WD 2007/ 030134 PCTI 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 conparator having
resonant WORe1EM§4 di odes to mininize its RC time conskGHYRMNSTS ovi de
faster regenerati on. BACKGROUND [0002] In the usual prior art

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. Wen the conparator is clocked into the |latching 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 corre r j Q | and FIG 2
show a conpar at %@P#‘Eﬁ“&%ﬁﬁ%@ﬁmw@%f%é IOI?EES Pat ent No.
6,597,303), utilizing transistors and resistors for regeneration. Although
it is desirable to provide faster regeneration, the regeneration tine of
the conparator circuit of FIG 1 a G 2islimted by an RC tine
constant determned by the resistance (R including resistors and parasitic
resistance) and the parasitic capacitance of the transistors (C). The value
of the RC ting00@¥)st alhe priasens Gpdiastion r8laf tborhParktoe cibduddUeloreof the circuit
resi stance i.n_ohns and the circuit capacitance in farads, expressed

mat henat i E?é’ilqu}ar% Ityrelategts a kighmpgrd anflesml}aamoalﬁaqa&j hgying AN npar at or has

egonor at Tun R AR R o R RS e P G SR B i&B006 0bs 764 2

tunnel i ng di odes have negative resistance that effectively cancels part of
t he 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



resi stance conponent of RC circuit delay. [0005] In one enbodi nent, the
cross-coupl ed regenerative latch circuit includes first and second

tunnel -diode / resistor pairs. The cross-coupled regenerative latch circuit
i ncl udes f W&0HI134econd bi pol ar transistors, where ( aS CVHE2RNF Bt or of

the first bipolar transistor and the ’base of the second bi pol ar 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

t i st 6], I t h t i st
el aced WA ke TR ARRalTr Rt BECeel iy detRls Bt Bt T oot (o FET
transi st oe§istaidfdlcen BEeﬁGEEfR@CQ(}m%lQRAW NGS [0007] FIG 1 shows a prior art

conmparator circuit. [0008] FIG 2 shows another prior art conparator
circuit. [0009] FIG 3 shows an abbreviated circuit diagramof a conparator
with resonant{00@f)nel iImgrlﬁrmb;telmeraﬁhocrmsag)uphdangmetmﬂprhﬁch cirqui010] FIG 4

shows an .abbreviated circuit di.agram.of a.conparator r esagnant

unnel | ngaatrr S sGeof R load ARidbrat Rl g B8R Fi ¢ 5

shows an jaRRcaviiefeRded ifstind sschabHBIR fradsiQORPVAHQE) the thllect@ SOMRNt

tunnel i ng_di odes, accordi ngl to another alternative enbodinment. [0012] FIG 6
e

i s a currist bipelesyansistr eadthepres ofshrssron hinejat ﬁrwlst@s:pml@h@ethe §tsta resonant
{unnel | 10 04, V0. 2097/ 0901 34 BETI 005, 005041 S LML FLG 7 shovs an

abbreviated circuit unnellng di odes,

accor di ngbdse ofithe gindr Gifjote Miandistui mnectcb the escnd m&inel-mbaanrﬂsisfdr@mr, [0014] FIG

8 shows an abbreviated_circuit diagramof a conparatQr w_th
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.

[0009] 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.



resonant tunneling diodes, according to an enbodi nent havi ng insul at ed-gate
field- effect transistors. [0015] FIG 9 shows an abbreviated circuit

di agram of a conparator with resonant tunneling diodes, according to an
embodi ment WORMHEORBEinct i on fiel d-effect transistors. DEEPAVYEYY | PTI ON
[0016] FIG | and FIG 2 illustrate t Re prior art conparator circuits of

U S patent 6,597,303. [0017] In the prior art conparator of FIG 1, the
basi c regenerative loop, or latching circuit, includes cross-coupled
transistors Q 01, QL02 and resistors RI01 and R102. [0018] During sanple
node, input signals IN and INX are input into the base of transistors QLO3

and Q104, res i ut SI nd OQUTX t aken .fromt he

col I cotors ar80iha” ol T 8Y et i Ged SN fiper oy S Pt nce.  at ¢ he
bases of r&dbfstaihefdDdiodds! %Hﬂk@o'aﬂ%ﬂxb&@iﬁeﬁ Rivingd QlfepatiaR102 to becone the
initial input vol tage of the |atchi ng circuit upon transition from sanple

node to pregmptifigy node. During sanple node, current fromcurrent source
| s101 passes through switching transistor QLO5 and degenerate resistors

RI 05 and RI 06 rov olta . rom.i nput to. out nsition from
sanpl e node téb‘?l chi ng ( 8§§ﬁ ?Vdﬂféﬁ‘ﬁ%t%g%rﬁwsog% HpﬂaﬁéoréY k inputs
CLK and GhésXamrtenrelhg €ioesh, accdidii® tolal @mbulineint hiih Hﬁblate@t e R@b! e

transi stor_QLO6 into cross- coupled transistors and t hereby

enabl i ng eé@%ﬁtfwlémfseedback (regeneration). WO 2007/ 030134 PCT/ US2006/ 005764
4 [0019] In the prior art conparator of FIG 2, the basic regenerative |oop,

or latching ci es cr l.ed. tranS|s ars 0 02 and
resistors 8201b&§hld Igggb ??)‘652’6] %%&ervgaﬁeép %?Hﬁldéagr%‘aé) aCRB‘%TaQDFa’h s IN and
I NX ar e ifagabnti thirRlibf@iodes, 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. Output signals OUT and OUTX are
taken from the collectors Q103 and Q104, respectively. The input voltage difference
at the bases of Q103 and Q104 isicoupled 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 Is101 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).



