WD 20071030134 PCT/ US2006/ 005764 COVPARATOR W TH RESONANT TUNNELI NG DI ODES
FI ELD [0001] The present application relates to conparator circuits. More
particularly, it relates to a high-speed anal og vol tage conparat or havi ng
resonant tunneling diodes to mnimze its RCtime constants and provide
faster regd@apEIBHR4 BACKGROUND [0002] In the usual pri GCTH2006/005764

i npl ementation of a clocked |atching conparator, a clock signal swtches

t he conparator between a sanple node and a |atching node. In the sanple
node, the conparator has relatively low gain and the output follows the
signal input. Wien the conparator is clocked into the |atching node,
positive feedback is enabled so that an arbitrary small signal wll
regenerate and drive the latch to its full output swing, such that the
signal is correctly resolved by subsequent logic. [0003] FIG | and FIG 2

show a conmparator circuit proposed by Al bert E Cosand (U.S. Patent No.
6,597, 303) . uti COMBARATAR BT RESON AT rHNNEGING BYORES:t i on. Al t hough
it is desirable to provide faster regeneration, the regeneration tine of

the conparator circuit of FIG 1 and FIG 2 is limted by an RC tine

constant determ ned by the resistaBBLIDR including resistors and parasitic
resi stance) and the parasitic capacitance of the transistors (C. The val ue
of the RCtine constant in seconds is equal to the product of the circuit

resi stance in @m an [ 1 Lk T . iLtan i N, fakads ressed
mat hemat i cal | ); as 't :?%Bﬁémanfﬁgﬁgﬁ% > k%c%ﬁg%%&or@g?ﬁgsgé\ﬁ 8)(:&‘grrpar ator has
resonant phmieakkliyn{ related €Sa high-spesd amlod vdltagesosiparfotiaviigressmas- coupl ed

regenerative_ latch circuit., The resonant WO 2007/ 030134 PCT/ US2006/ 005764 2
tunneling diodes to minimize its RC time constants and provide faster regeneration.

BACKGROUND

{0002]  In the usual prior art implementation of a clocked latching
comparator, a clock signal switches the comparator between a sample mode and a
latching mode. In the sample mode, the comparator has relatively low gain and the
output follows the signal input. When the comparator is clocked into the latching
mode, positive feedback is enabled so that an arbitrary small signal will regenerate
and drive the latch to its full output swing, such that the signal is correctly resolved by

subsequent logic.

[0003] FIG. 1 and FIG. 2 show a comparator circuit proposed by Albert E.
Cosand (U.S. Patent No. 6,597,303), utilizing transistors and resistors for
regeneration. Although it is desirable to provide faster regeneration, the regeneration
time of the comparator circuit of FIG. 1 and FIG. 2 is limited by an RC time constant
determined by the resistance (R, including resistors and parasitic resistance) and the
parasitic capacitance of the transistors (C). The value of the RC time constant in
seconds is equal to the product of the circuit resistance in ohms and the circuit

capacitance in farads, expressed mathematically as t = RC.

SUMMARY

[0004] An analog voltage comparator has resonant tunneling diodes in

series with resistors of its cross-coupled regenerative latch circuit. The resonant



tunnel i ng di odes have negative resistance that effectively cancels part of
the resistance conponent of RC circuit delay. [00051 In one enbodi nent, the
cross-coupl ed regenerative latch circuit includes first and second

t unnel - di woeo0d7/038834st or pairs. The cross-coupl ed regenerEiT/U004/@STR circuit
i ncludes first and second bipolar transistors, where (a) the collector of
the first bipolar transistor and the base of the second bipolar transistor
connect to the first tunnel-diode / resistor pair, (b) the collector of the
second bipolar transistor and the base of the first bipolar transistor
connect to the second tunnel-diode / resistor pair, and (c) the emtter of
the first bipolar transistor connects to the emtter of the second bipolar
transi stwmelin@dddes haveargitiverres stonat thetreffectinel ylapodlapatt oéittsl stors are

replaced with re- changg et al - OXI de-sem conductor field-effect (NMOS- FET)
transi sfOILANCRRPBROBERS THESNUEEIAYRAW NGS  [00071 FIG | shows a prior art
conmparator circuit. [00081 FIG 2 shows another prior art corrparator

ircuit. [00 1G 3 t d t_dj.a t
w i esonattotlnne ol S el B el ReehBiPO LA Sl 05 B e o
shows  aincedys gitbtaing Gedont Ghhiiel i@ 2EBiRbr FrisOTRALAsS copled redepend t

tunnel i ng di odes, according to an alternative enbodi nent. { 0111 FIG 5
shows afatelbpireuit incldescfitstand segpedybinniaptransistors athero(a) dha ¢pllecion of thet

t | di th | t. nmbodi 00121 FIG 6
oo curtu SR cuBREERPURE bRs BT Bissarord DiBHAr rob s GEPETIRER e Y | ssonant
tunnel | Rgni e/ VB2 080134 AICT5? 0057 ol 1803k ot Ge 7 Shows an

abbreviated circuit diagramof a conparator with  resonant tunneling diodes,
accor di gse of tha festbindlardransistov comnest i@ithe seconditamnel-diode / resistor pair,

and (c) the emitter of the first bipolar transistor connects to the emitter of the second

bipolar transistor.

[0006] In another embodiment, the bipolar transistors are replaced with n-

channel metal-oxide-semiconductor field-effect INMOS-FET) transistors.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 shows a prior art comparator circuit.
[0008] FIG. 2 shows another prior art comparator circuit.

[06009] FIG. 3 shows an abbreviated circuit diagram of a comparator with

resonant tunneling diodes, according to an embodiment.

[0010] FIG. 4 shows an abbreviated circuit diagram of a comparator with

resonant tunneling diodes, according to an alternative embodiment.

[0011]  FIG. 5 shows an abbreviated circuit diagram of a comparator with

resonant tunneling diodes, according to another alternative embodiment.

[0012] FIG. 6 is a current versus voltage plot showing negative resistance

of a resonant tunneling diode.



preanplifier. [0014] FIG 8 shows an abbreviated circuit diagramof a
conparator with resonant tunneling diodes, according to an enbodi nent

havi ng i nsul ated-gate field- effect transistors. [0015] FIG 9 shows an

abbr evi at &gp 6dope8d184 di agram of a conparator with resonamCTiUSRIWEI0DITG4 di odes,
according to an enbodi nent having junciion field-effect transistors.

