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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention 5 \Phts

di scl osure relates generally to conparators, and in particular, to
conparators and circuits based on current copi ers. 2. Description
of the Related Art In some conpajators such as a standard
differential 10 pair conparator, input device threshold m smatch and
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2. Description of the Related Art
In some comparators such as a standard differential

10 pair comparator, input device threshold mismatch and
transconductive parameter mismatch causes voltage offsets.
Comparators using current mirrors have‘such'voltage offsets,
since current mirror load contributes to offset and must be
adjusted for accurate operatién. Offset voltages are often

15 stored on capacitors and subsequently subtracted from input
signals to adjust for the offset. The storage and
subtraction process may be slow, since comparators are
generally pléced in a closed feedback loop arrangement
during the offset cancellation proceés. In use with analog-

20 to-digital (A/D) and digital-to-analog (D/A) converters,
such slow adjustment for offset limits-the'speed of the
conversion process. '

In some comparator circuits which adjust for offset
effects, currents may be stored so as to be'proportional to

25 a reference, with an input signal being fed to an input
device, and clock feedthrough suppressed. However, such
comparators are also subject to such slow adjustment of
offset. Offset adjustment is also required for other
circuits such as flash converters and the like. It would be

30 advantageous to reduce or cancel offset effects as well as
increase comparison processing speed without closed loop
calibration and without direct switch charge injection at
the input of the comparator.

SUMMARY
'35 An integrated circuit including a comparator having
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during a second coprpari son cycl e,
to an input currént and a reference current, respectively;

and a current copier for storing the reference current
during the first comparison cycle, and for generating a

10 comparison signal from the stored reference current and the
input current during the second comparison cycle.

The current copier may include a switch for closing
during the first comparison cycle; and a transistor which
.responds to the closing of the second switch for storing the

15 reference current during the first comparison cycle. An
adjustment circuit, coupled to the input device and the
current copier, is included for geherating an underestimate
current as a first portion of the reference current; and the
current copier responds to the underestimate current to

20 storing a second portion of the reference current to reduce
an offset in the generation of the comparison signal.

An amplifier may be included for enhancing a gain
associated with the generation of the comparison signal.
The amplifier may include a plurality of transistors in a

25 cascode arrangement between the input device and the current
copier to enhance the gain. The comparison functional
output is produced at the node connecting the input device
and current copier. The voltage at this node rises when the
current stored in the current copier is larger than that

30 generated by the input device, if no other path for charge
flow exists at this node.

An improved flash converter is also disclosed.ﬁsing the
disclosed comparators. |
BRIEF DESCRIPTION OF THE DRAWINGS

'35 The features of the disclosed low offset comparators




“and-for converting the input signal and the reference signal to an

I nput current and a reference current, respectively; and a current
copier for storing the reference current during the first conparison
cycle, and for generating a 10 conparison signal fromthe stored reference
current and the I nput current during_,the second conparison cycle.
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FIG. S5 illustrates resistor strings of a flash
converter;
15 FIG. 6 illustrates an alternative embodiﬁent of a
cbmparétor;
FIG. 7 illustrates a variéble threshold inverter; and
FIG. 8 illustrates a differential comparator.

DESCRIPTION OF '.'I'.'.HE PREFERRED EMBODIMENTS .

20 Referring now in specific detail to the drawings, with
like reference numerals identifying similar or identical
elements, as shown in FIG. 1, the present disclosure
describes low offset comparators and flash converters based
on current copiers. In these disclosed devices, the offset

25 associated with mismatch of input devices in a comparator is
eliminated by using only one input device which is time-
shared between the two input signals. The input. device
converts each signal _in succession into a current. A
current copier stores one of these signals while the input

30 device produces the other signal, and the two currents are
then compared.

To compensate for offset, the comparator of the present
disclosure uses a single input device, switched between the
input signal and a reference, and a similarly switched



735 < The features of the disclosed | ow of fset conparators

- 3- and flash converters and net hod of operation based on current
copiers will beconme nore readily apparent and may be bett er under st ood
by referring to the follow ng detail ed description of an illustrative
enbodi ment of the present 5 invention; #aken in conjunction with the
acconpanyi ng - _draw ngs, ,where: FIG 1 illystrates a hlock diagram
of the di chgglgélng Cofexdsor In an exemplary, nhqidmentas ash sl iy v
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12 to a current which is stored by a sampling circuit 18
operatively connected to the input device 16. In operation,
the comparator 10 uses the switch 14, the input device 16,
and the sampling circuit 18 to generate an output 20 as the
10 comparison signal of the input signal 12 with a reference
signal. The comparator 10 may include or may be oberativély
connected to a controller 22 for controlling the switch 14
and the sampling circuit 18. Such a controller 22 may be
_ incorporated.in a control mechanism of an integrated circuit
15 including or connected to the comparator 10 in a manner
known in the art.

