IN THE UNI TED STATES PATENT AND TRADEMARK OFFI CE GAI N
CONTROL FOR DELTA SI GVA ANALOG TO- DI G TAL CONVERTER
WO EOsR9Gae. FI ELD OF THE | NVENTI ON [ 0001] The pP&B®81005/010991
invention relates in general to delta-sigma converters
and, nore particularly, to delta-sigm nodulators in
anal og-to-digital converters w th progranmabl e gain.
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002] Thi s
applications clainms benefit of U S. Serial No.10/8
16, 266, filed on March 31, 2004. BACKGROUND OF THE
I NVENTI ON [ 0003] Anal og-to-digital converters (ADCs)
utilize delta signma nodul ators for the purpose of
providin h resol uti on data conversion.
mod dNat | IN EDAL ATES RATENY @NDOT/BAMIMAM@ OFFICE
techniques in order to facilitate this data
conversion. Typically, there is provided an i nput
switching network that is operable to sanple a voltage
input in a first phase onto an input sanpling
capacitor. In a second phase, this stored charge IS

G B SRR, ROR PHTRA ST AL O ERIFTTAT, EPN ElTir

capacitor, this transferring the charge to the

f eedback capacitor. The other input of the anplifier
is connected to ground. There is provided anot her
switched capacitor or sanpling network that is
operable to sanple the output signal of the nodul ator
and provide a feedback to the integrator in the form

TEGINEOAT ILTHIAG (At THETINSENTTON | i tated by sanpling a
reference voltage onto a feedback sanpling capacitor

and then dunping the charge fronrthis capacitor ont o

t he input ofthelnte tor er.to
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i nput sampling capacitor to
galn

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This applications claims benefit of U. S. Serial No.10/816,266, filed on March 31,
2004.

BACKGROUND OF THE INVENTION

[0003] Analog-to-digital converters (ADCs) utilize delta-sigma modulators for the purpose
of providing high resolution data conversion. These modulators utilize a plurality of over-
sampling techniques in order to facilitate this data conversion. Typically, there is provided
an input switching network that is operable to sample a voltage input in a first phase onto an

input sampling capacitor. In a second phase, this stored charge is transferred or “dumped”



f eedback capacitor to the amount of charge transferred
fromthe feedback sanpling capacitor to the feedback
w@apaoydes during the conparator decision cyclBCT/G81005/010991
adjustnent is facilitated by varying the anount of
charge transferred onto the feedback capacitor as a
result of sanpling the inpup voltage onto the input
sanpling capacitor relative to the anmount of charge
onto AL a8 GntePrlafor bMicH 19 FQH A I aft BRBGE{1ENdAS fBedbBSédpacitor,
of sanpling a reference voltage onto the feedback
this anspiriing thragwege tor the Byedbackheapaviory | Hoe other sipre obfhetdmeplifier is
f eedpack c citor or.the gize of the input capacitor
conniHEQ Ry oL e RS AP e sy St BEpRenBE prpoe pvork tha
is opefibEd E@Eﬁﬁdplfe ftﬁé“oh%hh %%ﬁalt HPER ©88@AEHok Ahg provife GafcBIBHRR to the
be changed. SUMMARY THE 1 NVENTI ON 006)4] The
integpatessiarthe forpesit dhargediagledts sEleis #nfaeilisatedbbly bamnpling a reference voltage
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input GHth@tcdPataidl trhhs@ér thtHeTedtibAEINCcApaYiRsrt TRE ghifP¥this MBdulator is the
out put and a positive input connected to a reference
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to thSREWAcRIaRRBL R i bnigaeiocdeaisgm dysled Gapedljlistattidfcilitated
i nput sanpling capacitor to the non-inverting input of

by veryengathsi ampent eft chargeeonsieriadnentaribie decdbaek capasitor ag @ result of
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trans@dfbdConds G it SfaBiflg Bapatiler sRQERNCIC seMmPRhE A eefeiRpECTdlREe onto the
IS dunped to the non-inverti ngwi nput_of the anplifier .
feedback sampliegerpeeite. Byfeithetormeying e sizecotithe edhagk eapapiar or the size
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of theéstabaditors, e g4 U bothahpe® t hat charge is being
dunped fronthe i nput sanpling capacitor, wherein

varying the second rate relative to the first rate
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[0004] The present invention disclosed an claimed herein comprises, in one aspect thereof,

a method for driving the input of an integrator in a delta-sigma converter having an amplifier
with a non-inverting input, an output and a positive input connected to a reference voltage and
an integration capacitor connected between the non-inverting input and the output. An input ‘
voltage is sampled at a first rate onto an input sampling capacitor and then charge is
dumped from the input sampling capacitor to the non-inverting input of the amplifier at a
second time and at the first rate. A reference voltage is sampled onto a feedback sampling
capacitor at substantially the first rate, and charge stored on the feedback sampling capacitor
is dumped to the non-inverting input of the amplifier at a second rate different than the first
rate. The amount of time that charge is dumped from the feedback sampling capacitor is

controlled to be substantially equal to the amount of time that charge is being dumped from



[ 0005] For a nore conpl ete understandi ng of the
present invention and the advantages thereof,

WO edosogmee i s now nmade to the foll owi ng descripti/os2005/010991
taken in conjunction with the acconpanying Drawi ngs in

which: Fig. 1 illustrates a schematic di agram of the
delta sigma nodul ator of theg present disclosure; Fig.
2 illustrates a set of timing diagrams for the

the irgﬁ’l? Sl c%%a&f&? wiaiRh!| 'v%gnﬁ_g,' th&$HcbRd rard ﬂzlatl%e igd 1 4t 2416 Shanges

di adgr a Ic View of ase one of the charge
the gamaristelia-sigmer atniverier Fig. 4 illustrates a sinplified
di agram of the second phase of the charge transfer
operation, the charge dunping operation; and Fig. 5
BRIEF DS CRIPPIONGRIGN DEANANGR f or the feedback
sanpl i ng capaci tor. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON [ 0006] Referring nowto Fig. 1, there is

e Rt EAE T T —
theredfy &fe’i‘ﬁﬁe GaRaw thide BARPINRYiRE desdriptidR ZaléeRdh dofijunction with the

operabl e to receive the anal og i nput vol tage on an
accoinppuiting ddewihgd in Whick: i s i nput to one side of a

