GAI N CONTRCOL FOR DELTA SI GVA ANALOG TO- DI A TAL
CONVERTER TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates in general to delta-sigm
converters and, nore particularly, to delta-sigm
nodul ators in anal og-to-digital converters with
progranmabl e gain. CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0002] N A. BACKGROUND OF THE | NVENTI ON
[ 0003] Anal og-to-digital converters (ADCs) utilize
del ta-si gma nodul ators for the purpose of providing
hi ghARECONTRQAInFARDELTANEMA ANALIHeTO-DISHTAMCONVERTER
utilize a plurality of over- sanpling techniques in
order to facilitate this data conversion. Typically,
tHReHNICA LFTRY.DARCOTAR INVAR¥iOSW t ching network that is
operable to sanple a voltage input in a first phase
3ﬂ] input sanpling capacitor. In a second phase,
st oT*@dpf&ﬁafr grgentign tr‘#%t?ﬁsfne gensepl & delipriigaad conysiics fikle more

paifitillari9f to déltaksignRgiioatiBlors\WharGlbg its dik it bR EedarOWRogrammable gain.
anplifier and an feedback capacitor, this
transferring the charge to the feedback capacitor. The
g#b%% RMEI\%EIFQ%{]?L P | AEf»L ected to ground.

ere 1s provided another smn capaci tor or
sanpling network that is operable to sanple the
003Lit siW@nal of the nodul ator and provide a feedback
to the integrator in the formof charge packets. This
is facilitated b ling a reference voltage onto a
Pé@ﬁﬁﬁﬂpgaﬁﬂfrﬁélNX BN or and then dunping the
charge fromthis capacitor onto the input of the
[0003hr atAraloede-digital spryprsrs (AP Gshetilize deltosieina empduletorsder. the purpose

dhsodadhg noh r'egb'ltﬁlom&&' |c@ﬂv@x@10hs ’Ithgé;‘e rﬁ&iula@brpﬁlﬂ@%nplﬁrglﬁy g§>f over-

amount of ch arge transferred fromthe | nput sarrp

PpdRg i’ e ok thingpsgpanyersion, Dpisalrdirt is rovided an
Elbﬁtrsg'&clﬁﬂg&l’é&f/(ﬁ!lf theds f)[feEHMettJﬂ &alﬁpﬁzﬂhﬂtﬁé’e ISHUTR 4 ﬂgt phase onto an input

citor.to fhe fe ack .capa or durin 3 .
OIS Pl oGt 2T i R s i) g dumped” ono the
inawi dfi dnainegdralyy whixthyis rfgenteth efroaiman ramprbﬂ‘ier cinéirag efeedback capaCItor this
&%[n@@ﬁ'{ng & cﬁargg oothe% ggdbﬁ%ecgga%gort g%? ﬁ&ert ng;;ut 8Fthé arrﬁpgisf%r is connected
@aﬁpf&l@ﬂ t Brererle p@wnd%anpﬂ)ettswecmdnmacltooﬁr S@malmgelemomsitewpedble to
Qﬂﬁ)f& tﬁenﬁltﬂum@ﬁ[ ﬁ{tlll&godgﬁgﬁgﬂdtp%vuﬁsd fe bﬁcf%%% m%%rator in the form of
|ngare erence volta onto the
@‘é’fﬁﬁlpﬁ‘ﬂfﬁtsc dpiadr fasHitategpy spm é‘g avigferpnergvolipgecontsi o Eedeck sepling

éa@ﬁﬁi&a&ﬂﬁ tReRRAE tn@ ltheQdharls ) G0 tRi€ c&facitol 8ntb MRULpE @p@ig '1ﬁt9grrator for
.éffecgée " amount of _charge transferred

SRR D 6L iseaytafor iyt rateqqt@tv‘gegp fpe e:aﬂunt of

d‘:h@rce hﬁtﬂ;ﬁﬂéd fr&mmﬁnﬁﬁng J:zEadltNVENHH febdbhRQQghtitob hethe amount of

rese ention dIS os%ﬁ an c
arﬁprrarésferre romoneé feae %Cf,an{ ng 8a6)f1c1%r to t‘ﬁe Ii]eedback capacitor during the

comparator decision cycle. Gam adjustment is facilitated by varying the amount of charge

transferred onto the feedback capacitor as a result of sampling the input voltage onto the input
sampling capacitor relative to the amount of charge transferred onto the integrating capacitor as
aresult of sampling a reference voltage onto the feedback sampling capacitor. By either varying
the size of the feedback capacitor or the size of the input capacitor or affecting the amount of

charge transferred to the integrator from both of those capacitors, the gain can be changed.



a method for driving the input of an integrator in a
del ta-sigma converter having an anplifier wth a
non-inverting input, an output and a positive input
connected to a reference voltage and an integration
capaci tor connected between the non-inverting input
and the output. An input voltage is sanpled at a
first rate onto an input sanpling capacitor and then
charge is dunped fromthe input sanpling capacitor to
the non-inverting input of the anplifier at a second

Qqn@f hﬁsvﬁ rate. A reference voltage is
sanp eg onto a gbagﬁ sanpl i ng capacitor at
substantially the first rate, and charge stored on the

1@004b ac KThsammsérit inyensiap dis¢losed an daivhediieein camprisdsein one aspect thereof,
Q%THO@Y&@H'VQQ tﬁenigbﬂt oPIm ﬁt&gram éﬁélﬁrmgma c@m%ﬁ&%giné ah Qmpllﬁer

erent t.h an first rate. The anount of

twl*ltgta nERriY @'@ng ’é’p‘Hu‘Wp%‘&’“’f #9ri ROBIEVY iBpi IsarRctekiml rpfﬁ@snce voltage and
Gﬂﬁlﬂé‘gkaftl&i cépimfé)@ Bbrnediddesbtweln i noﬁub&&Hﬁ@tuh;ﬁ{ bnd @6lYadputt An input

e anount me that char beln nped from
bilBes RotiPeCia Bt Al DR erapies GPATOLIL R g is dumped
semahdinpatsampliak @bpavieor totht hen-fvérdtg ihpnit @f dlaangRSertah @ second time

w&g@% 665% n’rﬁl‘(‘f‘—3 V%rlg ggm&%l 0‘]'[0 Dgeeg’% gr%'{%“% ca a01tor at

@fbsttarnellqoﬂleg‘w trater, ravémargg mtomdwnttheefeaﬂ:adcrﬂaagm capdqwreeﬂumped to
[h% nbi- ﬁ‘l@&‘ﬁné 1§plﬂ QWhg%qglffepﬁtaugco%ﬁ’ Lété)&ffg}&t %ﬁ Qhrelfﬁl;t 'r&p The amount
taken in conjunction w acconpanyl ng ngs