base of transistors Q203 and R04, respectively. Qutput signals OUT and QUTX
are taken fromthe collectors QR03 and 204, respectively. The input

voltage dif t the bases of Q03 and Q204 is co into resistors
R201 and ‘B@ 2@9%%01%%‘@ the initial ipput voltage of tﬁ%ﬁ%ﬁ@ﬁ%"?ﬁﬂci rcuit
upon transition fromsanple node to |atching node. During sanpl e node,
current fromcurrent source 1s201 passes through swtching transistor Q05
and degenerate resistors R205 and R206 to provide voltage gain fromi nput

to output. Transition fromsanple node to latching (regeneration) node
occurs when the clock inputs CLK and CLKX are sw tched, diverting current

Q06 and «or ol anabtt B PRBLRE Pt IR! 2B St PR e or

circuits OiflaEhﬁg clrcwif)dndtides cibss-bél@le"d&iaﬁs@ffors QE@Q@@@%@&S\M&@REOBI tive
feedback is _enabled is determined by the rate at which the voltage

di ffer enc®9®¢%een the collector ternminals of the cross- coupl ed transistors
(QL01 and Q102, or QRO01 and @QR02) can change. This rate is determ ned by

oy ! SRR MOl bl b IR BB T O oES 2201
L B e e v o
the col e&i‘&ﬁ‘gl Pﬁﬁglego 4(3fénﬁct%erly "@GBP‘EW&“@?)@ el[eeeﬁzpz] The
constant. Fﬂ@%?%?ﬁé”@%%%%?@%& R O s
par asi ti cimtylagput anl@eof theHatcling siscuitopph ddnditiam fdst sample ddeltoand QL02, or

@01 and 82‘%1% VE 0.7/ 0303;[34 PCT/ US2006/ 005764 5 %(%g% ]fH FIG 3 shows a
conpar at o $MPRS HVERE ST B199Rgf EeRIHET CWEE SaTnsg BfS&hbodi ment of the
present tslﬂ%hg‘f}i ﬁxﬁfchﬁﬁ@ trahQ8AG20dr REEREA @ Fdsisors RODS afd REOARIrEAEP! ed
regenerative

voltage gam &om 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
Q202); 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).



i ncl udes Bi polar Junction Transistors (BJT) @01, and @B02, as well as
resonant tunneling diodes RTD301 and RTD302 inserted in series with
resistors R302. The anode of the first resona di ode
RTD301 conﬁ%@% 0'Hn end of resi storg R301. The anode gh}lﬁ@@@é‘fg@%d
resonant tunneling di ode RTD302 connects to an end of resistor R302. [0025]
I nput signals IN and INX are input into the bases of the transistors @303
and B04, respectively. Qutput signals OUT and QUTX are taken fromthe

coll ectors of B03 and B04, respectively. A bias voltage source VS301
connects to the base of @01 and the cathode of the second resonant

tunnel i ng di od8023FD30ZIG. HhWIsarcblyxpaxatoleﬂn resinpattensdingdéode$302 connects the

base of 02 .and the t he f resonant tunneling di ode RTD301.
Vol t age SGEYEES %H&g‘%ﬁﬂ@"‘%ﬁ%}e p§851ﬁ9te5pe‘f‘ °‘Hl°e£‘s the cross-coupl ed
regenerative Iatch transi stors Q@01 and @B02. [0026] During sanple node, the

i nput Vol t age (dod} e enesredineldite RAES: abss-clR1 HeknGId: Pl oS [ nto

resistors R301 and R302 t0 becone he I nit age o e cross-coupl ed
r egener atingladdsdiiptian juaetsinsTronsst@e (BI QB 0Q3OR] QQQR rae mtellfas ogsonant r ent  sour ce

| s301 passes thro Si St 05 apd r.esi 05 and R306
to maint arRdpg 8@%%@%@;@155%96%3&?% 18 remﬁoés%?d;li a(??f rom sanpl e
node to  RICThé1gholle eﬂﬂxﬁeﬁrﬁtrés‘éﬁintfﬂ@ﬁ'x@lnﬂ_fdi@ﬂ@ll‘mﬁ@lch&e%{sqs kn kmtDelt s CLK and
CLKX switch, diverting current into ch-enabl e transi stor B06 into

cr 0ss- coUEHEAr RGindhe pends of tiegscondgemnan dunneling diodeRelBP IR FopersisttPv e

f eedback. [ yi ously described, tunneling diodes RTD301 and RTD302
are in searﬁeglg%\?m}etsﬁﬁjrrgg?st ors R301 and R302. Tunneling di odes exploit
resonant tunneling to provide forward-bias characteristics. Wien a small

forward-bi as Vob253ge Inpat @Ry BHar@NOS&re dngut! (16 theba9€keof thé tr&RBitdds t 0 conduct
current. As the voltage i.s_ increased, the current increases and reaches a

peak val u@30%2nd Q304 WépeﬁéaﬂyCQWP@rﬁgﬂ@iSrQUTw SBHEK eroreken e h9s2006/ 005764
6 1 the ypleL@a% 303 BG4 BRBE dedpobively. & UTRY FolagDSofith V8361 Bkt Ly decr eases

until it reach
the base of Q301 and the cathode of the second resonant tunneling diode 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,).



