap reference

vol t age; aplﬁfﬁi"mldé\%ﬁ@@\’( BOBY. 8m8e thecthreshad voltade dfhizvieG0ads dddckialy ijercd 306,

306'), the third device (308, 308 ) being. configured to cause the fzrst

devi ce (3004 iSBéh jurhe bruifstepofol). iicet 308 tliis bel bEOMISE fis gi@@i hel@ Gt érfgﬁcgﬁu b2
% ) e

vol tage approxi mately equalling a second predeterm ne ol tage.

syst em of 1 kaiathés 3 mﬁétei;é?n% ?garéﬁf: kagriogrﬁﬂe&lgﬁ rHoQ.%dcu\f%%f f}'g‘g 8io§% J14, of the

approximately equal to a di rence between a source

t hreshol d [y Vi C 304 04'y. 20 7. The system of
claimb5, \R%rgilgtél?%ﬁf ﬁg SP??Sst%p g?ée)dgﬁéer Yﬁqﬁéﬁ a‘/B?cfeaﬁb“y%n appt ()%@Pn‘hlt(éi 931730“01'
800-900nV, . £. ., The system qf claimsS, wherein a peak value of a 25 current
to the’fi ?Efa%dé\ﬁ’&‘& %@@8%&”73 that nade 344 iinatizsrq volage at indtial zondiderodimty. 9.
The system of claim§8, wherein the peak value of the current to the first
devi ce (36sedby capagigorshig) allews device p0hppugh itineet tol flow emeent imtnadee3 14, raise

m crosecond. 10. The systemof claimsS, wherein a current to the f=rst
devi ce (304, votwae pt hadeald, iandl staorthe pardyap wirteit $01.- AnTe.eERSE6ORE Smodd: of
IN)g/ N, )}/ NFM NF/ N, F / NMc/ NMF/ NF / Nj F/ Ni°) D'/ Nf ¢/ NFZ] t 2- EM z} f

z @HY] znedtlgh] Xhich] emlycbd aaqiifed ds approximately several nanoseconds, such as 7-10

Ul c™a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]pca] ca] ca] ca] ca] ca] ca] ca] caﬁlca] c”ajca]c
a] c”a] ca] fighoseconds.
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Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KXm( &

G'"" ###5$3$ h )
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** +h++, W, g ) oo Z sy Bt o <A 0 id Z . :
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a] ca] ca] ca! 0GB0O_OOOPPPPPQ QRQ@Hr HNI Q >JJvKWKKKLMLNhNgNt NOO{ vgl gb] X] ca] ca] ¢
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threshold voltage of inverter 306, then inverter 306 switches its output to shift towards
ground (step 414). An example of a range of threshold voltage of inverter 306 is

approximately 600mV to 900mV.

20 The output of inverter 308 then moves up toward source voltage 316 (step 416).
When inverter 308 reaches source voltage minus threshold voltage of device 304. then

device 304 begins to turn off (current approaches zero) (step 418).
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embodiment of the present invention, shown to be coupled with a bandgap circuit 302°. The

bandgap circuit 302’ is in turn coupled with a power-on-reset generator 352. The function

of the power-on-reset generator 352 is to generate a signal when power is first tumed on to

5  reset all registers within a circuit to a known value.

The devices discussed in conjunction with the circuits shown in Figure- 3 are
likewise labeled in the circuits shown in Figure 5. In addition to the devices that were
shown in Figure 3, the start-up circuit 300’ is also shown to include devices 350a — 350d.
Devices 350a - 350d are shut-down devices that are not critical to the function of the start-

10 up circuit 300", Shut-down devices 350a — 350d may be used when an z.tpplication requires
all of the circuits, including start-up circuit 300", bandgap circuit 302’ and any other circuit
coupled to these circuité, such as the power-on-reset generator 352, to be turned off.
Devices 350a — 350d may respond th a shut-down signal originating from outside these
circuits. Devices 350a - 350d do not play a part in the function of starting up the bandgap

15 circuit 302” and are an optional design choice.

Figures 6a — 6d show a set of graphs illustrating an example of relationships between

voltages and currents of various components of a staﬁ-up circuit, such as start-up circuits

300 of Figure 3 and 300" of Figure 5, according to an embodiment of the present invention.

The horizontal axis of Figures 6a — 6d indicate time; the vertical axis of Figure 6a and

20 Figure 6d indicate voltage; and the vertical axis of Figures 6b and 6¢ indicate current. The
graph shown in Figure 6a shows voltage over time for node 314 of F igure 3 and node 314

of Figure 5. The graph of Figure 6b shows current over time flowing through device 304 of

Figure 3 and 304’ of Figure 5. The graph of Figure 6¢ shows current over time flowing
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through the bandgap circuit 302 of Figure 3 and 302’ of Figure 5. The graph shown in

Figure 6d shows voitage over time of source voltage 316 of Figure 3 and 316’ of Figure 5.

As shown in Figures 6a and 6b, as the current flowing through device 304 increases

at time 400, the voltage of node 314 also increases starting at time 400, As the current

s  flowing through device 304 reaches a maximum peak at current level 404 at time 402. the
voltage at node 314 also begins to reach its predetermined voltage at time 402. An example

of current at the current peak for device 304 is 3.3 micro Amps at point 404, The peak
current at point 404 need only remain at that current level for approximately less than one
micro second. Thereafter, the current through device 304 drops and approaches zero.

10 According to an embodiment of the present invention, the time during which the current
tlows through device 304, is very short, for example, one micro second to three micro

seconds.

