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Referring nowto FIG 1, a functional circuit diagram

of a differential resistance |adder for an analog to

di gi tal coRFEIETREFARENCE T8 BEAATED. ARREIGATIONSnt i al

resi stance | adder includes a positive leg 100 and a

negRQ01R | é'@lslmpllcaﬂlﬂrbhlampwcbenmlt wf U-8cBrossienal Application No.

positive. phase and a :negative phase of an input .
606159749, fitRideorpdanuary d8| é@OG.OAZhICh\ icihaopsrated ihesdin belrefegence in its

source 102 that outputs an AC vol tage equal to the
enfiedy.ti ve phase (V+) of the input signal, referenced

to a ground potential 104. This voltage is applied to

afirst termnal of a first resistance 106 incl uding

resi stances 106-1, HO-FoF THE INGEHITIOR- N An opposite
terminal of the first resistance I06 comunicates with

a figodl) tenal en@fnv@nﬁ&?%ﬂé’ta&?&gﬁ%@g‘iﬁld?&%‘nbmeﬁgw%nd more

reS|stances 108-1, 108-2 osite

pah}%[,lynp% n12én 5,1;5}0% aggﬁlaﬂcgﬁbg,rt@r%ce 108 conmuni cat es

a second vo source 110. The second vol t age
source 110 outputs a voltage equal to V+ mnus a DC

BACKGROUND OF THE INVENTION

[0003] Referring now to FIG. 1, a functional circuit diagram of a differential

_resistance ladder for an analog to digital converter (ADC) is presented. The differential

resistance ladder includes a positive leg 100 and a negative leg 101, which respectively
receive a positive phase and a-negative phase of an input signal. The positive leg 100

includes a first voltage source 102 that outpufs an AC voltage equal to the positive

| phase (V.) of the input signal, referenced to a ground potential 104. This voltage is

applied to a first terminal of a first resistance 106 including resistances 106-1, 106-2, ...,
and 106-N. An opposite terminal of the first resistanée 106 communicates with a first
terminal of a second resistance 108 including resistances 108-1, 108-2, ..., and 108-N.
An opposite terminal of the second resistance 108 communicates with a second voltage
source 110. The second voitage source 110 outputs a voltage equal to V. minus a DC

voltage (Vpc), referenced to ground 104.
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vol tage (VDC), referenced to ground 104. 1 [0004] The
negative leg 101 includes a third voltage source 112
that outputs an AC voltage equal to the negative
phase (V_) of the input signal to a first term nal of
a third resistance 114 including resistances 114-1,
114-2, ..., and 114-N. An opposite termnal of the
third resistance 114 comunicates with a first

ter [000M] ofTha Aeyative led €61 FcAMeS al #frdl VHitaddisBdrce 112 that outputs
resi stances 116-1, 116-2, ..., and 116-N. "An opposit

art RCiohade e@.ﬁalttdﬂ(hef s dthe pﬁ%bég\ﬁg%etﬂelﬁ W't&%tfﬁé terminal of a

with a fourth voltage source The
this® e<istadded 1 04 tidIiGing re@btaness aqual 1t1Q V. mfaﬁl#?t1t42ﬁd% opposite

vol tage (VDc), referenced to ground. The’

teBRRAINGF KRS titdR AERtadld 1aadc<§mr%uﬁfc§te§eWﬁﬁaé If%’st %ermmal of a fourth.
conprised of a nunber (often a power

reSisBht&H 16 ﬂﬁ:’llﬁﬁr?qfe%%tar@e%q 1etNe 1ty rd aﬁ@%é Wr,&nlf' ) opposite terminal
resi stances 114 and 116 are often conprised

oflﬂhé'%%ﬂh%s@ﬁﬁbé e cbRFAHIGNESTith '5% lvbl'ﬂaeg%r C@% 1{&{‘ﬁThe fourth

nunmber of smaller resistances that e i ne ea

voltegd %@Ft‘ee%éoéut]pﬂrgsa vditage? @Qu%lgv\"ll Imif éqetﬁ |I5(¥ FOqtage (Voe),

equal . [0005] Referring no unc i Ona

refékérﬁ:%ttodgbrégﬁ@mﬂfe # gaénheg&%%bvr%susgdr{?fegr%t 5?{#1 108 argrgenerally

resi stance fadder con |gurat|on accor € pri

coﬁ{p‘hséé oPLERFRb&T oftghfaeg%éﬁc &f ﬁ\gnt)'oqlsrﬁﬁ %&%}éﬁc adg\%o the third

i ncludes a pOSIt ve a nega

an¥iotRth feSRPRckE VRl arnﬁcﬂél ear@gcﬁ%%' E%@nggc?s?t z-ra Ggmrabeeé of smaller

negative phase of an i npu posi

reé§§néé§0| pees Im?ar‘c ABEL OhLABE, 3P gﬁ%ﬁerlrdég{?ia}n%t ]s%]e]tp $ihe each of

a voltage equa the ~positive pha

thd Fé@té‘&arﬁéeg%b 1659f1%99r‘?c?ﬁ’169n|9%e&‘é'?:9%y %& uafol tage is

app ied first term nal resi stance 142

i nCtdﬂéSPQ R@?érﬁr}iﬁ‘ f t@#z Afufc r7ronal cir un?gggiaﬂ of :an alternative

An opposite ter EIR e

dlffr?egés'f’lmsé?gér‘]si’sg&?l\c Baerac%{f{gmartltgglrégtcg@é@ H‘% ;inor A{flln_sz?resented. The
differentiafRedi slé'iﬂ:e'\iaagéjr M’bltuge?a positive leg 136 and a negative leg 138, which
respectively receive a positive phase and a negative phase of an input 'signal. The
positive leg 136 includes a first voltage source 140 that outputs a voltage equal to the
positive phase (V.) of the input signal, referenced to ground. This voltage is applied to
a first terminal of a first resistance 142 including resistances 142-1, 142-2, ..., and 142-
N. An opposite terminal of the first resistance 142 communicates with a first terminal of
a second resistance 144 including resistances 144-1, 144-2, ..., and 144-N and with a

second voltage source 146. The second voltage source 146 outputs a voitage equal to

V. minus half of a DC voltage (Vpc), referenced to ground. An opposite terminal of the
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second vol tage source 146. The second vol tage source
146 outputs a voltage equal to V. minus half of a DC
vol tage (VDC), referenced to ground. An opposite
term nal of the 2 second resistance 144 conmuni cates
with a third voltage source 148, which outputs a

vol tage equal to V. mnus Vpc, referenced to ground.

[ 0006] The negative leg 138 includes a fourth voltage

seSOHH feRistaflet Dot c&HﬁrﬂHkﬁtehe\mYl’Pgttﬁg@ vgﬁ’%q%l sc}u‘? d h&g which gutputs a

negative phase ( e | nput Fer enc

vogé al tolenfifig V4L, ré?ékﬂgg? fc?@(oﬁﬁdlSo Cormum cates

hafirst termna Fesi stance 152

Ioggt)dglétbggt gﬁ%nﬁgﬁ%ﬁgg 133 %clu%égr fourth; vdlta§ %glf%e "o thik outputs

esi stanc

roRagY @QF ?os @lvglé]rgatser@ fg'!necgmf qulgnilr trf.%grf_ng?d to ground.
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S now 1 n
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fifth %:lpag% sro%‘?clzesst %{EC nd1 A11§6 The second voltage source 146 is connected to the
center node, the node between the first and secoﬁd resistances 142 and 144. Without
the second voltage source 146, the center node would receive the input signal last,
being equidistant from the driving voltage sources 140 and 148. The addition of the
second voltage source 146 removes delay from this node. The greatest delay is now in
the midpoint of the first resistance 142 and the midpoint of the second resistance 144.
These midpoints experience only one quarter of the RC delay that the center node had

previously, being half as far from the driving voltage sources 140 and 146. The same



These m dpoi nts experience only one quarter of the RC
delay that the center node had previously, being half
as far fromthe driving voltage sources 140 and 146.
The sane 3 nodification is nmade to the negative |eg
138, adding the fifth voltage source 156 to the node
that woul d ot herw se experience the greatest del ay.
SUMVARY OF THE | NVENTI ON. [ 0008] A differential anal og
gkt Li SRSt _and
oSt AR AR Fean Vo b a s BURES s B LR source 156 o the
14f ] : gl it rators. The first
noragg#ésttvgcﬁggof%gglgrg %g‘ﬁ%ﬁ&tﬁ gge%t%rq’%z%yi'st ances havi ng
first ends that communicate with a m ddl e node and
second ends that communi cate with a current source.
- The second resi st aP¢MMARNNEF TEE INVENTEN t wo
resi stances having first ends that comunicate with a
mi difl®8hodé Qrf@r%rg@bra@amd@ wigital conventdrc@RC)wcompuases. first and
current, source. The first anplifier applies a voltage '
sepefch fesistancg fadder lepasdiretf amd isepond sarpiiflers,t end ha plurality of
m ddl e node of the first resistance |adder leg. The
cogpapiersanphe fiist resigipngeciadder keglinclydesbtveetbsistantea having first ends
second phase of the input signal to the m ddl e node of
thatigemsaiierie withsd aiddie podeadde setayl efideethpt comahunigatefwith a current
conparators each has first and second inputs, wherein
soyfge. f The seconsliresisiameniadder gwintludesdwofresisantaw having first ends
resi stances of the first resistance |adder |eg, and
thatigemgrurieate withua midsernode aoe seedricheratsethaf cdniveutivste with a current
resi stances of the second resistance | adder | eqg.
sogrge0Jhel fiistoarnplifier @apligses voltagehbaxedt Uponpd Grsabhige of an input signal
conparators are calibrated. The current sources of
to theemiddie thodacbfdbe dinst nesistasicanaddéraleder Thee gecamdearhplifizé pplies a
of f during <calibration. The first and second
voltags! hasiedupop i greond phase obthesdseut sigrah tatheimigdie reidgrdithe second
that is substantially equal to zero during
resgsianasy lkddenlegeathe pfuralite of lcormglairatgrsoactohasfist and second inputs,

wherein the first input communicates with one of the two resistances of the first
resistance ladder leg, and the second input communicates with one of the two
resistances of the second resistance ladder leg.