The comparator 10 of FIG. 1 may optionally include an
adjustment circuit 24 connected to the input device 16 and
the sampling circuit 18 to underestimate a reference signal

20 to improve the adjustment for offset by the comparaﬁor 10.
The comparator 10 may also include an amplifier 26 to
enhance gain during a comparison phase.

In the exemplary embodiment of the comparator 10 shown
in FIG. 2, the comparator 10 receives an input voltage Vy

25 and a reference voltage Vegr @s input signals 12 for
comparison. The input signals 12 are switched by switches
32, 34, respectively, of switch 14. Such switches 32, 34
may be embodied as transistors such as metal oxide
semiconductor field effect transistors (MOSFETs) which

30 respond to clocking pulses to drive the input device 16. It
is understood that.other types of transistors and equivalent
circuits may be employed in a manner known in the art. .

The switched input signals 12 are applied to the input
device 16 which may be, for example, a MOSFET operatively

35 connected to a drain voltage Vy, 28 and a source voltage V,,
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: L16Se RETAERS, VRBut 24i.gAQ. 2% Pe%f d28fve PRand-360-
wsieehed The current copier 18 includes a MOSFET-36 and a

switch 38. In the exemplary embodiment, the gate
capacitance of the MOSFET 36 is sufficient for operation of
the current copier 18; otherwise, a capacitor 40 may be
provided in the current copier 18. '

?

i nput

The devices 50, 52, if present, enhance the performance

in.a manner to be described. 1If not present, that is, with
a short circuit replacing the drain to source path of each,
the comparator 10 still operates.

In operation, the controller 22 or, alternatively, an
independeht clock source, provides clocking pulses to

switches 32, 34, 38, as illustrated in FIG. 3. The switch

20

25

30

38 of the current copier 18 receives pulse 54, labelled C,,
while switches 34, 32 receive pulses 56, 58, respectively,
which are labelled C,, C;, respectively. In particular, when
a pulse is high or active, the corresponding switch is
closed (i.e. conducting).

When C, and C, are active, i.e. switches 38, 34,
respectively, are closed, the input device 16 generates a
current flowing through MOSFET 36 approximately given by

Tagr = ko (), (Visr = Vo) (1)

where k is a constant, and W and L'are the width and length
of the channel, respectively, and V,, is the threshold
voltage of the MOSFET. When C, goes low, the gate voltage
of the MOSFET 36 corresponding to the above current is
stored'by the capacitor 40. Switch 32 may then be opened;
i.e. when C, goes low. ' '

When C; goes high while C, is low, as in FIG. 3, the



'sanpling circuit. In an exenplary enbodi ment, as shown in FIG 1, the
conparator 10 receives an input signal 12 which Is switched by switch
14 to an input device or circuit 16. This circuitry is typically

i ncorporated in an integrated 5 circuit (1C. The input device 16 converts
t he i nput signal 12 to a current m@igh_is stored by a sanpling circuit
18 . operatively connected to the input device 16. |In operation, t he
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circuit 18 togenerate an o u conparison S|lgna of the

I nput signal 12 with a reference ipgnal . The conparator 10 may include
or may be operatively conné'cme"dktz E¥nt FoVizgr 22 for control {3hg the
switch 14 and the sanpling circuit 18. Such a controller 22 may be

i ncorporated in a control mechanismof an integrated circuit .15 incl uding
or connected to the conparator 10 in a manner known in the art.

The conparator 10me W& currenteptfooml khel niipite device ax§ uahdernthe

circuit 24 ed_to_the. nput_devi .16 and t he ling_circuit 18
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Vlerr] as igpYlogiicdlc slidr.or conparison. The input sidgnals 12 are
switched by sw tche 32, 34, respectively, of switch 14. Such sw tches
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sem conduct @uddedisd vefliye My tohn Saited ringuidOFdvsde g chand so k,W/L and
10 V, cancel. When the comparator 10 is operated fast enough
to allow junction leakage to be neglected, the comparator 10
suffers no significant source of offset other than that
created by switch 38.