A0SR gt GRS g B TR PR e

dlsclésdi@de 108. Node 108 is connected to one side of a
sw tch 110, the other side thereof connected to
gr Bignd ilhestiatesfa setloF timimg disgirasas fw thehfa)e(fatmnmj th¢ spmnling circuits;

d. t
St P AEapa e AR FighCy PR ofdhi Pk Bilper pereion
t heiol APHIhsSABPh isiepERRPGihtam 31 theCRBART bRibet T the RAGGe transfer

114.” Node 114 is connected to one side of the switch
Operatlcm, thernbargerdwmpingleparsféaneamd connect ed t o ground,

troll.ed.b
S S R e TP SO RS,
ot her side thereof connected to a node 120. Switch 118
is controlled by the timng signal, f2. [0007] Node

120 is connected to the inverting input of an
anplifier 122, the output thereof



connected to an output node 124. The positive input of
the anplifier 122 is connected to ground. However,

WO Poos/opoeé t i ve i nput coul d be connected to anyPCT/US2005/010991
ref erence voltage such as a common node reference
vol tage. The feedback capacitor 126 is connected
bet ween the negative and inyerting input, and out put
of anmplifier 122, i.e., nodes 120 and 124,

DET AR S DERIRIPTION CIPTHEINGENTION! at or . [0008] There
I's provided a feedback sw tched capacitor circuit 130

for selectively sanpling a positive reference voltage

EE+ or. a reference voltage, The reference voltage .
1000GReReiFigE BERBIE R (e 5 a5 ST o BTt dee-sigma
modhRtdR MBhed 8- smPm N1k Pind Rles alRA1RENEIpaSit St BabliSyifcaht 102 that

134 is connected to a node 136. The negative reference

is oppabledqegceivRie analag inpuirieltageion an iaputinede d 04 oblais is3gputtipene side

ot her ,side.th f d.t ; i d f the.switch .
of a e FAPAGRE L0 T S DY CHO T e P R el g0 e switch
106 RReAnckRE to ARBAS Y08, Ao de3th8iiS ciRBte@td Gt e dfswitchi1NG, the other

signal p 1 D-Bar, and the switch 140 is controlled b

side theeeof icgmgcted, to Proupdeswitgnhil0 coptrojled by thetkming signal, - Klode 108

. signal, that. det.erm nes et her positi ti .

s coppEaoB e RS B bt e r B B R G & side of he

inpu@;ﬁgfﬁﬁiin Qhpatabr { B0QRhedtbetonOtiRle 136, Node P REbARkd& t608e side of
side O

a switch 146, the other side thereof connected

the switclyt tu the, othsiside lthererd comrected|to gigunds switeh 1 6 ¢qnitolgd by the timing

) i gnal. . e 136 1 s al,so.connegted to.0 i .
siendl@niode By Rafef rEPREFAL OF paRiBRa S ff therbide thereor
conrieBied @4 n6@NTIRE tRFitdhol 1R 18 estaroled by Mademidesigmal agnnect ed

to one side of a switch 152, the other side thereof

connected to ground and switch 152 controlled by the

I m i gnal 1. ditionall ode [
1000z} B 3278 oot g SRR il R BlngRer 122, tpo gyt therco
conrfebied €9 hin GAMHIEL GOHEI 120 mh@yﬁﬁti@dlﬂlgﬁh@f thelab@ifikb422 is connected to
controlled by a timng si lgnal f2 fA-Bar. The signal

groufih- Bawevey, thig positing ispereanidiisaonpedied t@esty colsranep veljage such as a

dunmpi ng 9 ackets of .ch from.t b
comIRRR PR e S ERE nBEdBa L SabID | FE BetSite byreen the
negali®@aiEin ¢ IREEHEH ah Do AP& oS hrdplifdr 132,598, h6des 36 and t®Y, respectively,

ot her )
thus forming an integrator.

[0008] There is provided a feedback switched capacitor circuit 130 for selectively sampling
a positive reference voltage Vygg, or a reference voltage, Vg, The reference voltage, Vg,
is connected to a node 132, node 132 connected to one side of a switch 134. The other side
of switch 134 is connected to a node 136. The negative reference voltage, Vg, is connected
to an input node 138, the other side thereof connected to one side of the switch 140, the other
side of switch 140 connected to the node 136. The switch 134 is controlled by the timing
signal ¢, - D-Bar, and the switch 140 is controlled by the signal @, - D. The signal “D” is
feedback digital signal that determines whether positive or negative charge back should be

transferred to the feedback capacitor 126.