a low point called the valley current (I,.). If the voltage is increased
further yet, the current begins to increase again, this tine vm'thout
decreasi ng JpheyRsALHer "valley." The forward vol tages A€ drive a
tunnel diode to I, and I, are known asgpeak voltage (Vp) ﬁey vol t age
(V,), respectivel y The regi on where current is decreasi ng V\:hl I e applied
voltage is increasing (between V, and V on the horizontal scale) is known
as the region of negative resistance. This negative resistance of RTD301
and RTD302 reduces the regenerative tinme constant RC by effectively

reducing the (R) of resistors R301 and R302, providing faster regeneration

t han aVa[ﬂtH@{/&tge‘iﬂnéﬂéé‘seGQW {a:‘érth%&r?éﬂt%cthﬁ gF Jie@red e@'&ﬂtxﬂ {actes 100281 The

conparator In I's applicable’ to a Anal og- to-Digital
Convert er a(aD@)int ﬁlbékhewagepmreﬁm,)uﬁelm \wlﬂagwsrlas'@hagtilfmrﬂle&m, th(enor mal ly a
conpar at or n_anal o ter. side a. feedback |0 ,p shape the
quanti zat f %rﬁenlt‘hie%g tSJPCIS?Sgtaﬁaé“ gbléﬁéﬂe %H}Qaﬁﬁ'let?fﬁ?sméj%totaf}o{f’ﬁ’é Per -1 i near
property qhe diardlvoliabesNebest &9 i@t nnel Hidds td ¥ RAd a{é%owas ieve very
high linearity and resolution in the signal bandw dth. Normal y, the

sanpl i ng ValtagedVoxand veié%t\éol@ggﬁvé,) rm@ptlvs . The fe@prbyh@m@uggéeﬁ of the 1-bit

ADC (conp at d wth

I ndi um Phgé%%é%d)éq% 4}811%?1‘(1: 18%h 1s|§n af%m'g (Qeltwgnm é?ﬂ P%E%I—l@%éﬁtechnol ogy, a
sanpling weadle 19kno4ﬂﬁslzth@wglolne)fa@§w@y%§zsu{n@92ms iégaupe fsRtihceohparator is

al so appligcabl e tgﬁ& her %%ges of high- speed i ncl_udi, n(I:J bot h
successi v&Iah9L 3R 39Ar esfth%éelgem\)’éFW@“%@%@]"YW@“V& ¥hows a

conpar at oty (ﬁg{x“@ %@@%@P&smﬁd{?ﬁ% é}ﬁ d@r\?\ﬂv&dgﬁcﬁét@ E&geﬁéPat?dﬁ ifiddf er native

enbodi nment arat e sanpl e- rm ansi stors Q405 and Q407
for each svalblfwiththe compart@t circuifif@BG.11 Wlﬁe@ener ative |l oop, or
cross-coupl ed regenerative latch, includes transistors 401, and 402, as

Fesi st or & RA0L IUAI RaGH OGRS It SUhePmicrae b bsbepgnpaagee *° o5 M1
PCT/ USZOO@é-@?é?a@@onJerter (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 altemative 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



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

resi stor RAGD 200163032] | nput signals IN and INX are inpup */ﬂw/&% Qases of
the transistors Q403 and 404, respectipvely. Qutput si gn ARG OUTX ar e
taken fromthe collectors of Q403 and 404, respectively. A bias voltage
source VS401 connects to the base of Q401 and the cat hode of the second
resonant tunneling diode RTD402. Simlarly, a bias voltage source VS402
connects the base of Q402 and the cathode of the first resonant tunneling
di ode RTD401. Vol tage sources VS401 and VS402 serve to bias the

cr oss- couplsghnk agﬁa%{%adlbdfeq#mmhc%m%%& o fARL Ak 0PV PRe ado99§§1 Duri ng

sanpl e node, the input voltage difference at the bases of Q403 and Q404
coupl es i theseeandiresonast m@mngmdmmm@bcdmc@m athend ofi resistbr Réﬂ)& age of the
cross-coupl ed regenerative latch transistors Q401 and Q402 Current from

“hto 0103 and [R433h ¢+ dPaE sieiels DYARe VS i ipanie the PaRes pf Pe AR EAP sanp o mode
to | at chi rgio3 Gh@QRDE RIpaNelyTOREPSERISOMOMAIBETR 26 kaick A BUESHELK and CLKX

switch, diverting current i'nto latch-enable transistor Q406 into
cr 0ss- coupblettars afiQ#ed mdQ4p0tespagtivaly. A hids vbiéagstspursn MB40A gommsistto v e

3 Tn ¢ a1 PERUTLEIRY e 4F herehg S Br TR E AR RV stor s are

bi gger. | &mnarw d@fasaolthgesobice vv-sgememw@therbabeofagdomm@e caabdddfi vity for
this corrparator [ 00351 FIG 5 shows anot her iment of the anal og

conpar at orthe Hisereserantiyarelige digde RTD49L. Y eltaga sonrcesuinedl g iS4eseRe D501
connect s tt@bfa? fc'rcK %ﬂgckﬁé eﬁﬁz‘eﬁt&ftrﬁ@@gors 6&61 r ??6’2" of the second

r esonant tunne connects to t end of resistor R502.
Resi st or R505 connects to the emtter of B03. Resistor R506 connects to

the emitter of [GBGF. Flemrgtsaﬁfplel%ﬁ&ﬁ the dngdd O6ltd getdefferenteedtithe hases cfmi tt er s of
03 and 04 with sanpl e node switch 605 WO 2007/030134 PCT/ US2006/ 005764
8 403 and Q404 couples into resistors R401 and R402 to become the initial voltage o

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 RS01. The cathode of the second resonant tunneling diode RTDS502 connects
to the first end of resistor R502. Resistor RS0S5 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 QS505.