Feedthrough from switch 38 of the current copier 18
15 introduces an error in the current stored in the current

copier 18. The drain current of MOSFET 36 is:

I = Bz (ngz - Vm)z (3)
and the drain current of the input device 16 is:
I, = By (Vggy - V) (4)

The charge feedthrough of switch 38 results in a change
in the source-gate voltage of MOSFET 36 equal to AV,
20 resulting in an offset which may be calculated as:

Vorpssr = Av,l_-Bz (5)
Bs |

which is input-referred.
In the disclosed comparator 10, offset is minimized by
minimizing the ratio B,/B, by adjusting the parameters W and



30 respond to clocking pulses to drive the input device 16. It S
under st ood that other types of transistors and equi val ent circuits may
be enpl oyed in a manner known in the art. The swi tched input
signals 12 are applied to the input device 16 which may be, for exanple,
a MOSFET operatively 35 connected to adyain voltage V[err] 28 and a
source voltage V[ferr] 30. The input device 16 is operatively

c_onnelct ed tOLtBﬁb tge sapnti ﬁevs:béclmjst ah8 &ne Mbsgg_u't pet. 20. In an
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each, with the drain of MOSFET 48 operatively connected to the
input device 16, the sampling circuit 18, and the output 20.

10 The adjustment circuit 24 operates such that the’current i,
flowing through connection 42 from MOSFET 48 is an
underestimate of the current I, and the MOSFET 36 carries

the remainder; i.e. Igr - i,. The adjustment circuit 24
does not provide an additional source of offset when i, is
15 1less than Ig;,. If i, is a large fraction of I. ., the

- parameters of the input device 16 and MOSFET 36 may'be
determined to minimize P,/P,. In this exemplary embodiment,
the comparator 10, including the adjustment circuit 24 shown
in FIG. 2, does not have the same drain currents at the

20 input device 16 and the MOSFET 36, so the offset voltage is:

Therefore, both of the factors: o
I
I P . (7)
ﬁl Idl

contribute to the reduction in offset by the current copier

18 using switch 38. .
In the above exemplary embodiments, the source of the
25 input device 16 and the MOSFET 44 of the adjustment circuit
are connected to the common source voltage V,, 30. In
another exemplary embodiment, bias conditions may be
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or, alternatively, an. I ndependent cl ock source, provides clocking
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2 including the adjustment circuit 24, the current copier 18
may be a bidirectional current copier, which does not
require that i, is less than Ig;,. . '

Other gain-enhancement techniques known in the art may
be employed as the amplifier 26 to increase amplification

. during the comparison stage; i.e. when C, is high. 1In an

exemplary embodiment shown in FIG. 2, the amplifier 26 is a
pair of MOSFETs 50, 52 forming a cascode circuit, with the

output 20 connected to the sources of MOSFETs 50, 52, and

the sources of the input device 16 and the MOSFET 36
connected to the drains of MOSFETs 50, 52, respectively.

In another alternative embodiment shown in FIG. 4, a
comparator circuit 60 employs the arrangement of a current
copier 18 and switched inputs with switches 32, 34, 38 as
described above for reducing offset, as well as a cascode
arrangement of MOSFETs 62, 64 for gain enhancement. Input
device 16 and MOSFET 36 perform an inverter functiqn, and
another inverter 66 connects the cascode arrangement to the
output 68. In an exemplary embodiment, the MOSFETs 62, 64
are low threshold devices, but alternatively the gate of
MOSFET 64 may be connected to an independent bias voltage
source. MOSFET 70 provides means by which the reference
current may be controlled, in a manner to be described in
conjunction with the circuit shown in FIG. 5.

As described above in conjunction with FIG. 3, as
switéhes 34, 38 close, the gates of the n-channel MOSFETs
16, 64-are connected to the reference voltage Vg and the
current is copied to MOSFETs 36, 62 in the current copier
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-6 I nput device 16 generates a current having magnitude

[[err] = [err] (2) The two currents fromthe input
device 16 and the MOSFET 36 are thus in conflict, and the voltage at

the - out put 20 indicates which of these two currents is larger. 5 If

the reference voltage V[err] is higher than the input vol tage V[err]

the output voltage rises and is interprefed as a | ogi c deci sion.
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Lerr] = [e%rs] t(hv enr\art nitu g r(r)k) Veer in(cggeases the current stored may
become excessive. The p-channel device 70 with its gate
connected to Vg, enables this current to be controlled.