si de thereof connected to the node 120 on the
noni nverting input of the anplifier 122, the switch
waz@somoe ol | ed by the timng signal f2 fA [ 0RPADPSZ0b&010991

out put of the integrator on node 124 is operable to be

processed in accordance with normal techniques for a

del ta-sigma nodul ator and tRis process takes pl ace

t hr ough various nodul at or stages 160. This provides a

control signal "D' for controlling which of the

positive or negative reference voltages are connected
[0009b nBbendd61urs crgnedied saopd sidg afresweivdh b, dhe lether side thereof

combSEARAK SRR SRS O R YBLGRl el "o 136 s

conn@&Rl RBorlel sidedra f@él@a@i& Sinkfting COPAROS 1 48] tH dtﬁéf' sﬁdeychét@()f connected
conversion of the signal to a sequence of di

to a podes €. t Nade 1 &piscermnectedieo anfemég ef afswitdl 153 esxﬂher side thereof

con B 08 B it DO PN ATt moce

150 islcehmw‘dl th ©Hb kidd 62a s«»ﬁbl@ 54, ShopBEMEthbR oD EdIRIatkeE té Bidund and
cl ock tlmm?1 signals f, and f2 and al so the ain
L~

the switah d &4 cantiellag by a@ﬁang signal Phi- 9,-Ban Dee Bonl pathasis pijmig signal

R P o A PP BBEEh Pob BB IBodilR 1
the f6MDAU caphSit@ans. Phe hdtR 150li§ CortieCa@ BB RE STa leitch 156, the other
proportional to the ratio of the input sanpli

side dependiconrectas tottbe hedaibbhn Senprningriensmert @ﬁthg @Blphflﬁé 122, the
t a acitor is varied b
SWlt%bilﬁ%qn? H@J]ﬁﬁ@] ﬁﬁ%ﬂ%%lggﬁ %é&(‘ets of charge %/hat are

transferred fromthe feedback sanpling capacitor to

the input to the integrator. The actual value of the
[0010k e Tba oktpstefthe iegraipnen node 124 i @per@hlart@ b pracgssed in accordance

w1thtnc911'lnﬁun ﬁgrgguefzftﬁr a deﬂtgnP qu‘lé)gﬁ)lg to% g %lts @atsy?eﬁ]c%g%la%g Qhrough

varidiid TRRE 120 GRighs P80, tTes froerdbas LonsFiki ﬂgmmaamtr@nmg%lch of the
as conpared to nmultiple dunps of c arge front he node

positivieorasgaiieaeforenog vcﬂtagh%arie apanectedipnoded 36 dpeiag thesamphng thereof

onto%? gerei;ﬂ?aﬁg%%tg %%ga%ag%orzlqg é/?lcgﬂ%,scheﬁl%l lraQ@tr S C?%g& f&o can include

any éinR@hAOnAFSEAIbPTiRG s bhe dipRel @hivasioalcirauit®!fbrconveton of the signal
converter of Fig. 1. The signals p 1 and f2 are

to a spemencs| af\ligiteh pelves thatyspregent the average of the sampled input, and a digital
filter. This provides the output. Additionally, timing is provided by a conventional timing

circuit 162, which is operable to generate the clock timing signals ¢, and ¢, and also the gain
control timing signal ¢,. This can be controlled by a gain control signal input thereto that will

change the timing thereof, as will be described herein below.

[0011] The gain of the delta-sigma modulator is proportional to the ratio of the input
sampling capacitor to the feedback sampling capacitor 148. The effect of the sampling
capacitor is varied by controlling the number of packets of charge that are transferred from the
feedback sampling capacitor to the'input to the integrator. The actual value of the feedback

sampling capacitor is not changed; rather, the timing of the “dumping” operation from the



cl ocks. When f, goes high at an edge 202, switch 106

and switch 116 both close, with switches 110 and 118
wheingowpen, due to the fact that f2 is | ow TRCBHUS®05/010991

t he sampl i ng phase wherein the anal og signal on node

104 is sanpled across capacitor 112. Since the plate

of capacitor 112 connected o node 114 is connected to

ground, the voltage across capacitor 102 will be V 1IN

node-158%t0 GRUAGRR 120tis SQAKIRJREHIEEERESOR dulidedRAEH from the feedback

switches 110 and 116 could be referenced to a voltage
sampdmg eapactian 4§ recmdpardhiosnuliible dumpao@hhrgghfrom the nDGhEpUﬂ associated

., Yoltage is.sa apaci t or or. t.he Ie
with Y2 P optRligppechor ey 111G B aaRoSe bR ity i
the series resistance between switch 106 and capacitor
112, and the series resistance between capacitor 112
[0012)n RefersingwowdnFil B, therd is iHustwiteda f@mlrlgldeagf@lpal@ﬁ;qﬂcbmgﬂm operation

vol tage acro aC| or
of & lBei B G EU DS Dar TGS Prol feve iyl "BE oy Filarping
clockfsul WhRld, %G@s Higﬁ 4t Qntdige i20DEERREL $66 h&S sWREH 316meth &bsk, with
RC tine ‘constant associated therew th. [0013] When

switchegybbbandi Sdheingigpen? du totthe f@t vzhalt I, isdow. "Thiwig lthmefrm?glg phase

wherp RS a2 SEpt o GE 0B A EIGE AEN SFor i 1126 e the plate of
capadlfri198 cSinekici®o ﬁé&e@lh@é"édnh@ct@@fb@bﬁrﬂd’ thekdlthge zfdr@k’%tcapamtor 102
Thereafter, when f2 is high, switches 110 and 118 w

will b¢ Usye Offeperses it phaad b@ﬂlhd@ﬁ@bocl et bothnssitehies i@ a@ﬁdrlééould be

refer?rﬁseg tooae}f(ﬂ %g B@Sﬁ@é’% é{(}gﬁg} drtl) %ﬁllé hfg%np%ﬁ Tﬁp%nc] V&l%aGg'e is sampled
onto CERRRBE K15 aimhé [ﬁgﬂﬁéﬁ/@pMsé ﬁﬁ’tll@pﬁﬂlaigeédg‘él 204! avegeidinbeipon the
sw tched capacitor network 102. a)ﬁ)endlng upon t he

serie$ ergistanse deovesh swiiich 18ptand rcalsmapnl apRthe serécsgasppRes between

capac‘zlgﬁol 15%@@(”@?%1“}1‘311%1 %1(} ¥he SéZ ﬂg g%ﬁ%t{?ﬁi f,'tﬁé Oglta%%ga%ross the

capaditdrl1 124 B¢ subelaytigBy] bt awilok flét@@saﬁfymﬁe fiapatiag@due to the
C2. Again, depending upon the RC tine constant, the

inhergnl seaigeraistanchandREJimg epnsipat asgpeiatoRERIeREE. . | n t he
next phase, at edge 206 of f2, the switches 134/140
are opened and switch 152 is opened and switch 146