DETAI LED DESCRIPTION [0016] FIG 1 and FIG 2 illustrate the prior art
conparator circuits of U S. patent 6,597,303. [0017] In the prior art
conparator of FIG 1, the basic regenerative |oop, or latching circuit,

i ncl udes cross-coupled transistors QL01, QL02 and resistors R101 and R102.
[0018] During sanple node, input signals IN and INX are input into the base
of transistorf@0(BP3 aFif. Qlhdws e aperetiawe dlircu@udipeianssd Dnedapshidr il OUTX are
taken fromthe col | ectors QL0O3 and QL04, respectl vely. The input voltage

di f f er erféeonagt tunpglingdjadesoacconding toran ameedimenthayingd diffetsntialsi st ors R101 and
R102 to &ﬁgﬁ sihe initial input voltage of the latching circuit upon
transition om sanpl e node to |atching node. During sanple node, current
fromcurrent source 1s101 passes through switching transistor QLO5 and
degenerate regogsprs RO Qﬂ@d/saﬁgﬁb:te‘?m%dodﬁ'dﬂl‘?t di¥et ah@gﬁ‘a %Parﬁfo?%t‘h”pm to
output. Transition fromsanple node to |atching “(regeneration) nbde occurs
when t herewrt?@kmnnplmsd@ﬂ_% acndrdbngro ar embeditenétaving umldatcd}gatctﬁetde nt through

| at ch-en tra sistor QLO6 into cross-coupled transistors QL01, Q102 and
t her eby e§ 15‘S| tive feedback (regeneration). WO 2007/030t 34

PCT/ US2006/ 005764 4 [0019] In the prior art conparator of FIG 2, the basic

regenerative |@9B}  FIG. 9 shows an abbreviated circuit diagram of a comparator with
resonant tunneling diodes, according to an embodiment having junction field-effect

transistors.

DETAILED DESCRIPTION

[0016] FIG. 1 and FIG. 2 illustrate the prior art comparator circuits of U.S.
patent 6,597,303.

[0017] In the prior art comparator of FIG. 1, the basic regenerative loop,
or latching circuit, includes cross-coupled transistors Q101, Q102 and resistors R101
and R102.

[0018]  During sample mode, input signals IN and INX are input into the
base of transistors Q103 and Q104, respectively. Qutput signals OUT and OUTX are
taken from the collectors Q103 and Q104, respectively. The input voltage difference
at the bases of Q103 and Q104 is«coupled into resistors R101 and R102 to become the
initial input voltage of the latching circuit upon transition from sample mode to
latching mode. During sample mode, current from current source Ig101 passes
through switching transistor Q105 and degenerate resistors R105 and R106 to provide
voltage gain from input to output. Transition from sample mode to latching
(regeneration) mode occurs when the clock inputs CLK and CLKX are switched,
diverting current through latch-enable transistor Q106 into cross-coupled transistors

Q101, Q102 and thereby enabling positive feedback (regeneration).



or latching circuit, includes cross-coupled transistors 01, Q02 and
resistors R201 and R202. [0020] During sanple node, input signals IN and
INX are input into the base of transistors Q03 and 204, respectively.

Qut put si gh oEPIANd OUTX are taken fromthe coll ect or BCQR8SB0emes76R04,
respectively. The input voltage differehce at the bases of 203 and Q204 is
coupled into resistors R201 and R202 to becone the initial input voltage of
the latching circuit upon transition fromsanple node to | atching node.
During sanple node, current fromcurrent source 1s201 passes through
switching transistor 205 and degenerate resistors R205 and R206 to provide
voltage gain frominput to output. Transition from sanple node to | atching
(regeneration)[06tffe o&ctepriohen coinpaata@f RIGPY] the Gakic aegknetdide ddap, SWi t ched,
diverting current, thr ouqh | at ch- enabl e transi stor 06 I nto cross-coupled
transi st OF Sickipgsircu, gprludes crasecenled Hansistag Q3811QYQ sndagsistiors REOD21] 1 n

t he corrpql?la paCircuits of FIG 1 and FIG 2, the rate of regeneration when
positive feedback is enabled is determ ned by the rate at which the voltage
di fference between the collector termnals of the cross-coupled transistors

(QL01 and QL0Zp0%0] @@hri@@@ar%@%od‘e@ihﬁ'ﬂ_@{gﬂgls gi':mrﬁl mat ard ﬁpéﬁhﬁf titned by

factors including the bias current, l'imte y the current sources (1sl101
or |s201)basoef wansistory Q2@dwnd QRAd, respsctivelys Outmait 6ighols QUT arRd@XJTKrarg201 and

8202) f [ to dri | | ect. t i f th - | ed
transi o PR B e et et ang GT0L desveeitily: Thiinoihio fse i Tedh .t ance at
the col | egtiybdsey 68 Q24 3ardl QEI0:3 camsl e Gf?ﬂtors@_ﬂﬁ AHIRSF D bebOBEMe The

regeneration speed is therefore effectively limted by an effective RC tine
const ant ipiigbinpuhypliags of therlatcing tirawit uRID R ansHtioREOM samplRRGRIE toand t he
par asi {1 R RRAGhIRT AR} shilfie AR e S0uR sh LLADR! SLALTSSTPR.GT 02, or
through switching transistor Q205 and degenerate resistors R205 and R206 to provide
voltage gain from input to output. Transition from sample mode to latching
(regeneration) mode occurs when the clock inputs CLK and CLKX are switched,
diverting current through latch-enable transistor Q206 into cross-coupled transistors

Q205, Q206 and thereby enabling positive feedback.

[0021] In the comparator circuits of FIG. 1 and FIG. 2, the rate of
regeneration when positive feedback is enabled is determined by the rate at which the
voltage difference between the collector terminals of the cross-coupled transistors
(Q101 and Q102, or Q201 and Q202) can change. This rate is determined by factors
including the bias current, limited by the current sources (Is101 or Is201) for pulling
down, and the resistors (R101 and R102, or R201 and R202) for pulling up, to drive
the collector terminals of the cross-coupled transistors (Q101 and Q102, or Q201 and
QQ202); and the total capacitance at the collector terminals of Q103 and Q104, or
Q203 and Q204.

[0022] The regeneration speed is therefore effectively limited by an
effective RC time constant involving resistors R101 and R102, or R201 and R202,
and the parasitic capacitance of the cross-coupled transistors (Q101 and Q102, or
Q201 and Q202). |



WD 2007/ 030134 PCT/ US2006/ 005764 5 [0023] FIG 3 shows a conparator with
resonant tunneling-di-odes according to an enbodi nent of the present

““specification. [0024] The regenerative |oop, or cross-coupled regenerative

| at ch, includes Bipolar Junction Transistors (BJT) @01, and RB02, as well
as resonant tunneling di odes RTD301 and RTD302 inserted in series wt
resi st or sWBe7/eaedd4 R302. The anode of the first resonaneCt/usaeed/oasge4di
RTD301 connects to an end of resistos R301. The anode of the second
resonant tunneling diode RTD302 connects to an end of resistor R302.
I nput signals IN and INX are input into the bases of the transistors

and Q304,

respectively. Qutput signals OUT and OUTX are taken fromthe

col l ectors of B03 and B04, respectively. A bias voltage source VS301
connects to bas f 01 and the cathode of the secqgnd resonant

tunnel i ng di é‘%@%hmgﬁ 3 %WSI aa‘?qr?i’,araatobi”é@ LGEPRARG BINGS %@10_33%02_ connects the
base of a@%ngwar{g}gb&ﬁhﬁgegggépmgmS{)écgigt:%ﬂ;&ﬁonant tunnel i ng di ode RTD301.