[0036] In sanple node, the current fromcurrent source 1s501 is steered

t hrough transi stor 05 and split by resistors R505 and R506 into emtters
of @03 a espectively. The input voltage diff e bases
of @B03 an%ﬁa@}sﬁ coupled into thegcollectors of thes{:gpgﬁm?éog%%i stors
@01 and ®02. [0037] In latching node, current fromcurrent source 1s501 is
steered through transistor 06 into cross coupled |atch transistors 01
and 02, which resolve the signal. Information fromlatch transistors 01
and 02 is then anplified by @03 and @04, now operating as cascode
anplifiers, into the output |oads R503 and R504 and output termnals OUT
and OUTX. (0038P3¢ G WWO%W&M%&P@ BdTTent RAUCRfsSAk IS(SigEN as RTD302,
FIG 3) i ed curve.
The RTD diiet eapital @500 iy SIS RR K8 Rebdlnh RahieSs BPARY 70,

conpar at oamsl Q504Fte€:‘pect13el5 ”Bkrwlnﬁat veltagsellffdimdeag&ielbaeesrcﬁ’ﬂmamdezsiom ig¢ his region
to reduce th assom a constant. (0039] FIL.G 7 shows anot her

enbodi mentouBfeding ey ?talfs the latckfregsisjors Q301 284 ©302s bet ween t he i nput
signals IN and INK are anplified by a differential pair Q705 and Q706

at ching T anskeirs CpBe abgtgro b MR RR fibe R0t Gl P udes

cr oss- coufhrerhitamhsistot Qa0Gintd avss Qifpldd la@EQﬁhnmmlm Q601 are Qﬁ@ﬁ fxdnedr bi as

transi stors Q7 and 12 to avoi d saturati Q702 Al so

i ncl uded ?F%lg é‘r‘?ﬁ}%‘alnt}ﬂ IR M A ansi§tors Hg} %%Sé 0 and Q713 and

| at ch nod i t I di fference
bet ween CLgm %éd%&t_%imﬁgﬁt@“ g&gg&eﬁtgg a?ég%)dé gaﬁ;%erggﬁt%gé %lgg‘g controls

whet her t lhedeRBapardiRI04iand ouipyt tagningle OLOT andlf@UTH. f f er ence at inputs I N and
I NX (sanpl e node) or has positive feedback enabled so that it regenerates

vol tage is higtPSbhe  Eb vy drve S REDR SR Gl S HERE ent from
the current CQ@W(?QS {2 itl€al s.&re@r@gvé (1) Q4B nidaiied siRE. THeOOTIHRicde07/ 030134

PCTI US2006/ 00576
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



9 into the input differential pair Q705 and Q706. The current fromthe
current source Il is steered through sanpl e-node current-steering

transi stor%d%gy/%ﬁm Qr13 the emtters of Q703 and Q70feT/8fsdostedr I ent

source 13 is used to bias emtter follgower Q71 1. Current source 14 is used
to bias emtter follower Q712. In the sanple node, the input voltage
between IN and INX is anplified by differential anplifier Q705-Q706?R708

and the anplified signal is applied to the bases of Q703 and Q704. The
anplified signal voltage difference at the bases of Q703 and Q704 is
approximately replicated at the emtters of these transistors. This

anpl i fi edinge é‘ﬂalllputt AiferanpipleraicQ A5 and Q7061 Thecquotest Hom theeunrent seures Mnsi st or s
Q701 and Q1 [ ] | . 1 t he conparat or
R G 7 ared O sl e B Sl R Ritels R0 BRERT e, e st om
current semiteesoflF708ruald J704are steered through transistors Q708 and Q710
into a node common to emtters Q701 and Q702. This causes the cross-coupl ed

regenerative latch transistors 817)01 and Q702 to_becone active so that the
vol t age differ K83l beCuaent soneseddisiused orbiasemittyofpllowa Qb Lumient be

regener at | L] . j.n earl I rrent  flows
t hr ough o%aélﬁé%/m? Egieg rtgﬁgls é@gﬁeg ?%i%gjfr @Z{%%E{} i S%'{ngy % %85%%%%1g§t ‘ét%lrﬂg%esi stors
Q703 andbép@édn Bhand INX Seaniplified & différgntial droplihiatQTOSTQ U RACTR7080045] The

rate of re neratiign i.n the cqg‘farat or of y. an effective

g | G 7isI|mted,§
RC time coMsthsamPligedaignd! isapphed wdhe basevffdfqs and7 Y Thrampliliedi stors  Qro1,
Q702 and kSt ] : . However,
si nce RTDQ i%ltjjvglst%c']r%ggﬂlagcan t ee%%%Zﬁg@3 ?{lld ggrgf' giﬁ\ﬁ?%)ﬁh%?ggéﬁc R702, their
negati ve thesingttem oéthesctuansistars &hisfaptified eighd thémappeanssit theteslledftorReH1 and

Fa 7, e rap iAol e 8PE ou from the bases of G703 and G704 when
the clock is low, so that changes in the input voltage do not disturb the
state of the |gjoahy EaphenMBE cREROVHIES i RHRhEY BwWP MEEBARRLYIn MG, T he

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.