[0013] O9Efn 'd%\gﬁé/ﬁbw feigeP04] Beeravinill boat bieak Befad inblre igsfore ¢, goes
cl osed depends upon the value of fA  since

high at an edge 206. This w111 result m switches 106 and 116 opening for a short period of

time to allow the capacitor 112 to float. Thereafter, when ¢, is high, switches 110 and 118

will close. This will effectively then transfer the charge in the capacitor 112 to the feedback

capacitor 126, this being a conventional operation.

[0014] The feedback sampling network 130 operates similar to the switched capacitor
network 102. Depending upon the logic state of “D,” either Vggg, or Vg is sampled onto the
node 136 when ¢, is going high at rising edge 202. The switch 152 will be closed at that time.
This will effectively sample that voltage across capacitor C,. Again, depending upon the RC
time constant, the voltage will be close to the full Vyge,/Vige.. In the next phase, at edge 206
of @,, the switches 134/140 are opened and switch 152 is opened and switch 146 closed.



f2 is ANDed with fA. In the illustrated enbodi mrent, fA

is | ow when edge 206 goes high. Therefore, no charge
wawdos/oes r ansferred from capacitor 148. Rat hePCT/U820051€¢10991

next sanpling phase, initiated at the rising edge 210

of fl fAls also raised high at an edge 212. Thus, when

p 1 goes |ow at an edge 2147and.f2 goes high at an

edge 216, this will result in the switch 156 cl osing

How@@é} §v(/1?d1151f5%rxﬁ111 et ﬂé&@ssﬁﬁ@%%lds@@ IE9ig deﬁﬂ%uﬁcﬁﬁh@@alﬁ@@ﬂp A, Since
he resultant wave formf2 fA wherein the swtch

Q, 1suAsNBod|mr1th be dh]bb}ae tﬂlhmstra‘wdl es;té)oalnderé, Pi & loy wheeeder(06 goes high.

itch 156 ti d 22 1
Therpi EPhatare iy G br<esoE apeipt 44, BHEE B 45 gl Samping
phasdARitiafak &2 rikitk ddge ope6RP| 8, 1sQleanReChighatkh kg 212 Thus, when
ground whenever arge is not being transferred from

o gqe@ématm edgapilt ﬁgd @ag)@@ ihighy at angdge? Ho dhis wilbregult imihe switch 156

c1051f1% l%il %rgli%%%l?lg rélgee 65%6 ﬁ gllt ijﬁ‘l@ ?Ene 1 geenalgth%qg&l%%pv%&eoﬁhn 0,"

©,, WNérkiahthd séitel0wl chnbolied britiapele abdlta risingnedfed20nNS3iwiech 156 will
that, when f2 goes hi gh and switch 146 cl oses, that

remajipgie 11HE® flbiag e gﬁ 222=uoé@nsf6r fhoghzpe R@ﬂ@rqapargwﬁ 48 tOdhe node 120.
. Fig. t he t
swithh P e 18 coligsF mhfle 3P 0eSlRbg MiBAe L AR o ot being

transFerad fi61el fecapadk shwplidg GapabioriaRed nbkﬁ 0t eeaings thetubarde is being
is high, switch 152 will be closed, switch 156/ 146
transfereqsl {@i@deviR? Eem mpptseting saprcitehl L2. Wi qnegmbogimens, the switch
ef n ¢ t
154 5oulc? F)g ﬁl%l agédaﬁl% tw§@§%ﬁé g@}a’g@%@&y@ Sa}érﬁrglwﬁteh hge closes,
thatﬁ@mapsot@;esﬁé@.ﬂohbmever, there will be sone series
resistance in the |line between the input to switch
132/ 138 and the plate of the capacitor 148 connected

e t . :
[OOlgg ngﬁ t%{rili og@?oaﬁédlg hee?eeiﬁn 131#&&(3 § sﬁlgqlﬁfé}%l di ,]rrgmgﬂlu%tratmg the
sampligFichargs bﬁtﬁ)ttﬁél%éﬂﬁack'ﬁbhﬁpﬁﬁ@é@acﬁh 148e Ab&@tdﬁlﬂlelﬁ@n above, when
each of the pulses for the waveformf2 at ejthe

¢, isthpgh, |SW§P1P@5%E’©1&19‘29]95953( syHeh #2764 il‘ifgowga@dzwchtlﬁ%/m Closed. This
will &ngtetl &rere}lé%éc\)’ﬂage e*i)cﬁgﬂ ﬂ?)sfthfe %pﬂé‘%ﬁ\é’% t&# lgész%PE)tléIH:Jné§§ﬁ6cﬁsl 36and

resi stance si'nce t
acroéd fBédtﬁcl@Sdnﬁﬂlnlgadapﬁl@toa 148.MHbwever, there will be some series resistance in the

line between the input to switch 132/138 and the plate of the capacitor 148 connected to node
136. As such, there will be an RC time constant associated therewith such that the charging
is not instantaneous. Therefore, at the beginning of each of the pulses for the waveform ¢, at
either of the rising edge 206 or the rising edge 216, the capacitor 148 will begin to charge
through that series resistance. However, since the pulse for ¢, is a finite pulse having a finite
pulse width, the capacitor 148 may not charge entirely up to the reference voltage level due
to the series resistance, but it will come close to that level. Of course, this depends upon the
value of the series resistance, the value of the capacitor 148 and the length of a pulse, the
length of the pulse being dependent upon the switching frequency or sampling frequency.
Therefore, at the falling edge of ¢,, switch 134/138 will be opened and further charging will

cease, even if capacitor 148 is not fully charged to the reference voltage.



