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-CURRENT COVPARATOR AND METHOD THEREFOR -~ TECHNI CAL FI ELD OF THE | NVENTI ON
»"This invention is related in general to the field of electronic circuits.
More particularly, the invention is related to a current conparator and
met hod therefor. RELEVANT APPLI CATI ONS The following U S. Patents are
hereby incorporated by reference: U S. Patent No. 5,633,638, issued on May
27, 1997 to Venes, et al., titled Folding Stage for a Fol ding
Anal og-to-Digital Converter; U S. Patent No. 5,392,045, issued on February
21, 1995 to Yee, titled Folder G rcuitlfor Analog to Digital Converter;

U.S. Patent No. 5,319,372, issued on June 7, 1994, to Yee, titled Analog to
Digital Converter That Decodes MSBS from Internal Voltages of Two Fol der
Circuits; US. PatenFUNBENg,§9¥?$Ké?oﬁséﬂ9dM@ﬁ“@@b@@ﬁﬁ@&tﬁﬂ, 1991 to van de
Gift, et al., titled Interpolation Circuit for Use in an A/ID

TECHNICAL FIELD OF THE INVENTION

This invention is related in general to the field of
electronic circuits. More particularly, the invention is
related to a current comparator and method therefor.

RELEVANT APPLICATIONS

The following U.S. Patents are hereby incorporated
by reference: U.S. Patent No. 5,633,638, issued on May
27, 1997 to Venes, et al., titled Folding Stage for a
Folding Analog-to-Digital Converter; U.S. Patent No.
5,392,045, issued on February 21, 1995 to Yee, titled
Folder Circuit for Analog to Digital Converter; U.S.
Patent No. 5,319,372, issued on June 7, 1994, to Yee,
titled Analog to Digital Converter That Decodes MSBS from
Internal Voltages of Two Folder Circuits; U.S. Patent No.
5,051,746, issued on September 24, 1991 to wvan de Grift,
et al., titled Interpolation Circuit for Use in an A/D
Converter; U.Ss. Patent No. 4,897,656, issued on
January 30, 1990 to van de Plassche, et al., titled
Complementary Voltage Interpolation Circuit with

Transmission Delay Compensation; and U.S. Patent No.
4,831,379, issued on May 16, 1989 to van de Plassche,
titled Complementary Voltage Interpolation Circuit.



Converter; U S. Patent No. 4, 897, 656, i ssued on January 30, 1990 to

'van de Plassche, et al., titled-Conplenentary Voltage I nt erpol ation

Crcuit wi th Transm ssion Del ay Conpensation; and U. S. Patent No.

4,831, 379, issued on May 16, 1989 to var de Plassche, titled Conplenentary .
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Vol tage Interpolation Circuit.
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technology.

Flash analog-to-digital converters (ADC) have been

employed to realize very high speed conversions. The
analog input voltage is fed to 2Y¥ - 1 comparators in
‘parallel]l which are coupled to a resistor ladder producing
a predetermined number of ascending reference voltages.
The ’comparatofs generate a cyclic thermometer code
according to the input voltage level as compared with the
reference voltage levels. The cyclic thermometer code is
then decoded to produce the digital output. Flash
analog-to-digital converters are fast but require a large
number of comparators which typically take up a large
area and are generally power hungry.

Accordingly, techniques have been sought to reduce
the number of comparators needed in a flash analog-to-
digital converter. Folding is an analog preprocessing
step used to achieve this end. The number of comparators
required is reduced by the degree of folding. Folders
used to generate folded signals are typically implemented
with cross-coupled differential pairs. Interpolating is
another technique that may be combined with folding to
generate intermediate folded signals to reduce the number
of folders required to generate the same number of folded

signals.

As described in M. P. Flynn et al., CMOS Folding A/D
Converters with Current-Mode Interpolation, IEEE Journal
of Solid-State Circuits, Vol. 31, No. 9, September 1996



ref erence voltage | evels. The cyclic thernoneter code is then decoded to

; produce the digital output. Fl ash anal og-to-digital converters are
fast but require a | arge nunber of conparators which typically take up a
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folding and interpolating circuits in analog-to-digital
converters, not current levels. Accordingly, a current
mode comparator capable of very fast sampling speeds is
desired. Further, it 1is desirable to provide a
comparator based on standard CMOS technology which is
compatible with the technology of choice for many

applications.



i nternmedi ate folded current signals by a current divider circuit. Fl ynn
; et al. is incorporated herein by reference. The current signals are
then provided to conparators to produce the cyclic thernoneter code. Past
conparators operate to conpare voltage4 evels fromthe folding and
interpolating circuits in anal og-to-digital converters, not current |evels.
Accor di ngl yYSUMMARNY rent THE GENVENTEONMt or capabl e of very fast sanpling speeds
is desired. Further, J i esirable_ t vi de c arator based
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mnimal tine during which the input current_can change the state
continuously wvalid, it 1is also desirable for the

comparator to have a very narrow aperture, i.e., minimal
time during which the input current can change the state
of the comparator. Second desirable characteristic is to
have minimal noise kickback to the folding and
interpolating circuits and present approximately the same
load or impedance to the folded current'inputs. Further,
low ‘power consumption and small real estate are also
desirable.

In accordance with the present invention, a current
comparator is provided which eliminates or substahtially
reduces the disadvantages associated with prior
comparator circuits.

In one aspect of the invention, a comparator for
comparing first and second current inputs provides for a
first stage operable to receive the first and second
current inputs at first and second input nodes and track
the current levels of the first and second current inputs
during a first time period. First and second voltage
levels corresponding to the first and second current
inputs are generated during the first time period at a
first and second voltage node. The first and . second
voltage levels generated during the end of the first time
period is then latched during a second time period. A
second stage of the comparator is coupled to the first
stage and is operable to receive the latched first and
second voltage levels, amplify the first and second
voltage levels to proper first and second logic levels,



of .the conparator. Second desirable characteristic is to have m ninal

;:noi se kickback to the folding and interpolating circuits and present
approximately the same | oad or inpedance to the folded current inputs.
Further, | ow power consunption and smalkj real estate are al so desirable.
I'n accordance with the present invention, a current conparator is provided
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second current inputs during a first tinme period. First and second
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gener at ed t p t r d n Ita node.
The first %\Edfés%cggglvofj? Bé;{}&/ ?%h}gg?ér gt%e dﬁ%i‘%‘g %E‘g’%% gh g I rst
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?Let Pgtgﬁgpﬁﬁgfr n%ll% cond fy tagérF \S/te?‘i’t:g%?‘ﬂb?rljfdriﬁ“ls%g%f r& &hgs §econd
vol t age | ewedstdge projhy  fibiest andCBECosilghaDi Gid evdlgh. A second
resistor is provided and is coupled to a second input
node and operable to produce a second voltage level
corresponding to the second current input at a second
voltage node when the CLK signal is high. A pair of
cross—coupled transistors are coupled to the first and
secorzd voltage nodes when a CLK signal is high and are
operable to latch the first and _second voltage levels
when the CLK signal is- high. A first differential
amplifier is coupled to the first voltage node and is
operable to receive the latched first voltage level at a
non-inverting input and the latched second voltage level
at an inverting input and to generate a first amplified
voltage level when the CLK signal is high. A second
differential amplifier is coupled to the second voltage
node and is operable to receive the latched second
voltage level at an inverting input and the latched first
voltage level at a non-inverting input and to generate a
second amplified wvoltage level when the CLK signal is
high. A pair of cross-coupled NOR gates are coupled to
the first and second differential amplifiers and is
operable to latch the amplified first and second voltage
levels.
In yet another aspect of the invention, a method for
comparing first and second current inputs includes the