[0009] In other features, each of the plurality of comparators are calibrated.
The current sources of the first and second resistance ladder legs are turned off during
calibration. The first and second amplifiers output voltages based upon an input signal
that is substantially equal to zero during calibration. Each of the pIura'I.ity of comparators
includes an adjustable current source that is adjusted based upon a respective digital

value. The respective digital values are determined during calibration.
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i ncl udes an adjustable current source that is adjusted
based upon a respective digital value. The respective
digital values are determ ned during calibration. 4
[0010] In still other features, the ADC further
conprises a control nodule that, during calibration,
varies the respective digital val ues based upon
outputs of the plurality of conparators. The first

and 6@fgnd Iﬁ@BLbee??éatuﬂégl e E ?u%éﬂ%?ﬁ%‘?‘égs a confrol module that,

anplifiers. st and second a

h
i ki b@@?%’H%%é%t’é%'f%“%ﬁ&é.fhe praiy
ofI &Qﬁpé}gm ' SH 1 Ns't %‘ﬂ Véedc arﬁlﬂ b‘?%grp@lf g\lgﬂSIFne;)egance %mpllflers

an 1 nt eger dgrea an on
TSR SE RN B e Bty MR SFAE s gpcn ot
bt 51 5 SRR Tshh EEEL 8 e . i
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e [Oups of secondary resistances
sulggtr?ﬁgél{ %qua?reﬁé#%ﬂqe YdGS h each of the primary

{ZZ'& ‘lalﬁggﬁr& 6@}qr fggtlﬁc%ﬁa 3|rp§|§tahgees Bf :Er}sépgﬁ?srésﬁgtgﬂce ladder legs
n co nected in serie roups of secondary
copftisE R i S RS Rt coac et i Seden JhenregieY of the first
SI st ances, and rou of tertiary
ref) Eféﬁg‘? i%dé €L 189, GRMRCPR & P'H Hdy 8? PEMagy Wﬁ@aeﬁe%ﬁow@ted in series
econdary resi tances LOOlZ}.I In other features, the
anfcGoUpS ot SeoaRdaT, desiiantes sanasciprn pamliel Wilageach of the primary
re %rrgces EI i ndi t\/| dual .resistances. The first inputs of
The S Chpd P gt 5PeeeERhGh t'l,eaf Bt GRISANGE (asiish deg GAMBESI@aRIurality of
resi stances of the first
F’”HéégY E%Sé%%%@wsl %?a‘HSFteg & SeURy IrAPSeiRRrandanyUesistances connected in
259 tﬁ‘ﬁ ftﬂ}a connecti on between two of the :
parq %' aacp e I, primany ¢ resistanses o A9 8XURE affk ertianyd egsistances
ggc &l’hef{s[ ??hdln put s
connected inparalle wut eac ot the secondary resistances.

[0012] In other features, the resistances of the first resistance ladder Ieg
comprise N individual resistances. The first inputs of the comparators communicate -
with a con_nection between two of the N individual résistances of the first resistance
ladder leg, and the second inputs communicéte with a connection between two of the
individual resistances of the second resistance ladder leg. The first and second fnputs
of the plurality of comparators experience a propagation delay based upon an electrical

distance of the first and second inputs from a corresponding one of the middle nodes.
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of the plurality of conparators experience a _
propagati on del ay based upon an electrical distance
of the first and second inputs froma correspondi ng
one of the mddle nodes. 5 [0013] In still other
features, the ADC further conprises delay el enents
that communicate with the first and second i nputs of
the conparators and that create substantially

i depdo13dl  aggiireaie fEgturs the ADC AIMHRY RBAHIEEs B8RS dMments that
the mddle nodes to the first and second i nputs of

cotitRuriieate aniet AR -firdhandedervng! iIRPRSL & HRBEIDSIAtGS! &id Yt create
traces and/or transistors. The ADC further conprises a

| subktahdliytidertical a4 E?é‘tﬁ WSS cSﬁ&éb&l%fﬁge&%rﬁ*itﬁ@ﬁdgge nodes to
i

one of the pluralitfy of conparators. The pluralit

thé AfstAhAGecoY IrpeEs bfthe torbaPatbRUT T Qgiag &%@Flﬁ%%ﬁﬂﬁriﬁg resistive

- one of the plurality of conparators at

l. traeas M dIR Qraridkd P ATRE | AT A6HRN @Jm&ﬁselsea?‘ﬁﬁd.llrgﬁﬁ d?gaté:;\ing'de'vices' '

first and second inputs of the correspo ng- on _
cobhARtpaN 1 orROER ALty LPBAAbaldlLr e gy of i
soheh LS nALONR, SEotARHEALIS U U LB Blbomgrgors ot
ORI bich bR 5 5E e o1 Wi Hors o

of le rreBEbaling BHELor 1Y Wl Sddnflifarbly 51, aNd second

resi stance s are inplenmentéd in the first

met gloqefy ein ruHRS: & uFeESih%tﬁﬂé?Enﬁ% %o[ﬂr?qr[?'géfﬁt defoging module that

resi stahce r] adder Teg afe connecte

redHR0Sutp @B O ﬂ’fﬁplbﬁiliﬂ/ ?ﬁétcﬁa}g'ﬂervfc%% sub%ﬂﬁg’lllyo{iwgﬁirgeggﬁg after a last

ot her, and er el resistances 0

onb &I Rk g}%@g&g&ﬁgﬁgﬂ Cle s RODAGSEST Rle n ﬂrg;lél%rﬁéapt.ed on an

node, ut as mrror 1 nages of eac

intgé\“éfbooéirchh%lagd iéﬁ%‘i‘g‘?‘eﬁalqg)(égﬁéﬁd WhSrdih by Figrggggéﬁcgh%eresistance

resistance er legs i1s out 1n a _
ladd@r-Rdy %Ziﬁﬁérﬁénteh(m 1Rd f&ﬂﬁéﬂ?ﬁjagféﬂr TR Fd e8¢ the first
anal og to digital conprises providing a
resistance ladder leg are connected at the middle node, and are laid out as mirror
images of each other, and wherein the two resistances of the second resistance ladder
leg are connected at the middle node, and are laid out as mirror images of each other.
Each of the resistances of both the first and second resistance ladder legs is laid out in
a folded shape to minimize area.

[0015] A method for converting from analog to digital comprises providing a

first resistance ladder leg including two resistances having first ends that communicate

with a middle node and second-ends that communicate with a current source: providing

a 'second resistance ladder Iég including two resistances having first ends that



first resistance | adder |leg including two resistances
having first ends that communicate wth a m ddl e node
and second ends that conmunicate with a current

source; providing a second resistance |adder |eg
including two resistances having first ends that 6
comuni cate with a mddl e node and second ends t hat
comuni cate with a current source; applying a voltage

c&%ﬁ@rﬂcé’@%mﬁaf r‘nfo%‘ie P@éeangf stk NiHds ﬁﬁ ggrkrwn'fugéc%teewith a current

node of the first resistance

so@PcFé' ﬂpB@w@a?‘Vo‘ita b'%@é(?gllpﬁﬂodqg%t ?’g?‘%%f %naiﬁﬁu oéignélr}g the middle

|nput S € no e seco

ndo%sdfﬂ@ﬂgﬁrels%?%g{el &kr I@ég?%pp gli% b&% ge b leHnglori'lt Yse@bnd phase of

conpar ators avin th ;
e, 0
LB g R AT Sl flgionss
o B, Sl 4% v

co&rﬁﬁ&rﬁ&at?? rv]\fgh t %(re Jgﬁﬁ% g{lc? f%fls%riceéh?"tgg? g[sg Iresss r Colga{ie{f)lgs, and the
sob 5 W SRR Sed Wi I8, 8 05, A e S YES B5es resistance

béﬁgﬂl atlon. The nmet hod further conprises setting the
I'nput®'si gnal substantially equal to zero during

B, T PR R 52 ST e
oA STl S T e e
o B Vo B TR 581 50 LR T, s e
co[‘uﬂ ise 55: bvg?&:&tgﬁ% %t%g?q-lﬁagqe%é# %r?ﬁb?ﬁ%aﬁbranon The
R D R PSS H o s o
co%&gha(iors arsaetdoﬂgor% r.ls\atresar}rec(?tlvseuQ%tltgln Sé&'a' yTtlmej err?ettlhgéa1 Ifurftr?er comprises
determining the respective digital values during calibration.

[0017] In still other features, the method further eomprises varying the
respective digital values besed upon outputs of the plurality of comparators. The
method further comprises ereating delays from corresponding ones of the middle nodes
to the first and second inputs of the comparators that are substantially identical for each
of the comparators. The method further comprises latching an output from a

corresponding one of the plurality of comparators at a delayed time based upon a

. propagation delay at at least one of first and second inputs of the corresponding one of



- of the conparators. The nethod further conprises
| at ching an output froma correspondi ng one of the
plurality of conparators at a del ayed tine based upon
a propagation delay at at |east one of first and
second i nputs of the corresponding one of 7 the
plurality of conmparators. The method further.
conprises reading |atched outputs substantially

th8l ;‘S‘l‘UIfa‘h@nng&Jn}éal%ftérgr thd ?r%th!)f‘tf&rjﬂ'{e'?g:o é}‘?fg%%&:%g) ﬂig]latﬁhed outputs

differential analog to digital conver
sdﬂ%ﬁﬁmlbﬁﬁmfdlt%ﬁéods@ﬂf\féral gﬁ:h[ VahpVi di ng two
avin comunicate with 'a

resi stances h rst

m dqbg18]n0de ¢ e ARY ngsduél?ﬁ O%Q%rn%ﬁ;fc%g%stegn@st ladder

current “sourci ng neans r pr

mbasider ﬂgﬁalﬁﬁftﬁﬁ r@gngt\é'ngég tabwgﬂ [T%tsénsalﬁﬁﬁ%eczorﬁ%\élglrc]:g}?dwnh_a middle

first ends conmuni ca

nofecang s@Egﬁd Lhas tﬁﬁ%ﬁﬁ{cgtef Etc%gr%_b ﬁ?%cﬁéu{p%gﬂg for providing

means for providi.ng curren

R OB e A B B Tl o5aChsP s

~-1nput “signa

- co'ﬁ'ﬁﬁﬂ@c%tez\ﬁ/ﬁﬁrﬁsj é@g@ﬁ rb%den ér’l%:rs?g]:jorq.g%p&ag aurgllgaluttga ith current
ST NG R Pl s = vt
ba@%%)ﬁhlﬁga esp%%%ooqgﬂgrq'g&tsﬂwlf r"@?id&e réfttB? Iﬁ?%%iatdde’ means;
seGbtd =ohARATY AR e PRGNSR (BESGR Cene! doehr SPARIBGPRase of the
Bl ?0#34 A e S S el i oty o
i A B i s o v o
:nﬂ[@%‘éﬁrbnqwa Wbt%%u%\fl tgggtw?erlegls n[ci-:{% Q% g%u{lrﬁ} Ig%ggllhmtegﬁg, and the
seE@l‘fJ]'u%utt@omr%HiEgtleist\xith one of the two resistances of the second ladder
means. -

[0019] In other features, each of the plurality of comparing means are
calibrated. The éurrent means of the first and second ladder means are turned off
during calibration. The first and second amplifying means output voltages based upon
an input signal that is substantially equal to zero during calibration. Each of the plurality
qf comparing means includes an adjustable current means that is adjusted based upon

a. respective digital value. The respective digital values are determined during

calibration.
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of conparing neans includes an adjustable current
means that is adjusted based upon a respective

di gital value. The respective digital values are
determ ned during calibration. 8 [0020] In stil

ot her features, the ADC further conprises contro

means for varying the respective digital values based
upon outputs of the plurality of conparing neans

dur Hﬁé’ztﬂgl Ugrﬁlﬁl'tc?tgﬁrs Iﬁéﬁur%ahﬁwee g@g& ?Lfrﬁw%ﬁdcoﬁlﬁgs C?H@ol means for