pul se wi dth, the capacitor 148 may not charge entirely
up to the reference voltage | evel due to the series
w0 e®sermnce, but it will come close to that | er€l/USION5/010991

course, this depends upon the value of the series
resi stance, the value of the capacitor 148 and the
l ength of a pulse, the |engtgh of the pul se being
dependent upon the switching frequency or sanpling
frequency. Therefore, at the falling edge of f2,
switch 134/138 will be opened and further charglng

[0016] IRefenagmometm@ug ﬁfthelapald:lustmtedlzlﬁmphﬁn@wemﬂtlw Ommtlg’edvhereln

charhSis g Y e o B L0 A5] sSR! W capacior
148 8RE Et%s'té?l@law hEN] pdTercas: krélta%geaﬂ&feﬁ rth&d dof@8) §diRndent upon the
capaci tor to the node hi.s operatlon t he

limitatgrascast mn’tedherehad)osla beithares et itcy theHRC ftivhd constast end éhe series line

B T R T

sw1t&p150 %eﬁqlib?ﬁg?"@&geaﬁﬁb B&ﬁl@ﬁ{ HRSwhidFSrh @53 1- 53,8NTRis dharge will be
packet of charge w Il then be transferred from the

transfearpaiortto thelfediank oa@hltom@wlm‘,ﬁallmmdm éA2rising edge
220 occurs in the vvaveformf2 PA- This charge will be
transferred onto the'feedback capacitor 126 at the

[0015?' t '1§‘1§bt§&'ﬂ1%t #8 Zengf0tifie thht daﬁadi@ﬁr ¢4l {shabwt & diaRatiba function

time that capacitor 148 is allowed to charge is a
of the pnise imddthoh ¢2helhus) thecapacitdr 198 i chargeRtiuldy for Hee time that 2 is high.

Everhﬁ" g}%ﬁtc]gi éQ] }s%}%t g@mcﬂ ﬂqr %glgr il d:laf)%qutgi E§8 Ei(il_)%gl hoanttmug ldn%er than
that @lﬁraﬁ@rp@f:thﬁ@ rwit@ ggﬁ?ﬁ)?“[‘ Ottmﬁ@g‘ﬁlgﬁdl @)i PEGIIdbB @@ueﬂ and charge

duration of tine. hagaln timng signa
woufddwdtansfsered foal capacifo 14henrch hawgyénam wag ﬁb@sf@m%&o@rcawltor 112.

I—Iow'e&grm g agg:e: gs: nitlgranﬁ%%(% ?,nd lcl:f? ag%%}t%ﬁ#lgr anlf f Sqra{n‘%ﬁned in the

conflduditine suc@dihab ik pfate aPded tacikdd 48R rRsdbRitéd atitkedodd 136 were
the configuration such that the plate of the

maintaiped cowretid ta duorsfaercy viltage thedatitesBmaethis sraldheaisadee voltage

acrogs?ﬁggg%ﬁ%qég g ati?scgff‘%rﬁge[b St ga\égcl)ciar %CEE’ tg ghpegvgl tta%ee ac&é%%?%acuor 112,

sinc®ehilisf AIRVRAH tot dhafkel faRh 18550 Gindd. EHoWeVét Im@le\tﬂésteﬁg@lsclosure the
across capacitor 112, since this is allowed to charg

capaciser &9 iryeledivitherespasivinibe samplingef e sefermce V@léag@ébﬂéon at the

same Hequency and at the same rate that the input voltage is sampled onto the input sampling
capacitor 112. An illustration of this shown in Fig. 5 with a plot of charging time due to the
inherent RC time constant. It can be seen that a first level 502 on an RC curve 504 will be
reached at a time t,. This would be the amount of charge that would be transferred from the
sampling capacitor 112 to the node 120 during the length of time that @, is at a high voltage
level, i.e., when gate 118 is closed. If the switch 156 were not closed for the same length of
time as the switch 118, it is possible that more charge would be transferred from the feedback
sampling capacitor 148 to the node 120.. Therefore, with the embodiment illustrated above,
and insuring that the time between rising edge 220 and falling edge 222 of the waveform ¢,
- @, is substantially equal to the length of the pulse @, beginning at leading edge 216, this will



capacitor 148 is cycled with respect to the sanpling
of the reference voltage thereon at the sane frequency
wapasarovhe sane rate that the input voltage | BCHEAPIEO0991

onto the input sanpling capacitor 112. An illustration

of this showmn in Fig. 5 wth a plot of charging tine

due to the inherent RC tinegconstant. It can be seen

t hat a first level 502 on an RC curve 504 will be

insurt SRR R, AL rdtadVeliPwdi bllthedroul d be the amount of

charge”that would be transferred fromthe sanpling
capaC|tor 112 to the node 120 during the Iength of

h vol t.a | ev. : en
r001fy's ek Ty FisBiired ity B ibess dBhesis i defiic Qughouid be
undetfbod @ﬁt SRR BRHE @bstithi®hsamdidMRr300hé 64h Bd Bhadd theréin without