steps of receiving the first current input at a first



5 conpare the first and second voltage levels to generate first and
ssecond conparison output signals, and latch the first and second

conpari son output signals. I n anot her aspect of the invention, a
conparator for conparing first and secgnd current inputs includes a first
resistor being coupled to a first input node and operable to produce
the a fi#Bputyoinedge andvelpreducingond ngfiosthe ¥oltsageur antel nput
at a first e a Si L _.is. high. A _secqnd
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i nput and the | atched second voltage ? ve at an rnverting i nput dhd to
generat e a ¥§V¥eks awpenf peLK oiignpl | bvehighen Thiee 1@tiCksidynfirss hngh. A
second difd [ i fy i pled. t0 gcond voltage_.nqde and
i s operable ﬁ&%cglb\%ggghe ]Ieg{eclthdggéc rf%’elvo%{:‘lggge e\?é}&/a?mgﬂlf'ﬁ9 rting
i nput and t3nd | fucbkeerf comparedlt age temphrisoa owtputveisd i ggnépavkdand to

et of o SIS KR d S e @bupl ed To  the first and second
differential anmilddhrflcalandadi®antages of the present invention
includes fast sampling speed, narrow apertufe, low noise
kickback to upstream circuits, and the ability to
properly operate on low supply voltage levels. Further,
the preferred embodiment of the present invention is
implemented in CMOS technology that is compatible with

most current consumer electronics technologies.



operable to latch the anplified first-and second voltage |evels. In
.yet another aspect of the invention, a nethod for conparing first and
second current inputs includes the steps of receiving the first current

input at a first 7 6 input node and
producing a first voltage | evel corresponding to the first current
input at a BRIEF w&scaq@TEONeOEh@HEaDQBKINngaI is high, receiving the
second current Qﬁu % secon i % rodu0|n a second vol t age
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when the CLEKesegeatei Sné‘y gbe mdid aﬁ@hu@ té&émﬁéiyﬁf@ aeanidquol tage
| evel s when K signal is high. The latched first and second voltage
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advant ages of the present invention includes ast S s ee nar r ow
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enbodi nent of the present 1 nvention 1S
i's conpatlbi@vemthonvmaycqpeemtezonsuner electronlcs t echnol ogi es.

FIGURE 2 is a detailed schematic diagram of the
current comparator constructed according to the teachings
of the present invention;

FIGURE 3 is a simplified timing diagram illustrating
the operations of a first stage of the current comparator
according to the teachings of the present invention; and

:FIGURE 4 is a simplified block diagram of a disk
drive read channel application using the current

comparator of the teachings of the present invention.



7 BRI EF DESCRI PTI ON OF THE DRAW NGS For a better understanding of the
.present invention, reference may be nmade to -t he acconpanying drawi ngs, in

whi ch: FIGURE 1 is a sinplified block diagramof a current node
f ol di ng and i nt er pol ating anal og-jo-digital converter in which the
current conparator of the present invertion may operate; FIGURE 2 is a

detail ed sc E%ILBdeﬁﬁﬁﬁﬁP‘BIONh@FC'DHEemvwat or construct ed accordl ng

to the teachings tptleé S g |f|ed
ti mng diagram |‘H?us rating ﬁe opera | ons oF hrl r%?gs %{ée 0 eocnurrent
conpar at or aceondllwgttr@tlehle ine aERGURES ofl -dhe lprl@enefenenoe:jmmmeamis

rea

2ppl 1 cat 1 orPSHEBoed o CHBFERT (20 Ehe. Bfdo e SRR P BF EE B Tpr esent
i nventi on. the varlous drawings.
Referring to FIGURE 1, a block diagram of a folding
and interpolating analog-to-digital converter 10
constructed according to the teachings of the present

invention is shown. Converter 10 includes folders 12

receiving the input analog voltage, Vi, and ascending
reference voltage levels derived from a resistor ladder
(not shown), for example. To increase the accuracy of
converter 10, each folder 12 also generates the
complements of the folded current signals for comparison.
An interpolator circuit 16 is coupled to folders 12 and
receives the folded current signals and complement
current signals to produce interpolated or intermediate
folded current signals and complements. A coarse analog-
to-digital converter 18 is used to generate the most
significant  Dbits (MSBs) of the digital output.
Intermediate current folded signals and complements
generated by interpolator circuit 16 and the original
folded signals and complements generated by folders 12
are received by a number of comparators 20. Comparators
20 generate a cyclic thermometer code that is then
decoded by a decoder 24 to generate a digital output
signal. A bit synchronizer 22 coupled to coarse analog-
to-digital converter 18 is used to synchronize the most
significant and least significant bits of the ;iigital
output signal. A more detailed description of an
exemplary implementation of converter 10 is available by
referring to Flynn et al.

Referring to FIGURE 2, a schematic diagram of a

current comparator 30 is shown. Current comparator 30



8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nents of

, the present invention are illustrated in FIGURES 1-4, |ike reference
nunerals being used to refer to |ike and correspondi ng parts of the

vari ous draw ngs. Referring to FIQURE 1, a bl ock di agram of a fol ding

and i nterpol ating anal og-to-digital converter 10 constructed

accordingtmnaﬂud¢$anhfmgstobthbe @megmu.énseabhdnsmagauﬁﬂn FCasterter

10 incl udes ders, 12 r V|n |npu anal o Vierr nd
ascendi ng re‘{a enceé vors éi frl v8% fFBPrF F@sbgggr agggfl}lfﬁot
shown), formsmmpl €nMOT9 |ﬂfa1esjsst¢f@ B uaady 37 cumetrioningO.as each
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produce I nt'er pol ated or |nterned|ate fol ded current_signals and

conpl enent. §°1’R1(ﬁ§hr do arfé'}ﬂ)g-gatﬁf— diafi t aﬂrm%r 3@. i s uBke tdradnerate
the most sigQyinfiirGA) @Ygiss) n&r?l aid gfﬁf’éhef%&gﬁ%ed to .
Signal s and. ate

I nt er nedi at e current foI npl enent's gener -
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gener at ed fo ei ye b, C 0
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decoder 24 tbo agefiersit @oave:h giupplyowqlitags .gndthe Asdutce yneimimaYerof?2,

I r nal [ | nver. 1 | n hr oni z
coupl ed to, coarse_ anal o torjégta. converte 8 €HUSEd to rgh 0 e