Ph tigyp teh chyregy Is fdumped feany sheefpedbackc Frmmpling @ar@wa)g rlamlesfolled to be

tst@taﬂﬁil)t é’€1u§1| 19 R UM RERE (R cHahR PR Ipe S IthSHﬁL@ sampling
ustrates a set of timng diagrans for th

g(‘utgf V@ﬁrewfv %ﬁ’iﬁP%@‘%‘F%‘(ﬁ 1e tirgt r@t_e changes the gam of delta-
sgmm&mmakes a diagrammatic VIeM/Of phase one of the
charge transfer operation; Fig. 4 illustrates a
sinplified diagram of the second phase of the charge
BRIEEDESCRIPHOMN OBHTHEIDRAWINGSe dunpi ng operati on; and
Fig. 5 illustrates a charging diagramfor the feedback
{ﬂﬂ@ﬁ] | ngFoc apawe canplete DiEAkAEDE DEBERIRdt @Nefifon TiE the advantages
t =] 6. t.here | .
%ggfglgérfg[e\%é qg ng% h@%ﬁ? éllle d?)ll&gw%ndg%cﬁg&aet%l%eg . cax?llgnc%on with the
memlpaarlog Dravtigs thettich: si gma rmdul ator includes a
switched capacitor sanpling circuit 102 that is
operabl e to receive the analog input voltage on an
I nput Figodilush@dds a Jématic Aiak AR tHe AelRRQMRINtRAUINMr & the?prent
agﬁtched capacitor 106 controlled by the timng signal
CIOPHE ot her side of the switch 106 is connected to a
node Ri@R iliNodes 4 Bof thnin®dineahsfdr thOoperEosofdie sathpléhg circuits;

SW t Cpig.]31 ighstltagse a &%ggnrlmg’tic%?ew of phase one of the charge transfer operation;

Fig. 4 illustrates a simplified diagram of the second phase of the charge transfer
operation, the charge dumping operation; and

Fig. 5 illustrates a charging diagram for the feedback sampling capacitor.

DETAILED DESCRIPTION OF THE INVENTION

[0006] Referring now to Fig. 1, there is illustrated a schematic diagram of a delta-sigma

modulator. The delta-sigma modulator includes a switched capacitor sampling circuit 102 that is

operable to receive the analog input voltage on an input node 104. This is input to one side of a
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t hereof connected to ground, switch 110 controlled by

the timng signal, 'F2. Node 108 is connected to one
side of an input sanpling capacitor 112, | abeled Ci,

the other side of the input sanpling capacitor 112
connected to a node 114. Node 114 is connected to one
side of the switch 116, the other side thereof

connected to ground, switch 116 controlled by the

timng signal (DI. Node 114 is al so connected to one
side of a swtch 118, the other side thereof

cwithed tapacitoo 1 qomdﬁeclmthe Bwiirtgcdigndl1®. iThe othext sidel df éteb stowjtch 106 is
tcaﬁ*leﬁédnorhgnoﬁé g&al 1?Iod6: 1%8 1% 9&9&&&?9& sq'c?eo If;SV&tglE ﬁpttk% other side

e 1nverti ng
ﬁh?éqoémnnefé@ntﬁam@ét mtc'adlfbmrﬁmle%@d@e 1xzmng Senal, s diﬁelOS is

IO te b ohehﬁdeadfml in Eaht%ﬁmﬂ-lg‘% chhcie? TE GBItk & O 1P de of the input
However , 05| ive I nput coul d be connected to an

y
FEPRYRE ﬁ&r@m%ﬂ% granestrdro agiode & Bmiiefe I diecqnageied dp oae side of the
¥@itdhap@, thlehef Seslihacls wanatt tte groldd sWﬁchanrtﬁﬁt&méd by the timing

gggaﬁ%{]l dgrquggglsqv gogggcgeiq Iago\ég ?Etflﬁ I?)gﬁ %3141 18a rlle other %}ée thereof
cespast tb webde,120. ivatch dénis nentrobenl by miteeigriny signal, H008]

There is provided a feedback sw tched capacitor

circuit 130 for selectively sanpling a positive

@405 enc¥odedRd Egennvged torthedinvegfrgrigpurd av ahpléfge | 22Y/the olithet thereof

VRET +

%(24:&1@& gg%%‘%é]% g(?lg 4t ?ﬁ% 051t VR i dné)ﬁp(? %%El%f#ﬁeg Zr"ié g%%je]d?fg ground.
bloweyer,gthig gositfve inpu ceud h%qonmsct@dn 1Ry teéeene veltagro sish B8 @, common

mﬁe Regaick V@lta&@f ?ﬁeefé&ﬁ)aMp!:JpQ(gt%r 196 onnedts GG GhefbebiRe and
Input node 138, the other side thereof connecteg

e gt R GHol RS a@ﬁkﬁe& 22 40, ndpel 28 epb24sTegpeciiely, thus forming
siMnteghitort40 connected to the node 136. The switch 134

is controlled by the timng signal 4, D Bar, and the

swi tch 140 is controlled by the signal 01 - D. The

@@8%“ " Therd is ptﬁﬁ@éﬂl&&?&ﬁbﬁﬂk@w{t@k% ca%h@ﬂladlrcﬁlhﬂm f&lﬁgleétmelp €&inpling
er positive ve ¢ oul d be

R L R b S Ay e O
notlectdi36 ai wde i eakdd2 tannenia toiale sidé ofba Swvitch AB4.14Bg othdiaide of
g\gln?cﬁrl 32|§ }sqgnr%a&{ tﬁ gfnp(ifgl‘g? nﬁ?e:i] nggastflzvg F]egﬁrr&g{go’g%ge %5% hlS ]Coqnected to an
onmede 636, the ¢thersdedhakf ofneciédete dtde of ipiitehgl40, the ofher side of