cross-coupl ed regenerative latch. WO 2007/030134 PCT/ US2006/ 005764 10
[0047] FIG 8 shows an alternative enbodi nent of the conparator of the

present specifi jgn. The circuit in FIG 8 perforns t tion as
the circui g@%f’ﬁ&ﬁ%& 3-5 except thay10 it does so usi ngp&@%&é&?%gt
transistors instead of bipolar transistors. In FIG 8 the regenerative

| oop, or cross-coupled regenerative |atch, conprises transistors M, M as
wel | as resonant tunneling diodes RTD801 and RTD802. Input signals IN and
INX are input into the gates of the transistors M3 and M, respectively.
Qut put signals OUT and QUTX are taken fromthe drains of M3 and M,
respectively. I ta S rclaTgTal=Tox nd RTD802.
A vol t age sour[?gLY 880%1396%%%@?3&4? %Qléhﬁe gat ethglﬁ/é)tfg}ged&g&F%é%%M\}]oe?t age

sour ces \B8&ht spedifivadOr The civanittin FEG &8spdrfoems thesseamedumdtioa as dlgerrenitst | ve | at ch

of FIG 8...Lhe Lnput yoltage difference.at the gates of N3 and M4 coupl es
into tunn‘é‘lﬁlﬁé‘%‘gf %fBEt\ﬁR‘Fbggef Saﬁﬂngﬁiﬁgﬁg&?t&ra&é}é I“FWQ&)PHP‘P?%‘T i nput vol t age

of the cregRistRyRh §1G, g'ﬁqg%g%aaﬁﬂweeloggw&ow@dh %tﬁe%%i{e?étﬁlellﬁ&ﬁhi ng node. Upon
entry to | atching node, tunneling diodes RTDE?Ol a RTD802 effectively

reduce pasumprisestransistars Mic &2 wfwelk asaemnatt (urnehBg diode\RTD80 hinidow f ast

resolutio ak differenti signals. . Transistors M _ an operate to
feed cur rgﬁf’%P it or q\t/ﬁlgg'ﬁlg nﬁ/lf,ndm?(éﬁegIBBlgﬂ%tPéhea%atess#Jﬁ%%a?sbﬁt?rﬁw%di n sanpl e
mode. Tr ans, fdspecsivall. @ﬁl@uﬂ\él%rﬁllbt@U@faﬁd ORITK &6 taMRarfing the drineofNIBe t he
cross-coupl ed regenerative [atch of M and M2 in_|atching node. [0048] Each

transi st oAnd\M4, igppectigely vy voltage sucaM88Ncongegn tonhe BaisEML #nde| d ef f ect
[0045] 1 EOFPLA vabgeRbiét VaB0P QTS REREE of NI KEPRID TR i
present speridkiVSB0l and VBBO2 sdrvetaitiasithe drbss-colpledrégensmtise titdhaof FI@ncti on as

9 the rogbrDietPYaol B IEEnC D SEa b B U RRVRIET WO MARIRE conpri ses
e, RS Imal PR RN G 6 0l 084l DL ano

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 M5 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.

{00491 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 M901, 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 V3902
connects to the gate 0of M902 and RTD901. Voltage sources VS901 and VS902 serve



into the gates of the transistors MI03 and MD04, respectively. Qutput
signals QUT and QUTX are taken fromthe drains of MBO3 and MB04,
respectively. A voltage source VS901 connects to the gate of MBO1 and
RTDO02. A W& WaYEE¥urce VS902 connegts to the gate of PGB ES9HYS R DoO 1.
Vol t age sources VS901 and VS902 serve "D 20071030134 PCT/ 0S2006/ 005764 11
to bias the cross-coupl ed regenerative latch of FIG 9. The input voltage
difference at the gates of MB0O3 and MB04 coupl es into di odes RTD90I and
RTD902 to becone the initial input voltage of the cross-coupled
regenerative latch upon entry into latching node. Upon entry to |atching
node, t uneeiastye ciosslesupRilEghearive BRI RIES. dGk inRlt Yol Ui Ferideasi ti C

resi stances of transistors MBO3 and MP04 to allow fast resolution of weak

di f f er ent thgi2ates gh¥I983 and MPOH seentes inpaipdss B TR0 T 2pd BTRW2tte beewms the ur r ent
t |V903 d
o VB0, A0 Mo S0t o, U Lo I 8 AEBLE, e

Cr 0ss- couplodel Upoa@atféttcatatahmglxﬁcbdehtunﬁelm@iocﬁslﬁ’[ww an® RT3 ng m)de [ 0050]
Each transj.st.or MR03, MB04, .MD5, MBO6 and 907 js _an N-channel
junction Pﬁf@tldeléffr? FP?rrasa‘HEF?ts&mf(sIOIEE’?")‘SISWE)NW&HWQO‘!)&?]M%@S power supply
for the cidsgmiibn of@@ﬁldlffgx@ t1a3 gHﬂ%?a&fstér?WO@%ﬁH'ﬁ%? operat tE kP! termnal”

of a transistor i nc ase of a bipolar transistor, or the gate
of a fiel gurednt ede M%érasd MM, whl[cmﬁﬁé?}tteihs)wcﬁ)b&ipwemm sawplomtideg to FI Gs.

3-5, 7-9 have. ter bi olar ction tr i stors,

N- channel R8PS e@?@é%@%@f‘aﬂe& %—50{)@%‘)" aiélﬁ fI’\ffr(?f‘isa‘f‘?rllla'{‘|37FETs.
Those ski Ec%@ﬁ!erhtmetlb@han%}mﬁ@M%Q% faft@ingafsteval ent_ circuits may be _

i npl enented with PNP transistors, with NPN or PNP bi polar or heterojunction

bi pol ar transistors and resonant tunneling diodes fabricated in
sem conduct or (968} i alEachtramsistardpOll, W%nﬁ@ﬁbﬁﬁﬁﬂﬁé\m%d&ﬁo@mﬂmilton,

Si | - ium. or. Galli A Els of h
oot by, SN B A et oD R Bl TR et o e
circuits gepplpsritiedigagnted in

[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. 3-5, 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 JFETSs 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. §, the tunneling diode and

resistor may be swapped without impairing circuit function.