‘the nost sitGRPEACERESa 6 | 8ngy gRFei ComPsd stegether gagd

coupled to the drain terminals of nMOS transistors 38 and :
39. The -gate terminals of transistors 38 and 39 -are
coupled to receive a CLK signal. The first terminals of
resistors 43 and 45 are further respectively coupled to
the drains of nMOS transistors 40 and 42,- the gate
terminals of which are both coupled to a EZE signal. The
CLK signal is the inverse of the CILK signal, which is a
periodic <clock waveform. The source terminals of
transistors 38 and 40 are coupled together to the drain
of an nMOS transistor 44, which receives a first input
current signal, Ig, at its source terminal. The source
terminals of transistors 39 and 42 are coupled together
to the drain of an nMOS transistor 46, which receives a
second input current signal, Iz., at its source terminal.
NMOS transistors 48 and 49 are respectively coupled
between the first input current signal and the second
input current signal and a second supply voltage. Also
included in first stage 32 of current comparator-BO are
buffers 50 and 51, which are nMOS transistors, the gate
terminals of which are coupled to the first terminals of
resistors 43 and 45, respectively. The drain terminals

of transistors S50 and 52 are coupled to the first supply



out_'put si gnal . A nore detailed description of an exenplary
.inpl enentation of converter 10 is available by referring to Flynn et al.
Referring to FIGURE 2, a schematic diagramof a current conparator 30 is

shown. Current conparator 30 9
includes a first stage 32 and a secondi8tage 34. First stage 32 includes
a pair of cvoltageupgiretl thehasmeice MBBEEEoENMIS) toapdiest oks IBirareht37

functioni ng at ¢h, e in of transistor 36 is coupled to the
gate of traﬁgﬁggo?i3%8§na%?h%gﬁé§$%§%$19?ansistor 37 is coupled to the .

gate of transiSéocond36tageTBé idcaudest €imspabadobecoadsiastpdiifidarsand 37
nd 45

are further_gcoupled fo first termn of resistors 43 ,
respectivél96 é%c&?&ﬁl&qﬁﬁﬁ% G&siSto 1X§r§nd5§5""&de 2duPfed to
a first povehrsenpl Youphirager HiGrsIOUsELgé eBYl, Ntesspdctilvednsl st ¢igs6 and
37 are coupl ed together_and further coupled to the drain term nals of nMOS

transi st or 2HBLERHEr 39.60 Thdngdugeser ninal B-ehanRehsi HAREETS BYON are
coupl ed to 260 Ve &y Cldk Sbgﬂghed-rh@of 'tfh%%] E%&%Bal éeﬁ?iné.’%' YL Twd3 and
C the 0 nMOS

45 are further respectively upled to rains ‘ transi stors
40 and 42,paxablelapMOSt émansdistoas G candr €6bot Theoughtd termiGal

signal. The,g %aﬂsﬂi.@éo;iséllheignvggﬁﬁlgé the q-Kpije%ilemWe@ biad
voltage, Vgms. The drain of transistor 65 is coupled to
the drain of an nMOS transistor 68, which is further
coupled to its own gate. The drain of transistor 66
(node 67) is coupled to the drain of an nMOS transistor
69, the gate of which is coupled to the gate of
transistor 68. Second amplifier 62 includes a pMOS
transistor 70 coupled to the source terminals of two
parallel pMOS transistors 72 and 73. The gate terminal
of transistor 70 is coupled to the bias voltage, Vpms.
The drain of transistor 73 is coupled to the drain of an
nMOS transistor 75, which is further coupled to its own
gate. The drain of transistor 72 (node 76} is coupled to
the drain of an nMOS transistor 74, the gate of which is
coupled to the gate of transistor 75. 'Coupled to
amplifiers 60 and 62 are reset transistors 78 and 79,
respectively. Reset transistor 79 is an nMOS transistor
with its drain coupled to the drain 3£_transistor 69 and
its gate coupled to receive the CLK signal. Reset
transistor 78 is also an nMOS transistor 79 with its

drain coupled to the drain of transistor 74 and its gate

coupled to receive the CLK signal. The gate of
transistor 65 of first amplifier 60 is coupled to the
gate of transistor 72 of second amplifier 62. The gate

of transistor 73 of second amplifier 62 is coupled to the

gate of transistor 66 of first amplifier 60.



periodic clock waveform The source termnals of transistors 38
.and 40 are coupled together to the drain of an nMOS transistor 44, which
receives a first input current signal, I[err], at its source termnal.

The source termnals of transistors 39_and 42 are coupled together to the
drain of an nMOS transistor- 46, which rédeives a second I nput current

signal, I[err], &irists aolrsecbrdnanglLifi¥sS 601 andi 6D Sred&uditkr 49
\ signal and the

are respective oupl ed , between the first input curren

second i npﬁf’uehlgfleﬁ:to & PR3t aﬂgegrgéé(iﬁﬁ’“?aﬁﬂi QP%IQ%'@%? R $8d i8%4 uded
in first stRgrR Fatef 830”il@@lu&é‘émﬁﬁé_soﬁ:z%@is@.rsQo_rQUféﬁrénéoBQ”Q:&gpl ich
are nMOS transistars, the gate termpals of which are coupled to the first

terni nal s offr 8§Ld€Sns Woleh pre ceuppedt itee NMOS Theams bstorer fonaind of

¥ ¢

transi storsg$0 ‘@anép fgdarﬁ,,cw A4 d10 t hexbir stasupPrdy 5
10 voltage and the source ther'eofet are cou%l e%alté% géuér{r“elﬁcll';sc}en S Sand 52,
respecti vel fransistgeaon9stand 20 i mouplesd f iinst seuiesgcomdhiaipl iddeers 60

and 62 coup buffers, dri. ver. 0 .and of ,cutrrent co rator first
stage 32, r%@%%%%?ve%%. %Elar% st tr‘aé%ﬁiis & 1379 ud °8‘%Pg-gghaﬂﬁe|
MOSFET  ( pMOS31lelansThéogatédscofiptednsdstbessobrandt 86nNakal Sodplledd ..

paral | el pl\@gééﬁggi Sa;[noc{StQS ERS' tsc?r'ainTh%fga{:gagggs.g%I 66 in first
- amplifiei. 60. The l-gates of tranéistors_ 84 and 87 are
coupled together and to the drain of transistor 90 in NOR
gate 82. The gates of transistors 90 and 94 are coupled
together and to the drain of transistor 72. The gates of
transistors 89 and 92 are coupled together and to the

drain of transistor 85 i'n NOR gate 80.