%R:ﬂcl% QJnnécfe%’to {hg ﬁod@tl @@ rT&' s%cﬂ hﬁ se&tltr(ﬁlgﬁl Bfﬁ"lg ‘talgm{g%lg"ﬂal ®;-D-

node . is connected to one sid

B t’%‘h‘hi 5‘21t°htlﬁ% lwmﬂﬂe% pythersigapldyf s oﬂﬁétan@ld Dc”ds @F%ﬂﬁdlgltal

ﬁ@ﬁiﬂ it H&BmiReE whahdr fﬁklh&doxbbégﬁth/@ chdrfd B3k ShaiNBbe trddslerred to the
Addi ti onal | node O is connected to one side of a

“@%ﬁm%@ﬁe ot her side thereof connected to ground
and the switch 154 controlled by a timng signal 'F2
T e T o Buameiaf pior Sof OpacREts Gy Derpigaide tereo
f:o’rméﬁtddhe gloeellberk 16ag@atslled by I8, timidgsignile Bldbarde is also connected

(H]g(s:lldcte &a f:el'e%gack ‘saSmpling capacitor 148, the other side thereof connected to a node 150.
Node 150 is connected to one side of a switch 152, the other side thereof connected to ground
and switch 152 controlled by the timing signal, ®;. Additionally, node 150 is connected to one
side of a switch 154, the other side thereof connected to ground and the switch 154 controlled by
a timing signal @, - ®s-Bar. The signal ®,-Bar is a timing signal that provides control over
dumping of packets of charge from the feedback capacitor 148 to the feedback capacitor 126.
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The node 150 is connected to one side of a swtch 156,

the other side thereof connected to the node 120 on

the noninverting input of the anplifier 122, the

switch 156 controlled by the timng signal (2 (DA

[0010] The output of the integrator on node 124 is
operable to be processed in accordance w th nornal

techni ques for a delta-signa nodul ator and this

process takes place through various nodul ator stages

160. This provides a control signal "D' for

dbehodel 1150 isgromdected toadne tside oo switch 166, alfe otliee gidé the@of connected to the
ﬁéeeelgzg%% e\(lgllll{l\%g?l% @Btoorgt?h%%?ﬁFﬁggﬁ gb@&ﬂ& 1]S§ %?rgro[lecﬁg/ the timing
éﬁﬁﬁébt@n 148 Typi cally, the nodul at or stages 160 can
include any conbination of analog filters and digital

conversion circuitry for conversion of the signal to a
QO n c e Tlesf oughuyefitled intogrrioren nddad 24 is ppasahiatp be hewcessed imgpgordance

Qfith thBEnab REMMEE fbrrwdéita-mgi'ﬂg m@dlﬁét&' aB@ hlsfﬂr(gcteﬁ takes ﬁ@e%hrough various
praovi des the out put di ti onal provi ded

BRpSeiE BT o i T AGORT Siad 1o conigingiie ofhe posicv or
Q&Qﬁ@éﬂe&:rdn@e géagds akeLcdnheteal t@Gleet 3% d'i@iné ltlﬁrbaln&lrfgaher&ffcbnto the

d al.so the.ga c timn na
KB SuBpifR peito R i ko My BPASSHes Al Ml any
chrebisdtion bhatalogifilters (ah]didllgmal tcbreverstoh mfirmj}r}t foe bmérslotasf the kiknal to a

gegqlu?ng?f gf giggaq R@%ﬁ%a? re ?ese%\{v’the aQ/Qr% 1e] of-[ aﬁ sa?%fe{ﬂ I;]n ut ta?cfe a d18¥a1 filter.

proportion
{Thie provjsias the gipip| Ad\tﬁtumalyba@mrzgrls provitdduebyfagenMeniidoalsaming dirggit 162,

%Qﬂ% J-p@xrablg: ﬂ)ggene]‘-g@thg t:lt)ﬁ{cﬁmlgé s&rﬁ% @%HPJD' a4 aﬁ@ﬁl@%&u& Qéntrol timing

is varied by controlling the nunb packet s "o
eigaal G- t Hux caa e C?fi’fré?H%C\‘ B # &8in consiel flhl@l f@@db%tetk that will change the

S| thetdbf, G R ldcribed hbiRf beldRUt to the integrator. The
actual value of the feedback sanpling capaC|tor i's

not changed; rather, the timng of the "dunping”
‘[lllﬁfl@t | Ohef g1 1A d@l‘i&jﬁgrﬂaSQlo&Qat&hi@ pr?@ﬁ@nalz&) tHeSratio of the input

rolled su t char e fromt
FRBE P fr Rk Seiny 0 cargigr L TheIferia] 1 gampling capacitor
'm,ldahecpb}ecodtum tﬁé nlﬁllﬂﬁf g@aﬁke@mftchﬁgmtﬁﬁiare]ﬂﬁism@ldﬁmaﬂle @eedback

ol ORS00 REEIRRS) “Rbackif slChC i Fsptpet gmptine
Wltoo is lﬁp‘gcha@,ed trmzqr,ehe tgmng bitb¢ tdatpilg Gopteratibmigor tha gpdeniSO to the

Q&f%cerb k?é &gtr(glﬁg sucH Rk @llia'r r\s ﬁam d%g!: & fon? l(hg %dﬁﬁ%‘ggﬂr{ﬁlﬁé capacitor

e signals an are genera
é‘%ﬁe@% %Hmawg te mylipls, duppe ﬁf e@rgegm thei npde 414 aaﬁoce%@ewmme input

SaMpliR I cab@GoaNd, $Hk ks ebnirblif BohdYikih©Sgnal o)V th swi tches
11 ‘5%3*118 bei ng open, J@Qtolthg %gbtmihat D2 is

low. This is the sanpling phase wherein the analog

g)(llr.’.fl' ORefSHAE ndW 4o I15g. SATREGs ARKPRR & ARG URErarh 1dscribing the

ince t ate of capagitor 112 connected to node
OFIY o GriFLETEE CMGIBIRAIE the | o PRebnEKbs e Eemeraly non-
caplagitgdiock ) 2Wheti & | gobehiyh at@h eG@I03 GwittH mhﬂw lS\dltChG 16 both close,
VO SlEhectobnlis B il S REPe BTt slne. FRiale St pres
(birein shdhamglog sighd annppde 100 ist ageled scrssarqabaenior 112. Since the plate of
capacitor 112 connected to node 114 is connected to ground, the voltage across capacitor 102
will be Vin. Of course, it should be understood that both switches 110 and 116 could be
referenced to a voltage other than ground. Thus, when @, is high, the input voltage is sampled
onto capacitor 112 for the length of a pulse until a falling edge 204. Depending upon the series
4 ©



onto capacitor 112 for the length of a pulse until a
falling edge 204. Dependi ng upon the series 4 0

resi stance between switch 106 and capacitor 112, and

the series resistance between capacitor 112 and the
switch 116 and the size of the capacitor 112, the

vol tage across the capacitor 112 will be

substantially Vim but it will not necessarily be the

full voltage due to the inherent series resistance

and RC tine constant associated therewith. [0013] Wen
(ckiptanag betsvednoswitelt 108chgdcaplbdtor 11Rme thaistrles krgistance beteada capacitor 112