Vol t age sources VS301 a
regenerative latch transistors @01 and B02.

serve Ias the cross-coupl ed

i nput vol t ag§0024i f er Eheegaterithe 1665 0% cidss-dQBPRdarRderdBitivedatdn) es into
resistors R301 and R302 to becone the initial voltage of the cross-co

r egener Hicludss Biplsr kunghien Tragsistorg@I TaR30bpad Q307 asnveli poreseratt ent  so

s301 p gcts hi Ghi nsi St Ok S [ES] ’ 05 and-
to mai nt@f?l %ﬁ%‘? ?‘83@3@%%3%‘%R?P%ng’?sc?é??é‘%g eesv‘gﬁg.resﬁsicgr%gitoﬁoaﬁgf romsa
node t OR302! THY @ dé bE GRITREEebdANt BALIMRCAHBES RYTPI0 It &fined 9 ekan iés CLK and
CLKX switch, _diverting current into | atch-enable transistor B06 into

cr oss- c &SRR IHakEe snedesof tpgmondBaenan qunnedingsiiodnBBED3AY cparectsito e
eedbaclén eﬁﬁ’ggx@ss@? 1&rogvi ously described, tunneling di odes RTD301 and

f
are in series vm’t

resonant

resistors R301 and R302. Tunnel ing di odes exploit

[0025]  Input signals IN and INX are input into the bases of the transistors

Q303 and Q304, respectively. Output signals OUT and OUTX are taken from the
collectors of Q303 and Q304, respectively. A bias voltage source VS301 connects to
the base 0of Q301 and the cathode of the second resonant tunneling diode RTD302.

h
ode

[ 0025]
303

(0026] During sanple node, the

upl ed
urce
R306

npl e

RTD302

Similarly, a bias voltage source VS302 connects the base of Q302 and the cathode of
the first resonant tunneling diode RTD301. Voltage sources VS301 and VS302 serve

to bias the cross-coupled regenerative latch transistors Q301 and Q302.

{0026} During sample mode, the input voltage difference at the bases of
Q303 and Q304 couples into resistors R301 and R302 to become the initial voltage of
the cross-coupled regenerative latch transistors Q301 and Q302. Current from current
source Is301 passes through switching transistor Q305 and resistors R305 and R306
to maintain circuit voltages at appropriate levels. Transition from sample mode to
latching (regeneration) mode occurs when the clock inputs CLK and CLKX switch,
diverting current into latch-enable transistor Q306 into cross-coupled transistors
Q305, Q306 and thereby enabling positive feedback.

[0027] As previously described, tunneling diodes RTD301 and RTD302
are in series with resistors R301 and R302. Tunneling diodes exploit resonant
tunneling to provide forward-bias characteristics. When a small forward-bias voltage
is applied across a tunnel diode, it begins to conduct current. As the voltage is

increased, the current increases and reaches a peak value, called the peak current (1,).



tunneling to provide forward-bias characteristics. Wien a snmall forward-bias
voltage 1is applied across a tunnel diode, it begins to conduct current. As
the voltage is increased, the current increases and reaches a peak val ue,
called the peak current (In). WD 2007/030134 PCT/ US2006/ 005764 6 If the

vol tage i %N{)Qﬁﬁﬁ)@&l%ﬁj alittle nore, the current actually pdgalBas@asrnti| it
reaches a low point called the, valley current (I" ). If the voltage is

i ncreased further yet, the current begins to increase again, this tine

Wi t hout decreasing into another "valley.”" The forward voltages necessary to
drive a tunnel diode to Ip and I" are known as peak voltage (Vu) and valley
vol tage (V,), respectively. The region where current is decreasing while
applied voltage is increasing (between V p and V,, on the horizontal scale)

LS knownedte bl S0laa0ls £ARNE heslAkRntaaT s SaALE, Leglat ance of

RTD301 an uces regéner a constant ectively

reduci nga idvepdin) cafedresvdlled chrrBaQl,) aif theRaflihge RS Dictetise fifreifet 9€t, thegener ati on
than available with the conparator circuit in FIG 1 and FIG 2. [00281 The
conpar at $HTHbegins toginpigasqrgaing Bns Bme ovithopefedesSingintaanotber "valleyd gi t al

compar at 57 Fer R1EERE st I e AT R ol B 57 iR B BB e he
quant i zavéleuge (V] sadotalle phokdrR (¥, FabedtivietIMTHE Regibl Gviede tligertyper - | i near

property of the 1-bit ADC (conparator), this type of ADC can achi eve very
hi gh | i néesreasipgamiile anpdis wpltegs is mcr@@ngi(gmeelbéﬁcmdd‘(mn therherikonal t he

sanpl i ng t lta-Sigm . ADC is |im.t.ed by.the speed of the 1-bit
ADC ( conparars ot e donn S Beuks Bt op g ee i EriRERE  ea it h

I ndi um PRS0 dad HEMEI02) rdiedel et rBdRtaAifve tiladstin® R by Brftlijety echnol ogy, a
sanpling rate of 40GHz can be achieved. [00291 The present conparator is

al so apprddusipgdhe R)nfhesistossRei 1 @nd R3GR, propisins Motes regeveraiignibamot h
sucees !4 ABR T TR RPN ROt 100501 FI G 4 shows
[0028]  The comparator in FIG. 3 is applicable to a Delta-Sigma Analog-

to-Digital Converter (ADC). A Delta-Sigma ADC uses a low-resolution ADC
(normally a comparator) with an analog loop filter inside a feedback loop to shape the
quantization noise out of the signal bandwidth. Due to the super-linear property of the
1-bit ADC (comparator), this type of ADC can achieve very high linearity and .
resolution in the signal bandwidth. Normally, the sampling rate of the Delta-Sigma
ADC is limited by the speed of the 1-bit ADC (comparator). With the RTD
comparator of FIG. 3, implemented with Indium Phosphide Heterojunction Bipolar
Transistor (InP HBT)-technology, a sampling rate of 40GHz can be achieved.

[0029] The present comparator is also applicable to other types of high-

speed ADCs, including both successive approximation and flash converters.

{0030] FIG. 4 shows a comparator with resonant tunneling diodes
according to an alternative embodiment having separate sample-mode switching

transistors Q405 and Q407 for each side of the comparator.