Figures 7a — 7¢ show graphs illustrating a relationship between various components

of the start-up circuit according to an embodiment of the present invention. Figures 7a— 7¢

!5 cormespond to Figures 6a - 6c, respectively, over a longer period of time. Accordingly,
Figure 7a shows a graph of voltage versus time at node 314, Figure 7b shows a graph of
current versus time for current flowing through device 304, and F igure 7c shows a graph of
current versus time for the bandgap circuit cwrrent. As seen through Figures 7a - 7b,
enough current »ﬂows through device 304 for just enough time to boost the voltage of node

20 314 to reach a predetermined voltage at point 500. As previously discussed, the
approximate predetermined voltage value of point 500 is determined when the voltage at

node 314 reaches a threshold voltage 6f inverter 306 of Figure 3 and 306' of Figure §,

triggering the drop of current through device 304 as described in conjunction with steps 412




9%, c1$10%&' ()-P(1"109%& ()-3l &$10%&' () - PS$I " 10%I&' ()- "10% ()-P,
109%& ()-"" Q(#zl#vw(#x#y###bc 10 310%r& ()-cl0%r& ()- 10 10
101 7109& () - P5"109& ()-1i3P"10%& () - W5$$$CARAGELC 10 oo
10%ré& ()-]110%r& ()-,:$10%r& ()- 10 oy 31 March 2
m' 1 O‘r)/t’)‘rc(gc')(% m' 1 0%‘8&' ()-sm'10%r& ()- 0/(%&&&0 dEbrCTJ1 18%m& ?())/&r&og)(K))dEbC
; " Cry 0 : : .
18% r& Q)= ¢ Q%igﬁlre(ﬁk ﬁsﬁues ofa& vo(h)age g} 1%193/gerr%0t(5 is preferably Eieterrmned such that 1t
' '10%8r & ( m 10%r & &s$10%r & () -$m' 10%r & (
)-) 010"'\/3"; . fL* l%ﬁb ggprge)rgferqrngga;%@p;p,r@u@atelﬂb%\/;mmm the threshold voltage
10*r6" 100/6‘r&' ()-4m"10%r & ()-2%10%r& ()-+h++,w,,)-dE_ @10
"10% r & (¥ rhe1tseshed: t0) tum $ffode rgartup- circuit's current.  The threshold voltage is also
m' O%‘r&'() ym'10%r& ()-9m 10%r& ()-)-z---4...dE_@10 . o &
| P" 109 r &referatilyl 0%ighRieough oA Sokibe) thYSERABY rcdr WLOYiR &ip() &3 pletRs & O -
.</j//0dO0OdE_@ 10 @ 10%r& ()- . . ) .
9- i 1090 reier{jont A0 xahidld 41070 (3 URRLONMA Sdiigt 4P vl ) ROy B 101
1bC 10 V10%:' ()-F109& ()- 10*r 10

R IR S T -

NMOS device may be adjusted to obtain the proper threshold voltage of inverter 306.

After node 314 reaches the predetermined voltage at point 500, the voltage continues
to rise until its reaches a predetermined reference voltage 502. For example, as previously

10 mentioned, the predetermined reference voltage 502 may be approximately 1.25 voltage.

Although the present invention has been described in accordance with the
embodiment shown, ohe of ordinary skill in the art will readily recognize that there could be
variations to the embodiment and these variations would be within the spirit and scope of
the present invention. Accordingly, many modifications may be made by one of ordinary

Is  skill in the art without departing from the spirit and scope of the appended claims.
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approximately less than 7 microamps;
providing voltage to a bandgap circuit (102, 302,
3027) coupled with the start-up circuit (100, 300,
10  302');: '
determining whether at least a portion of the
bandgap circuit (102, 302, 302’) has reached a
predetermined voltage wvalue; and
causing the current to the start-up circuit (100,
15 300, 302") to approach zero if the portion of the
bandgap circuit (102, 302, 302’)has reached the
predetermined voltage value, wherein the predetermined
voltage value is lower than a target bandgap reference
voltage.

20
2. The method of claim 1, wherein the predetermined

voltage value is approximately 800-900mV.

3. The method of claims 1 or 2, wherein the current
25 to the start-up circuit (100, 300, 302') is applied for

approximately 1-3 microseconds.

4. The method of claims 1 or 2, wherein a peak value
(404) of the current to the start-up circuit (100, 300,
30 302") 1is applied for approximately less than one

microsecond.

5. A system for starting a bandgap circuit (102, 302,

3027), the system comprlslng
35 a first device (304, 304’) configured to flow
current into a bandgap circuit {102, 302, 3027);
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5 toward ground if a first predetermined wvoltage of at
least a portion of a bandgap circuit (102, 302, 302’)
is reached, wherein the first predetermined voltage
value is lower than a target bandgap reference voltage;
a third device (308, 308’) coupled with the second
device (306, 306"), the third device (308, 308") being;
configured to cause the first device (304, 304’) to
turn off when the third device (308, 308’) reaches a
voltage approximately equalling a second predetermined

voltage.

5. The system of claim 5, wherein the second
predetermined voltage is approximately egual to a
difference between a scurce voltage and a threshold

voltage of the first device (304, 304’).

7. The system of claim 5, wherein the first

predetermined voltage is approximately 800-900mV.

8. The system of claim 5, wherein a peak value of a
current to the first device (304, 304') is

approximately less than 7 microamps.

9. The system of claim 8, wherein the peak value of
the current to the first device (304, 304’') is applied

for approximately less than one microsecond.

10. The system of claim 5, wherein a current to the
first device (304, 304") 1s applied for approximately

1-3 microsecends.