' 4¢'Hﬁqh@?&&%§§ggﬁﬁﬁp{'@;# 'Bﬁ‘%%‘fg%%'g”fp g neglture(?ty of comparing

oS5 O O P8, SO .

conprise ndi"vi dual
el B B9 B SR B v ﬁfs;??%'g%%q%a'gsér%ﬁmas?nﬁws

feature the.re tanc of .the first
ngsuieh JRbSERRERS rriRifids By cEet ahBe revReessal e frst and
Th t S first., | adder neans
seBy et RGr s EPEpoe o ff\ffﬁwaﬂ SSF SRR SV ERR et BN integer
Qflggtﬁ?] g es anﬂﬁgpgyﬁgppgﬁﬂsé Crkoggg a%? s{ltﬁszlar%}qﬁgégyal resistance values
st ances e first | add
Liik@ﬁ%ﬁ"e% g@“%rk?%ﬂum 8% Brsistandasnef the dreagessaneans comprise
cted in series, s of _secondary resistances
NMW@%‘éﬁS'%tanﬁea%%W@ct ipriegigan THE TPHS2pFPHar pe first ladder means
resj sta roups of tertlary resi st ances
cogiisact RHraly %aoﬂ L4 fesesneeee eduaigoyes ofsecondary
resi stances In other features, the resistances

feB'Ptat"ﬁ%S F??’?Pte{dg alipb with S3SHof theuPinatygrisianges. The resistances
S SL The first inputs of the conparing means

thﬂi [PRP AR ComPESHAGLIT Bk ObRITEBHeE RGPS £panaRied in series,
|nd| vidual . resi stances of the first |adder neans, and

YRS §éc§ﬁ?8”f’%uf’§'?§6?ﬁﬁ?m°€8’?@t% tin Raraliginwith each of the primary

bet ween two of the individual
resistances, and groups of tertiary resistances connected in parallel with each of the

secondary resistances.

[0022] In other features, the resistances of the first ladder means comprise N
individual resistances. The first inputs of the comparing means communicate with a
connection between two of the N individual resistances of the first ladder means,. and
the second inputs communicate with a connection between two of the indiv.idual
resistances of the second Iladder means. The first and second inputs of the plurality of
comparing means experience a propagation delay based upon an electrical distance of

the first and second inputs from a corresponding one of the middle nodes.



resi stances of the second | adder nmeans. The first and
second i nputs of the plurality of conparing neans
experience a propagation delay based upon an :
el ectrical distance of the first and second inputs
froma correspondi ng one of the m ddle nodes. 9.1
[0023] In still other features, the ADC further
conpri ses delaying means for creating substantlally

i del’[tr)r(l)%sg: qu%l Qﬁﬁ@r \QSLJ?AQ tf'\EoAﬁ)é rttﬁg‘rpgdﬁipns% z?:y]ang means for

t he es tot rst and secon

Crb%gcmﬁ{dtlggy %ﬂﬁ I aggﬁﬁgg]% learq%fr a(g‘%ﬁﬁpog lng ones of the middle

o 550 L g PR AL, oo
o5 el L T T TR PR, T e
cPpgRe SRS R R0 B B S . T
FRRBTER i AEPuRus L8 rRebadsird ahe b e B a&fiéomparing
BB AT o= bR LRIl A A5 B o vt an
T i R
1R R R N e LR R ——
rerdhf e P an b Pl L Caevhes arburuialhaenutatgously afer
s B b B St R0 e on
BRSO ) 1 AR PR bt e
ol B ATl 38T AL i it S s s
AR, orRRBle4Ahe ' mital nddl S aid BuCas mmor images of each
other, and wherein the two resistances of the second ladder means are connected at
the middle node, and ere laid out as mirror images of each other. Each of the
resistances of both the first and second ladder means is [aid out in a folded shape to
minimize area.
[0025] | Further areas of applicability of the present invention will become
apparent from the detailed description prowded hereinafter. It should be unaerstood
that the detalled descrlptlon and specnflc examples while indicating the preferred

embodiment of the invention, are mtended for purposes of illustration only and are not

intended to limit the scope of the invention.
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-

apparent fromthe detail ed description provided
hereinafter. It should be understood that the
detai |l ed description and specific exanples, while

i ndicating the preferred enbodinent of the invention,
are intended for purposes of illustration only and are
not intended to limt the scope of the invention. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026] The present

| nvention wi | | gREGORRSERIETION O HIEHRARRGSET om t he

detail ed descrl ption and the acconpanying draw ngs,

of 4% o Bs praeeft iiveb ol i M 09‘%@%? Bl R o tne
de?%’&%zsﬁegé"pék‘f‘ffm“@% Pefoa Guth g C?V'ﬁéfeééfém‘ o A
conB L RS i Sar el TR %"sa”%?n 47t BMeepsa] asisgance adder
i etogh Pt lop i ca & T Raecr PAPER G agr am of

2{] aml er\é%'np'ﬁgr X ofuncf %la)agljzquylitcgggfénﬁ chf gﬁtﬂ?t%nﬁpe)tive differential
feg‘%ﬁ'bé el FaioBRtone-reidno wﬁ%rgﬁé‘% é’rit 20e of B

ComgiEg " i Dl eyl deash o AiferineLeos:

Fgﬁﬁ”i PG Wi B R aRaEEeul gt an emelaty implemenation

d nstr t|on of . the effects of propagation
Ofg{el £ &’ﬁﬁaﬁl@ ?%eno {1 698B3I'G 7 is a graphical

dept(ﬁ)%'ﬁn Y _p4§gsr %Sr?lg?{eedgtgwgdagu%tc%nadl%llrga/lt diagram of an exemplary
implementation of the first (preamp) stage of a comparator;
[0032] FIG. 4C is a functional block diagram of an exemplary calibration
implementation;
[0033] FIG.5isan exémplary high-level physical layout of the ADC of FI-G. 3;
[0034] FIG. 6 is a graphical demonstration of the effects of propagation delay
distortion; |
[0035] FIG. 7 is a graphical depiction of progressive comparator delay
elements; | |
[0036] FIG. 8 is an alternative scheme for minimizing distortion due to
propagation delay;
| [0037] FIG. 9 is a functional circuit diagram of a segmented' resistance ladder

implementation;
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el enents; [0036] FIG 8 is an alternative schene for
mnimzing distortion due to propagation del ay;
[0037] FIG 9 is a functional circuit diagramof a
segnented resi stance | adder inplenentation; 11 [0038]
FIG 10 is a functional circuit diagram of one
conponent of a three- step segnented | adder network;.
[0039] FIG 11 is an exenplary layout of a resistance

toten [FS00185 S AR ol o e
stéd8 ramof a digital versatile disk

%;9 %Hﬁ@ﬁ\?%b%f%?ﬁ?@ (?'%ZC is a functional block diagram

fun t o al qﬁﬁgogusdé}g%% nﬁgkﬁ c\glhél%f%?%‘}%% %:é c%ddésgt Ie?n :

col H38T ?ﬁé‘%iﬁ*} %O%E{“%%'%i%ﬁ PRI T EIR Pec

f Lﬁ?‘?‘mﬁ P ole8 oﬁf“?ﬁﬁ%f*%%%@ﬁ%ogigb059%'9'355ﬁmi'9@5k (OVD)

ror iy dUSL/A T SRMGIHIe s PR & st ion

e Koy R T PP o d ol s Wloe S ipte:

p“rE e g wag?oqaﬁ"?%& R Ao e PRSR s

appl i cal]| o:ﬁé b2£ F‘fq ﬁ%’%gg{cgtﬁd%’gﬁésﬁf%o i\gp(sox apd

o G948) “ i %ﬁ@%ﬁ?@%@%@&sﬁﬁr@e 2 Tfle ML var ¢

\or firmnvare prograns,
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS.

[0047] | The following description of the preferred embodiments is merely
exemplary in nature and is in no way intended to limit the invention, its application, or
uses. For purposes of clarity, the same reference numbers will be used in the drawings
to identify similar elements. As used herein, the term module refers to an application
specific integrated circuit (ASIC), an electronic circuit, a processor (shared, dedicated,
or group) and memory that execute one or more software or firmware. programs, a
combinational logic circuit, and/or other suitable components that provide the described
functionality. As used herein, the phrase at least one of A, B, and C should be-
construed to mean a logical (A or B or C), using a non-exclusive logical or: It should be
understood that steps within a method may be executed in different order without

altering the principles of the present invention.

12



conmbi national logic circuit, and/or other suitable
conponents that provide the described functionality.
As used herein, the phrase at |east one of A B, and C
should be construed to nean a logical (A or Bor O,
usi ng a non-exclusive logical or: It should be
understood that steps within a nethod may be executed
in different order without altering the principles of

hg&@dtﬁﬁentRéggMﬁat AR tollglg 048], 4| fgrfrg tgma?fmrgmt diagram of a

3 and functronal™ circu
ol Aiol OB el P 5 Vr%etggeed;’%i%’m@uwmdes
s gyg%absigﬁaé‘z%ssstagg%ftgagr“% e —
w88 i s 5o Al Ll 5t
o TR, VR U B A5 oo
o S LR HaT e R bt o5 T oo
S T e R
Sl SO gt RS ATl st
S IRRARE NS VI NS RN RN N
o R e PP S BB SR o et ot
wEE R S, O R it
2 TR 5Bt g S CRRE S bR omint o
SR lesyBad BRI 7 oI A EaIE Spipyiat e tird nampnﬂer 214,
oG AT e AR o A SRR S ot caren
an' SAB UBRLRT®The first and third amplifiers 210 and 214 and first feedback
resistance 216 may be replaced by any suitable amplifier configuration, including' a
nested. transimpedance amplifier. This and other suitable nested transimpedance
amplifiers are described more fully in, for example, U.S. Patent Application No. |
10/459,731, filed June 11, 2003, which is hereby incorporated by reference in its
entirety. |
[0050]  An output of the second amplifier 212 communicates with an input of a

fourth amplifier 218 and with a first tefminal of a second feedback resistance 220. An

-opposite terminal of the second feedback resistance 220 commuhicates with an output’
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anplifiers are described nore fully in, for exanple,
U. S. Patent Application No. 10/459,731, filed June
11, 2003, which is hereby incorporated by reference in
its entirety. [0050] An output of the second
anplifier 212 conmunicates with an input of a fourth
anplifier 218 and with a first termnal of a second

f eedback resistance 220. An -opposite terninal of the

of SRE LAtH SBP t‘irjl@esf et %‘ﬁd BHE“% ?1? Q,@%amd second

out put 130 efour anplfle

feb @k te@RRINCE ﬁosceﬁflﬁlss.grl:% ?e&)‘?aﬁ% @8 g@ﬁeg};ﬁei gﬁ{%ﬁf&r sonfiguration,

resi stance 220 can a

i ngotnp; I di ted
m?PHa’ih [ Inr%craSt ance n%?a%n%g am;% %g] | 'T’%ear gglssfance | adder
St a%’oéﬁ‘iZ el hdes r%epfgﬁﬁé %@%ﬁgﬁmqw eéra PPsi it leg %26 and a