[0031] The regenerative loop, or cross-coupled regenerative latch,
includes transistors Q401, and Q402, as well as resonant tunneling diodes RTD401
and RTD402 inserted in series with resistors R401 and R402. The anode of the first



according to an alternative enbodi nent havi ng separate sanpl e-node sw tching
transi stors Q405 and Q407 for each side of the conparator. [00311 The
regenerative | oop, or cross-coupl ed regenerative latch, includes

transi st or sy§df3nsAnf 402, as well as resonant tunneling 1 and
RTD402 inserted in series with resistorg R401 and R402. Tﬁglrg%g@gﬁg%

first WO 200 710 3 0 134 PCT/ US2000/ 005764 7 resonant tunneling di ode
RTD401 connects to an end of resistor R401. The anode of the second
resonant tunneling di ode RTD402 connects to an end of resistor R402. [0032)
I nput signals IN and INX are input into the bases of the transistors 403
and Q404, respectively. Qutput signals OUT and QUTX are taken fromthe

col | ectors_ of 03 ,and ectiv bi a ol ourc

connect s 'ESenARtAIRElng db%%%qﬁ(gln‘go“f‘ﬁ% g’a%/‘h?j@e %‘Fs‘ﬁf’é FIs‘@go elag%

tunnel i ngnheliceeied FREBHAR tunndling a@aé RTDRA0RicBAnetH soaagﬁerﬁpw&%s%%mzconnect s the
base of Q402 and the cathode of the first resonant tunneling di ode RTD401.

Vol t age sources VS401 and VS402 serve to bias the cross-coupl ed

regenerative 1{8033 trmsltgﬁalsn&vfhﬂdm}(ohr@ﬁfp&t lr[tG(ﬂBé%badBubifﬁg: tsad3togs node, the
i nput vol t%%e di fference at the bases 3 and Q404 couples into
resi st or LQIBED éﬁ@%ﬂ@ﬂetheb’eé)é‘%“ﬂ%alﬁﬁw &Pd\%ﬁ'{gg?ée(tﬁ entfpm feoss- coupl ed

regenera t [ r 8 source
o401 pacelEeR DM G Sutthe B f iR Y SRR FRKIRY and Gr0a
to act ashebasetofiQ40d!and\iey GathoBeaishd Jeodhd ie@mmlm{rﬁlxﬂ‘gdeodecRTBltOill ng
(regeneratlon) node occurs when the clock in w tch,

CLK
di verti ngglmélﬂf Venblas HoltAge soense é@é‘@?éoﬂe&Fﬁst%gé;eS@@ﬁofg‘%“@r@g@ﬂé8& | ed
341 Th
brbod menpe 3 and nnoRRg dlodE TR ARG A AR Vi BEEPRAL sedOPN] The

initial wobi’aghke ciobd-esgietregéndidtivel latl angstorsaQ40 b und Q4ane b| gger It
provides a faster regeneration rate and higher sensitivity for this

conpar at or . ) ) _
[0033] During sample mode, the input voltage difference at the bases of

Q403 and Q404 couples into resistors R401 and R402 to become the initial voltage of
the cross-coupled regenerative latch transistors Q401 and Q402. Current from current
source Is401 passes through switching transistors Q405 and Q407 into Q403 and
Q404 to act as emitter-followers. Transition from sample mode to latching
(regeneration) mode occurs when the clock inputs CLK and CLKX switch, diverting
current into latch-enable transistor Q406 into cross-coupled transistors Q401, Q402

and thereby enabling positive feedback.

[0034] The embodiment of FIG. 4 offers advantage over that of FIG. 3 in
that the initial voltage difference at the latching transistors are bigger. It provides a

faster regeneration rate and higher sensitivity for this comparator.

(0035] FIG. 5 shows another embodiment of the analog comparator. The
cathode of the first resonant tunneling diode RTD501 connects to the first end of
resistor R501. The cathode of the second resonant tunneling diode RTD502 connects
to the first end of resistor R502. Resistor R505 connects to the emitter of Q503.
Resistor R506 connects to the emitter of Q504. Resistors R505 and R506 interconnect
the emitters of Q503 and Q504 with sample mode switch Q505.



[0035] FIG 5 shows anot her enbodi nent of the anal og conparator. The

cat hode of the first resonant tunneling diode RTD501 connects to the first
end of resistor R501. The cathode of the second resonant tunneling diode
RTD502 conweries7odo@3d he first end of resistor R502. Resi seorusmd&osananect s
to the emtter of (B03. Resistor R506s8connects to the emtter of (B04. -
Resi stors R505 and R506 interconnect the emtters of B03 and B04 with
sanpl e node switch @05. WD 20071030134 PCTI US2006/ 005764 S (00361 In
sanpl e node, the current fromcurrent source I1s501 is steered through
transi stor 05 and split by resistors R505 and R506 into emtters of (03

and ®04, resp vely. The i nput voltage difference at e. bases of (B03
and Q504 is @ﬁ{%@ed it 53mplR&Qds) the cvge fB?mFHE’ePh%%'ﬁcq]}SQ&’slséﬁﬁF%d Q601 and

602. %Jagh '?ra'nﬁgtéggg% Qﬂ&i?pht%g LS rst ﬁ%@' 331[ m?é) Hﬁl ford 3@%(13 s steered

through transi st or to cross couple ransis ors and 602,

whi ch remde.’e)ctt, mpsctgzraw Thém tmtaceﬂlf&”éremd atthobhdea n§ QB0Bad G504 iand (602
is then 45& now operating as cascode anplifiers,

into the C&HP tmt°|tbaa%11qq5>@%°%&ha lmtlaréfﬁﬁoféﬁ%ﬂ.ltax‘{de@m%al s OUT and OUTX.
[00381 FIG 6 shows an |-V curve of a RTD diode (such as RTD302, FIG 3).

Curve (I) is t eal e, rve is the curve., The RTD
di ode shows fb%gjé)]gtl ?ﬂ%lgpgpgﬁ B‘%fl\/\%%rﬂ Yzt 80‘5ce/£?%gll'ﬁse5t?:e5ﬁ$ar ators in
FI Gs. 3- Shajudh franfistés €500 ento RERE Y@ ECRIH i8] GIV1SankdYs @) wifely educe t he
associated tinme constant. [00391 FI'G 7 shows another enbodi ment of the

conpar at d]eSOIVWfEISRHa? Inf@mamnéimbxtqhdramgmrs K5 OlramdtQ¥02Zgisdhen ENT and | NX

are anpll b alr 705 an )70 uri. e node, and
coupl e th é‘ﬁcgl‘?yaqg{)i @Q% A5 CRy ﬁgﬂ}i’g ﬁ%r‘fggtﬁ%‘g@.ﬁ’%&ors Q701
and Q702. 106804803 ZheRbed g ddp &'ténﬁﬁhéls@ﬂﬁﬁh&ﬁ?@[ﬂl’)@ss coupl ed I atch

transistors Qr01- Q702 with emtter follower bias transistors Q711 and Q712

to avoid saturation of
[0038] FIG. 6 shows an I-V curve of a RTD diode (such as RTD302, FIG.