Gal i um Arseni de netal -sem conductor field-effect transistor (MESFET)
technol ogy. 100531 Those skilled in the art should appreciate that, in those
t opol ogi es___having a resistor and tunneling diode in segj i

connect i on¥HEY WY he resistor and junnel i ng di ode, ggg Sé%&gﬁg%
illustrated in FIG 5, the tunneling élode and resistor may be swapped

Wi thout inpairing circuit function. WO 2007/030134 PCT/ US2006/ 005764 12

[ 0054] Changes nay be nade in the above description w thout departing from
the scope hereof. It should thus be noted that the matter contained in the
above description or shown in the acconpanyi ng drawi ngs shoul d be

| nt er pr et ed asiooshy ust e UanAngt mal ih bbbl il AgtiSeFEou Hogarlifd | Owi ng
clainms are intended to cover al generic and spectific features described
herei n, afomght scage hedeok {tasheutd tius bemoteti thas thepeattsl conthimedrit thodbeusd syst em

whi ch, as ,a tter 8f | anguage, _m ght be.saig t8 fall th e between. 13
CLAI NS 1. SROBBI i ™ REOF Acrompeniing dranists sl e Ftewistit Srode, & 11 st
conpar at ofjlusittilte, and noSIRGANKItIES BENAE. Athe FolldWaks cladhlard MnteiedUb covehgll conpar at or
conprising: a cross-coupled regenerative latch for regenerating, during a

| at chi ng BeReec aad éner:fﬁ@rtgﬁé@s descgbrd herginiiag avellas ablfstajeraemts of thpsewrpef ween t he
first co r [Hpo) ngd,t he sec r at i i ross-coupl ed
regener a{r!&\geerﬁl‘%t%dc#acsg%tﬁ?’f nglhﬁg*. asg nf“lﬁ{r%gf) F%ﬁggs@ggtndp ?ag&s fos%orﬂ?erg first and a
second regemast. tunneling di ode, wherein the first tunneling diode is
coupled in series with the first resistor to forma first resistor-diode
pair, and the second tunneling diode is coupled in series with the second
resistor to forma second resistor-diode pair, and a first end a second
transi stor, wherein a collector of the first transistor and a base of the
second transistor are connected to a first termnal of the first
resistor-diode pair, a collector of the second transistor and a base of the
first transistor are connected to a first term nal of the second



resistor-diode pair, and an emtter of the first transistor is connected to
an emtter of the second transistor; a third transistor coupled to the
second termnal of the first resistor-diode pair; a fourth transistor
coupled to the second term nal of the second resistor-diode pair; and a
current switch circuit for sw tching ﬂﬁe conpar at or between the sanpl e node
and the latching node; wherein the third and the fourth transistors couple
the difference signal into the latch during the sanple node and are
operabl e as a cascode anplifier to 634gMS a |atch state to the output
during the latching node. 2. The conparator of claiml, further conprising a
first current generator connected to the current switch circuit, the

current].sw tgRompéirar thasihger sangple€ toderhd farl@hingembde; at firSUESRSHratGe MPaE 0T
into said regenerative |latch during the |atching node. 3. The conparator of
cl ai m 25ecUNeOBIPAAE 4 dNRUGANd 3 OdiRt Eie COMpat#ar cempBrigcurrent fromthe first

current gen [P i E h . i g i ‘ l.e node
o bi s aal d h g BebreaPhRaiy (e e bialify uhARes 2hfe SHIL A% A" 1
conpar atigral oflicetivd ofia]ifferen¢eHetwernrtix fist cognpanatomippidt abd teesec@idroouiparaconnect ed
to said third and fourth transistors, said input buffer circuit receiving
first afBils ﬁﬂ%ﬁWﬁ8@d§%ﬁH§P§“%H@ CPEBY'HP$ ng said first and second input

signal s from s Md.agei@nadisye | atch during said latching node. 5. The
conparator of claim2, further conprising a second current generator

connect ed t @ fishandaureeet resamanichnmsling diode, wirseio tirer fanst tusnélinghliaderis coupled

steering current from sai.d second current ,gener.ator,.into sajd reqgenerative
Catch dieEn Wt the RTHGT RolEm 2dirhraenARar Reibengdhe rep Rd unpel e lipde
conpr i sis dgupleddinfsésatiti @k sévpl rdsistr t6 il L@dcdid raghbi-fde paifliahd er ence of the

first and second conparator inputs to forman input difference signal, and
to present &Mt gdpusecand ransistrewaerginag callsctonef the dissidraasiptopandaa base @fithieng

e e R i
bi pol arsecdridoednaistor andlabasd af-teé fiest trahgisiorsars tonnkcted to a first terminal of the second
resistor-diode pair, and an emitter of the first transistor is connected to an emitter of the second
transistor;
a third transistor coupled to the second terminal of the first resistor-diode pair;
a fourth transistor coupled to the second terminal of the second resistor-diode pair; and
a current switch circuit for switching the comparator between the sample mode and the
latching mode;
wherein the third and the fourth transistors 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.

2. The comparator of claim 1, further comprising a first current generator connected to the
current switch circuit, the current switch circuit steering current from the first current generator

into said regenerative latch during the latching mode.

3. The comparator of claim 2, wherein the current switch circuit steers current from the first
current generator into said third and fourth transistors during sample mode to bias said third and

fourth transistors during sample mode.