228" The outp

ne%%g]@iﬁ?g%@fpmet B!rit%phgf] ﬂbeu h[lrﬁo%ﬁlﬁﬂt q!lt%4 or%rlntulm\éaetesevg th an input
noggggwq%]ggl |ﬁ\geu{% geaﬂ?e ?%tgubcgfo t?nteelf&fértrt\ ggpgfe a2t1l8vc%nln$t9mcates with
P SPLTERLEE bl P28 08 Bt s b35S g 2
commllml%?qﬁg wr?tgofrgt t%nﬂglé\gls oif%?@t Iaégjd?r zesrlsetglncs:eg gg@:erg:gguzqg resistances
23@%%@82;;;§? cglzggwmjapﬁfa stepﬁ%pgitlag lrrggfgt%rggésglg?ntgg&?neg resnstances
2 R o R rAL b A @rReshtprinRla e g1 daiies redistance 230
SREAETIR, oL 5B B ef A R SFncapit i o svon
po#é”rtlgltz{%) g/g?n%%g{agl A at L%J/fe tBeI% aéé(? Ia?jgg}m ﬁnslaszqaftg;%%@\/gw éorr]nmunlcates

wity S Gty %’Ptd@“gefﬁseﬂ Gesinks swatntie mwﬂgﬂ poteniial 240,

r esto%'sii‘c_e?hé“lﬁp&f n% g of the negatl\(/je leg 228 communicates with first
terminals of a third ladder resistance 242 including resistances 242-1, 242-2, ..., and
242-N and a fourth ladder resistance 244 including resistances 244-1, 244-2, ..., and
244-N. An opposite terminal of the third ladder resistance 242 communicates with a
third current source 246, which draws current from the supply potential 236. An
opposite terminal of the fourth ladder resistance 244 commumcates with a fourth current
source 248, which sinks current to the ground potential 240.

[0053] The four current sources 234, 238, 246, and 248 each supply a bias

current of Iz which creates a constant voltage across each ladder resistance 230, 232,

242, and 244 equal to the value of the ladder resistance (R) times Ir. The output of the
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244-N. An opposite termnal of the third | adder

resi stance 242 communi cates with a third current
source 246, which draws current fromthe supply
potential 236. An opposite termnal of the fourth

| adder resistance 244 communi cates with a fourth
current source 248, which sinks current to the ground
potential 240. [0053] The four current sources 234,

thﬁgnﬁqﬁé’e?e%?tggar%égtﬁsﬁg %ugtql'\% érgoéj?iggé%gg é;o%evtﬁvggeag{agzs. Because
tné £t BRI oudt e 8l AngSEiidlaodat 1BileRees Sad By 232 is hela
¥ e P S50 DAL B! Yo s
AT AR 8 0l o,

¥ et B o 3G ERE S atifi IAAE Rl ot echnsiigea 226 is herefore
vol t apart fro th nput node. [0054 The vol tage |
imuted, @ggt‘e?‘fﬁ’ tapﬁp géﬂ‘%fcwf?@t pE4I4ESy €34 @&)d2388.i sASsuming, for

AP matiwee@v%%ze%au?%’a Eé‘q%fa#%aa‘st%%ctm%p%dewed from
23.6 is a regul ated

%&ha\t/ o ; 5 %sf‘fg\}gt"# PBAR ladder desstanppiiy) 'SaﬁQj Q hiel appropriate

val ue of C d resi stance (R) is 50 0, an
culfgpt G roud B8 vk G TRate.a Wbiipge AeressAch ladderesisance of 0.25
gt e across each | adder resistance of 0.25 V. |f
V. { e cliedt souges 2ed apd 23§ 1gayinpatiegsiia @241 yakiage dgpp, the voitage
' 85% V %H!ta e drop, the voltage of the input node
of MeninpebR 43¢0 vthip 815 V1 theipynr)y peleetiali2i6 armwiiia 0.5 V of
g the round potential 240. This is a
the B R @OLSIRLE9 o 15 B oy taal Somg, Fesp 0o Nty gblkot B3 V peakto-
ﬁ ak. [0055] Wen a S|n1Iar analysis is applied to the
‘gative leg 228, the input node of the negative | eg

228 al achi eve a 0.5 Vppk swi ng. Wen the '
neggﬂq%@e ggpen a similar anaIySIs Flepapplled t% the negatlve leg 228, the input

node of the negative leg 228 can also achieve a 0.5 Vppk swing. When the negatlve leg

228 and positive leg 226 are drlven in opposite directions, a differential V swing of 1.0

~ Vis possible. As the current sources 234, 238, 246, and 248 operate close to their

minimal voltage of 0.25 V, their current mey vary from ideal. To absorb this variation of
current, the third and .fourth amplifiers 214 and 218 may be designed as super
transconductance or gm amplifiers.

[0056] The comparator and decoding stage 204 includes compa‘rators 250,
252, 253, and 254. A terminal of the first ladder resistance 230-1 communtcates with a

first input of the comparator 250. A terminal of the fourth ladder resistance 244-1
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228 and positive leg 226 are driven in opposite
directions, a differential Vppk swng of 1.0 Vis
possi ble. As the current sources 234, 238, 246, and
248 operate close to their mniml voltage of 0.25 YV,
their current may vary fromideal. To absorb this
variation of current, the third and fourth anplifiers
214 and 218 nay be designed as super t ransconduct ance

cd?ﬁmgltﬂ:gt%gl\kl 'Scohd Qs o-mﬁe ara orzé%? %5% o ™ the second

i Conpardt
odih chi gsf% g MBS 0 FR B Eafiobr 22
i o] b | OS5 o v
Rl T R
fll’é n'h‘ﬁnl Cnl'?l 5863‘;3{3?? Q Eéédr/gatd%ﬁlbglrg Itrfc’e;g)nucr%o%};ééeéfe)s‘istance 244-1

rﬁr‘l‘quA term nal bet resi stances 230-1 and 230-2
st Seerd B o T GRITPRIRLcr 12536 ot SENTH of the second

Ia%cge f:a&cmé}% the fourth |adder reS| stance 244-1
RIS %rF°5f"Elé@8ﬂf&S|MHu? et input Sriparenenarator 254, A
A.term na second | adder resistance 232-1

te%ﬁ%ﬁﬂ“e%%ges\,atwea %43r1sen¢ AP COMMUHCaigRMALh A sacopg nput of the
Co ﬁme}r n%%fn bet ween resi stances 242-1 and 242-2
CORRIAN tdtes with a second input of the conparator
254 571..The nunber of resistances N conprisin
5030?9? i Biteading

eac Padyaoer, gt wsiskaness 2o copyyrising geachn@f 24t ladder
for a linear ADC. The "..."

e SEnEen 2e i a%%@?sarﬂsy%@ae 98Realy SREahicr G inear ADC. The .

b illustrative goses as representative of additional
e&"é"rﬁ&’a?%[{‘B?fémé 23 A4 2408 shynienillastrativeopifopsasads presentative
arators wth jin lt:ler nal nodes of the | adder

of FSQ'? @r?@é’b"%@fs arpactuahADCmay santaif. | Fomenunication 9§ gomparators
w1th mternal nodes of the ladder resistances 230, 232, 242, and 244 will be described in

more detail below with respect to FIG. 5.

[0058] An output of the comparator 250 communicates with an input of a
latching device 260. An output of the comparatbr 252 communicates with an input of a
latching device 261. An output of the comparator 253 communicatee with an input of a
latching de_vice 262. An eutput of the comparator 254 communicates with an input of a
latching device 263. Outputs of the latching devices 260-263 communicate with inputs
of a decoder module 264. The decoder module 264 contains logic (often combinational)

that converts a signal at its input into an n-bit output signal. The signal at the input of
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nore detail below with respect to FIG 5. [0058] An
out put of the conparator 250 conmunicates with an
input of a. |atching device 260. An output of the
conpar ator 252 comuni cates with an input of a

| at ching device 261. An output of the conparator 253
comuni cates with an input of a |atching device 262.
An out put of the conparator 254 communi cates with an

thé "Hé%dé’rfm@dulé %ghi@g g%g{/ %ethaﬁf?bm%é %88 Oé; n%llpﬁgs mofe gignificant

['at chi ng device communi €

th?ﬁ‘é%@ﬂ%m%le% é@‘*e tTJ]Fesg?(fopf% v?c%gvgalﬁ%??g goglt Slngls at

ogi ¢ (often conmbi nati ona

LU B e
O i o S R 1007
o M Tt
LTSS Sl 9 by SRR . e s
capfalatbe 1egn (bf}lggé?r{zgar%gg‘?‘}%%stgnﬁ:s b B NGB fan 0.1 pF. The
Wdégﬁ%&ggdeﬁ%ve OB A oL RRdF foa{%e%jn'df%n%ﬁ@%lat derjgplances can be
o R RGOy LSRR e oy
AR STy Aok, e 1
MR b feduate 1o é%ﬁé’ipthqr@gt ofBis %@Erq@cﬁ%@of a 100
e G008 .o intinarE Ay oG aroPd a1 Lgﬁmlefrraéﬁoddor This is

roxi mat e

ap?@ibr%?t%& gHZ'I gnal Eﬁﬁog'ﬂ'ongp'@é‘feérh?% { RE S its sk fer 2.5 Gb
Etﬁerﬁu' red for 2.5 Gb Et her net .

[0060] - When calibrating offsets of the comparators, the current sources 234,
238, 246, and 248 can be shut down. This ensures that, as long as there is no ihput
signal, all comparators will see zero input voltage difference. For calibration then, the
input signal can be removed, or the second and fourth amplifiers 214 and 218 can
operate as if the input signal were zero. Additionally, each of the comparators can be
calibrated at the sweet spot of operating common mode input voltage (the middle
voltage). This is beneficial because the comparators producing the transition in the

thermometer code are operating near the middle voitage.
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[ 0060] When calibrating offsets of the conparators,
the current sources 234, 238, 246, and 248 can be
shut down. This ensures that, as long as there is no
input signal, all conmparators will see zero input
vol tage difference. For calibration then, the input
signal can be renpved, or the second and fourth
anplifiers 214 and 218 can operate as if the input

si gnebedjer QRJf@Frfﬁg el Fienald %1 ﬁ@{f%@?gbéugt[edig%'ap ofran exemplary

conparators can cal i br at e I th I
e. m . o
n’f/bgeﬁ*ti%gggkg‘u gﬁ?ﬂ?ﬂg eﬁgw ao o“%ge %rgtogoﬁ,ﬁ%pg:{%ﬂ g This circuit
LIRSk RO M i T ki 2y 222
ey o et o Eie eaenfBbalisy il sgeond. mir
fo?rftr} ?ltftﬁogg@g%hg rst ntﬁ?rgb%t Eotr% 2;5 %':7 2r7§uI t%Z%@%rlgunqgél oxide semi-
DN Bkt S AT o Sl s, e arans,

h, fifth th, d

al%éé@l?i@?ﬁ%ﬁgs@ EYPSS Tfi’fboe;‘%?d 27|6 tandS|2)7(8 ar :nrret al

AP A s Ml AR . v, na
ST 0l LR IRl i R
(oricgoﬁﬂ%%gteét el |§ﬁf ndfrféf an ae?f%{dgqrﬁ];r{sz%tgr%g’@%7czmgﬂg@€%g with a current
il T B 458 bRt e Ak She S o 3. T curens
it b¥loeY ThE PeTEIE va7Ssi0r AT s AT ahiesiSIAoP 4P AR acadrent source
28%n3fhae%USrgwEﬁt95%§ BB Rcafe vl b oA ST and ot

oo AT} TR R R A8 Sl SUAPUS e e

reszlsqahceAQB? pBr%?’r%utn?catteesr \mtl!?%e drantl izgr f]'flrlstr tsermmal) of the seventh transistor
278. A tap of the first resistance 282 communicates with the gate of the seventh
transistor 278. In some implementations, the tap of fhe first resistance 282 is the center
tap. The source of the seventh transistor 278 communicates with the ground potential
280. |