3). Curve (I) is the ideal curve. Curve (II) is the measured curve. The RTD diode
shows a negative resistance between 0.3 to 0.7V. The comparators in FIGs. 3-5 and 7-

9 use the negative resistance in this region to reduce the associated time constant.

[0039]  FIG. 7 shows another embodiment of the comparator. In FIG. 7,
differences between the input signals IN and INX are amplified by a differential pair
Q705 and Q706 during sample mode, and couple through transistors Q703 and Q704
to the latching transistors Q701 and Q702. ‘

[0040] The latching circuit includes cross-coupled latch transistors Q701-
Q702 with emitter-follower bias transistors Q711 and Q712 to avoid saturation of
Q701 and Q702. Also included are sample mode current steering transistors Q707
and Q713 and latch mode current steering transistor Q708.

[0041] The voltage difference between CLK and CLKX is the "clock
voltage". The clock voltage controls whether the comparator is sensing the voltage
difference at inputs IN and INX (sample mode) or has positive feedback enabled so

that it regenerates to a full logic swing at the outputs (latching mode).

[0042] When the clock voltage is high, the comparator in FIG. 7 is in

sample mode. Current from the current source 12 is steered through transistor Q709



Q701 and Q702. Also included are sanple node current steering transistors
Q707 and Q713 and.latch node current steering transistor Q708. [00411 The
voltage difference between CLK and CLKX is the "clock voltage". The clock
vol tage controls whether the conparator is sensing the voltage difference
at inputs IN and INX (sanple node) or has positive feedback enabl ed so that

it regener ayeobgozgrdsul | 1 ogic swing at the outputs (I atchorgusrossaps7ei00421
When the clock voltage is high, the comparator in FIG 7 is in sanple node.
Current fromthe current source 12 is steered through transistor Q709 WO
2007/ 030134 PCT/ US2006/ 005764 9 into the input differential pair Q705 and
Q706. The current fromthe current source Il is steered through sanpl e- node
current-steering transistors Q707 and Q713 the emtters of Q703 and Qr04.
[0043] Current source 13 is used to bias emtter follower Q71 1. Current
source 14 g the Byt diffsrentiabpair Q205 ausl QBN Therierent frorhihesamshesoupitd] t he

i nput volt. anmplifier
Q705- Q706$%%?‘e€e%\§ﬁgﬁ Fm“d“‘%lﬁé“°4’?ﬁ|“FF?t‘sger%’i“§ﬁ£ﬁ“5isg&ég#q ad‘%trtéj’ gn%’ ®bases of
Q703 and Qﬁg&ers'ﬂggmlnuf ®d. signal voltage difference at the bases of Q703
and Q704 is approxi mately replicated at the emtters of these transistors.
This anplified signal then appears at the collectors of the latch

transi stors Q700043id Qmﬁrentﬂﬁxﬂab]B\Mmdtthéiaslmkteﬂﬁjltoam Q& Is@utrefted | ow,

t he conpar at or F is.in ]atchi regeneration nmde), and the
currents fSPB'fﬁec;ﬁﬂsr‘ésr?gt%g@FGE%t@fO ercgﬁza?%t Pi%i“t%iﬁo AR YRYRSSt or

Q708 and r auses the
Cross- couﬁ%meérngggﬁﬁgﬁ%e&ﬁW% %ﬁ%ﬁgﬁeé %ragn@géf %WQS%ZR’]J% Zﬂc)gma active
so that thmdihe traghfied §ikraldnaspliedtowiribatdiefd] 03eaidQ3 0o THIApliftedd Q702 wi | |

be regeneratlvel)ga rg)llfled to the p0| nt that nearly al] of the current
flows thrcugil ¥pkagsrditiprenes alibe basss of QFoPLanst Qiphas mrexmeldaéalef@t@ at

transi st orge fkers of these transistors. This amplified signal then appears at the collectors of
the latch transistors Q701 and Q702. |

[0044] When the clock voltage is switched low, the comparator in FIG. 7
is in latching (or regeneration mode), and the currents from current sources 12 and I1
are steered through transistors Q708 and Q710 into a node common to emitters Q701
and Q702. This causes the cross-coupled regenerative latch transistors Q701 and
Q702 to become active so that the voltage difference between the collectors of Q701
and Q702 will be regeneratively amplified to the point that nearly all of the current
flows through one of the transistors Q701 or Q702 into the cascode transistors Q703
and Q704 and thence into an output load at OUT and OUTX.

[0045] The rate of regeneration in the comparator of FIG. 7 is limited by
an effective RC time constant formed from parasitic capacitance of the transistors
Q701, Q702 and Q711, Q712 and by resistance of the resistors R701, R702. However,
since RTD diodes RTD701 and RTD702 are in series with R701 and R702, their
negative resistance reduces the effective RC time constants of R701 and R702,

leading to a faster regeneration time.

[0046] In the embodiment of FIG. 7, the input signal is isolated from the
bases of Q703 and Q704 when the clock is low, so that changes in the input voltage
do not disturb the state of the latch. Each VEE provides negative power supply for the

cross-coupled regenerative latch.



and Q704 and thence into an output |oad at OUT and OUTX. [0045] The rate of
regeneration in the conparator of FIG 7 is limted by an effective RCtine
constant forned from parasitic capacitance of the transistors Q701, Q702
and Qr1l1l, Q712 and by resistance of the resistors R701, R702. However,

si nce RTD divaglesm7i3d4P1l and RTD702 are in series with R701pandiskbedessshei r
negative resistance reduces the effectivwe RC time constants of R701 and
R702, leading to a faster regeneration tine. [0046] In the enbodi nent of
FIG 7, the input signal is isolated fromthe bases of Q703 and Q704 when
the clock is low, so that changes in the input voltage do not disturb the
state of the latch. Each VEE provi des negative power supply for the
cross-coupl ed regenerative | atch. WD 2007/030134 PCT/ US2006/ 005764 10

[0047] FIG 8 spuay]an FIGeg s SRRAdVEeRbooim i e RanAlRbr 8f the he
present specification. The circuit in FIG 8 perforns the sane function as

t he ci rcui prgsent Speei@eatios. ThesicentinthGt 8 performesthe samsifnnctidnsisdhetifaudts
t i st Lnst ead of hj t [ .. Iln FIG 8 th ti
oop. or _cPdSR S eatetfidh Besb yaRe GRlbETec ipsirin Peleat of BRSRE M Ve as
wel | as reganatbrst WPl isnge éég‘ag&ﬁti\%ﬁ%ﬁ’,lor%%s-ﬂ%@%oéﬂ%ﬂveﬁwﬂa' s IN and