?\Iﬁ tﬁé’ %gﬁ:ffﬁ elmﬁ ?l{c’e\%l[z ﬁ%sga%ggtor h&g@igglta%eaﬁ%%&%? ga% éitor n2§mll be
stbetpntiaie Mne cbubft willmeot neesssatilyow thivdult sigities tdog tol e lnla;erent series

Fés@@ﬁce aIch@@ amb E&fsbantvélgk%ﬂat@d thkrswid. gh, switches 110 and
close. This wll effectlvely then transfer

the charge in the capacitor 112 to the feedback

afi t Ofyhddd, goest lmv§tt Q@E Q(Ql thefe QY @@5 HORbeBRENAL RFore @, goes
14 The. f eedb anpl networ k 130 operates

Pnaq a&redié‘bzoPh &hig wﬂl ehiah &% & 06 And Heéepgsing faggpshort period of time
tefew ehertgpaditd 113 18loht0 Fh&edfieR ivBer0b, is Bgh, s@itdhbBe110\¥RERS vall close.

EF. is sa ed onto the node 136 n Q1. I ng.
(i e R P e e 3G psbaion B3 Yo g b 126,
tifis tetng ta corivengional dpdrgtiond | | ef f ecti vel y sanpl e t hat
vol t age across capacitor C2. Again, dependi ng upon the
RC tinme constant, the voltage will be close to the
{0014] VRE]lhe/ foidBhek. samplirtgheetwiek t13p lpgaes amuadtgehé@\@ltdhéd capacitor

/,140 Lpe nd |
02, USSRl 000 B0 P01 Gyl i o e
del 13gwhenf@icle geing higlyatiyising ledgefl2. Thi swvitele pi@rwiﬁ bg plosedtahtbat time.

YRk Wl fofecﬁ!%ly §'rrﬁ}féethat2/oita%e aé%@ecq et DA%aml @ep%ﬁlﬁng upon the RC
5 T ow

i.llustrated ‘enbodi nen goes

Hing Fonstant g éql@gf‘ewﬂlr?s °’<9FFatP @1@ W VkEF%\éREt r Hﬁé% o @la'sera Risrlge 206 of
@@Fﬁ&csbvﬁtﬁl’gs 15481 4|2 B@tdﬁ@fed alﬁfb\&ﬁtblﬂijl-eé(é peScAAd k»ﬂ%h_ﬂm@a&sed However,
I ni eg. at the rils|n g ) IS SO, .
ik 036 ity o geoispri e o9 i fephp i Bt Vel Onaipee o2 i
ANIhdh vathg®,.2 14 dadillsiatgbembdiigdnt, ad, dn loed g&fhen? blge 206 goes high.
?ﬁeéclﬁ"%r nolr'lclk-n%r d \E‘/]I,l]lteblg grﬁﬁ;’sr%rtgg Fr%m %egaa& of ?_%8[‘] g{ather o%the next samplmg phase,
inktiated etsth¢ tisimpt edgm/@ of &, rQAOQaIS(( 1Bis¢d highree amdge ghe Ehms Mhbn @, goes

ié)\% z{%gﬁu |2|1?ch{3<¥2 %(Qk ﬁlﬁf?u e§1eed 9 6ath§sI v?'irl rx‘&uf?ﬂg 205 156 closmg

a fall
wdatrrpsfagring e e deereon. This @a&aépqnom ﬂF4835‘t @ntt W@;verferme% Da,s

\}V&Qe:m g)é"stvﬁ(lfh id %trolle%l BYRIES ﬁmeeanﬁ Q rlﬁﬁg‘&%g b2q) (Siﬁtcllr 5% Wi remam on

g @ whenever ch arge 1s no transferred fro
g QeI hiGaE D Re FhaHe D SOBHRIAS e BB St 154
fsi dﬁerablb ab CGIBEEth)db 950 Bfuhd ansker rcﬁdgé 13 ﬁ‘tﬁdﬁlng kedOsferred from

f Ig] I %&86{1 []?%toﬁgﬁ% %tO ﬂ%% gna tha %ﬁngllsﬁ)e% prg??erred to node
e?tﬁ)sftmrempth aztn;lplmg eapacﬁtﬁr yaedn dmie ginbmder&mhets&vhtclilﬂ“@ colild bediminated,
BJE"%E w@tﬁ&j gnsaéOthQ,ox%ﬁenn(th goelsl fhlgﬁa‘ﬁld "switch 146 closes, that node 150 does not

“float.”

[0015] Referring now to Fig. 3, there is illustrated a simplified diagram illustrating the

sampling of charge onto the feedback sampling capacitor 148. As noted herein above, when @,

is high, switch 152 will be closed, switch 156/146 open and switch 132/138 closed. This will
5 o



[0015] Referring nowto Fig. 3, there is illustrated a

sinplified diagramillustrating the sanpling of

charge onto the feedback sanpling capacitor 148. As

noted herein above, when (DI is high, switch 152 w |

be cl osed, switch 156/ 146 open and switch 132/ 138

closed. This will 5 0 11 allowthe reference voltage,

ei ther positive or negative, to be sanpled onto a node

136 and across feedback sanpling capacitor 148.