possi bl e that nore charge woul d be transferred from
depatting frere divaspiritamdscopepfdhp tentdon 4B fined by therrppendepiplaims.
Therefore, with the enbodinment illustrated above, and
insuring that the tine between rising edge 220 and
falling edge 222 of the waveformfA f2 is
substantially equal to the length of the pulse f2
begi nni ng at | eadi ng edge 216, this willinsure that
they are relatively well balanced. [0018] Although the
preferred enbodi nent has been described in detail, it
shoul d be understood that various changes,
substitutions and alterations can be nmade therein
wi t hout departing fromthe spirit and scope of the
i nvention as defined by the appended clains. WHAT | S
CLAIMED IS: 1. A nethod for driving the input of an
integrator in a delta-sigm converter having an
anplifier with a non-inverting input, an output and a
positive input connected to a reference voltage and an
i ntegration capacitor connected between the
non-inverting input and the output, conprising the
steps of: sanpling an input voltage at a first rate
onto an input sanpling capacitor; dunping charge from
the input sanpling capacitor to the non-inverting
input of the anplifier at a second tine and at the
first rate; sanpling a reference voltage onto a
f eedback sanpling capacitor at
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substantially the first rate; dunping charge stored on
the feedback sanpling capacitor to the non-inverting

w0 pandwde t he anplifier at a second rate diffePEnUS10b&M0991
the first rate; and controlling the anount of tine
that charge is dunped fromthe feedback sanpling
capacitor to be substantial{y equal to the anmount of
time that charge is being dunped fromthe input

Wﬂﬁméﬂglﬁﬁﬂi‘ﬁg or; wherein varying the second rate

relatrve tot first rate changes the gain of
delta-sigma converter. 2. The nmethod of Caiml,

wherein the steps of s lin n i.nput vaolta at the
fidst r ét@e%lﬁ@ ﬁ%ﬁrlvlﬁgﬁ’é?m% of AR TESERAIOT 1B 2 dkig-sigma Gonverter
. i . . ) i: t i i ted t
v PLIREA388, LA A, a2 IR 198RRL  Hincce o
refergacearodibgeundanfintegtatioh cagacitétdonaedied stwerntbamominverting input and
periodi c Eul ses at ttl_;e first rate; generating a second

the QURIACORIAH TS REUERROst r eam of peri odi ¢ pul ses and
shiftedg rﬂpl%ﬁnﬁﬁt%ﬁ}]’cﬁg@aﬁd st raFé Q8K aR Hpus yﬁhﬁﬁlﬁ%r&ﬁ%itor;

therewi th;” sanplihg the i nput voltage onto the '
f eedbacKuspimglchmge dapathetioput damplug ¢apecitdrie thelmn-inerting input

first..stream of I hi gh; dd ' h
of b Rl RLA B T o S g, T Pl 0 charge,
| nput oéarﬁﬁlﬁlgaqpkét&eﬁ%e dﬁmgg@ ddie 4 i leBadabRt sahﬁﬁingg@@fa@itor at

stream of pul'ses are high.3. The nmethod of C aim2,
substaingaléy thetthet rier st stream of periodic pul ses and the

second stream pf peri adi | ses, are.non overl.appi ng.. .

4. The RUPRBECBHeeraiehos tolfedhack Sblise dongigy S Hiendr-inverting
inpuf ¥R PEh1HRE ai HRIbnY Rltd BFR M tHAnGhé ARV EatsME! | NG

capaci tor conprises the steps of connecting one plate

of the conuetlizgthsl ameuns agfatitne dhatt dhargeeisi dympedvipmaiie feedback
sampling capacitor to be substantially equal to the amount of time that charge is being dumped

from the input sampling capacitor;
wherein varying the second rate relative to the first rate changes the gain of

delta-sigma converter.

2. The method of Claim 1, wherein the steps of sampling an input voltage at the
first rate onto an input sampling capacitor and dumping charge from the input sampling
capacitor to the non-inverting input of the amplifier comprise:

generating a first clock with a first stream of periodic pulses at the first rate;

generating a second clock with a second stream of periodic pulses and shifted
in phase from the first clock and synchronous therewith; '

sampling the input voltage onto the feedback sampling capacitor during the
time that the first stream of pulses are high; and

dumping charge from the input sampling capacitor to the non-inverting input

of the amplifier during the time that the second stream of pulses are high.



and the other plate of the input sanpling capacitor to

ground during the tinme that the first stream of pul ses
wa@e@shdgh and the step of dunping charge fronP€TES2005/010991

i nput sanpling capacitor to the noninverting input of

the anplifier conprises the steps of connecting the

one plate of the input sanpljing capacitor to ground

and the other plate of the input sanpling capacitor to

the nonfﬁbvltﬁﬁfﬂoﬂ SR 2 0§hibs tﬁHHﬂrétfsitr‘éﬁmcﬂfrﬂeﬁgdicgﬁls_lgﬁ élnd the

time that e second stream of pul ses are high
secomddtivanh affpefibdicpubes migarogiovetldmping.eps of sanpling the

reference voltage onto the feedback sanpling capacitor

and dunpi ng charge stored on the feedback sanpling

capaci tpfe hemb%r CRfm ) Wileldiftd 1 nput of the anplifier

conprises the steps of: sanpling the reference voltage
ont o t heh¢ etepbait kansaling theginpuipuaiagerondthei mgut hamplirg: capacitor

that the first st f ah-  and dunmi
SRISIVE et N T
and tiﬂﬁ g;ﬁet?x)ﬁ&é bPhel P sablihd SapoRbs fol @bustlfhi fHeQithd Bt the first

_ e second stream of pulses are high and at a
streanh dffpmilsemtrertagle anflan t he step of sanpling the reference

ot hod 48 P RenS hngien 1O (iege SRR i the non-

invertif SHRA G (eIt RE R QQmPB&sftE@ﬁQﬁstff RaAtinB 9he€ 8iaFlatedsf the input
conprises the steps of connecting one plate of the

Samrﬂ'mgctbﬁzcktos’ﬁmrbmlmbar@atba@theo plateofithe inpet samming oppiaitpgéo the non-
. nd .t l.ate of the feedhack ' i {OF.
e B B SR ol B FrSERE SRR oL RSR d0hian

pul ses are high; and the step of dunping charge from
the feedback sanpling capacitor to the noninverting
i nput  oThe methadwifiGlaiar 2,culgsein seessteprofspmpling the reference voltage

ot BRSSPSR B S SPG TB At i
capabi®R 48 AfFnonaRPéting ifRP BEihe @nplifiet Snprises the steps of:

sampling the reference voltage onto the feedback sampling capacitor during the
time that the first stream of pulses are high; and

dumping charge stored on the feedback sampling capacitor to the non-inverting
input of the amplifier during the time that the second stream of pulses are high and at a
different rate than the step of sampling the reference voltage onto the feedback sampling

capacitor.

