COVPARATOR W TH RESONANT TUNNELI NG DI ODES FI ELD [ 0001]
The present application relates to conparator
woioamse1s4 More particularly, it relates to a PCT/US2006/005764
hi gh- speed anal og vol t age conparat or havi ng resonant
tunneling diodes to mnimze its RCtine constants and
provi de faster regeneration. BACKGROUND [ 0002] In the
usual prior art inplenmentation of a clocked | atching
conparator, a clock signal swi tches the conparator
between a sanple node and a | atching node. In the
sanpl e node, the conparator has relatively I ow gain
and the output follows the signal input. Wen the
comp@PMBARATQROBVUEH RESONANT EUNNEHINGIRIOPESi ti ve
feedback is enabled so that an arbitrary small signa
W ll regenerate and drive the latch to its full output
swi ng, such that the sigpgips correctly resolved by
subsequent logic. [0003] " FITG 1 and FIG 2 show a
conparator circuit proposed by Al bert E. Cosand (U. S

Pa No. 6, 597, 303 utilizing transistors.an
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of the conparator circuit of FIG 1 and FIG 'S

tunneling digdesp mainirmiee its RE don sorgiants end proividadfabigr tegeneration.
resistance (R including resistors and parasitic

resi stance) and the Macitance of the
transistors (C). The RC tinme constant in
seconds is equal to the product of the circuit

resistance in ohns and the circuit capacitance in
f al®93] exinrtbs veul protertitpleakbhiptios of a cloeited BAMMRY

] anal vol t agge conparator has resonant
compRE1a (R Bl e s Y STl besy e rerite oge and a
latcHifi @5 d€.THRhEhni RO /IVEE ahé ¥onbahe? Hab Fastidely Wgain and the

resonant tunnel i ng di odes have negative resistance that
outppf fotlewis g §g0ad it sWpen thegbmpaeator 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 |atch
W@ 2000080134 ncl udes first and second tunnel - di odBCT/US2006/005764

resistor pairs. The cross-coupl ed regenerative |atch

circuit includes first and second bipolar transistors,

where (a) the collector of the first bipolar

transi stor and the base of the second bi pol ar

transi stor connect to the first tunnel -di ode /

resistor pair, (b) the collector of the second bipolar
tunndlingnioddsdrvanekatine rdsissmcothat Bffedtiviebt cdvicpiglpart of the

transi stor co ct t.o the second tunnel -diode /
resisiages eQrpponsa; ¢f R ‘iﬁﬂc‘{%?elﬁhe emitter of the first

bi pol ar transistor connects to the emitter of the
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(NMOS- FET) transistors. BRI EF DESCRI PTI ON
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tunnell-cagdeeﬂ‘neaﬁtoﬁpaﬁ pRthaceNedtbridT thesseBad bigoldifinsiehr and the
Qdes, according to an enbodi ment. [0010] FIG 4

base §ﬁ sl biBelBT Ewnsisteroanece i the geeqiidamedl-diodaorgsistar BRr,
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bipolabhemsistat ed circuit diagram of a conmparator with
resonant tunneling diodes, according to another

alternative enbodinent. [0012] FIG 6 is a current
vel988] vollp apether enbedimanty tierhippier yansissers srarepiaced with n-

L

resonant tunneling diodes, according to an enbodi ment
having a di f BRIEMDEYICRIPTEIRIOF 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.



[0014] FIG 8 shows an abbreviated circuit diagram of
a conparator with resonant tunneling di odes, according

wo eooao3@|abodi nent havi ng i nsul at ed-gat e fi el dePEBTE2006/005764

transi stors. [0015] FIG 9 hows an abbrevi at ed
circuit diagramof a conparator w th resonant
tunnel i ng di odes, according to an enbodi nent having
junction field-effect transistors. DETAILED
DESCRI PTION [0016] FIG 1 and FIG 2 illustrate the
prior art conparator circuits of U S. patent
6, (99731303 . FIDG kipw4 an abteeyiniedciratit depmmardtaonarddrGrith
1,. the basjc regenerative I gop, or latching circuit,
resonfipilns dioes. Asesingforanamiodimert lavag 2 ditfrendial
preath@iffigt ors RO and R 02. [0018] During sanple node,
input signals IN and INX are input into the base of
transi stors QLO3 and QL04, respectively. Qutput

si[@0dd]s OUIGaBGhENE % abtretiated Rirt e Middhen &Flal B&ipafSor with

V 03 and 04, respectively. The input voltage
fes"“%‘r ?@fg%g}%ﬂ%t 3E0lgingte agfentypdamenichaguminselaicdtgatefield-
effect RhRisigsi stors RIA and R 02 to becone the initial
I nput voltage of the latching circuit upon transition
from sanple node to | atching node. During sanpl e node,