However, there will be sone series resistance in the

[allgwve theatiamace voltage) pihet positive wr hedatik3 RY B3 8inmivd dnkvea pddat 186 and
j e t

Shrobaeed R S, ofdly R0 CELERe! BIAR be LBl st BHEHeg i e

éxg@ betyeeatthet ipput @qufi@h ﬁéZ/ 138 and ¢he platsefahg eaneqitgy 148 connected to node

Tber &1 QiR thedd wilnR e fid Bt aﬁéﬁﬁe@tﬁer&b& Ridh ﬁﬁlsthé HMarging is
t he, waveform D2 at either of the rising or

APy Se dgEcoTeat hhaceugal ceh of 4 WI%CF %Béb‘i Wavetprm @ at
@hl&f @e thetrhfn@ lbgﬁb Idﬁadir tﬁ%e Elblﬁ@ edg@@]l@ttﬁcﬂ G@acddﬂw Gvill b@irﬂﬁ&:harge
inite

ul
el i G et apRert B i REY: B pli Fyigeg e
tpplset widthh the cgfacitoe ¢ muphdtabyegd aviely pue theaefetehe whigedsel due to
I Ny I
Et%is%@eé s nceblg}élt Ig{l]l(lj }Sé\énllljé cécr?]sgﬁitgﬁ\l/eg/?le df goérpeaﬁus (Eée%ds %pgl the value
oEdp squah@%starlch éhewa ugef thﬁ caphetor Hi§and the fength 8f aipdset the length of the
Ip@lE@Eéﬁngfepéﬁd&@h thé Mtchﬁ %&heﬁl‘fy o R&n pling! lfr%&;ep@/' nlglerefore at the

dependent upon switch |n requency or sanp

falling rdge 9f ‘Dﬂ?@?té‘? é?"é”%wﬂlt lr?eopelveémnﬁ derthen g@rgwg wﬂl Gease, even if
Sipatitoh 14834t BBly GhdrsedBEthe REHEMe WMl Ur t her char gi ng

will cease, even if capacitor 148 is not fully

charged to the reference voltage. [0016] Referring now
1{@1)1@] 9. Heferifileh®w itd Figl lay ﬂfefeaﬂs @ithswatddl AMPiniplifi@d viéw @ tRf operation

BRI B g R T AP S0GL LES, hORT bion.
capaor 148rhad dBstinaiallysthb ﬁﬂl&é\tbﬂeﬁdelvyltdgh Eoﬂ‘edj tHereraedosy; @dperglent upon the
PIgl tgtﬁgf ad B&gae H'er&l? teclggveﬁ\%{tho ?e%pectb%ptgg %%nﬁlmé’l %gn%ta%{] aI{d th(te ﬁerles line
RGistanqge Am@rkst Qaf nharmlltthee be traristened frapethe p@gmsrt &8obrough the switch
@ﬁ?\%% rfglfng &%@ rZQ@oéMuIs 1n {hQ %vek?cﬁmt(ﬂ aﬁﬁf ehis %garéer \QimbE Hgns érred onto

cap acitor I‘OU h the swtch i when r|S|nge
méeeé'aaéla?a@aqltﬁr 1t2ﬁ@t %@Bmsle@ae@% 4 A Th| s charge will
be transferred onto the feedback capacitor 126 at the
falling edge 222. 0017 Is noted that the length )
017 e § frarotdahaicthe 4<8° time thpt] qapgeior; B 8cip ablgeed; 1§ charge is a
FunBEdnioP the hilsd \hl@thp)‘dtlsze ’Y’%LQ }‘t&i dﬁﬁacﬁe?r 148 i -ErbHﬁgedtftiﬂByhfor the E)I;_le that ®2
}?@TC I&%&rléég}%hl ? éﬁ?{ q%edlg)g t‘l%gl?ﬁg{f c%}?aglgc%agée @(;?égot cgntlnue longer
t‘liaﬁtlgl dugptioh oCapACWith b gdid Bf ﬂlOElﬁnlﬁg)ilg&DlDE I @y @vobia g edual to @, and
tc}g’?l% V%Orl]l tbﬁ grans?eﬂﬁg \%8 capaﬁléoréa%veﬂzh ?rge %grige mtrargﬁachyéom ca%acnor
\N@JI tlolyevet, rifimbdrgy iseabt ftrapsfercaparci ifoapatd@ BBcWert inmintained in the

ngﬁﬁggtlomﬁchttﬁa?ﬂl% el cQQhJ JaBJHt&alQ§‘Q§SBCQJted with node 136 were maintained

connected to the reference voltage the entire time, this could cause the voltage across capacitor

148 to be different than that associated with the voltage across capacitor 112, since this is
allowed to charge for a longer time. However, in the present disclosure, the capacitor 148 is
cycled with respect to the sampling of the reference voltage thereon at the same frequency and at
the same rate that the input voltage is sampled onto the input sampling capacitor 112. An
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112. However, if charge is not transferred, and if

capacitor 148 were nmaintained in the configuration

such that the plate of the capacitor 148 associ at ed

with node 136 were maintained connected to the

reference voltage the entire tinme, this could cause

the voltage across capacitor 148 to be different than

that associated with the voltage across capacitor 112,

since this is allowed to charge for a | onger tine.

However, in the present disclosure, the capacitor 148

iildnstratipe B dhisvehown ineBipet with @ pldief sizangitg tge dde tbhige inherent RC time

RIBRENE SN O\ AR b RREROD B of APREQNR Er&%eq@ GhoRh Hlime .
e sanme rate that age 1S sa d o

tTIhé Vionld be t@mumm@ cleaaasvahat twould bq gransfkrred Bom thel shrusltngawpaelrpr 112

&f tht Rode 1%&% ﬂl@ 1l Fﬁﬂ of Bm¥Mhkf,3s cha%gh%lt&lg ¥l ﬂg v&h‘eﬁrEate 118 is

due tao RC tinme ‘constant. can be seén
closgd. df rhr F%lfchr \86 aferesgs clgpea dor thecsaeng rlv@*smlm 3 [thepsitch 118, it is
r)es'srblwnht ﬂabre&hirgelmﬁoﬁé&' be tréﬁh&?edmdﬂ? h@dﬁalslesaalgmgrﬁa &ftor 148 to the
Wou e.transferred fromthe sa