[0063] The gate of the seventh transistor 278 communicates with the gates of
the first and second transistors 272. The gates of the third and fourth transistors 274
are controlled by first and second digital to analog converters (DACs) 288-1 and 288-2,

respectively. The drains of the first and third transistors 272-1 and 274-1 communicate
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resi stance 282 communicates with the drain (or first
termnal) of the seventh transistor 278. A tap of the
first resistance 282 comuni cates with the gate of the
seventh transistor 278. In sone inplenentations, the
tap of the first resistance 282 is the center tap.
The source of the seventh transistor 278 conmuni cates
with the ground potential 280. [0063] The gate of the

witn g5 Pt 2R3 @taﬁ%?r?w;%”“‘é espistirte Dand? Gt fiainat of a
third nS|st IS 274 troll

sepPpd feiilinescad amie Bt S0BR shdnn M BP isisfitndlz 2 ana 274-
2 ??mgpngﬁge Yvﬁ\?reac? it ag}%glwﬁr?%d%ﬂ'gﬂg{hgfgﬁa%anss%r 276-2 and an

: 8 wt heach other and with the drain of
°plpﬂ§'tef {]efr'f‘waff)falt}?gls??%'?d EptanceeP0a first ternminal of a
sec esi stance, 290. The drains of the second .
foui&fﬁ‘ﬁ ooy oot Gl o dbe eustsRiRio0gR Jhay i1t and third
r Wlththe drain of the sixth transistor
tra@ﬁ@tozs g?g Z)‘béé“f*@ tosraatg Ahe Biascyreatdppttg fifth transistor 276-1.
resi stance 290. 64] In this circuit configuration
Likgyese fhe éwfreﬂh\hb&@# theesacepd @nd fauthiraasistors %@@fism 2 sums
272-1 and 274-1 suns to create the bi as current fo

to CFRaS e Biag CHIERISPbIne SPAD fransiiok i e, THEHESLAIIE $0Nd DACS 288-

through the second and fourth transistors 272-2 and

1 90 2882 pach fesetvpendigitehioryt gt cvenesrnvegpd dp@naiog: will establish
transi stor 276-2. The first and second DACs 288- 1 and

the ggoperceRAPeRsAEPY ccureat dhioaphithpdbird iaad, foyRl ransistors 274. The
converted to analog, will establish the proper : _
vajusspfribgtdigital @mwt%?ﬂ thenFespgRtivenBALKi 488- hiaee £alihraled such that the
transistors 274. The values of the digital inputs to

CUfTRBLS; [eSYE: IOty obaas fromy f@e&&mnﬂrﬁ%d%uw calpgatiqm dhe gates
currents renpve any offset voltage fromthe

of eewgh A SXBFRNFSIRE 21 avhieh arq the auissto e gomparator, may be
fifth and sixth transistors 276 whi ch are the inputs

heldyat # eefershpavaliage suehyase 75 V

-[0065] The source of the fifth transistor 276-1 communicates -with a first
terminal of a third resistance 292-1. An opposite terminal of the third resistance 292-1
communicates with the supply potential 286. The source of the sixth transistor 276-2
communicates with a first terminal of a fourth resistance 292-2. An opposite terminal of
the fourth resistance 292-2 communicates with the supply potential 286.

[0066] Referring now to FIG. 4B, a more detailed functional circuit diagram of
an exemplary implementation of the first (preamp) stage of a comparator is depicted.
This implementation is similar to that of FIG. 4A, with one possible implementation of -

the DACs 288 shown in greater detail. DAC 1 288-1 of FIG. 4A is composed, in this
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held at a reference voltage such as 0.75 V. [0065] The
source of the fifth transistor 276-1 conmmuni cat es
-with a first termnal of a third resistance 292-1.
An opposite termnal of the third resistance 292-1
communi cates with the supply potential 286. The source
of the sixth transistor 276-2 communicates with a
first terrri nal of a fourth resistance 292 2. An

BT en, S e%ffac’iﬁﬁ'ﬁ%ft?z%?‘akﬁsfaf 65 iiguser 296. DAC 2
2685 BLFC A B etmaeodair B RpaTsn Bl cifenestrir sarcipp wut 208
aniq §et%°ﬁﬁ|a@ﬁ@§ ai B i Tar to Chat of FIG aA
sho@%ﬁﬁ o8 BhTplerErs 25tyaee 1 Baicevgranaly vafeges from the first

of a first

reSSPBEE P87, MMisttreBtasnieivg conrattion aIeu avn. thosdby@pre or fewer are

29, C 2 288-2 FIG_4A is conposed, in this )
P°Ff+g|e i 51“?“8 Xeh} 3% snd YBISHEWVN d1fNchibigr samms conppgtigns to the
second an %g nultlglexer 300. [0067] The nmultipl exers
firggSisiagcs ahedifREANS GuiRberaged RAiMm &f ronnestion are possible.
resi stance 282. Th ree representative connections are
TherarselaaiBndP USR8 ostruckuiie fgstamulijpleseni 6 torsplect one of its analog
mul ti pl exers 296 and 300 are shown usi the sane .
'”Q}BnY%‘gE?%ns Thig yoftages jwhigh rraay sheaﬁer@h&@:g byt H@J@wlt'plexer 296, is
di fferent nunbers and points of connection are
COpRYItAted to thredate |°§fhes,‘i§ﬂ€éﬁ“§ﬁtqfr?5&t1 29he speand sqlectiondnput 298
first. multiplexer 296 to sel ect one of its anal og
'“ﬁtWﬁtﬁ the&%a@%wt@ﬁ@r\?@ﬁtta@@'e%n% ef apnBlegaRpIti voitages, which is
‘ the multiplexer 296, is conmunicated to the gate
C°B¥"‘{r}ﬁ‘é'"t?ﬁqtﬂet9|a&?19§ thedpurttylransistehg/42cond sel ection
inp %i [ nstructs the second nultlgl exer 296 to
sel EQPP ne TB® VPttage Rhessy PhiRetfirstonuitiglexer 39f eayibe from the same
comuni cated to the gate of the fourth transistor
ta@-ﬁ'@tz:_ommunlcates with the gate of the seventh transistor 278. In this case, the

. voltage at the gate of the third transistor 274-1 will be the same as that at the gate of fhe
first transistor 272-1. If the first and third transistors 272-1 and 274-1 are matched, their
combined é.urrent will then be double. If the third transistor 274-1 is sized to be one-
fourth of the first transistor 272-1, combined current will be 125% of the first transistor
272-1 alone. This arrangement will allow finer adjustments in combined current,
compared to equally-sized transistors.

[0069] Referring now to FIG. 4C, a functional biock diagram of an exemplary
calibration implerﬁentation according to the principles of the present invention is

depicted. A control module 340 stores a set of digital values into a storage module 342.
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[0.068] The vol tage chosen by the first nultipl exer
296 may be fromthe sane tap that conmmunicates with
the gate of the seventh transistor 278. In this case,
the voltage at the gate of the third transistor 274-1
will be the sanme as that at the gate of the first
transistor 272-1. If the first and third transistors
272-1 and 274-1 are matched, their conbined current

be doub f 274-1
7o Sl oy P M B ] 2033 22 sl arao

oSSR bt TBe IR Ut M A0 e e
TS ST EEABE Bt Bl TR, oo ose ro

9 lfnCtI on bl ock di agram of an exe r%p
signa's maé't Pﬁn"‘? Wﬁ?e ? PP'ESﬁ“tacé\S’r anﬂagtte digikalyg ’W@T%W §4DC) 348
of the present invention is icted. A control
a%@tﬂget‘gi'ﬁ)e Higriplesaok e BfeS&i“bl' V&I"“%I”ﬂfé%d?%?oseé of N differential
stora e module 342. 20 The storage nod
R4 d RS Frmearaina Boch F0sbs. 81 AU dFadgiferentia
converters (DACs) 344 and 346. The DACs 344
Coﬂ}ﬂ?f§863$‘é8§$ fPogitiye input papeshieh ishiasrd bspag RGE of the first set of
modul e 342 and convert these val ues into anal og
DAG R4t sandrd aggatiygdnent nogiegwhich ishipsed by enedypC aﬁ@/eoﬁecond set of
current. An analog to digital converter (ADC) 348
DAEEd#8i ng to the principles of the present invention
includes a set of N differential conparators 350,
i ncllQRTOlg doifar4E Jesexmuple, thesmsitive input of the frsiocornparator 350-1
Each differential conparator 350 has a positive input
is higed byrhe @nppoRWBEPIRNAGHe! BAE lowhiladhe negativedppufis biased by
DACs 344, and a negative input node, which is biased
be? sae4Brc dherseeordcamgatater 370-2hRss? pasitive gwpbthatis biased by
4C, for exanple, the positive mgut of the first
D%%r?péﬁéf*o?r ang@ fiegat'é!e HAR iashd Bh&Aén f?oé4§rat plfie dith comparator

DAC 1-1 344-1, while the ne%atlveln I s biased by
350-N has a positive input that is biased y DAC N-1 344-N and a negative input biased

by DAC N-2 346-N. A control module 340 communicates with the ADC 348. When'
calibration is desired, the control module 340 may direct the ADC 348 into a certain
state, such as maintaining a zero input voltage _and/or éetting zero current through the
resistance ladder legs. Calibration may be performed, for example, upon start-up of the
ADC, at periodic time intervals, when operating parameters such as temperature
change, or at other appropriate times. The control module 340 receives the digitai
output of the ADC 348 and adjusts parameters in the storage module 342 until the

output of the ADC 348 reaches a desires value.