INX are input into the gates~of the transistors and N4, respectively.
Qut put si gerahprnEyTraasidloGUVX, Meastvedl bas esoramt tuaneling doded RVB804n—dd M4,

respective vol t age sour.ce 01 connectg to the gate of ML and, RTD302.
A vol t age éﬁéﬁﬁ/@é- feubItadnlare I8 FHEPYLIED SobeS TR RO OsV6E ade
sources VS \/ ' riaktve |atch
of FIG 8§%rﬁé§‘5?%t¥§§>p {%‘ﬁ@gge %f@g?gggmﬁ%ﬁifag{g#g}sﬁg%ﬁﬁggﬁggw\/coupI es

i nt o t unnehndyl4, dispedaseRTB30d tardoREOYEI0t ocotrectme thbgateraftN hland nput vol t age

ntry to | BITHOdGAmobass S bbibeumstiss Rrosno g weckbostl illegtery
reduce par gsirkdsOvE e &1PS8§2 hrve to bias the cross-coupled regenerative latch of FIG.

8. The input voltage difference at the gates of M3 and M4 couples into tunneling

diodes RTD301 and RTD8&02 to become the initial input voltage of the cross-coupled

regenerative latch upon entry into latching mode. Upon entry to latching mode,

tunneling diodes RTD801 and RTD802 effectively reduce parasitic resistances of

transistors M3 and M4 to allow fast resolution of weak differential signals.

Transistors M5 and M7 operate to feed current into M3 and M4, which operate as

source‘ followers in sample mode. Transistors M35 and M7 shut off; and M6 operates

to enable the cross-coupled regenerative latch of M1 and M2 in latching mode.

[0048] Each transistor M1, M2, M3, M4, M3, M6 and M7 is an N-channel
field effect transistor (FET). VDD provides positive power supply for the circuit.

[0049] FIG. 9 shows an alternative embodiment of the comparator of the
present specification. The circuit in FIG. 9 performs similar function as the circuits in
FIGs. 3-5 using junction field effect transistors. In FIG. 9 the regenerative loop, or
cross-coupled regenerative latch, comprises transistors M9501, M902 as well as
resonant tunneling diodes RTD901 and RTD902. Input signals IN and INX are input
into the gates of the transistors M903 and M904, respectively. Output signals OUT
and OUTX are taken from the drains of M903 and M904, respectively. A voltage
source VS901 connects to the gate of M901 and RTD902. A voltage source V8502
connects to the gate of M902 and RTD901. Voltage sources VS901 and VS902 serve



transi stors M3-andM4-to allow fast resolution of weak differential signals.
Transistors Mb and M/ operate to feed current into MB and M4, which operate
as source followers in sanple node. Transistors Mo and M/ shut off; and Mo
operates to enable the cross-coupled regenerative latch of ML and M2 in

| at chi ng mMaglg20dAB¢ARL Each transistor M, M, M, M, NI15pdsniobEsks an
N-channel field effect transistor (FET). VDD provides positive power supply

for the circuit. [0049] FIG 9 shows an alternative enbodi nent of the
conparator of the present specification. The circuit in FIG 9 perforns
simlar function as the circuits in FIGs. 3-5 using junction field effect
transistors. In FIG 9 the regenerative | oop, or cross-coupled regenerative
| atch, conprises transistors MBO 1, MB02 as well as resonant tunneling

di odes RTB®b®Es firicrRIEo0Rled nagenerativg tettts of NG Thinpurtesoltage tifference at he gat es

ore 1 aken s iirs SEMEPa A Mo ioanaed 5 foges Rrbuplarl Argo ohR ermpand cour ce
VS901 conngéhBinp@t ¥dlRgsaf ﬁle(?:frosjyﬂzg%!prl%g gefﬁxg%ﬁae 12%W%érg§§r@%g% %‘?ch\l@;; 02

connects to the gate of M02 and Vol tage s and” VS902
serve WO 2081/ Upda tBdty RCIB(IUSROM6dS) BEifelng dibdes RAIH) 1t dne RTDS62 coupl ed

V05 and et e PR R AR R SR FAG0IY MODRAOAUOWHE ni t1al
i nput vol t.a - r ] I f into
| B chi g TeaEn deiped QErARNMALS PRSI Mibs Al obRBRa Rl e ©

RTDO02 ef feaatntviatoyMiodduad Ma4ashichopettd & reasfotib wiertinssagipdd moli®03 and MD04
to allow fast , resalution of weak differential signals., Transistors MO05 and

MBO7 oper ai@nsigorsdddl> arg MRy shufiast pod ¥ Waonevas fagnadis Bperesseourled our ce
fol | ower s (b orRPliRk fafR A MO0 RAMA0h aelfile (S MOOT shut off: and NBOO

operates to’en e the cross-coup rege fve latch of MBO1l and MBO2 in
| at chi ng node. [0050] Each transistor MB0O1, MB0O2, MBO3, MB04, M5, MB06 and

907 is [0050]  Each transistor M901, M902, M903, M904, MO05, MS06 and 907 is
an N-channel junction field effect transistor (JFET). VDD provides positive power
supply for the circuit.

[0051] For purposes of this document, a “control terminal” of a transistor

shall include the base of a bipolar transistor, or the gate of a field-effect transistor.

[0052] The embodiments according to FIGs. 3-3, 7-9 have been illustrated
in terms of bipolar junction transistors, N-channel metal-oxide-semiconductor (N-
MOS) FETs, and N-channel JFETs. Those skilled in the art appreciate that equivalent
circuits may be implémented with PNP transistors, with NPN or PNP bipolar or
heterojunction bipolar transistors and resonant tunneling diodes fabricated in
semiconductor materials other than Indium Phosphide, such as Silicon, Silicon-
Germanium, or Gallium Arsenide, with FETs or JFETs of either polarity, or with a
mixture of these device types. Similarly, equivalent circuits may be implemented in

Gallium Arsenide metal-semiconductor field-effect transistor (MESFET) technology.