CUO00E3]t T FOB) TeHOWRIHn bBkbvedted Sik@it alagﬁﬁ?ofm&ﬁgﬁamr with
switching transistor QL0O5 and degenerate resistors

resonggiggnagimgiodys, aceondingtode endlodimgentdriving juostiomfselt-effoct
transQiPUt . Transition from sanple node to I atching
regeneration) node occurs when the clock inputs CLK
and CLKX are switched, diverting current through
| at ch- enabl e transi stor QL0O6 into cross-coupl ed
transistors QO nabl i ng positive
f eedback (regene%ﬁn@%%%@%e prior art
conparator of FIG 2, the basic regenerative |oop, or

BEII0g BIG tikda i O SR SR TR MR B AT SRR P us.
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).



and R202. [0020] During sanple node, input signals IN

and INX are input into the base of transistors Q03
w@are7QR044 respectively. Qutput signals OUT aneCTOURS206/005764

are taken fromthe collectors R03 and 04,

respectively. The input voltage difference at the

bases of R03 and R04 is coupled into resistors R201

and R202 to becone the initial input voltage of the

| atching circuit upon transition fromsanple node to

| at chi ng node. During sanple node, current from

CUJDOEYT S Qwl t}ﬁag)rioi? 3R koppases dffFICUYNthe Wasic Redegerative loop,
transi st or 32 5 and de enerate resistors R205 and R206
or latchingcisgyigan dQSacg@sSg:@unled tgRsiFtapUR20 b Qd2mnd resistors R201

andl{’}:(%nSi tion fromsanple node to |atching (regeneration)
e occurs when the clock inputs CLK and CLKX are
switched, diverting current through I atch-enable
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cross-coupled transistors (Q A and QL02, or
[0021]  Inthe 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).



Q01 and @02).[0023] FIG 3 shows a conparator with
resonant tunneling di odes according to an enbodi nent

w@Roowiloaoips esent specification. [0024] The regeP€Tr/a81006€005764

| oop, or cross-coupl ed regenerative |latch, includes
Bi pol ar Junction Transistors (BJT) @01, and @02, as
wel | as resonant tunneling di odes RTD301 and RTD302
inserted in series with resistors R301 and R302. The
anode of the first resonant tunneling di ode RTD301

C ts to an end of resistor. R301. The a of the
salbrll 1 e %ﬁﬁﬁ?wﬁﬁépmagamraﬂ@wtwﬂ@% W% an

accor@ié than%%'oﬁfn‘?é'nt 8@9% grésgg Iﬁ%QH&n signals I'N and I NX

ar€ input into the es of the transistors @03 and
@304, respectively. Qutput SI gnal s QUT and QUTX are

t ROM]f r oMht hezeaeratiee Io@Fﬁoﬁﬁro@&fup&mﬂre@BlMatwe latch,
respectivel A bias vo 23 source VS301 connects to

includescBigalap Wﬁ@axar&w@rs R mdén6ﬂmea%@e%ﬁaresonmt
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R3 02c dhb anteieasf thdfirst tesshant ag@ehRNE diods RIDIQY cHrdEets IRTEB% of
Bégg%ources VS301 and VS302 serve to bias
resistgy Fnade pEige sesoadiresonaniitapnglingrdipds 8??3@% (99“1%?&& to
" Durl ng sanpl e node, the input voltage
anengég?%srlence at the bases of Q03 and Q04 couples into

resistors R301 and R302 to becone the initial voltage

of [002@1 cr OGSt Giowpls G andgENesratihwe ihi! 8B bhded R ki tedrSistors
d @B02, Current fromcurrent_ source 1s301
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Simijagly chbias %it@etspaml\é%&ﬁ coBOwlS thedass 59300 ant %ncathode of
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to biah thelemsREQBN4d pegendrdiBE0atch 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 Ig301 passes through switching transistor Q3035 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 (I,).