21



DAC 1-2 346-1. The second conparator 350-2 has a
positive input that is biased by DAC 2-1 344-2 and a
negative input biased by DAC 2-2 346-2. The Nth
conparator 350-N has a positive input that is biased
by DAC N1 344-N and a negative input biased by DAC
N-2 346-N. A control nodule 340 comruni cates with the
ADC 348. When calibration is desired, the control

st arﬁdem 40 M‘Bbhe?l |‘éFneH§|oﬁ a gﬂégatép&gfte%\?gﬁp%%érn 8f Q/Agls may be

uch as nmal tann

o A L AR @Q&ﬁp%@ﬂ%%saﬁe + s
DAQé "F‘rﬁefa/t &%tr%fl tﬂc-,hﬁla§ ’%%entaito p?gh,p bﬁgnﬁ?légtogﬁg%ééﬁpaﬁu ors while a

I'ng paraneters such
snr@eecg?\\%@na? Eg&rﬂh?ttﬁas Wf%n PO iR U SHE) comparators.
oA R A DB s
SCA L T R -

R ST ST B o LA
ettt SRei P O

Ry B S
B T B3 B e
e AN S s
st"ﬂaf%ff\%%mnﬁ;’a“r%%ﬁé: (OGRS et ind % gl hepopre oo 220 are
oBhR 6 Je iR g8 A 4AF S Rrcaiasaed a&j@ﬁ ot tapaegative leg
22% ThBIRde e ihes ot 24 Baf o a8 b nere depicted as their smalier

constituent resistances, such as resistances 360-1, 360-2, 360-3, and 360-4.

[0073] The output of the second amplifier 214, in communication .with the
opposite terminal of the first feedback resistance 216, is shown driving the middle node
of the positive leg 226- i.e., the node between the first and second ladder resistances
230 and 232. Similarly, the output of the fourth amplifier 218, in communication with the
opposite terminal of the second feedback resistance 220, is shown driving the middle
‘node of the negative leg 228. The middle nodes of the positive and negative legs 226
and 228 are located at the bottom of the physical layout, while the current sources 238,

234, 248, and 246 are located at the top.
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string of conparators. The current sources 238 and 234
of the positive |leg 226 are adjacent to one another
and also to the current sources 248 and 246 of the
negative |l eg 228. The | adder resistances 230, 232,
242, and 244 are here depicted as their smaller
constituent resistances, such as resistances 360-1,
360-2, 360-3, and 360-4. [0073] The output of the

secqphgr 4Pl tHd & gz;r tor%% ?%MB?&;@J&% V\Po He LR [_?;at of the resistance

OppOSI te term na resi stance

Iaaéésr Ie§§ ﬂ%o%]d %'8\” i efngt ;ﬂléj%ﬁ}pﬁf’aq rs ?fo ﬁhgwopgﬂg?dgree dummy

.e., the no ween Frst” an
C‘JS?&?%%“ e e %@f?@g 258 and RReaira gl R B and are
s%"é&&n%che%rf@ @8' sa%e e BieSh gqugos. v%ggﬁ%pégﬁt'évseaéggfngeand 228,
TiElefte dfabis 3;3?@‘)?%83?%700 S TP AT AfoPTHE hodes of e
_'aﬁ%f”eé'%&“ﬁﬁ%% PID ARG 2 8  BOUSR 28 o pring 57 comparators
af?ﬁﬁ?i‘bé“%@@@éﬂs ¥ 3882265 Tpa 2B A HIE droilo-Pig,' BBmparators
AR 9?%%%&%%&?@%@5%%@%%359 wer e fepicted in
f Lﬁlpi’éﬁ B R, Mo g0 SETeaRnI o b'?r‘%ﬂﬁsa'awz? n a
it HfRel ShitceSedclin ?awaerat%s?ﬁ*ﬁ%éiﬁ@@ coggspond to bts 1
=g ot o o AR VB Cindaf e Sompanonsto bt oo an
SSaiebesrdiao TP o Copiratyt SBRGR) Bt oo st gegana i o
exFﬁ’@a?% Z % rére°e"8r°ggagét8i9?f%lfy‘\8%oﬁ>gar ggor Ih%r?Oaf? And+ 4 (132)

co§n7p%r§topsorv6|t%31%8rn gf {hose ctompla\rators being dummy comparators. Each of the

legs 226 and 228 of the resistance ladder includes 2" (64) resistances. Each of the
ladder resistances 230, 232, 242, and 244 therefore includes 32 individual resistances.
[0076] The signal from the second amplifier 214 ékperiences the least delay
at the point it is injected into the positive leg 226 of the resistance ladder— the node
between -resistances 360-1 and 360-2. Likewise, the signal from the fourth arﬁplifier
218 ex.periences the least delay at the point it is injected into the negative leg 226 of the
resistance ladder-— the center node between resiStahces 360-3 and 360-4. As the
signals propagate from the amplifiers 214 and 218 to the respective ends of each

resistance ladder leg 226 and 228, the greatest delay is experienced adjacent to the
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and 126, respectively; and conparators 370-127 and
370-128 correspond to bits 63 and 64, respectively.
The nunber of conparators depicted here are those
needed in an exenplary inplenentation of a seven-bit
ADC (N = 7). There are 2N + 4 (132) conparators, wth
four of those conparators being dummy conparators.
Each of the |egs 226 and 228 of the resistance | adder

cuh@ﬁ Q?@rﬁeg ZS%S&Qé grﬁ@Si $hd Tﬁzg{dﬂgls Jr]ﬁlngl gtdﬁﬁ d%omparators

resi stances ere orevi nc

sﬁ?fgtehﬁ W dfjﬁ#s o?sté_éltdfr%g;égaz'fce Igggg]s %J%e gr{}%g 4e'ia9/ed {;ausmg the

seco rrences -t
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e édfﬁe%é%%g 55 e Feieae o hﬁfﬁff@%ﬁ?'%&@@“ ot LZ”” “

oo P07 Eh e Tris BBy s dmiialeog B ERbE R FE €1 4npgiod of an
'dea?r&n.%fﬁ%% ‘f’% dotiieds Aes VAP D aHRTO8 & ARG WelS distorted by
thg E%gééiﬁ%i%e%ﬂﬁﬁa sl bttt el afndmaas yotege. Nere s e
' S FIPAMNE PG YRS SXTORES G P FHL MBS, dhefhc more delay.
Twoandpié%ch%éieb?@ag% of e RBE B D AURREE 1ol at ve to

o 07 L SR og Pt alo (0671 T &oBhERbHePoR sof progressive
co%%é"éa'?g I Sifelins Preshelsier Sbe camgsrilap bt qepisnted here at
<of s Th P s AFEIEr Al SRt Sw?%avv g?ecefp%g&%g.ggwgggna, with 1o
el t@%shwhfere ShmuParalsk inGsdOuRRT ARLGrort i GriIBLAL0. such as
cofhitar 473 e ARRERES NeerC Sreatar 4dlay. Ta compansate Tor this. disparity,
delay can be artificially added to the input paths leading to the inputs of closer
cqmparator iﬁputs so that all comparator inputs experience the same delay.
Comparator inputs closest to the amplifier 410 would require the greatest added delay,
represented graphically as. a long signal trace 414. Added delay is reduced the further
the comparator input is from the amplifier 410, until the furthest comparator input 412
has no added delay, represented by a short signal trace 416.

'[0079] - The comparator input delay may be more feasibly implemented using

transistors. Note that because the comparators of interest are those in the transition

region (near the middle of the signal), the delay will always be correct if identical
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[0078] Referring nowto FIG 7, a graphical depiction
of progressive conparator delay elenents is
presented. The conparator input, represented here at
408, closest to an input anplifier 410 would normal |y
receive the input signal with no delay. Meanwhil e,
conparator inputs further away fromthe anplifier 410,
such as conparator 412, experience nuch greater
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gr aﬁfﬂa‘gi“ 'R riﬂ ! ﬂ Edegrf‘@ rage aﬂ%atwd &\‘erom %ﬁh'rﬁlnlmlzmg

red t he corrpa‘ra or 1 nput
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arﬁr%iﬂ‘éle?tfdlgorgh%g%%l sT\m?h %%(ﬁﬁégg\%e% Bﬁé{tsh ?’or a| r%o%) three of which

easl I Mpl enen ansit s

ar% blcg%cﬁéjr € r&ela&%ﬂ%%% r§3? Hes oncgiielS cg%rg?#vposﬁig and third

transition  regi near

Iatgﬁggac!elncet 95’2 gel e Vl\%ljchlg H%a\f\/ce&b%%f ?%%Zv‘%g]egymgsmrom respective

ransistor el enme e use
CoﬁﬁﬁﬁﬁgEﬁ even though the common node input voltages
e conparators are normally different. The size of
el ement s ned .to a

For e valAE 6 ARG Bt SR Redbar AC bbb pSmt B atching
B TR ekt 3 wpa'uigl#befhe E’Bié'atvf’ GO e fpspective
cof oty AL 6P e aed) B2 m G e surr e
s Befel P e '“@Ci?'“gs%%%ﬁe&d‘?%t ﬁﬂ.aﬁ&aﬁ%ﬂﬁm chgsppndingly tater

432 3. The | at devi

tin%sgasr e%trg{rvléwe th@? :Ih?qrg% o;ﬁslpg tbv&g?rvgara‘t:or g)%enences After all |

latching devices have been strobed, their contents can be read simultaneously to
determine the digital output string. This string may be converted from a thermometer
code to a binary code by a decoder module (such as the decoder module 264 of FIG.
3). Because the latching devices are all read simultaneously after their contents have
been latched, the fact that they were strobed at different times does not translate to the
output.

[0082] To strobe the latching devices at varying times, a strobe amplifier 430
communicates a strobe signal to the latching devices 432 via a series of delay elements

434. The delay elements 434 are represented graphically as a resistive trace, though
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conparators. [0081] Latching devices are activated
wWth a strobe, at which point the latching device
retains the value at its input (either a 0 or a 1
received fromthe respective conparator). Because
conparators furthest away fromthe driving anplifier
suffer the nost delay, the. respective | atching
devi ces can be actuated at a correspondingly | ater

othéMBolaPsleARin® TL,889s BYnd; %ﬁ%{g%%y?é U\T.e c{ eIﬁ'Pe téll’al%ftl’&l pg device 432-3

conparat or experiences.
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S ITU t aneous term ne
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R L P —.
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thé%{rgk?&?e %‘ngrghsﬁﬁg r“g@gew E:ﬁé%%svhw%ggre for the input

voly 8%, B 38, %gérz%ﬁszée&smé%;@:% 5 gsodaiad BB the frst
|at?§,gadFThe gl rd | atching device 432-3 is closest to

P"SBé" lifier 430 and vv|II therefore, |atch
t he i.ts respe arator earliest. The
secgdﬁé?%f é%f?fa"%lé\??”c@ lglé %3 §“ nﬁ%’éﬁ'éﬂ"?'&ﬂt%@?mm segmented
re{'%t st. ro,) lifier, 430 and therefore | atches
“%%t?ﬂﬂe dfP %’%e %O&e@t AgRIctegnp it Frfoussfigyre such as FIG. 5,
rle de first latc device 432-1 is | ocated
Ffsomef%ge%'ﬂeg aﬁ‘b?ﬁ Ferectigngyoh fRgistances. For a 100 Q

reé&%@% UL R A
co{lfi?gﬁJqul cﬂgort ﬂgltfr%{)c{w |eosnt|nlaag|%gfenegndde?ivc§o(r:lﬁglfrgt2|onl) glatl:hmlf\t-:llssstance would
be approximately 0.78 Q (100 Q / 128). Resistances this small may be difficult to make
accurately, or even to make at all, in many processes. A solution is to use a segmehted
ladder network. |