In operation, input  currents Ipz and Ip. are
converted to voltages, V+ and V-, across resistors 43 and
45 when transistors 40 and 42 functioning as switches are
turned on by the high CIK signal. Transiétors 44 and 46
function as cascodes, which operates to maintain a |
constant voltage at the input nodes, and to isolate the
input node from the rest of first stage 32. Further,
cascodes 44 and 46 lower the input impedance into current
comparator 30, which allows upstream circuits, such as
"the folder circuits, to run fast. Cascodes 44 and 46 may
be biased by a constant voltage sufficiently to turn them
on and to allow current flowing down from resistors 43
and 45 and through switches 40 and 42. Transistors 48
and 49 are biased with a voltage level sufficieﬁtly to
allow the sum of current flowing through switches 40 and
42, respectively, and the input currents to flow through.
Therefore, the current across resistor 43 is the amount
of current flowing through transistor 48 minus the input

current, Ip; and the current across resistor 45 is the



of transistor 64 is coupled to.a predeterm ned bias voltage, V[err]. The
.drain of transistor 65 is coupled to the drain of an nMOS transistor 68,

which is further "coupled to its own gate. The drain of transistor 66
(node 67) is coupled to the drain of a les transistor 69, the gate of
ransi st or ' Second anplifier 62

whi ch led to_th at
e BaRse' S ASrEBRE uows il Ehroohn s tanaistorols MMt

paral | el pM¥pht arsirdedts 72..and Bdcauibe tgaif fidididas @nd r 88sistdr 70
i's coupl ed to the bias_voltage, V[err]. The drain of transistor 73 is
coupled to PRI HMALRLY abhe nfpme FhASI andr avs, tukned Py bur ther samepl ed to

its owmn g T n r 2p 7 S
drai n of a?&ﬁ?\/?:)sk}t%} gﬁglbst(;q}m} &ﬂfﬁék%%% o% IE&/hg:éghqghé iﬁﬁ&?eg:% ntH:
gate - of t*%né«?élwtedSm th@oqpr@antsoflawpngf through anslezomse 43eset

Lransi ot or g for 44, SIRSERELMERY n FRECHaLREES' bSRaSCYET B0 B i1

transi st or
gat e couplksl s¢en ipCETGUREt B¢ Aufinsy gIIiK high RGSet CLKr 2660 st Firs® i S

also an n trangksto 79 wWith its drain cgﬁpl ed to the drain of
t ransi st or Thd éa?@rrSBGpl%?P‘p?‘E?tqrec vels { RUNCELRNiBgGAR @ The

gate of tﬁmﬁi@rm&&epfwﬁéfétvarmdifvertEQCkScﬁQHeéleﬁOthHema ake of
transi stor 72 of second anplifier 62. The gate of transistor 73 of second

arrpllfler EMEEERtSpl ed to the gate of transistor 66 of first anplifier 60.
When CILK is high, transistors 40 and 42 are switched -

off, and transistors 38 and 39 are switched on, and

currents flowing through resistors 43 and 45 are

redirected through cross-coupled latching transistors 36
and 37. Therefore, during CLK high, latching transistors .
36 and 37 latch the voltage levels V+ and V- during the
latching mode of the first stage, as seen in FIGURE 3.
During the latter part of CLK high, V+ and V- are valid.
However, V+ and V- are not at full CMOS logic levels.

A technical advantage of first stage 32 is that it
has.a very narrow aperture, i.e.: the time during which
the output is affécted by the input is short. This
enables the current comparator to take a relatively
instantaneous 1look at the input current levels and
gen;rate a comparison output therefrom.

The latched voltage levels, V+ and V-, are buffered
by transistors 50 and 52, respectively, and provided to
second stage 34 of current comparator 30. Transistors 50
and 52 act as source followers and minimize capécitive
loading. The outputs of buffers 50 and 52 drive two
amplifiers 60 and 62 with differential inputs. The gate
of transistor 65, receiving V+, functions as a non--
inverting input of amplifier 60, and the gate of

transistor 66, receiving V-, functions as an inverting



First and second anplifiers 60 and 62 are further coupled to a pair of
.cross-coupl ed NOR gates 80 and 82. NOR gate 80 includes pMOS transistors
84 and 85 coupled in series, which are coupled to nMOS transistors 86 and
87 <coupled in parallel. NOR gate 32 includes pMOS. transistors 89

and 90 coupled in series lL.ch are coupled to n transi.stors and 94
coupl ed in 1BQP§I I 8?. a?ﬁ&%éﬁé's gﬁ’tr E’?i 398:’:8 Sg%n&-’r@gsd‘rsézod:ougﬁéd :

t oget her andeteivhagdre+p ofuhictbonst cis G idonfimedrtanpl iﬁdﬁﬂﬁd &E fThe
gates of transistors 84 and 87 are coupled together and_to the drain o
transi stor §@ph1’1f|\©§ ea%g. t%fheg‘?fﬁ eg%oft’iag‘fﬁw‘sﬁtﬁror' 290 ISR IFADY o
coupl ed togel hefumdeidos t R daai N wfett Bp! Shput/ 2of Thantpi €Se®f 62,
transistors 89 and 92 are coupled together  and to the drain of transistor
85 in NOR gh¥angdstors 64 mngpld aepeh, funghionsc @y efsrentesopreasd
I[err] aregggo : | taQe62 V4 » 0SS | st Q@nd 45
when transi J‘ssst)or giﬁggagggkgzt?unct | ?rﬁ'ngra sév&]',i% S argﬁffsztgnggko?? t he

hi gh CLK si fandl. duFiagsitdteortraekiogl médef ofictfiostassttage 0deds, weiselt

operat oo oL BRUBLBLRCR, J80IBIE o VALYl HBnAHh, TR o 50,
and 46 | ovenotiée 6Mpahdi APpdeespectivelytl r ePhisc@opatibar effecttivelyal | ows
upstream ol Leult s, cRUSI BTt S LRk Oetoehl et iTel ROk Ao aS" by, SEACEASS *
to allow cuisesd £bovrkbadc8ompstepaLissSEAdOkEckBadRdLt45fangdtt Beagah3sw tches
40 and 42. Transi stors 48 and 49 are biased with a voltage |evel
sufficientl?ft§he current comparator. When CLK is high, "depending

on the output from first stage 32, either node 67 or 76

is at a logic level high. For example, if V+ is higher

than:V-, then node 67 is high and node 76 is low. The

high signal at node 67 or node 76 is at a level

sufficient to drive NOR gates 80 and 82, having been

amplified by amplifiers 60 or 62. The high signal at

node 67 or node 76 is latched by cross-coupled NOR gates

80 and 82, and provided as digital logic outputs, Vours

and Voyr-.

A technical advantage derived from the construction

of the second stage is the minimum kick back to the first

stage of the current comparator, and reduced hysteresis

or memory effect on the first stage. further, the

combination of an nMOS source follower and pMOS amplifier

input permits low supply voltage operation, for example

2.5V. Additionally, no complex clock signals are needed,

just one clock signal and its complement is all tﬁat are

required to operate the current comparator.