8. The conmparator of claim7 wherein the first and second transistors are
selected fromthe group consisting of netal -oxide sem conduct or
field-effect transistors, junction field effect transistors, and

met al - sem conductor field-effect tran ustors. 9. A conparator conprising: a
first, second, third, fourth, fifth, si'xth, and seventh transistor, each
transistor having a first termnal, a second termnal, and a control
termnal; a current source; a first and a second resistor-di ode pair, each
of the 4irstThasampearatonaf elaig 31 fyrtheticodpripas an inpynpuifesicireuincanneeted forsgiddi ode
and a resi j rles: the. fir erm.nal. of the first
franai o158 e ol \aRERbE A LR AL i W LD lelRsebd S . e
first tieslatnpahiddirstdne sendmthut sighsls fbrsaldsegmuptiod latah dufidgeaidtistcting er m nal
of the first transistor, and the second term nal of the second transistor
i's couﬁpgﬁ-to the second terminal of the first transistor; 15 where a
first termnal of the first resistor-diode pair is coupled to the first
termnal of the first transistor, and a first termnal of the second

resi st of.- di dde cpmparaios o€ dajph 2dfuttbertchmpfising & sedoad pumedt geferathecaaeaetio
transishor; wher e a.secoBd termnal of the first re istor-d&g@e gair IS
coupl edNt AL SwIch firguit SRR PYFEINt Sykch gigeult Stepring qusreat trergsaid secqud GHHCHer i nal
of the saeaRdil6sdid lQendhipdaaRRdlrihSsafPHRhRY et he second termnal of the
sixth transistor; where the current” source I's coupled to the second term nal
of the third transistor, and the first termnal of the third transistor is

coupled. to the second termnal. of the first .and cond.. transistors,..and the
current®sour 8CP@p@8gﬁPgﬂan?@H§w§Sgﬁﬁfﬁ&ﬁﬁﬁ%ﬁ?agﬁmﬂﬁgkfSUPFﬁ P AIRUDS t or
and t hediseeaitdofttRs fitsnald Rtodd@niamedifputd AT hivnpuediftedied Gghdlant kd St
termnal of the fourth transistor is coupled to provide bias current to the
second Rreseni thainpgt diffeeenes signal to B seasnerptiviupich Judagsamplapgde. 10. The
conparator of claim9 where the first termnal of the seventh transistor is
coupled to provide bias current to the second term nal of the sixth

transi st.or diheicomps@atgploé ciaimlé.wherein the first and second transistors are selected from the

group consisting of heterojunction bipolar, bipolar, and field-effect transistors.

8. The comparator of claim 7 wherein the first and second transistors are selected from the
group consisting of metal-oxide semiconductor field-effect transistors, junction field effect

transistors, and metal-semiconductor field-effect transistors.

9. A comparator comprising:

a first, second, third, fourth, fifth, sixth, and seventh transistor, each transistor having a
first terminal, a second terminal, and a control terminal;

a current source;

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;



11. The conparator of claim9 where a first termnal of a seventh transistor
is coupled to provide bias current to the second termnal of the sixth
transi stor, the second term nal of the seventh transistor being coupled to
the second termnal of the fourth transiﬁ]or and the control term nal of
the seventh transi stor being coupled to e control termnal of the fourth
transistor. 12. A conparator conprising: a first, second, third, fourth,
fifth, sixth, and seventh transistor, each transistor havi ng a first
termnal, avéweonfirst sarminshpf thafstaessondiode pair ivicrapled & barfrsrernielofte a
first n S [ ach of .t

fesi st orgt ﬁ'ar%?s?oc% gn& % h %rm%irlra? o tﬁg squn 551&1{){) 8lganp3'ralsr Oélplgfi OtP t@%&gfte din
seri es; ter\t\dﬂﬁztle)ftﬁmseédnﬂ&tan&r%m naI of the first transistor is coupled to the
control term nal of the second transistor, the first termnal of the second
transi stor iVéesouprcand fominab of tetfirsl resigphilinds P is qompledite ghe seeandsrrniad, and
t he sec (o] I

torm nat 1 o Quitored pdedfy REFBAPoGENELRA Reiclp RN, LelyledT TS
resi staemdnaidxétrmasrrxthtmnmonpl ed to the first term nal of the first

transi stor, irst term nal e second re t or-di ode arr
coupled to t %F§P"e'it(§f’ﬁ’icﬁéﬁ o8P e@ﬁ%%@éﬁ’r’i‘d t‘?’r%{ﬁé zlﬂéﬁ'th”%r@?% tgr, §%‘?:§Y’?d

term narhrstorenﬁra@r b 1h3tthlr@$fanbidor & &ﬂr%le@atbrthé §e&9w&rﬁﬁnatrq>ftth@ FERAAdeLdym nal
of the fifth transistor, a second term nal of the second resistor-diode pair
i s couprasdistoss, @h@tl@e@mdt squeqems qeuplesf tot the serord kermirsh of gtecfoprtinvtrensisterhand
current sourcqete %f(#g‘] e ) 0.the secon termnal of the third transistor,
and t he™® PIPRT efTRy © ot ?Héraf“ﬂf’?da? ansistor is coupled to the second
term nal of WHege fherfirbt @ARingIeSORE fourhafmsBioPiScouptd th oY bRELuSHILE thel S
coupled to the second termnal of the fourth transistor and t he second

t er mi najecesid tenena of thetfHth trapsistos during sgmplevmede the first terminal of the
fourth transistor is coupled to provide bias current to the second term nal
of the fifth transistor; where the first termnal of the seventh transistor
i's coupled tThepompaderoif akim Yrwigsné tHedirktherminal of the seventh transistor is coupled to

II’St

provide bias current to the second terminal of the sixth transistor during sample mode.