are in series with resistors R301 and R302. Tunneling
di odes exploit resonant tunneling to provide
wo ororas3bi as characteristics. Wien a smal | PCT/US2006/005764

forward-bias voltage is applied across a tunnel diode,
it begins to conduct current. As the voltage is
i ncreased, the current increases and reaches a peak
val ue, called the peak current (Ip).If the voltage is
increased a little nore, the current actually
decreases until it reaches a |l ow point called the
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converters.
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



[0030] FIG 4 shows a conparator with resonant
tunnel i ng di odes according to an alternative

wepeodsement havi ng separate sanpl e- node sw t chP@IyUS2006/005764
transi stors Q405 and Q407 fbr each side of the
conparator. [0031] The regenerative | oop, or
cross-coupl ed regenerative latch, includes transistors
01, and Q402, as well as resonant tunneling di odes
RTD401 and RTD402 inserted in series with resistors
R401 and R402..The anode of the firstresonant

resonhit {8AdIRG G6RACTPIPRneB et énd 6f 1@BiswRR 40N . Ths hisiderof
R401. The anode of the second resonant tunnelinlQe
the sationd eesBTDM O2neting divde RIDARR conpecss tor asenst ofresigiop R402.

[0032] Input signals IN and INX are input into the
bases_ of the transi_stor 03.and. 4..res tivel:
CUORRH si QP €ieople T ARer b ARER P Do Hefsibors
. , 1 | H
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collettoes efD48dmddD404; esspentivaly. Adsenwoitagesaneki \Wert Qi waaects to

e L S SR SRR ESR rpin,

Simi[aa.n ! %gl}ts VoAREILAG i aRe oRIEAOthe bYe RQR03 atid eRScaliSde bf

02 setve to bias the cross-coupled regenerative
the firsttredontntnsneaingrdod@RID40Id Violiege souwosaY Stk prdy VSahprave

.node, the i t volta | fferenc th es of
0 bigs 43 EiiE MDA ESSERTTEET D TBERREDLCRIDT g Ra02 1o
becone the initial voltage of the cross-coupl ed
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rrent source 1 passes through switching
Q408 Ad §494 apepl M Fesito@BZ0T mbREPDOD bardmeaba inigalaitageof
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sourb € RUDP Eés@i sk X BiMo R sis@ky@rbdS BEd QUOT7EAt Q4030and
atc -gnab e transistor Q406 into cross-coupl ed
Q40tnanst s teoriercibliawerd Dansitidn fivar edpyple madsle tadatsb®st i ve

f eedback. ] 0034 he emhodi nent Gf.-Fl f ot
(reEsRRTI RO P8 HAIED SFE s s (I EhEGIK R ech, diverting

curr%&l ih@a8tchichhsE a8t Qb i@t ARt BeuilednahsiborsQadE Q402
igger. It provides a
and thereby enabling positive feedback.

[0034] T};e 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.



faster regeneration rate and higher sensitivity for
this conparator. [0035] FIG 5 shows anot her
weredvoasement of the anal og conparator. The cat hpdEUS$006/005764

the first resonant tunneli My di ode RTD501 connects to

the first end of resistor R501. The cathode of the

second resonant tunneling di ode RTD502 connects to the
first end of resistor R502. Resistor R505 connects to

the emtter of (B03. Resistor R506 connects to the

MR ¢ dp S3BptecEt. BedCatarincl SahA e b, SECH

throu@@QPank33€)505ind 3PN 5 1@REBrs R4S & R S0Y irkd SRt 5?@3303
source 1s501 is steered through transistor (05 an

and @p04, trespyctively. StheispuRF0BagerliffRS06: atrthe bagestof €563 ahd Q503 is

couf plRaE pollEREF Sttt e e Ui A ne o che
collectors of the latch transistors 01 and B02.
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load§ B6@Bnd-RED4 endstwoprst tenmihaly QX wed OFUBX.RTD di ode (such
as RTD302, FIG 3). Curve (l) is the ideal curve.