Constructed in this manner, a current comparator
compatible with standard CMOS technology commonly used in
consumer electronics applications. However, the present

invention may be implemented in alternative semiconductor



all ow the sumof current flow ng through switches 40 and 42, respectively,
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the input curre
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urrents to flow through. Therefore, the current across
t he amount of current flow ng through transistor 48 m nus
nt, I[err]; and the curggnt across resistor 45 is the
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s functioning in a tracking node, where V+ and V- track

he vRptireamyuFicpuit, and wses @ implg gploek anigsadr endo and

42 are swW tehed-gfbie transistors 38 and 39 are switched on, and
currents flow ng through resistors 43 and 45 are redirected through
cross-coupl ed | HEEIRE #r absi et orign3Bl firetl 3BloTkerddfagram dofi ry BhkKdhi gh,

l'at ching transi

t he l-atchi
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latter partcadpdtatdn gof theamtederdts eiveéntion. A specific sector

of a disk platter 112 is read by a read head 114. Read
channel 110 includes a preamplifier 115 coupled to an
automatic gain control (AGC) circuit 116, which is
coupled to a low pass filter (LPF) 118, a sample and hold
circuit® (S/H) 120, an analog-to-digital converter (ADC)
122,,a finite impulse response (FIR) filter, a viterbi
detector (PR4} 126, and a read circuit module 128 which
further conditions the signal. A gain control circuit
130 is coupled to the output of finite impulse response
filter 124 and provides a control signal to automatic
gain control circuit 116. Further a timing circuit 132
is coupled to a phase locked loop (PLL) 134, which
supplies its output to the sample and hold circuit 120.
Current comparator 30 according to the teachings of the
present invention may be employed in analog-to-digital
converter 122 of hard disk drive read channel 110 in
addition to many other applications.

Read head 114 senses the changes in the magnetic
flux of disk platter 112 and generates a corresponding
analog read signal. The read signal is first axt{plified
by a preamplifier 115 and further amplified to an
appropriate level by an automatic gain control circuit
11e6. Automatic gain and control circuit 116 receives
feedback control signal from the output of finite impulse

response filter 124 so that appropriate adjustments may

As
nt



However, V+ and_ V- are not at full CMOS logic |evels. A techni cal
-advantage of first stage 32 is that it has a very narrow aperture, i.e.,
the tinme during which the output is affected by the input is short. Thi s
enabl es the current conparator to takelg relatively instantaneous | ook at

the input current |evels ancill\p%e,nqr ate a conparison _output therefrom
The | at ched®§oledge inedies amplifigariomar (gainred bhet £grs stigrals0 and

52, respectiygl xmgaggieao%@@egt t}e%acga]%nﬁla% %r%i&&areet 16%malaf or 30.

Transistors_50 an act as source f owers and mnimze capacitive
| oadi ng. ThElbtepuidBef whiicherEibiermdtbe edignali vito anphoveenmwahtaat 62

with differ . al &p% ate r ISt Qk r I ving Vt,

functions algﬂghnofn% nvn;c [ ?éggls%ﬁut govg"%'%%ﬁ erﬂég,érangfgh t@JiEP

transi stor poovideeciwaveform Shapingnamds ampldtexe ngoosting. The
receivi

13 input of, |ifier 60; .the.gate of transi.sjor .73, g, V-,

functi ons a’j'slg{?%%éi ﬁ?@&t FAgPAhpde enaﬂfﬂ"f’i‘}é?‘{é? 3PP ‘ﬁeaﬂat bodd

transi stor dxcuicel20ng S&mpld uandi BBIdasciaituitye120 ngyheRvbnelisap! i fier
62. Transistors 64 and 70 each functions as current soqurces for

anpl i fiers TG 62he Pt yEimp Feag T190R] oAt fARETaLEI hiTeRe
tracki ng mged ohoidssthet a@tpléd v£881 until the next sample time.

Phase locked loop 134 controls sample and hold circuit
120 by providing a clock signal indicatiné the 'sample
time. The output from circuit 120 is a discrete time
analog signal. Each discrete wvalue corresponds to the
value or amplitude of the filtered output signal at the
time,the signal was sampled by circuit 120.
Analog-to-digital converter 122 receives the
discrete time analog signals and converts it to a digital
signal. BAnalog-to-digital converter 122 utilizes folding
and interpolating techniques. More specifically, analog-
to-digital converter 122 includes a predetermined number
of folders (not shown) receiving the input analog
voltage, and ascending reference voltage levels derived
from a resistor ladder (not shown). To increase the
accuracy of analog-to-digital converter 122, each folder
may generate the complements of the folded current
signals for comparison. An interpolator circuit (not
shown) is coupled to the folders to produce interpolated
or intermediate folded current signals and complements.
A coarse analog-to-digital converter (not shown) is used
to generate the most significant bits of the digital
output. Intermediate folded signals and their
complements generated by the interpolator circuit and the
original folded signals and their complements generated

by the folders are received by a number of current



transistors 78 and 79 are both turned on and pull down nodes 67 and 76,
.respectively. This function effectively resets the input to the
cross-coupled NOR gates 80 and 82 as so to reduce hysteresis and ki ckback
to first stage 32 of the current conpgrator. Wien CLK is high, depending
on the output fromfirst stage 32, either node 67 or 76 is at a logic

| evel hi ghcompgrageaspl 80 | fof/+ tRehi grepenthadnyentigdn nodeuwyens hi gh
and node 76.,} T ' i I ; [ | evel
sufficient @?ké‘ﬁﬁ-r&?‘gg‘ﬁog%g t-es %ﬁ% cgg%lx}’%‘,‘;\(}?}ng dgreer?&g?r:pﬁz% -itzlda?%yfs

anpl i fi er stBenordégoded They hiaghdefgdear atnothoddigemior taodaereratel aa ched by

_cou ‘ 82 \ ! sl . fouts.
Werr]  andigiben S8che fiofat 7Cn MG AT U RAGTOE &P
constructi eremplilry shaphehmehtaeion dfe ahaloygrté+dkghtak tapdverter st

stage of t current .  conparat or nd yeduced steresj s, or, nmenor ef fect
on the fi Egt L5t 3R A0 Fr er%eé‘?%%%ngf?n&ﬁ}gf&?'o?ﬁ’a‘?%ﬁ?\}fﬁego% o
fol I ower amOQNDSMMiﬁqer apput REsAYdStd Ry SURREY VOldwakieedPQisdd on, for

exanpl e 2.5V. Additional % no conpl ex cl ock si %nal s are needed, just one
cl ock si gndntgppoilasiegnpllEREnvougngll ofhHolddeStads dadawd therrle t he

-currenft cogggrﬁggrg Seg%&“%ﬁg.i n this nmanner, a cyrrent conpar at or
conpati bl e"W t h St ahdar t echnol ogy commonly used in consuner

el ectroni cs appFinateonimpulsewevesponse pfibten ilRAentdeweimgs behe
| nplement eg LR 21 L YA e PEH GRA9UGLR0-digital converter 122 and
provides a discrete equalized signal that is equalized to
the target function of viterbi detector 126. Viterbi
detector 126 receives the discrete equalized signal from
finite impulse response filter 124 and analyzes the
signal to produce an output signal corresponding to the
data stored on the disk/head assembly (not shown) of the
disk drive. Viterbi detector 126 is a maximum likelihood
detector or viterbi decoder implementing the wviterbi
algorithm for analyzing the partiai response signal
provided by the discrete equalized signal from finite
impulse response filter 124. The output from wviterbi
detector 126 is then provided to read module 128 which
further conditions the signal to derive the user data
read from the hard disk drive. The analog-to-digital
converter in a hard disk read channel is but one
application of the current comparator of the present
invention. Other applications where current folding and
interpolating analog-to—-digital converters are uéed may
also advantageously employ current comparator of the
present invention. The current comparator may also be
used in other types of converters, such as a flash

analog-to-digital converter.