[0084] A main segment 450 includes a number of main segment resistances
452, while a secondary segment 454 includes a number of secbndary resistances 456.
A group of M secondary resistances 456 are connected in series to each other and then

in parallel with a single primary resistance 452. This parallel combination is repeated as

many times as is necessary for the resistance ladder. As one example, if there are 8
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vol tage signal to reach the furthest conparator, which
is associated with the first |atching device 432-1.
[0083] Referring nowto FIG 9, a functional circuit

di agram of a segnented resistance |adder

i mpl ementation is depicted. In previous figures, such
as FIG 5, resistance |adders were depicted as series
connections of resistances. For a 100 resi stance

prulnggfj té%rwés]@%hé ﬁﬁ%iﬁts%ﬁ : at(walngpe Caol'gsqjstgﬁc%l gdgeleth 128 total

loni1nad confrguration or
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acc y, Or even I'n many processes.
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2 QBTN LB R R Rer ioat e il L &éﬁ%@e“ pajgllel vt
1538 WPl M ERRERN 2L TRaR O e el fial (gPERNEEs b nen be
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1o LA Fob LT E £ B RAIEedid Iy georc
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resE%%rgceOraes WIU? 12%qotaf'gtce%2dalrr¥e 5 E ?) Fc’etszlis?gﬁcsé X?f oF H1e maln segment
remains. A group of tertiary resistances 460 are placed in parallel with a single
secondary resistance 462 and a group of these parallel combinations are placed in
series with each other and in parallel with the primary resistance 452.
[0087] If each tertiary resistance is 15 Q, a group of four in series will be 60 Q.
60 Q in parallel with 27.3 Q yields 18.75 Q. .Four of these 18.75 Q parallel combinations
in series yield 75 Q. 75 Q in parallel with the 15 Q primary resistance yields 12.5 Q,
which when repeated eight times gives the appropriate 100 Q total resistance ladder

resistance. Segmenting of the resistances in this fashion can continue until the smallest

resistance required is able to be fashioned in the current process technology.
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- [0086] Referring nowto FIG 10, a three-step
segnented | adder network is depicted. If resistances
required by the two-step segnented network of FIG 9,
such as the exanple 4.69 0 resistances, are still too
small to inplenment, tertiary segnents can be added. A
single exenplary parallel conbination of nain,
secondary, and tertiary resi stances is depicted in
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thickness. This is even nore inportant in a 65

Seﬁ?ﬁ B8NS VP (cheni cal - nechani cal
pl a cause netal thickness

var mg Refgér'ﬁigﬂ"%%g éJ glﬁ%e?ﬂ JNFEXGEPARIY dRYR¥t P2 ,rgsrq{gr@ce ladder is

JnA 1a resi stance can be surrounded by
presente flrst metal trace 480, serving as resistance, is laid out in"a folded shape

to minimize the area required. A second metal 1 trace 481, in a folded configuration
symmetrically identical to that of the first metal 1 trace 480, is located next to the first
metal 1 trace 480. An end of the first metal 1 trace 480 is connected to an adjacent end
of the second metal 1 trace 481. This connection poiht contains a contact square 482
for connection to an input amplifier. The contact square 482 is located in the middle of
a metal one structure formed by the first and second metal 1 traces 480 and 481. The

‘metal 1 traces 480 and 481 compose the two halves of a resistance ladder (such as the
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placing it between calibration RAM and the conparat or
array, as depicted in FIG 5. CWM dishing problens
accurmul ate with each higher netal |evel,.nmking netal
1 a desirable resistance material due to its
uniformty. Using netal resistance, there is a good
chance that secondary resistances wll not be needed
except to resolve the last two to three bits (divide
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ma\éﬂg Q%E@%e'%d%wwéml enentations of the device are

rrrng now to FIG 12A, the device can be
Rt S R L R a%wca.@?{'%rowm
as C%gﬁn?(rﬁéﬁstggl T éﬁlll 'c&laﬁgt} éd%\%epso% ng%agfs&%g Iglt Séﬁt%(}tg cellular
phgﬁ&?%dlg o|' R'/%‘ H)Ifa{leerg a'ng the ¥ ﬁL(e and/or othgrzdevlcréssv?angne or more wired
or wireless communication links 508. The HDD 500 may be connected to memory 509
such as random access memory (RAM), low latency nonvolatile memory such as flash
memory, read only memory (ROM) and/or other suitable electronic data storage.

[0092] Referring now to FIG. 12B, the device can be implemented in a digital
versatile disc (DVD) drive 510. The device may implement and/or be implemented in
analog to digital converters. in either or both signal processing and/or control circuits,
which are‘generally identified in FIG. 12B at 512, mass data storage of the DVD drive

510 and/or a pdwer'supply 513. The signal processing and/or-con_trol circuit-512 and/or

other circuits (not shown) in the DVD 510 may process data, perform coding and/or
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i npl enent ati ons, the signal processing and/or contro
circuit 502 and/or other circuits (not shown) in the
HDD 500 nmay process data, perform codi ng and/ or
encryption, performcalculations, and/or format data
that is output to and/or received froma magnetic

st orage nedi um 506. [0091] The HDD 500 may communi cate
with a host device (not shown) such as a conputer,

el Bt ORI & ?oWsC§§d/§|"Fol?m§§ grtﬁéﬁ it rﬁglwd/ord ta written
EP 30l Ay Ers °ARd

assi st ant S, ar phones,

it R A 0 e A o
ar*b‘?orCSHH?r%‘Ftcﬁ it @1 éf aher cr?‘&ﬁtllg (?8‘ ﬁﬂﬂﬂomnat?mg D_510 can also
. ow < ency nhonvo ne

menory

s G B R o O
o e A R AR T oD S

di gl[?m]ggﬁ&tgr er s%lnvgesid;%a%gggrtﬂg?%l'cg egrY‘ﬂ Bﬁo%@@ét. figvice (not
S0 Bl f Rl cfmerier tsiion 8108 Bedeiip 28 astars vired or wireless
ARG SIS0 BBl SRR St s
SRR R AT e
R A ol s 2

t he s nal proces

H%@r{ﬁ?ynﬁec R0 T CRchaes o et Mo U Prufo s Baeer that i
sﬂaaglezﬁh%gsa%ﬁréx%% B B S A PP RIS LRERES 510 ucn
S '%@B%%b%30%?%%%%%»9&%?@?9% sprngfiory andlor other
suﬂ%lg %ﬁecgr%\r/\fccdeaté Qt%trage

[0094] Referring now to FIG. 12C, the device can be implemented in a high
definition television (HDTV) 520. The device may implement and/or be implemented in
analog to digital converters in éither or both signal processing and/or control circuits,
which are generally identified in FIG. 12E at 522, a WLAN interfac_:e, mass data storage
of the HDTV 520 and/or a power supply 523. ' The HDTV 520 receives HDTV input
signals in either a wired or wireless format and generates HDTV output signals for a
display 526. In some implementations, signalrprocessing circuit and/or control circuit

522 and/or other circuits (not-shown) of the HDTV 520 may process data, perform
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shown) such as a conputer, television or other device
via one or nore wired or wireless conmmunication |inks
517. The DVD 510 may conmuni cate with nass data
storage 518 that stores data in a nonvolatile manner.
The mass data storage 518 may include a hard disk
drive (HDD). The HDD may have the configuration shown
in FIG 12A. The HDD nay be a mini HDD that includes
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intgﬁ %—E}V 520 may communi cate with nmass data storage
%C % stores data in a nonvolatile nmanner such as
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WLAN interface, mass data storage of thé vehicle control system and/or a power supply
533. In some implementations, the device implement a powertrain control system 532
that receives inputs from one or more sensors such as temperature sensors, pressure
sensors, rotational sensors, airflow sensors and/or any other suitable sensors and/or
that generates one or more output control signals such as engine operating param;f‘ers,
transmission opéréﬁng pararhetérs; and/or other control_signal_s. -

[0097]' | The devkice- may also be implemented in other. control systems 540 of
the vehicle 530. The control system 540 may likewise receive signals from input

sensors 542 and/or output control signals to-one or more output devices 544. In some

implementations, the control system 540 may be part of an anti-lock braking syétem
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i ncl udes one or nore platters having a dianmeter that
is smaller than approximately 1.8". The HDTV 520 may
be connected to nenory 528 such as RAM ROM | ow

| atency nonvolatile nmenory such as flash nenory

and/ or other suitable electronic data storage. The
HDTV 520 al so may support connections with a WLAN vi a
a WLAN network interface 529. [0096] Referring now to

(A_B'S% a %%thafi&? s‘9§¥g‘?% t'é?e)ﬁmécﬂsg:s?gﬁm éaogﬁiglrgrtgf%{nnatigs system, a lane

i npl emenf’ed 1 n"analog to conver
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mass data storage e vehic control
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evi ce |rrpI enent’ a powertraln cont

coh .Ié(tgg i nputs fromone or nore sensors such as
tenperature sensors, pressure sensors, rotational
ot her suitable

SETRRIBY, 2076 SRR B8 APl S s e
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45 B8 o P dO RUeeY B Reietie, peatishHn andost emory andior
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support connections with a WLAN via a WLAN network interface. 548. The control
system 540 may also include mass data storage, memory and/or a WLAN interface (all
npt shown). |

[6099] Referring now to FIG. 12E, the device can be implemented in a cellular
phone 550 that may include a cellular antenna 551. The device may implement and/or
be implemented in analog to digital. converters in either or both signal processing and/or
control circuits, which are generally identified inFIG. 12E at 552, a WLAN interface,
mass data storage of the cellular phone 550 and/or a power supply 553.] In some
implementations, the cellular phone 550 includes a microphone 556, an audio output

558 such as a speaker and/or audio output jack, a display 560 and/or an input device
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storage 546 that stores data in a nonvol atile manner.
The mass data storage 546 may include optical and/or
magnetic storage devices for exanple hard disk drives
HOD and/or DVDs. At |east one HOD may have the

configuration shown in FIG 12A and/or at |east one
DVD may have the configuration shown in FIG 12B. The
HDD nay be a mini HOD that includes one or nore
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[00101] Referring now to FIG. 12F, the device can be implemented in a set top
box 580. The device may irﬁplement and/or be implemented in analog to digital
converters in either or both signal processihg and/or control circuits, which are generally
identified in FIG. 12F at 584, a WLAN interface, mass data storage of the set top box
580 and/or a power supply 583. The set top box 580 receives signals: from a source
such as a broadband source and outputs standard and/or high- definition audio/video
signals suitable for a display 588 such as a television and/or monitor and/or other video

and/or audio output devices. The signal processing and/or control circuits 584 and/or

other circuits (not shown) of the set top box 580 may process data, perform coding
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[ 00100] The cellul ar phone 550 nmay communi cate with
mass data storage 564 that stores data in a

nonvol ati | e manner such as optical and/or nagnetic
storage devices for exanple hard disk drives HDD
and/or DVDs. At |east one HDD may have the
configuration shown in FIG 12A and/or at |east one
DVD may have the configuration shown in FIG 128 The
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con{%ﬁ%lat eﬁtrw?gnﬁg 30%2%] 1%@2@;3}%\/5‘3"8%{:‘2% l?nspcl)eglea%/ted in a media

player 600. The device may implement and/or be implemented in analog to digital
cpnverters in either or both signal processing and/or control circuits, which are generally
identified in FIG. 12G at 604, a-WLAN ‘interface, mass data storage of the media player
600 and/or a power supply 603.] In some implementations, the media player 600
“includes a display 607 and/or a user input 608 such as a keypad, touchpad and the like.
In some implementations, the media player 600 m.ay‘employ a graphical user interface
(GUI) that typically erﬁploys menus, drop down menus, icons and/or a point-and-click
interface via the display 607.a'nd/or user input 608. The media player 600 further
includes an audio output 609 such as a speaker and/or audio output jack. The signal

processing and/or control circuits 604 and/or other circuits (not shown) of the media
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that stores data in a nonvolatile manner: The nass
data storage 590 may include optical and/or nmagnetic
storage devices for exanple hard disk drives HDD
and/or DVDs. At |east one HDD nmay have the
configuration shown in FIG 12A and/or at |east one
DVD may have the configuration shown in FIG 12B. The
HDD nay be a mini HOD that includes one or nore
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other implementations in addition to those described above are contemplated.