Cur v 1) s the neasured curve, The RID di ode _sha
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resistance i1n this regi to reduce the assoclate
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of the conparator. In FILG 7, differences J;etween t he
9 use Hﬁﬂegg’t;v opistangg igdhis FW@%@éegﬁlﬁﬂ Fiaéstfl’cb"F time constant.
differential pair Q705 and Q706 during sanpl e node,

an pl ' t
TaEORG. (TP EAADE ARl B o ek ' H18. 7,
differatcehbetgyeen thetinputisipgpalsdisandrIbSS arecmpd 15tk dl tat £ bifferential pair
grag i Bgors Qr01- .
Q705 an %27 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



Q702 with emtter-follower bias transistors Q71 1 and
Q712 to avoid saturation of Q701 and Q702. Al so

WO p@bsiaa4 ar e sanpl e node current steering traPCI/EEM06005764
Q707 and Q713 and latch node current steering
transi stor Qr08. [0041] The voltage difference between
CLK and CLKX is the "clock voltage". The cl ock voltage
controls whether the conparator is sensing the voltage
di fference at inputs IN and I NX (sanpl e node) or has

0Si ti f eed It regenerates to a
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flows through one of the transistors Q701 or Q702 into the cascode transistors Q703
and Q704 and thence into an output load at QUT 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.
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to enable the cross-coupled reoeneratxve latch of M1 and M2 in latching mode.

[0048] Each transistor M1, M2, M3, M4, M35, 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 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 V8901 connects to the gate of M901 and RTD902. A voltage source V5902
connects to the gate of M902 and RTD901. Voltage sources VS901 and VS902 serve
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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.
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1. An anal og voltage conparator conprises: a first
transistor (@B01) and a second transistor ((@B02); a
wo peog3riesonant tunnel i ng di odes (RTD301) in SPET/@S2006/005764
with a first resistor (R301}, formng a first
resi stor-diode pair; and a second resonant tunneling
di odes (RTD302) in series with a second resistor
(R302), form ng 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 trdiROSIHNMIBO1), and the second
resistor-diode pair is coupled as a | oad on the second
transi stor (@02). 2. The conparator of claiml
further conprising: a third (@@03) and a fourth (Q304)
1.t Annasileg yoltagsteomparatarieemphisesd transi stor (R303) is
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(R30Lptfeiing a sexdad résistédy-diodppdiat or having a sanpl e node
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of a difference between the first conparator input and
the second conparator input, said cross-coupl ed

2. B At ot AhinD1 RRIRE bSthpigking first (R301, R401,
R501) and a second (R302, R402,” R502) resistor,a first

( RTCBthird (RBOM0and aRoDBD (Q3eMdraasisterond r esonant
tun nv%ei:r&% tgtie %gir% 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,



(RTD302, RTD402, RTD502), wherein the first tunneling
diode is coupled in series with the first resistor to

wo 00030184 r st resi stor-di ode pair, and the secPOmUS2006/005764
tunneling diode is coupledl#n series wth the second
resistor to forma second resistor-diode pair, and a
first (@01, 401, BO01l)and a second (@02, U402,
@02) 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

connhER SRERoLf 3T, Rl and & fasphEBShRtse turfefng diode

(RE3362, /ITDHRCIRTD30L), whbirpihe Fiitithdiclial didWR ié tdupled in series
transistor is connected to an emtter of the second
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to the current switch circuit (@05, @Q06), the
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Se%gﬁ({l%gtstog%%e({eapta%r /1O said regenerative latch

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.



during the |l atching node.6. The conparator of claimb5,
wherein the current switch circuit steers current from
WO b@7080134 current generator into said third apdr/isaeoe/bns764
bi pol ar transistors to biadSsaid third and fourth
transi stor during sanple node. 7. The conparat or of
claimb5, further conprising an input buffer circuit
connected to said third and fourth transistor, said
i nput buffer circuit receiving said first and second
i nput_signal and isolating said first and second i nput
6.si gndihecompratir@f cloie Aewhereinethe gurentgwitch gireuit steers current
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ransistor is coup o the control termnal of the

first transistor, and the second term nal of the
second traqiistor is coupled to the second term nal of

8.t he fiPUPAFCLOMPFising: where a first terminal of the
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diBle Mhe cosrhfﬁllﬂné 5 ﬁﬂ)ﬁgﬁﬁgoéibde 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



where the current source is coupled to the second
termnal of the third transistor, and the first

WO eoomioseB4 of the third transistor is coupl ed tBCT/N82006/005764
second term nal of the firdt and second transistors,
and the current source is coupled to the second
termnal of the fourth transistor and the second
term nal of the seventh transistor; andwhere the first
term nal of the fourth transistor is coupled to

provide bias current to the second term nal of the
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node. 10. The conparator of claim8 where a first
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sampAesiode.or bei ng coupled to the second term nal of the
fourth transistor and the control term nal of the
seventh transi stor being coupled to the control

16.e7 MR or}aritBfof Quitd & wWhERNSHiSt RFminal 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.