14 technol ogies, such as bipolar, etc. Current conparator 30 of the

. present invention is fast and has a very narrow aperture, has | ow power
consunption, mniml Kkickback to the upstreamcircuit, always presents the
same |oad to the upstreamcircuit, ald uses a sinple clock signal and its

conpl enent . FIGURE 4 is a si rrpl ified block diagram of a-hard disk
drive read chanhétherghyhi éﬁvﬁﬁ9lerrp¢l®|9°@hée%ﬁ$rerﬁ corfpi® at drrefenthe
present in ec c a erg ead, by a
read head ﬂelgéhfelgead cﬁgnn% 5 % e§s alg%‘?ééa%pfé%l er il%%%p?l(ej% to an

automatl c detaitentitolshoado) bﬂrwmderamﬁqdv\hhah nmtattaphsd tahemge}w pass

filter (LP anpl e and hol d |rc S/H) 120 to-digital
converter Fﬁﬁ%liﬂglggsfl nite |%‘.ﬂf% Jf'%%f)]o (FI R) ﬂq%{iﬁ% 01‘3?”( % bi
detector (¥PRélat2bnsandnal rebtexitionsd oafdube hifdevhthbréint kerthandi tions

t he signal A gain ntrol, circui 130|sc Iedtot eoutput of finite
i npul se regﬁBﬁE 1pg| té’ronizﬁhﬁnd: ngss afc oﬁ’rg?‘éﬂg At i ¢ gain

control ci¢gdi E;Eli@t ahdl iSt®iped dff NEHW pmf@mioﬂsaeiﬁ%cgaal rich dyphase
| ocked | oop (PL 134, which supplles its output to the sanple and hold
circuit lzgheCﬁPP%ﬁ eéoﬁ%ﬁ%@?or 30 according to the teachings of the
present invention nay be enployed in anal og-to-digital converter 122 of
hard di sk drive read channel 110 in addition to nany other applications.
Read head 114 senses the changes in the magnetic flux of disk platter 112
and generates a correspondi ng



anal og jf ' I read signal is first anplified by a preanplifier
. 115 anC“ﬂﬂiHm“ﬂrulllﬂmtad to an appropriate level by an automatic gain
control <cirecuitt %216% “Automatic gain and control circuit 116 receives

f eedback control signal fromthe outﬁ§§ of finite inpulse response filter

124 so that_appropriate adjustments
15 be nadéﬂﬂﬁgﬂﬁgiaﬁﬁgﬂgggéﬁﬁon or gain of the read signal. The anplified

anal og read signgl i Prnipdedtlo? | 88rPassmpdtider fik®dt Waheh Ebkbgas the
signal to renove unwanted high frequency noise. Low pass filter 118
may al so FERASRE ERRUGTm My I+d anpl i t ude boosting. The filtered

read signal is them; Vi c)i?gg# ng_.ho Prcyid, 1 Sa e and
hold circuit 120§sy%%(%$ong€§?%/ anp tg'seat g‘e’ c%%??ﬁj%uswrﬁ ne%grxggd gﬁgnal at
di screte tissmondmmhihsnds inmitsamt dinstl lEndirdedorideinpxt sodes eatdne.

Phase | ocked | qop .,134 controls sanple_.a hgl.d circujt__120.b rovjiding a
cl ock signarﬁé%ﬁggﬁiﬁﬁgfﬁﬁgsgﬁ%?gg ?anﬂe %héégnﬁﬁﬁ ??%ﬁﬁ%i%%gF?“ﬁzo Is a
di screte tiimputanadagifaggral firkachtidiescpertodql umd ofuetherdslitch he

val ue or agPILtude of the filtered output %Lgnal a&ithe tijte the signa
was sanpl e@WRG rBuigeony time pexigda oLafgkt 4nd c§rFOPLervoltage

receives Uk&redissCoir@clsbdRdang! Ogosiwl Fidzd cander §6cbhdt dcarfégt t al
' inputs generated during the end of the first time period
at a first and second voltage node; and
a second stage coupled to the first stage operable
to receive the latched first and second voltage levels,
amplify the first and second voltage levels to proper
first and second logic levels, compare the first and
second voltage lewvels to generate first and second
comparison output signals, and latch the first and second

comparison output signals.

2. The comparator, as set forth in claim 1,
wherein the first stage comprises:

a first resistor being coupled to the first input
node and operable to produce the first voltage level at
the first voltage node during the first time period:;

a second resistor being coupled to the second input
node and operable to produce the second voltage level at
the second voltage node during the first time period: and

a pair of cross-—coupled transistors being coupled to
the first and second voltage nodes during the second time
period and operable to latch the first and second voltage

levels.



5|gnal converter 122 utilizes folding and interpolating
. techni *umﬂ!!gm“wmm cally, analog- to-digital converter 122 includes a
pr edet errm medt nunbey fol ders (not shown) receiving the input anal og

vol tage, and ascendi ng reference voltage |evels derived froma resistor

| adder (not shown). To i ncrease the accuracy of %galp -to- dlgltal

converter 122, exch fOMIerCoRBRI&Her atds ($RE s CHRiM¢ hés fol ded

current snmfeifrprtxf@mw%age AurtHed RYY zqrseré:rcwt (not shown) is
coupled to the folders to produce interpolate i nternmedi ate fol ded

current signal s arfiiehtasrefds couplad @%mg‘ﬂ}% x5t ainpwhveeder (not
h t f tput.
Tnter red: ate (i PR Sl (e SE Mnd | G FORL il LRI BLOLOR, O DY

interpolat@n&ircuit and the orlglnal folded S|gnals and their conplenents
gener ated by the folder are re nber urren

16 conparators 2 39°Cgt tﬁﬂ?c%#cs %?pf¥%vg MER" thg S&ﬁdh tlnplIt
conpar at or qiodlé gedir! attthed esdorid t hessy®ier andle that ¢soss-hesupbedded by
a decoder ot shomn to generate a digital output signal. A nore

detailed d an exenplary inplenmentation of analog-to-digita
converter 10 S avallable by referring to Flynn, Mchael et al.,

4, The comparator, as set forth in claim 2,
wherein the first stage further comprises:

a first switch coupled between the first input node
and the first resistor, the first switch being controlled
by a CLK signal;

.a second switch coupled. between the second input
node and the second resistor, the secohd switch being
controlled by the CLK signal; |

a third switch coupled between the first input node
and the cross-coupled transistors, the third switch beiné
controlled by a CLK signal; and

a fourth switch coupled between the second input
node and the cross-coupled transistors, the fourth switch

being controlled by the CLK signal.

5. The comparator, as set forth in claim 1, wherein
the first stage comprises:

a first buffer coupled between the first voltage
node and the second stage; and

a second buffer coupled between the second Qoltage

node and the second stage.
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filter 124 receives the digital output from
anal og-to-digital converter 122 and pgg@vides a discrete equalized signal
that is equalized to the target function of viterbi. defect 0{?126.