6. The method of Claim 5, wherein:
the step of sampling the reference voltage on the feedback sampling capacitor
comprises the steps of connecting one plate of the feedback sampling capacitor to the
reference voltage and the other plate of the feedback sampling capacitor to ground during the
time that the first stream of pulses are high; and
the step of dumping charge from the feedback sampling capacitor to the non-

inverting input of the amplifier comprises the steps of connecting the one plate of the feedback
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non-inverting input of the anplifier during the tine

that the second stream of pul ses are high and at a
walpdobey®ns rate than the step of sanpling the PEf/Es®OTE10991

vol tage onto a feedback sanpling capacitor. 7. The

met hod of Claim6, wherein the step of dunping charge

stored on the feedback sanpji ng capacitor to the

non-inverting input of the anplifier occurs during the
S B bk 8 B Sapaitor o the
non-vksag input ofitheseplifidr dumrestie tifnegbatdessedand streawheihnlsel ere high

st of dunpi ng charge stored on the feedback samplin .
and 4R e P St SRS B e B AP dmpling
capabiforl €8S than all of the pulses in the second stream of

pu? ses. 8. The nethod of Aaim7, and further

conprising the step of generating a control signal

that selects the ones of the pulses in the second

stream of pul ses during which charge stored on the

f eedbaclys aEldder CRRAY, twderei® (HUAREL O 8@npide charge stored on the

non-inverting input of the anplifier. 9. Gain control
feedigdcksanpling ¢apacithrita/fha gon-revertinginpwiof the ampligigr eqcyrs dusing the time

del t a- Si canverter having an [ifier. wt
that S5 DA B SHOB AR A gbhigfy Y e of the
puls&ARRRLROnd Qreant SfRIRE EriVOWhREEhdED MNduniPifg tidrg@stored on the
capaci tor connected between the noninverting in

) ! een tne ng input and
feedbavs sampling capaciterrtp shenrpn-ianerting inpus afibe iaptpligicr isupss thagyall of the
sampl i ng an input.veltage at a first rate onto an
Puls‘?sr}g@?e %eg%cﬁ,tﬁe g‘c%fr%\l ¥or; a first dunmp circuit for
dunpi ng charge fromsaid i nput sanpling capacitor to

the non-inverting input of the anplifier at a second
ti fe andhamethed of Craim 7; andfurthercoappisiig thesten efiggnerating a control

mgne?lééags%!altg&tfs e c?naersr%lf irhré%u"f‘sers %{ file %ng%dvsgrleérﬁ%? pﬁﬂgsodlﬂ‘ing which charge

stored on the feedback sampling capacitor is dumped to the non-inverting input of the

amplifier.

9. Gain control circuitry for driving the input of an integrator in a delta-sigma
converter having an amplifier with a non-inverting input, an output and a positive input
connected to a reference voltage and an integration capacitor connected between the non-
inverting input and the output, comprising:

an input sampling circuit for sampling an input voltage at a first rate onto an
input sampling capacitor;

a first dump circuit for dumping charge from said input sampling capacitor to
the non-inverting input of the amplifier at a second time and at the first rate;

a feedback sampling circuit for sampling a reference voltage onto a feedback
sampling capacitor at substantially the first rate;

a second dump circuit for dumping charge stored on said feedback sampling

capacitor to the non-inverting input of the amplifier at a second rate different than the first
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sanpling capacitor at substantially the first rate; a
second dunp circuit for dunping charge stored on said
wo e@diogioke sanpl i ng capacitor to the non-invertPermUs0p8010991
of the anplifier at a second rate different than the
firstrate; and a gain controller for controlling the
amount of tinme that charge {$ dunped from said
f eedback sanpling capacitor to be substantially equa
tAqt he anount of tine that charge is being dunped from
sald i nput sanpling capacitor; wherein varying the
second # gdie comgtadler for comrallieg the asountaf metbat gbarge frelumped from

__qgai f del.ta-sigma converter..10. The,.gain control
said e fg s R earar g0 ORAGIL Pl f UF PuihuB PhgSe that charge
: [ 1iMApsdifosui t conprise: a first
® beﬁ%‘%ﬁ%%ﬁ%ﬁg@%ﬁ?ﬂ rspgdsﬂtro?’eam of periodic pulses
at the Whesin vayieg the seeond tate kdativer tortheyErss rate ichenggs the gain of
del second stream of periodic pul ses and shifted in phase
eltar S IgR? SAE i -r st ¢l ock and synchronous therewith; first
swtching circuitry for sanpling the input voltage
onto the non-inverting input of the anplifier during,
t he0.t i nEh¢ paih comteolfcincaitrystfi@aim Bf whritinessidafirst wihinggirguit and
.dge%gpd SW tcthi ng circuitry for dunping charge from
Said S YD Y% capacitor to the non-inverting
i nput  of, FARIRREb édn@fa_tiﬂg hifF§ stlR@mtof periddiabulsBeatIRe indrate;
stream of pul ses are high. 11. The gain control )
ci r cui t ayeavhdclagskiforgeneptingei ssoersd drepmyafipesipdie wlsss and shifted

. er.odi c. pul ses .and, said secand sttream of periodic
n pl%ﬁ? Jgr81§1 Sﬁ}cggrﬁg 0(&/%1}4 (o8 r‘?a(.)usltg?re %tiel’ gai n control
circui t ryst §hitSHiak BirdiPiry Wieb@bhng SRiitht ivbBigesomtsd tHRindg-inverting

circuitry includes: .
input of the amplifier during the time that the first stream of pulses are high; and

rate;

second switching circuitry for dumping charge from said input sampling
capacitor to the non-inverting input of the amplifier during the time that the second stream of

pulses are high.