11.  The comparator of claim 9 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.

12. A comparator comprising:

a first, second, third, fourth, fifth, sixth, and seventh transistor, each transistor having a
first terminal, a second terminal, and a control terminal;

a current source;

a first and a second resistor-diode pair, each of the first and second resistor-diode pair
comprising a tunneling diode mid 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;



second termnal of the sixth transistor. 13. A conparator conprising: a
first, second, third, fourth, fifth, and sixth, transistor, each transistor
having a first termnal, a second termnal, and a control termnal; a
current source; a first and a second tunpeling diode; where the first
termnal of the first transistor is coupi d to the control termnal of the
second transistor, the first termnal of the second transistor is coupled to
the control termnal of the first transistor, and the second term nal of

t he second twhersid §tsdteringnat ofifhle dulsttresistoredigdecipaidis coeplad mathe dirstitérenidial 0§ the
transistor; where a figst termnal of the first tynneling dipde is coupled
ot he Ft bp i eRhe BBt ofrEirR 1 ane splahd eript-aiof Baie bRl BT ¢ he
second tbmkipglof @ sdéderansisepupl ed to the first termnal of the second
transistor, where a second termnal of the first tunneling diode is coupled
to the secortheret fcaad teominal péthei firstyesistamdiode pair iscoypledriel theesepdndaernainalt he

second S(Ef‘él?éqﬁ(liﬁi{}gnv\sﬁs'te@gg ﬁa:%ng Pe%ln%?oiltﬂe E&gnc? ?egﬁf?)g-dli(%dg rp?ié q%a ou%tedttg' %&Ssleé(;[nla.

t ransi e current source i1s coup e 'second tTérm nal
of the tetmingl of clersbits tranisistand the first termnal of the third transistor is
coupled to the second termnal of the first and secgnd transistors, and the
current sourd¥rg &‘eé’BﬁfﬂtéﬂuﬁC% Ig pupled do s seeqnditpatingrof threthird dransister, 4pd thet or

and  whgke et hgaf bg]ﬁlfe thieh rfiagalstopﬁs L 1efd0twth9 sgog@%érﬁml dfsth@%'a'agq s‘fﬁon[ar ovi de
bias current to the second termnal of the fitth transistor, 14. e
conpar atapsisofs, ehdaitheciBerfitusottreris copfedits thrgeeondavmnndl dftlanfousth oransistbeard ta

first termnal of, the aie}(%fr%th transi stor is coupled to provide bias current
to the secorl SENHHRIN P! fhgseanift ransisionAtldst or | and where a second ter minal

of the sevenjferd fHRAESEARInkISofCAY P RG tMsiside isCéHub}%Gtt]g%%Vi@@bias ERrrent A& the

conparator of claim 13 wherein the first termnal of the fourth transistor
i s coupieeend temniptl O thedifpi taansistry ent to the second terminal of the fifth
transistor through a resi.stor

, d firs i | of, the f h
{18 B BN RIS Rl Ganiselh DI BlraRien b8 b TP g

transi stor 'S Lol
second terminal of the sixth transistor.

13. A comparator comprising:

a first, second, third, fourth, fifth, and sixth, transistor, each transistor having a first
terminal, a second terminal, and a control terminal;

a current source;

a first and a second tunneling diode;

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 tunneling diode is coupled to the first terminal of the
first transistor, and a first terminal of the second tunneling diode is coupled to the first terminal
of the second transistor,

where a second terminal of the first tunneling diode is coupled to the second terminal of
the fifth transistor, a second terminal of the second tunneling diode is coupled to the second

terminal of the sixth transistor;



the sixth transistor through a resistor. 16. The conparator of claim 13
wherein the first termnal of the first tunneling diode is coupled to the
first termnal of the first transistor through a resistor, and the first
term nal of the second tunneling diode |? coupled to the first term nal of
t he second transistor through a resistor.’ 17. The conparator of claim 13
wherein the second termnal of the first tunneling diode is coupled to the
second termnal of the fifth transistor through a resistor, and where the
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the conparator is fabricated using silicon bipolar transistors.

where the first terminal of the fourth transistor is coupled to provide bias current to the

second terminal of the fifth transistor.

14.  The comparator of claim 13 further comprising a seventh transistor, where a first terminal
of the seventh transistor is coupled to provide bias current to the second terminal of the sixth

transistor, and where a second terminal of the seventh transistor is coupled to the current source.

15.  The comparator of claim 13 wherein the first terminal of the fourth transistor is coupled
to provide bias current to the second terminal of the fifth transistor through a resistor, and the
first terminal of the fourth transistor is coupled to provide bias current to the second terminal of

the sixth transistor through a resistor.

16.  The comparator of claim 13 wherein the first terminal of the first tunneling diode is
coupled to the first terminal of the first transistor through a resistor, and the first terminal of the

second tunneling diode is coupled to the first terminal of the second transistor through a resistor.

17.  The comparator of claim 13 wherein the second terminal of the first tunneling diode is
coupled to the second terminal of the fifth transistor through a resistor, and where the second
terminal of the second tunneling diode is coupled to the second terminal of the sixth transistor

through a resistor.

18.  The comparator of claim 13 wherein the comparator is fabricated using indium phosphide

heterojunction bipolar transistors.

19.  The comparator of claim 13 wherein the comparator is fabricated using silicon bipolar

transistors.