Viterbi detectd 128W%c& LaRPTyi s @Bt SYquATLRY sHhnafL#HBm Lt ni te

i mpul se resp@ied d idHeFilkdt b domgag dde signal to produce an out put
signal corresponding to the ,data stored on the disk/head assenmbly (not
shown) of the & sEidstveregisérs Beingt ofodpbers BeREKERuN?| i kEF$hood

det ect or .QlsHp18/ b,io]]q%%%d%rnd rayeerﬁrlfsitngotlhﬁ | h@dei; al gorithm for

anal yzing the ‘partial response signa provi ded by the discrete equalized
signal from finia efirsbulsyd tchs dembng f cpupled240 thee fdmstut velbageit er bi
detector 1 | .S rovi r digk i,ch further conditions
t he signal ?}%gedgh@sgae?ﬁ% ucg)zgllgg'tlg%a?)ég% romgiﬁgy%érd di sk drive. The
anal og-to-digital fipswemMOS | transibstori bleingadcalpled| between otiee

application.of .the current conparator of.the present__invention. her

appl i cati o%&r\%er%w%ﬁ?]i’eﬁf‘df o&g‘? n%t’ﬁﬁﬁ 1HRET pBPEPi n%n%ngpgﬁ-a‘gg-edi 7t al

converters fanetisad asmy calssodadvant ageously enpl oy current conparator of

the present invention., The current, conparator na | so,be wused in other
grple

types of conver erSect QS o trRsH stora R&ENSD- bshyesre the

first input node and a second supply voltage;

CMOS Fﬂ' ' nverters W th Current - Mode Interpol ation, |EEE
. Jour nal ”
Finite ihpullsa me

a pair of cross-coupled nMOS transistors being
coupled to the first voltage node;

a second switch being coupled between the pair of
cross-coupled nMOS transistors and the first nMOS
transistor and controlled by a CLK signal; | .

‘a first buffer being coupled between the first
voltage node and the second stage;

a second resistor being coupled between a first
supply wvoltage and the second voltage node, the pair of
éross—coupled nMOS transistors being coupled to the
second voltage node;

a third switch being coupled to the second voltage
node and being controlled by a EEE signal;

a third nMOS transistor being coupled between the
third switch and the second input node and operable to
function as a cascode;

a fourth nMOS transistor being coupled between the
second input node and a second supply voltage:; -

a fourth switch being coupled between the pair of
cross—coupled nMOS transistor and the third nMOS
transistor and being controlled by a CLK signal; and

a second buffer coupled between the second voltage

node and the second stage.



17 r al enbodi nment s of t he present invention
. and |t:¥||mgﬂiﬁmgwﬂfﬂﬁ/e been described in detail, it should be

under st oo at Il a s, changes, substitutions, transformations,
nodi fications, variations, and alterations can be nmade therein w thout
departing fromthe teachings of the p%fsent i nvention, the spirit and scope
of the invention being set forth by the appended cl ai ns.

18 WHAT |'S CLAI WED fie compakatoh,CEdded! Fork® g0 ,f iWisdrayy second
current inputs, conprising: a first stage operable to receive the

first and Béoﬁ&ceﬂﬂr§ﬁﬁ9?nﬁeﬂ§ré§eﬁFrst and second input nodes and track
the current |evgl §iQist rlﬁlfcféxh%ntg.'yi S&ifgI0e L) rﬁé‘irrx%n@&ﬁﬁlgar g tthd 1 T St
r latch, pertod

time period, and furthe uring a second ti , first and
second vol faget| esfedae candeseopmhinke t ot heed¢eive &he¢ sbabehbledurfiigrat i nputs

gener at ed QUi tRGel NevtlY 8E LNondAL B i {Tad ®ihBH ark TLAS! 1HHbIREFON
second voltage level at an inverting input and generate a
first amplified voltage level;

a second differential amplifier coupled to the first
stage and operable to receive the latched first voltage
level at an inverting input and the latched second
voltage level at a non-inverting input and generate a
second amplified voltage level; and

a pair of cross-coupled CMOS NOR gates being coupled
to the first and second differential amplifiers and
operable to latch the amplified first and second wvoltage

levels.

8. The comparator, as set forth in claim 7,
wherein the second stage further comprises:

a first reset transistor being coupled to the first
differential amplifier and operable to reset the first
amplified voltage level during CLK; and

a second reset transistor being coupled to the
second differential amplifier and operable to reset the

second amplified voltage level during CLK.



Cfirs

a se stage coupled to the first stage operable to-receive the | atched
?M ”ﬂﬁmg ge levels, anplify the first and second vol t age

| evel ﬂlﬁagf and second logic levels, conpare the first and

second voltbgé | eve to generate first and second conpari son out put

signals, and latch the first and second conparison output signals.
2. The conparator, as set forth in claim 1, wherein the first stage

conpri ses: a first resistor bein&%xnuﬂed to the first input node and
operabl e to proquce the firs oltage | evel at the first voltage node
during the firs%‘ti ﬁ?ﬁqﬁé for '¢ RES %n%ﬂdtﬁﬁ?ﬁP%oﬁ Fﬁﬁngo t he

second i npinputds awchpofierisily e hieo stepdued:t he second vol tage | evel at the
second vol tage node ,during . the_first tinme period; and .a pair of
or0ss- coupl ed t FEREIIGES ThE rGLESEpFUATERE HAPHE AE afd Kdaind9BYE age

nodes duri Rgdehende GHHfudifg REiath AR 1Ay Nl 10 dc%ﬁlslﬁck&iitﬂcﬁ stoand
second vol tage | evels. ) ) 9 3. The
conpar at or theafinshi cpgrent idapudl atm a2 fixsér galtage fnede sheie aurt her

Conpri ses: cLk signal is high;

receiving the second current input at a second input
node and producing a second voltage level corresponding
to the second current input at a second voltage node when
the CLK signal is high;

latching the first and second voltage levels when a
CLK signal is high;

level shifting and amplifying the latched first and
second %oltage levels, comparing the voltage levels, and
generating a comparison output when the CLK signal is
high;

latching the comparison output.



afi oupl ed between the first input node and the first resistor
-and ["M‘Z@H@M’I transi stors; and a second cascode coupl ed

bet ween ¢ ha put node and the second resistor and the cross-coupl ed
transi stors. 4. The conparatogz as set forth in claim 2,

wherein the fir stage further, conprises: ..a first swtech coupl ed
between the firsto1 nggt WERE TP T h&OF| rg?mﬁ’%ﬁ%?or‘%lﬁ% ﬁrﬁ"gt s&@ench bei ng

control | ed dyrwerd Kpwihalcomprisimgcond switch coupl ed. between the second
i nput node and thefsierc%[ld resistor, the second switch heing controlled by

the CLK signal; @ hPFagewi RIF IR &@ pEEGREFCt H'§ | AdirSthpandnode

and the crasscartipkedrehdnsispees, dite thiactt Svhéchrheaitg aeent kakbad by a
CLK signal; and a fourth switch coupl ed between the second i nput node

and the cr G3EXS| daPuEan Pt Genenatdngoufinstwiand secegdcoveibhged by
t he CLK si ; o] S i j wher ei n
Jalls, i, pedpobt® COBAEL edondl ESELE el SbBlpc

the first stage conprises: coup e first
vol t age nod@dandurttbegsecopedrabige; tandlatch,a skadmdy baf f secondpl eflmbet ween

the secondp\é(}lj}o%g’e 29de Q%stthea?lgcOggcg;lgge\'roltage levels present

during the end of the first time period;
first and second amplifiers coupled to the first
stage and operable to receive and amplify the latched
first and second voltage levels; and
a second stage coupled to the first and second
amplifiers operable to receive the amplified first and
second voltage levels, and generating a comparison output
in response to the amplified first and second voltage
levels, the comparison output being previously reset

during the first time period.