0T BETord Wb e ot B AP g i e gfme between
mrslng edgh a0 and ifdlingtedge 122 ghthv obtcfige @ eBlis subst&ﬁtlally\hhmh to the length
??Eh% ;ﬂlll]sg (IJ| Sbeglﬁllir?%?lﬂéad#ngt etdI%SZFéMtI%% 2‘"“;-{/\4 W ﬁﬁ!}g}o are, rel%fc’ vegy well
bajeedl e that nore charge woul d be transferred from
the feedback sanpling capacitor 148 to the node 120.
Therefore, wth the enbodinment illustrated above, and
[MES] i ngAltengh thaepreferrad dyehodinsnt hasibspmdesetihyé i@ 2igtanig should be

fuﬁcieks'tcfdg 104l g’@ru%g%h ed Repsuar Gk %‘flﬁnaﬁgﬁlonpgaﬂ Be made therein without
subst anti al fo the length of the pulse (Dz

Hergrtia frag t@tSP‘F‘é"é’&lsf’@e éﬁf@%mmon BHieloediby the pppsiged claimgt
they are relatively well bal anced. [0018] Although
the preferred enbodi mrent has been described in detail,
it should be understood that various changes,
substitutions and alterations can be nmade therein

W thout departing fromthe spirit and scope of the

i nvention as defined by the appended clainms. 70
CLAIMS: 1. A nethod for driving the input of an
integrator in a delta-sigm converter having an
anplifier wiwth 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, conprising the
‘'steps of: sanpling an input voltage at a first
sanpling rate onto an input sanpling capacitor at a
first point in tinme; dunping charge fromthe input
sanpling capacitor to the non-inverting input of

70



the anplifier at a second point in tinme and at the

first sanpling rate; sanpling a reference voltage onto

a feedback sanpling capacitor at substantially the

first sanpling rate; dunmping charge stored on the

f eedback sanpling capacitor to the non-inverting

input of the anplifier at a second sanpling rate

different than the first sanpling rate; controlling

the ambunt of tinme that charge is dunped fromthe
feedback sanpling capacitor to be substantially equa
CLAIMES: anount of tinme that charge is being dunped
fromthe input sanpling capacitor; wherein varying the
second sanmpling rate relative to the first sanpling

rat e lchandemethid fogairiving fthedispytaofsAngintgereion ines Welta-sighma converter
Rhend gl Mﬁ&fmg a@h&ﬂ-l;lrvertYfQQElﬁllt rhntdﬁﬁ)uﬁﬁrﬁpaspogiﬁlvesfﬁgﬁl doftcted to a

an input voltage at the first sa rate onto an
rqﬁismce ¥olfagn and @n BiEBREN GPacHAFORRSABE n?fgwq,en e gen-ysting ipeut and the
bitpit] compAGRY thd\@epgaPaci tor to the non-inverting |nput

of the anplifier caonprise: generating.a first sa

o th e f1rSEUEE @B viger SERCPORu et e 77 ut Shpling
sanmbrmgikabmnngémeratlng a second sanpllng with a

second str %m"?%c}ﬁ‘%f: &3 the i ut g’a%&all]l %caga Iarl tf Eh% %on {nr\]/prp Qg ﬁput of

fromthe fi
$anpblifieg attaisecondh paint uwmq @g@t tbﬂﬁlst riamelnfgeret@tb ack sarrpl i ng
capaci t or %ﬂhﬂ@ ! h@ferehéenﬁloﬁdggt or{tg'e ffeéd%&cksgefnﬁ)ﬂﬁé Oéapacnor at

pul ses are high; dunpi ng charge fromthe I nput
§§ﬁﬂmﬁﬂbm§§ﬁ§@WPWErﬂé the non-inverting input of the

a”pl ifier dtﬂrﬁﬂnfﬂ@chﬁ&@ stbiel®n tHe Qéedﬁdﬂ@sa%ﬁ:ﬁﬁ‘é‘@p&ﬁtliﬁ@ﬁﬁe%ﬁn -inverting
S ar%gh %@ The et hog f2 wherein the
‘50? the gl Sﬁcé’f‘ﬁ‘ %fmpengpraﬁege&re&h@aft helisisenaiE /e cam

Of peri Odl eormrkjlhﬁgsheaﬁrﬁoum)bf (mtﬁrtlhétp@iafgg is 8u19p64 frd@he feedback

samd)li}{lg cagfwtltgr té) b8 I%?t{stﬁr\{w aﬁ% 5%1?1 to t ermortlmtp og%mg ha{ng}argeqs Bemg dumped
ﬁomﬁmum@@%MMEmsmswstf connectlng one plate of the

i nput sa I I

ot Eer ol g{)gv'h% ncﬁg’ﬁx% thé Eecgrﬁi &Pﬁhgé’]%% rae}é)ﬁ!tf ot?qtﬁeo A garﬁr@ﬁg rate
efiapgen ghetehia qulqlrersrgmaponwﬁ@rf | rst stream of pul ses are

h' gh; 2and tFH@m%@@onflaﬂ”l”Wh&QmQﬁ@Jt&ﬁ of ERMit'H thRWbitage at the

anpling capacitor_to the _no
ﬁrst sampling rate onto an input sampling capamtor and dumping charge from the input

sampling capacitor to the non-inverting input of the amplifier comprise:

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

generating a second sampling with a second stream of periodic pulses and
shifted in phase from the first sampling 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.

3. The method of Claim 2, wherein the first stream of periodic pulses and the

second stream of periodic pulses are non overlapping.



inverting input of the anplifier conprises the steps

of connecting the one plate of the input sanpling
capacitor to ground and the other plate of the input
sanpling capacitor to the non- inverting input of the
anplifier during the tine that the second stream of

pul ses are high. 5. The nethod of Caim?2, wherein the
steps of sanpling the reference voltage onto the

f eedback sanpling capacitor and dunpi ng charge stored

on the feedback sanpling capacitor to the

non-i vert iThg rrietmpdmfczjilmtzmhemml ifier corrpr i ses the

steps of: s n ef.er: 0 . -

f eedback s aﬁp@% Iﬁg&c%p ghl{ ghr% gﬁlﬁ eVOYtQ% ei %ﬁ)‘t %&? l"%gn éapamtor

fepmprisessthe genn ob Eonpeqting anezplage Wt@ehmpta ﬁ@nrdmzrpﬁpﬂ@tomah@eput voltage