11.  The gain control circuitry of Claim 10, wherein said first stream of periodic

pulses and said second stream of periodic pulses are non overlapping.

12.  The gain control circuitry of Claim 10, wherein:
said first switching circuitry includes:
a first switch for connecting one plate of said input sampling capacitor
to the input voltage, and
a second switch for connecting the other plate of said input sampling
capacitor to ground during the time that the first stream of pulses are high; and
said second switching circuitry includes:
a third switch for connecting the one plate of said input sampling

capacitor to ground, and



10

a first swtch for connecting one plate of said input
sanpling capacitor to the input voltage, and a second
waeMosoode©r connecting the other plate of sai dPCTPS1005/010991
sanpling capacitor to ground during the tinme that the
first streamof pulses are high; and said second
switching circuitry includegg a third switch for
connecting the one plate of said input sanmpling

capaci tor t 0, gr@HNEvitd @R chsbtife ﬁ1‘é" dtkdt f14e O?QHHQ%dt@Qmphng

the other plate of said I nput sanpling capacit
t heapaoiteri to Ve Illomglvmﬂimgtlnplﬁ of ilee amplificridering tind tmgtettlhfe the second
e s d stream of pul ses are high. 13.

h
Th%treﬁgllﬁpé% i as 15 rcuitry of Claim 10, wherein said

second sanpling circuit and said second dunp circuit

conprise: third switching circuitry for sanpling said

r et®r entle gaih cagfeolwincoittyrad Glaim b evhteirein saidsacondlf satripding circuit
durlﬁgtthe time that the first stream of

andsﬁﬁ%eggn(gﬁﬁlgnm’ﬁ WP ™EEcond switching circuitry for

dunpi ngthelaaf@rhineo6m k¢ drefdpas sﬁﬁrﬁafdré}g;emgé bffo the non-
to the non-inverting input of the anplifier durrng the

invertinggnpuh af thehapdidico dering ﬂieélme(ﬁlatﬁht Siest stapamn bif plsesrade high; and
ich.the

adlfferent thant e at r

Vol t ageeaid EhibE BReBE 63k Fulls SEC ahiseiGioB8atk Sampling
capa€ig a6 ite @on- lﬂxﬂem@ﬁlpgmmmmpm@r datih€ thettinye Dbt &b @éd@né Btream of

wherein: said third switching circurtry includes:

pulsesiare high and alrp disferend rate tan tlep @fveat ithachetho reforenge y@m agsampled
onto Egm%%édggclfs%%ﬁm%%é%tc the reference voltage, and a

Etlng the other plate of said
f eedback sanpling

14.  The gain controll circuitry of Claim 13, wherein:
said third switching circuitry includes:
a fifth switch for connecting one plate of said feedback sampling
capacitor to the reference voltage, and
a sixth switch for connecting the other plate of said feedback sampling
capacitor to ground during the time that the first stream of pulses are high; and
said fourth switching circuitry includes:
a seventh switch for connecting the one plate of said feedback sampling
capacitor to ground, and
a eighth switch for connecting the other plate of said feedback sampling
capacitor to the non-inverting input of the amplifier during the time that the second
stream of pulses are high and at a different rate than the rate at which the reference

voltage is sampled onto said feedback sampling capacitor.

15.  The gain control circuitry of Claim 14, wherein dumping of charge stored on
said feedback sampling capacitor to the non-inverting input of the amplifier occurs during the

time that select ones of the pulses in the second stream of pulses, and the number of the pulses



capacitor to ground during the tinme that the first
stream of pul ses are high; and said fourth sw tching
w@reos9py i ncl udes: a seventh switch for connPCT/UR05/010991
the one plate of said feedback sanpling capacitor to
ground, and a eighth switch for connecting the other
plate of said feedback sanpj4§ng capacitor to the
non-inverting input of the anplifier during the tine
in B e B Bl BAP DA A B bl e foodback
samplDigtcapgeriios tetrpbadnenting mantbffteeabpliferdsitgst thay all of the pulses in
capacitor. .15, The gain control circuitry of Caim 14,
ﬂwsﬁﬁ@@éﬁﬁ”&&ﬁﬁ?ﬁﬁ&of charge stored on said feedback
sanpling capacitor to the non-inverting input of the
anplifier occurs during the tinme that sel ect ones of )
t hé6.pul $bsgain coiteolsacuaity of ClagarhS pinddutthersompnigingaecontrol signal

n er of th ul sesin the second stream.of. pulses
thet Aty e QAP R ABERGOF SREGERELY diien doret Pebhpaes sored
on tRAERIV2 DO s&ARAE daPhoifd? i Miftnprao kBRILinRertinB Rkt OF tHeh@nplifier.
anplifier i's I'ess than all of the pulses I'n the second
stream of pul ses. 16. The gain control circuitry of
C aim 15, and further conprising a control signal that
sel ects the ones of the pulses in the second stream of
pul ses during which charge stored on the feedback
sanpling capacitor is dunped to the non-inverting
i nput of the anplifier.