20 6. The conparator, as set forth in claim1l1, wherein the first stage

conpri ses: a first resistor being coupled between pyfyocr )/
voltage and the first voltage node; - a first switch be:’sngi&é?;cggg(ﬁ&@!
the first voltage node and being controlled by a CLK si ; B firs
nMOS transi stor being coupl ed betwee4 he first switch and the first I nput

node and operable to function as ascaode; nMOS transi stor
bei ng coupl ed betme@HRBﬁng?9§FABgB§B A¥BMEREOR g@égﬁgggupply vol t age;
a pair of cross-coupled nMOS transistors being coupled to the first voltage

node; a second switch bein% coupl ed between the pair of cross-coupled
nMOS t raASTRAETS OFaTHE DASCLOSPRE nMOS transistor and controlled by a CLK
si gnal ; a | f bapkg (o] s het 8+ LRg skl vol t age
node and t he sgb%hﬁiéfggg? 120, gbZegS%dE?éggg%gg Eg?ng cgupﬁggb gtmeen a

first supphyreokt dgppuésdinkdudesoadfivktagbagedthathbagaar fakstr oss- coupl ed
athird

S EEHELESRaP o0, BRABRebRy A FECEEsAE LA TP ot o b b

CLK si gnabperableatbhprddadEStheaasiEsiket beltggeoliptredl bet ween the
corresponding to the first current input at a first
voltage node when a CLK signal is high. A second
resistor (45) is provided and is coupled to a second
input node and operable to produce a second voltage level
corresponding to the second current input at a second
voltage node when the CLK signal is high. A pair of
cross—~coupled transistors (36, 37) are coupled to the
first and second voltage nodes when a CLK signal is high
and are operable to latch the first and second voltage
levels when the CLK signal is high. A first differential
amplifier (60} is coupled to the first voltage node and
is operable to receive the latched first voltage level at
a non-inverting input and the latched second voltage
level at an inverting input and to generate a first
amplified voltage level when the CLK signal is high. A&
second differential amplifier (62) is coupled to the
second voltage node and is operable to receive the

""latched first voltage level at an inverting input and the

latched second voltage level at a non-inverting input and
to generate a second amplified voltage level when the CLK
signal is high. A pair of cross-coupled NOR gates-(80,
82) are coupled to the first and second differential
amplifiers (60, 62) and is operable to latch the
amplified first and second voltage levels, where the

first amplified voltage level is a comparison output.

Figure 2
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third switch and the second i nput node and operable to function as a
"cascode; a fourth nMOS transi stor being coupl ed between the second

i nput node and a second supply voltage; a fourth switch being coupled
bet ween the pair of cross-coupled nMOS transistor and the third nMOS
transi stor and being controlled by a CLK signal; and a second buffer
coupl ed between the second vol tage node and the second st age.

21 7. The conparator, as set forth in claim1, wherein the second
stage conpri ses: a first differential anplifier being coupled to the

first stage and operable to receive the latched first voltage level at a
non-inverting i nput and the |atched second voltage | evel at an inverting

i nput and generate a first anplified voltage |evel; a second
differential anplifier coupled to theirst stage and operable to receive

the latched first voltage level at an inverting input and the |atched
second voltage level at a non-inverting i nput and generate a second

anplified voltage |evel; and
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afﬁair of cross-coupled CMOS NOR gates being coupled to the first and
-second differential anplifiers and operable to latch the anplified first

and second voltage | evels. 8. The conparator, as set forth in
claim 7, wherein the second stage further conprises: a first reset
transi stor being coupled to the first _differential anplifier and operable
to reset the first anplified voltage Bédel during CL and a second
reset transistor being coupled to the second differeptial anplifier and
operable to reset the second anplified voltagerievel"durt+nrg- €K ———~
22 - 9. A nmethod for conparing first and seco currijem I nputs, i
conprising the steps of: recei ving the [fi¥st r&ent] pnput at a flirst
i nput node and producing a first voltage | eMel! corPesporh qrst
current input at a first voltage node when ¢ dLK sﬂggg [ |
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rFecei ving the second current input at a second input node and producing a
"second voltage | evel corresponding to the second current input at a second
vol t age node when the CLK signal is high; | atching the first and
second vol tage | evels when a CLK signal is high; | evel shifting and
anplifying the latched first and second voltage | evels, conparing the

vol tage | evel s, and generating a conpari son out put mheﬂ:&he CLK stgnal is

hi gh; | at chi ng the conparison odfdut. mg
23 10. A conparator for conparing first and secqgﬁﬁsu;rent i nput,
conpri si ng: a first stage operable to receive the{fijrst and second
current inputs and track the first and second current}jinpyts by generating
first and second voltage | evels in response thereh&~dg a first tine
period, and further operable to {atch, during a secon period, the
first and second voltage | evels present during the en f fthe first time
peri od; first and second anplifiers coupled to theffirst stage and
operable to receive and anplify the latched first and_s¢cond vol t age
| evel s; and ©
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(207,
a second stage coupled to the first and second anplifiers operablé?f%*f 1hs
receive the anplified first and second voltage | evels, and generating a
compari‘'son output in response to the anplified first and second vol tage
| evel s, the conparison output being previously reset during the first tinme
peri od.
24

CURRENT COMPARATOR AND METHOD THEREFOR
ABSTRACT OF THE DISCLOSURE

A comparator (20,30} includinga first resistor (43) and a second resistor (45)
respectively coupled to a first input node and a second input node to produce a
first and a second voltage level correspondingto the first and the second current
input at a first and a second voltage node, when CIK signal is high. A pair of
cross-coupled transistors (36,37) coupled to the first and second voltage nodes
latches the first and second voltage levels when the CLK signal is high. A first and
a second differential amplifier (60,62) respectively coupled to the first and second
voltage node receives the latched first voltage level at a non-inverting input and the
latched second voltage level at an inverting input and to generate a first and a
second amplified voltage level when the CLK signal is high. A pair of cross-
coupled NOR gates (80,82) coupled to the first and second differential amplifiers
{60,62) latches the amplified first and second voltage levels, where the first

amplified voltage level is a comparison output.

Figure 2
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