[0053] Those skilled in the art should appreciate that, in those topologies
having a resistor and tunneling diode in series without connections between the
resistor and tunneling diode, such as that illustrated in FIG. 5, the tunneling diode and

resistor may be swapped without impairing circuit function.



an N-channel junction field effect transistor (JFET). VDD provides positive
power supply-for~thé Circuit. [0051] For purposes of this docunent, a
"control termnal" of a transistor shall include the base of a bipolar
transistor, or the gate of a field-effect transistor. [0052] The

enbodi nent s ' to FIGs. 3-5, 7-9 have been illustrat ' f

bi pol ar | unc?‘ﬁ;@b?pﬁ%ﬁ stors, N-channel pptal-oxide-sem congg{:lpgzrﬂw?kﬁgg%&)
FETs, and N-channel JFETs. Those skilled in the art appreciate that
equivalent circuits may be inplenmented with PNP transistors, with NPN or
PNP bi pol ar or heterojunction bipolar transistors and resonant tunneling

di odes fabricated in sem conductor materials other than |Indi um Phosphi de,
such as Silicon, Silicon- Germanium or Gllium Arsenide, with FETs or JFETs
of either polari rw ' a3 16 LV biddias |y,
equi val ent cir cuqo%og4]?raym%réé}}gr§f?)fd§z§%tq% eiqirll o Gal ?’Fgl(rény‘%é\r?@eotrrlll \ggﬁoutﬁbﬁﬂr{lﬁé

met al - sem cloordube soopé hetedf. df Sheatd thnabs heted that MEeShETr ¢ontdined oot ab&E53]

Those skilled in.the art shquld appreciate that, in those topol ogies having
a resistor SHEPRUATHEISAYRAR CromBARRRGdiings phor KRS BIRCdR ween t he
resistor a | ' : S s : i I

tunnel i ng g‘?i gg%mgﬁc?hagxgggngétj@?uﬁlﬁ%%égie. Psr\}/\lgg%%adav 1\&#? Laéﬁx{s%?engxg?drﬁle%o g?vreggﬁt
function. VEn2fioiidsgtdt RaukddSRE6YeabRrdid, as W2l £00Htathmnges thaycdpe offade i n
t he above d@'gcrigéi on. Wit hout .departing fromthe s,cop}:{eT her%gtr It shoul d
thus be not'®a8 Behed TKksyriem, athighpat Apwgar phiapgeaggpmight teeald iofall heer  shown
in the accopnpgaaying draw ngs should be interpreted as illustrative and not
inalimting sense. The following clains are intended to cover all generic
and specific features described herein, as well as all statenments of the
scope of the nethod and system which, as a matter of |anguage, m ght be
said to fall there between. WO 2007/0311134 PCT/ US2006/ 005764




13 EPO CLAIM5S 1. An anal og voltage conparator conprises: a first transistor
(@B01) and a second transistor (@02); a first resonant tunneling di odes
(RTD301) in series with a first resistor (R301), formng a first

resi stor-di gge0pbdpizand a second resonant tunneling di odes4 36057
series wth a second resistor (R302), f{prmng a second resistor-di ode pair;

wherein the first and second transistor are cross-coupled as a | atch, and
the first resistor-diode pair is coupled as a load on the first transistor
(@B01), and the second resistor-diode pair is coupled as a |oad on the
second transistor (Q@02). 2. The conparator of claim1l further conprising: a
third (@03) and a fourth (@B04) transistor; wherein the third transistor

(R303) is coupled as a follower to %gﬁ Wal to the first transistor

(@B01) in a sanpling node, and to ¢ nal to an output as a cascode
anplifier in a latching node, wherein the fourth transistor (QB04) is
coupled as a follower to pass a second signal to the third transistor

(QB03) in ajsuPplid %Qﬁgagﬁggagﬁ\g% h&sd signal to an output as a cascode

anplifier in alatc arator having a sanple node and a
| at chi ng node, a affirststtansBtorgQa0 Drandiarspednd teansBe@(@30R)par at or i nput, a first

conpar at or out put Stand a second conparator__output, the conpparator
conprising: a cré& ESUSQRSH‘*%HmP%E}EWg e (RTPP bhinsssries Wil aditat fedstor dur i ng a

| at chi ng m)(éﬁso ,foqlinﬁrfébiﬁ ?t sgsit&[’tﬂ!)dénﬂéﬂj'ﬁﬁ‘&i ve of a difference between the

first conparator 1| nput” an seco ¢onparator input, said cross-coupled
regenerative | at asecoripesaiangtunaelingrdiddes ERUDI ORI IseriBSWith assedorl 1esistond

(R302, R402, RS(%Z} resistor, WO 20071030134 PCT/ US2006/ 005764
(R302), forming a second resistor-diode pair;
wherein the first and second transistor are cross-coupled as a latch, and the
first resistor-diode pair is coupled as a load on the first transistor (Q301), and the

second resistor-diode pair is coupled as a load on the second transistor (Q302).

2. The comparator of claim 1 further comprising:

a third (Q303) and a fourth (Q304) transistor;

wherein the third transistor (R303) is coupled as a follower to pass a signal to
the first transistor (Q301) in a sampling mode, and to couple a signal to an output as a
cascode amplifier in a latching mode,

wherein the fourth transistor (Q304) is coupled as a follower to pass a second
signal to the third transistor (Q303) in a sampling mode, and to couple a signal to an

output as a cascode amplifier in a latching mode.

3. A comparator having a sample mode and a latching mode, a first comparator
input, a second comparator input, a first comparator output and a second comparator

output, the comparator comprising:

a cross-coupled regenerative latch for regenerating, during a latching mode, a
difference signal indicative of a difference between the first comparator input and the

second comparator input, said cross-coupled regenerative latch comprising:

a first (R301, R401, R501) and a second (R302, R402, R502) resistor,



14 a first (RTD301, RTD401, RTD501) and a second resonant tunneling diode
(RTD302, RTD402, RTD502), wherein the first tunneling diode is coupled in
series wth the first resistor to forma first resistor-diode pair, and the
second tunwg) icagosdiisxde is coupled in series with the secepnus®meé/etsoss t o
forma second resistor-diode pair, andiga first (@01, 401, O0l)and a
second (@02, 402, BO2) transistor, wherein a collector of the first
transi stor and a base of the second transistor are connected to a first
termnal of the first resistor-diode pair, a collector of the second
transi stor and a base of the first transistor are connected to a first
termnal of the second resistor-diode pair, and an emtter of the first
transistor is connected to an enitter of the second transistor; a third

tran tor (Q30 0 coupl to the second term nal t first
r esi :Itzr di E)de p%ﬁgangﬁﬁ?Q@ggﬁgﬁgf) Mco@ﬁﬁon@@mﬂe@%& 8 toI t?le
second te”@)ﬁ’[’mo@f THR02 SEEH56h) Fhbe C’cheﬁ%s‘?g@ua:{éﬁhgdxo%% @olﬁﬁ{] d f@eris tch

circuit (@3 for swtching the conp bet ween e sanpl e node
and the | atwhhﬂ@ ﬁrstdeslsmhmfam at fivst resistorkdidd patrearddthe tsbedndanmiedingdiaisupl e