ShPhE Gth&'pidid 6 i BRHP @aﬁ%luﬁdmzlch&go ERRACALRL tht BmE 8t the first stream
non-inverting. input of the anplifier during the tine

tohpHiset pe high@Bfid stream of pul ses are high and at a

different usasg) bﬂ&nﬁpﬁﬂgechfafgaffrohh&eﬁhlﬁ@ s@hplBaEpdabifg tb & non-

r.ef erence a nto t he feedbac I| ;
ARETRE Top olghe B LG DERS A S o B one e of tg mput
(sa‘immlag’phpamg)r ttdh gronief @xdencehar plldteagiethe inpthampleddapaior to the non-

SRR} B RS AT e B SORLSL 09

reference vol tage and the other plate of the feedback

sanpl isng capaGidneh o? Blathh @ U\Qﬁjergrllj EHerk%pg bpsaHpHFg ﬁa@ ?err&rﬁ@ voltage

first stream of pulses are high;
Quirphfednes gfénp!% FAPRGer P@e%ﬁ’t‘lé «élarigmsrorfg Q’,“a @&e#‘@ﬁk gampling
lchfcitdotdthd AbvShvetting irdpBidfthe Qﬁlpﬁﬂb@c@ﬁfmsésftheesﬁepg&*m rises

the steps of ect t he one f eedba

Sl i G c SHOMEE Tieege StES e e fie ik SmP P gR doring the
e tlfaeteelﬂacd(reaﬁnmmsagarcﬁgaand or to the non- inverting

Istn ngf';lmOfo f t giﬁ char 1S oreq t(])n éhﬁ eed K samgp%fnt a'e:mttorh S et qon—rl]rgvertmg
ipueof theamptifier dstlwh@tﬁmesiaarplhq sngmd stecamef euleas o hﬁgblanagtel different
NS 1€ ! 6 1P 00 kampi
Spinf ol el TP e PRELLE oy TS EPHAMAC b
c#pecitof.eedback sanpl i ng capaC|tor to the non- |nvert|ng
input of the anplifier occurs during the time 9 0

that sel ect ones of the pulses in the second stream of

pul se& are ﬁF@ﬁﬂm%ﬂﬁn¥Wé YREF®r of the pulses in the

second str etaémqf ofBth IR tld:l.féfbliégcev\ﬂalt&éé ohliie fsddea-k @impling capacitor

t d ck
P e OF REFRE PRI Ty FRRR DTRGUHY (g g eference
veltapead thehalrer alate of fhe fdedbaclpsanpbisg dapacitrato g@omhdlriag the éinte that the
‘ﬁ];st Qr%!aﬁsf g?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
sampling capacitor to ground and the other plate of 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 sampling rate than the step of sampling the reference voltage onto a feedback sampling

capacitor.

7. The method of Claim 6, wherein the step of dumping charge stored on the

feedback sampling capacitor to the non-inverting input of the amplifier occurs during the time
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8. The method of Caim7, 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 feedback sanpling

capacitor is dunped to the non-inverting input of the

anplifier. 9. Gain control circuitry for driving the

i nput of an integrator in a delta-sigma converter

having an anplifier with a non-inverting input, an

out put and a positive input connected to a reference

viat sefegieoran of e pulsds ey thetse@nd s@paciftpolsescon high,tad tizetuwbenof the
5 ol t, and f. ising:

gﬁlg’els Erg l[.lhte sécg}{(? %tEeﬁxg Q)(t:“ pplgéél dtuﬂ?%\rvf‘ug}gﬁl% ll#eﬁ §¥ g%r&?llg%%}{ai’?'ge "red on the

fastitagly a;arrmtinacaﬁ)wtslt tosthgrpin-ingprtingtieput ohthe aanlifien fruless than all of the

ﬁﬂggglldtggseg@‘g%éa]:nq;fp@gesa first point intime; a first

dunmp circuit for dunping charge fromsaid input
sanpling capacitor to the non-inverting input of the

anpl : Bier ahe ﬁetﬁ&ift&@anﬂqikmd fhrfhlei &d?@naﬂgdthameﬁ S¥ehdrdtmE a control
sanpling rate; a ck sanmpling circ

S tieh i 1 crbe REG Poibe B BB s el sk Sucige phich gharee
stafed on the feedtiackssahplirgrbpaaitdryis dulmped to tigtnos-avpkingigput af ¢ amplifier.
second dunp circuit for dunping charge stored on said

f eedback sanpling capacitor to the non-inverting
i nput 9of t Keinzneptrd! feirevitra for dlrisieg trednp@iebhi igegragdrdn a delta-sigma

QérvERE %%1né Q@"émgﬁﬁ" \fw'tl{ §thof mxltxhg gnﬂu@tﬁ ou'i‘pug 3hd a posmve input

control I np ut recelving a galn contro g
EBHETRY] 1o qqgeffmée valfageidnd @R TptparEion taRacit afogrece beiwm&le non-

v sSiapd addapdfask c ﬁmdgng capaci tor relative to the
amount of time that.c e is bein edfromsald

i nput sanpff Wﬁ“téérﬁ%\‘lﬂgtc&?“ Hr spapy ‘?H’r‘é oliageydirst sampling rate
s@aap inpud sangilieg mphcanbt ate ft‘SDpdlﬁ’ten fih¢; St sarrpl [ ng r at e;

wherein varyin e éﬂ L ng. rate rel to

the first %§1 ﬁurﬂ%mfcg{ gor élH‘lglﬁlé gsar%eh om 531(}11n8¥t samplmg capac1tor to
dvelnbram_sér@lrganmmaﬁfcber angplifierld®a seforel pgant i tm&mtld glthedirstsamtling rate;

of daim9, é%é!iaﬂcl?!s Cﬁiﬁ% ngu rfﬁrt saﬁnﬁl“%l Af @%req’lkcr S:(Htla% &}Eéja feedback

said first
sqmpding *famcit@f@h@rb@t@mﬁ@y the ﬁTSF %ltnpbltgrr@ta,m of per| od| C puI ses

at the fir §tseco§@mdﬂ Bitbuft %redum%gnghﬁ%lesﬁ&@@ O Cdi® EdédtfaOF sampling
gener ati ng a_secon stream of eriodic pu Ses

cappditoply t]perpon-brﬁlgglég gt dhs aénpflﬁ?rg'lf a sacondisagplipg rate dl?‘ferent than the
spuhahpepasts; therewith; first switching circuitry for
sanpling t Q%afnngn%rolvlgpln}t afgrerege%lr?g %%glnn&gtrélnsYg%al {"or %ontrollmg the
amount of time that charge is dumped from said feedback sampling capacitor relative to the
amount of time that charge is being dumped from said input sampling capacitor by varying the
second sampling rate relative to the first sampling rate;

wherein varying the second sampling rate relative to the first sampling rate

changes the gain of delta-sigma converter.