[00105] Those .skilled in the art can now appreciate from the 'foregoing
description that the broad teachings of the present invention can be.implemented in a
variety of forms_.. Therefore, while this invention has been described in connection with
particular examples thereof, the true scope of the invention should not be so limited
sihce other modifications will become apparent to the skilled practitioner upon a study of

the drawings, the specification and the following claims.
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[00104] The nedi a player 600 may conmuni cate with nmass
data storage 610 that stores data such as conpressed
audi o and/or video content in a nonvolatile manner.
In sone inplenmentations, the conpressed audio files
include files that are conpliant with MP3 format or
ot her suitable conpressed audi o and/or video formats.
The mass data storage may include optical and/or
magneti c storage devices for exanple hard disk drives
HDD and/ or DVDs. At |east gne HDD may have the
configuration shown in FIG.L%§ﬁ§and/or at | east one
DVD may have the configuration shown in FIG 12B. The
Whatys agif“%’e's'a mni HDD that includes one or nore
platters having a dianeter that is smaller than
approximately 1.8". The nedia player 600 may be

comee AR IRIP i D BB el

" BRS04 WAL v o
i 616, Sti i i ons. i

ol B 88, s 5 DL ATRR B e

So‘grog,lOS] Those skilled in the art can now appreci ate
Fom t he foregoing description that the broad

i veR PepadsBTRE Mol IeH ol odephfosS RaVRG fist ends
tna B PRTRRS B AT Feeie sedhoSiangs hetGpT{reate with a current
i nvention should not be so limted since other

SOWS@i fi cations will becone apparent to the skilled
practitio

Dt el e A Sl v i DA el e of an ot
ool B Soabe g, bl 85 09 1
a second amplifier that applies a voltage based upon a second phase of
the input signal to said middle node of said second resistance ladder leg; and |
a plurality of comparators, each héving first. and second inputs, wherein
said first input communicates with one of said two resistances of said first resistance

ladder leg, and said second input communicates with one of said two resistances of

said second resistance ladder leg. .

2. The ADC of Claim 1 wherein each of said plurality of comparators are

calibrated.
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a first resistance |adder |leg including two

resi stances having first ends that comunicate with a
m ddl e node and second ends that conmunicate with a
current source; a second resistance | adder |eg
including two resistances having first ends that
communi cate with a m ddl e node and second ends that
communi cate with a current source; .a first anplifier

t hag app{'ﬂeeﬁ & yf%lgf?rggr\ﬁp@eggﬂ s}é‘?@@u rftisBﬁF e?.%?*@gidq‘frstaé}]d second

i nput sl gna to sard e node sal

redi€iSh @HG&lE@Q%FJtuL&% offd g ?amah'f'ef that applies
a voltage ba on a seco d ase of the input
signal to said m ddI e node of sal d second resistance
| adder |leg; and a plurality of conparators, each

having fTiestADEY SRFRNY WidEInS saibhEeiaRd Setiofldf Amplifiers output
i nput comuni cates with one of said two resistances of

voltjed Jdsk&upbf ahIhANCRnal MAERrsUb8BintiA el & £86 @dfing calibration.
i nput communi cates with one of said two resistances of

sai d second resistance | adder leg.. 2. The ADC of
Claim1 wherein each of said pl ural i ty of conparators
ar e5. cal Thr ADEdbf (36inB2 wheeeiABachbf Sdidiphardlitywbtc@anparatirsl includes .
current sources of said first ‘and second resistance
anlaglfldeablé egrsertrseutaarthaids abifustid basgdaglonla retpedtive 4ligitehealue.
ADC. of Claim3 wherein said first and second
anplifiers output voltages based upon an input signal
that is substantially equal to zero during
cal $br at TRnADCsof Qlaien Aphesein@aid raspegliverdigitel valgrs gre determined
said plurality of conparators includes. an adjustable
dudng caipratinfur ce that is adjusted based upon a
respective digital value.

7. The ADC of Claim 6 further comprising a control module that, during
calibration, varies said respective digital values based upon outputs of said plurality of

comparators.

8. The ADC of Claim 1 wherein said first and second amplifiers include

transimpedance ampliﬁers.

9. The ADC of Claim 1 wherein said first and second amplifiers include

nested transimpedance amplifiers.
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6. The ADC of Claim5 wherein said respective digital
values are determned during calibration. 7. The ADC
of Caimé6 further conprising a control nodul e that,
during calibration, varies said respective digital
val ues based upon outputs of said plurality of
conparators. 8. The ADC of Claim1 wherein said first
and second anplifiers include transinpedance

anphpfi efge AP B?%I§W1%nggi Bih Wﬂgﬁﬁ' %s%?zln%e%'orfsstald first and

and second anp iers inc nested transi

setbi rddi§hRce %%d%pl g-gh@orﬁgﬁség{\l |ﬁbmd$am%i?%&e§a%epém N is an
sai d resl stances econd resTstanc

' c&;{gprl ses N individual resistances,

mtle Eat'e g?as an’ integer greater than one. 11. The ADC
of CI a| m 10 wherein said individual resistances have
substantially equal resistance values. 12. The ADC of

Caihm 1l vher_be ssi Claipsi $6 anmerei?l sfal thdivid$dl resistances have
resistance |adder legs conprise N individual

subﬁ%hﬁéll@@é@%l r‘é@i%fh‘?féb%lde@ series. 13. The ADC, of daim
1 wherein said resistances of said first resi stance

| adder | eg conprise a plurality of primary resistances
connected in series and groups of secondary
r esil@t antles Al rdcClaini h wiraarainl sdid wesibtamaed obf sasdiifiekt resistance
primary resistances. 14. The ADC of Claim 1l wherein

ladsier tegsesngirsademdividuairedidtamcels coasectancseridsadder | eg
conprise a plurality of primary resistances connected
in series, groups of secondary resistances connected

in paral lel with each of said primary resistances, and
. The ADC of Claim 1 wherem said resistances of said first resistance

ladder leg comprise a plurality of primary resistances connected in series and groups of

secondary resistances connected in parallel with each of said primary resistances.

14.  The ADC of Claim 1 Wherein said resisfances of sai.d. first resisfaﬁce
ladder leg comprise a plurality of primary resistances connected in series, groups of .
secondary resistances connected in parallel with each of said primary; resistances, and
-groups 6f tertiary resistances connected in parallel with each of said secondary

resistances.

15. The ADC of Claim 1 wherein said resistances of said first resistance

ladder leg comprise N individual resistances.
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groups of tertiary resistances connected in parallel

with each of said secondary resistances. 15. The ADC

of Caiml wherein said resistances of said first

resi stance |adder |eg conprise N individual

resi stances-. 38 16. The ADC of C.aim 15 wherein said

first inputs of said conparators comunicate with a

connecti on betvveen t wo of sai d_ N i ndi vi dual

resi §t anegs A?E)CS %l; M %E‘) wﬁ?n%ir?.ts%'fbcqirétagﬁﬁfs lo?%aida%gmparators

sai d second i npufs comuni ca with a connhection _
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conpara i en
n ct,ric dlst said first, and second
P B el 5' f%%'?aae (G- Sreno3Bh 8ttt HedBohodes.
18 The ADC of d ai m 17 furt her conpri sing del ay
el enents.that communicate wth said first and second

I npyys ofhS ATt ePERANAL Wﬁére‘ﬁ’f‘galﬁr?ﬁét étrfoeééc% d inputs of said plurality

substantially identical aggregate ays rom

of COhipRrReRIL Ik RAGS gofa ogagé?t.cm dekg B'é%@@%f;o.ﬂ ac'r@'e%cfrlc%is%iistance .of

and 'second i nputs conpar ators

safd @sAntseMaRl %ﬂht§ﬁbl‘§i\ éj%]ﬁé’sggcﬁﬂ?%% FRER thifdle nades.

resistive traces. Clalm 18 whereln
said delay el enments conprise transistors. 21. The ADC
of Gaim1l17 further conprising a plurality of |atching

deviliges TieapDCof Clampandirtg:riconprieingfdeidy éleplebtsahatt gommunicate
of conparators. 39 22. The ADC of Claim 21 wherein

withasald pirstr ahd tsecohd liap@bi dfdsi@ \Worfsaratet<L andnthat create substantially
identical aggregate delays from corresponding ones of said middle.nodes to said first

and second inputs of said comparators.

- 18.  The ADC of Claim 18 wherein -said deléy elements comprise resistive

traces. -
20.  The ADC of Claim 18 wherein said delay elements comprise transistors.

21.  The ADC of Claim 17 further comprising a plurality of latching devices

each corresponding to one of said plurality of comparators.
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out put froma correspondi ng one of said plurality of
conparators at a delayed tine based upon a
propagati on delay at at |east one of first and second
i nputs of said corresponding one of said plurality of
conparators. 23. The ADC of C aim 22 further
conprising a decodi ng nodul e that reads outputs of
said plurality of latching devices substantially
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node, and are laid out as mrror images of each
other, and wherein said two resi stances of said second

respst anpe hakder diss 59 ?urtl{é?r%‘?r%r%ﬁ\ggé o%%bgﬁgg‘hnqgcé e that reads

node, and are laid out as mrror | mages of er.

outpbits df&id\Blardlty G %héﬁir@%%@ése%dbsmﬂIlyg’ginﬁﬁ‘tiaﬂeously after a last one

resi stances of both said firs second resi stance

of éégggﬁrraugfaﬁ|ai&sagaa&i@étis LBratdo! ded shape to minimze

24. The ADC of Claim 1 wherein said ADC is implemented on an integrated
circuit having a first metal layer, and wherein said first and second resistance ladder

legs are implemented in said first metal layer.

25. The ADC of Claim 24 wherein said two resistances of said first resistance
ladder I.eg are connected at said middle node, and are laid out as mirror images of each
other, and wherein said two resistances of said second resistance ladder leg are

connected at said middle node, and are laid out as mirror images of each other.

26. The ADC of Claim 25 wherein each of said resistances of both said first

and second resistance ladder legs is laid out in a folded shape to minimize area.

40