the difference nal .into, the atch, duri t he samp e,and ar

oper abl e aslsaoxﬂiefgwénawrthftbeeﬁecw re8istor & fpPm %ﬁeeﬂn%feéts(sorﬁg%%alb@{l ut
during the latc g@gbq aﬁ’é’ﬁ% in a
term nal of the%?gg res@t@gréaﬁ)l}%gi %ge{z?e&?% COS% @tsgﬂt he third
transistor (\QBQI Igin m@lshctofﬁf)m: rfmstdra.asus’fer mdlabasafofttlhmsesembtrdnswte?arslt or - di?,ode
Poarther congmmestiioia erst G pERE Hedinetstentioos paSGHiCHeRi L Eerahd ho
cur rent ?Wo%ﬁigﬁé‘ﬂa??Eibaﬁﬁ‘?ﬁﬁtﬁ%%ﬁéﬁ%*&?e?ﬁ{‘%&?‘a. @“*r%%*e‘tﬁg?%‘?.‘:*dfe‘“ﬁ Ston
during the deavmhiesigtomditele pair, and an emitter of the first transistor is connected to an

emitter of the second transistor;

a third transistor (Q303, Q403, Q503) coupled to the second terminal of the
first resistor-diode pair;

a fourth transistor (Q304, Q404, Q504) coupled to the second terminal of the
second resistor-diode pair; and '

a current switch circuit (Q305, Q306) for switching the comparator between
the sample mode and the latching mode;

wherein the third and the fourth transistor couple the difference signal into the
latch during the sample mode and are operable as a cascode amplifier to couple a

latch state to the output during the latching mode; and

4. The comparator of claim 3, wherein a terminal of the first resistor-diode pair
is coupled to the third transistor(Q303, Q403, Q503) and a terminal of the second

resistor-diode pair is coupled to the fourth transistor.

5. The comparator of claim 3, further comprising a first current generator
(Is301) connected to the current switch circuit (Q305, Q306), the current switch
circuit steering current from the first current generator into said regenerative latch

during the latching mode.



~ WO 2007/ 030134 PCT/ US20061005764 15 6. The conparator of claim$5, wherein
the current switch circuit steers current fromthe first current generator
into said third and fourth bipolar transistors to bias said third and

fourth transistor during sanple node. 7. The conparator of claimb5, further

conpri si ng @ 100ptdoruf fer circuit connected to said thirgcppgobhebdstéy
transistor, said input buffer circuit regeiving said first and second i nput

signal and isolating said first and second input signal fromsaid
regenerative latch during said | atching node. 8. A conparator conprising: a
first (Q401), second (Q402), third (Q403), fourth (Q404), fifth (Q405),
sixth (Q06), and seventh transistor (Q407), each transistor having a first
termnal, a second termnal, and a control termnal; a current source

(1s401); a fd.rst @Tnelcanpaaondf ¢leix Siwherdinabec@aédt swiiek birodit tteerscurrshit and
second resistor- diode pair conprising a tunneling diode and a resistor
coupl ed in d&m éhe fisghayreent genergtersintor saidihivg|ang ffouna bipolas trangistess tothizs i s

coupled to tstgﬁi tﬁﬁ&taﬁ@go rtpaln@ﬁ{orrdﬂxtiné &%Lpggglg) transistor, the first

term nal of e Secon ransrstor 1s°co o0 the control termnal of the
first transistor, and the second term nal of the second transistor 1is
coupled to the second termnal of the first transistor; where a first
terminal of the filRgcompaptor af claim gfuphercomprisingarempubbuffes ciickdt  t er ni nal

pai 15 couptagiat Sl mlind ekl SoP ARl Bl A RERRECRIENAL, O 0°°

second t er mifivel andfsetdirl ihputsignabaidsiselating edke fipdiahd séconiphiR dignal fro@ saricond
termnal of the fifth transistor, a second term nal of the second

r esi st or - di Jegenskativeilatch dusing wifl latshinganedeond terminal of the sixth
transi stor; where the current source is coupled to the second term nal of
the third

8. A comparator comprising:

a first (Q401), second (Q402), third (Q403), fourth (Q404), fifth (Q405), sixth
(Q406), and seventh transistor (Q407), each transistor having a first terminal, a
second terminal, and a control terminal;

a current source (Is401);

a first and a second resistor-diode pair, each of the first and second resistor-
diode pair comprising a tunneling diode and a resistor coupled in series;

where the first terminal of the first transistor is coupled to the control terminal
of the second transistor, the first terminal of the second transistor is coupled to the
control terminal of the first transistor, and the second terminal of the second transistor
is coupled to the second terminal of the first transistor;

where a first terminal of the first resistor-diode pair is coupled to the first
terminal of the first transistor, and a first terminal of the second resistor-diode pair is
coupled to the first terminal of the second transistor;

where a second terminal of the first resistor-diode pair is coupled to the second
terminal of the fifth transistor, a second terminal of the second resistor-diode pair is
coupled to the second terminal of the sixth transistor;

where the current source is coupled to the second terminal of the third
transistor, and the first terminal of the third transistor is coupled to the second
terminal of the first and second transistors, and the current source is coupled to the
second terminal of the fourth transistor and the second terminal of the seventh

transistor; and



__transistor, and-the first-termnal of the third transistor is coupled to the

second termnal of the first and second transistors, and the current source
is coupled to the second terminal of the fourth transistor and the second
termnal of the seventh transistor; and WD 2007/030134 PCT/ US2006/ 005764
16 where t hwa200%93002k mi nal of the fourth transistor is coR@l/ERNGTI@Vi de
bias current to the second terninal of Ythe fifth transistor during sanple
node. 9. The conparator of claim8 where the first termnal of the seventh
transistor is coupled to provide bias current to the second term nal of the
sixth transistor during sanple node. 10. The conparator of claim8 where a
first termnal of a seventh transistor is coupled to provide bias current

to the second terninal of the sixth transistor, the second termnal of the
sevent h transi st ovhsethefuesiigpniaal afdhe furth drapsigtor & sauplad terevide birgyrt h

transistor apdcfng tﬁ@éﬁcﬁﬂ% F‘rﬁ}deﬁ Q@&F?@hﬁﬂﬁsﬁ%\‘ﬁﬂﬁﬂgEérﬁ{}l%irﬁécfér. being coupl ed

to the control term na ransi st or.

9. The comparator of claim 8 where the first terminal of the seventh transistor is
coupled to provide bias current to the second terminal of the sixth transistor during

sample mode.

10.  The comparator of claim 8 where a first terminal of a seventh transistor is
coupled to provide bias current to the second terminal of the sixth transistor, the
second terminal of the seventh transistor being coupled to the second terminal of the
fourth transistor and the control terminal of the seventh transistor being coupled to the

control terminal of the fourth transistor.