10. The gain control circuitry of Claim 9, wherein said first sampling circuit and
said first dump circuit comprise:
a first sampling clock for generating a first stream of periodic pulses at the first

sampling rate;
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i nput of the anpllfler during the tine that the first

stream of pul ses are high; and second sw tching

circuitry for dunping charge fromsaid i nput sanpling

capacitor to the non-inverting input of the anplifier

during the tinme that the second stream of pulses are

‘high. 11. The gain control circuitry of Caim 10,

wherein said first streamof periodic pulses and said

second stream of periodic pul ses are non overl appi ng.

12. The gain control circuitry of C aim 10, wherein:

said first asudohd:hbcrkgmcgem:raxingra;sedond:ktmdmsf pcaioﬂiic ipsltes and shifted in
of said input sanpling

?g%%ﬁrﬂ[\ sl ?I%PJ](%E%A %%h?&gusn%e%ﬁth and a second switch

for connectﬁrstl thtqh@g@!rheﬁry for aar@hog thedinit volppae onje | noprgpverting

GpRESH e Qnplifie? dHrRWRdin@Uhd: B ftfslaﬁregnln WBpUid@hre hidh; ohil F St
stream of pul ses are hi gh; sal d second sw tching

circuitry iSgfendgwiching flwwitra @Wdt“éﬂ% &Paré%rﬁtﬁ@chl%gl%éamplmg

QiaciRRk & Be @bn-Bdrhg NP of ;e ARIMY dGARAGS tiAE tHabthe §dcOMNFream of
anld a foErth switch for connecting the other plate of

SUPG 4° sanpling capacitor to the non-inverting
i nput of the anplifier during the time that the second

SF real .Of l %?% .C nth cir V\ﬂré/rof Jé%alm l%e wggﬂem S%Ig rHrsrt {ream of periodic

circuitry o ein sal t secon

oilsas gind saidsredng sticdm oBpsuindic plulsep areinprcenietlappongpr i se: t h| rd
switching circuitry for sanpling said reference

vol tage onto the non- inverting input of the anplifier
duri n32the T ggdn eanigel cirpratry ofdaimd Prveigipitst pul ses are

hi gh; and sﬁ@ﬁﬁﬂﬂvlﬁm%éiﬁhﬂgnféluﬁé‘sw”y for dunping
charge from said. feed

ack sanplin C|tortoth
non- i nver t AGS ISP °b?°“P‘f?8n%1g%l H“?“F P‘Pi §eeRiiae P?Pﬁ‘étor to the
fidpat voltipe, mécond stream of  pul ses are high and at a
di fferent sanm ing.rate at . .
ahi b the Parapeiidish RyotrigBe il uRRERlls” B B8 aftpine copacior
fegrolbye diringethqtimaat tefas stream.of fulses Fiedighadnd cont r ol

circuitry Qfy4 QC%M&]%&%&M?QQO said third

switching circurtr ifth switch for
connect i ng adkitd witgh for gpnnseting theennel blatekof SaifpIPitrgmpling capacitor to

GRRALLIOr to

a fourth switch for connecting the other plate of said input sampling capacitor
to the non-inverting input of the amplifier during the time that the second stream of pulses are
high.

13. The gain control circuitry of Claim 10, wherein said second sampling circuit
and said second dump circuit comprise:
third switching circuitry for sampling said reference voltage onto the non-
inverting input of the amplifier during the time that the first stream of pulses are high; and
second switching circuitry for dumping charge from 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 sampling rate than the sampling rate at which the reference

voltage is sampled onto said feedback sampling capacitor.

14. The gain control circuitry of Claim 13, wherein:
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the reference voltage, and a sixth switch for
connecting the other plate of said feedback sanpling
capacitor to ground during the time that the first
stream of pul ses are high; and said fourth sw tching
circuitry includes: a seventh switch for connecting
the one plate of said feedback sanpling capacitor to
ground, and a eighth switch for connecting the other
pl ate of said feedback sanpling capacitor to the
non-inverting input of the anplifier during the tine
that the seﬂmfm&ds\bn@a@cﬁéultwu&lwsz are hi gh and at a

different s Ii ate than th
Shi e the BT sufteh fof bt il ond e R Rid AE ' Snflipe caacitor o
freacbrack veltigpndig capaC|tor 15. The gain contro

circuitry qf u f r
stored on gs%% %ggc%ﬁ&ﬁ o &g%{g‘g%t?t cl;réa% %g%back sampling

Kenaciion iperquingh during ﬁ@ttm@fthqt He ﬁssmitearﬁ pepulsezarehigh:dnd i ng t he

time that §ﬁbﬁﬁkh9ﬁﬁﬁ1?Eu&ﬁ@uﬂﬂk@@s in the second
stream of pul ses, he nunber of the pulses in the

second st r &aXYS pHlelsr qenrsige ke e H‘GWp‘Pf Hidofeedhagl granpling
S&ﬁﬂ@dm@ﬁnm@andeedback sanpl i ng capaC|tor to the
non-i nvertin

07" he o eodeni ByerClon TR, e afibr, pis, foid R3al et

gapacitoc @nthe odn-ioveriing itypuy o6the @malifier daringathedtithe tahiae second stream of

?ﬂggg *esﬁléxgan% a??%ffepelnt §Al‘l’g}ﬂ§% rate 15}811: t]l‘léc' ?A{Tﬁ)g’éé ral & \ﬂ{g’i]&ls ?O geﬁerence

secon
Eﬂﬁ%@@sgmﬁﬂémméwdﬁﬁﬁ@Wk@@Wb&BﬁW@ﬂWpl|ng capaC|tor is
dunped to the non-inverting input of the anplifier.
120

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 in
the second stream of pulses during which dumping of charge stored on the feedback sampling
capacitor to the non-inverting input of the amplifier is less than all of the pulses in the second

stream of pulses.
16. The gain control circuitry of Claim 15, and further comprising a control signal

that selects the ones of the pulses in the second stream of pulses during which charge stored on

the feedback sampling capacitor is dumped to the non-inverting input of the amplifier.
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