The disclosed use of current copiers and switched input

10 signals to reduce offset has further applications. For
example, in a flash converter 2" comparators are used to
obtain n-bits of resolution, and the comparators should be
simple and fast. As shown in FIG. 5, flash converters use
strings 72, 74 of resistors to produce multiple reference

15 1levels as reference voltages Vg, Vg, Vis, Vae. Such resistor
strings cause variation in a copied current over a wide
range of current values, especially as the current is
related to the square law characteristics of the MOSFETs.

The variations of current may be avoided using

20 complementary metal oxide semiconductors (CMOS), such as a
series combination of a pair of complementary devices 76, 78
as shown in FIG. 5. In the exemplary embodiment, two
"resistor strings 72, 74 are used which are current biased,
and MOSFETs 80, 82 provide that the currents in the input

25 devices of each comparator in the flash converter are
approximately the same within a matching accuracy. The
pairs 76, 78 of FIG. 5 may then be used as the input device
including MOSFETs 16, 70 in FIG. 4 to operatively connect
multiple comparators embodied in FIG. 4 as a flash

30 converter.

For comparators connected to, for example, a first
resistor stfing 72, low threshold devices are not essential
for cascoding since a second resistor string 74 is available
for biasing the cascode devices. Taps from the second

35 resistor string 74 may be used to obtain cascode bias



‘and the drain current of the input device 16 is:

I[err] = [err] (Merr] - V[err])[err] (4) The char ge feedthrough
of smntch 38 results in a change in the source-gate voltage of MOSFET
36 equal to AV, 20 resulting in an offset which may be cal cul ated as:
V[err] = [err] (5) - 10 which is input-referred.

In the disclosed conparator 10, offset is minimzed by mnimzing the
ratio [err]/Veltagey.adj ushi ng t ferpheaneattérifatiite embodiment, the

-7 L OéoﬁﬁgréeggtBQGYﬁcﬁIé§ gngrggfdggféghpfementary loading, so

it may be used for higher reference level values of Vier
approaching Vy in FIG. 5.

5 In another alternative embodiment, as illustrated in
FIG. 7, a class AB push-pull version 86 of the current
copying comparator is disclosed. With both of switches 92,
104 closed, transistors 90, 96 perform the equivalent
function of transistors 16, 36, respectively, in FIG. 6. At

10 the same time, complementary transistors 88, 98 pgrform the
éame function. When switch 94 is closed, the comparison
occurs and an output is obtained at output node 102 through
the inverter 100 as a buffer. An optional capacitor 106 may
be included, as shown in FIG. 7. _

15 - In a further alternative embédiment, a differential
comparator 108 having low offset is shown in FIG. 8 which
connects reference voltages V., V, (positive and negative,
respectively), and input voltages V,,,, V;,, (positive and
negative) to switches 110-116, respectively, where switches

20 110, 112 are clocked by pulse C, in FIG. 3, and switches
114, 116 are clocked by pulse C;. Switches 110-114 are
connected to input devices 118, 120, to current copiers
including switches 122, 124 which are clocked by pulse C,,
and MOSFETs 126, 128, with an optional capacitor 130 and

25 current bias 132. Output nodes 134, 136 are positive and
negative outputs of the differential comparator 108.

While the disclosed low offset comparator and method |
have been pérticularly-shown and described with reference to
the preferred embodiments, it is understood by those skilled

30 in the art that various modifications in form and detail may
be made therein without departing from the scope and spirit
of the invention. Accordingly, modifications such as those
suggested above,' but not 1limited thereto, are to be
considered within the scope of the invention.



KR éﬁ al ' odi nent, to avoid excessive V[jerr], an adj ust ment
circuit E!Eﬂ upjl HWE as shown in FIG 2. The adjustnent circuit
24 is opel wed to 5 the input device 16, the current copier

18, and the out put 20 by connection 42. The adjustnment circuit 24

I ncl udes a MOSFET 44 coupled to the1Y[§rr], and a pair of MOSFETs 46,
48, with the drain of MOSFET 48 operatively connected to the I nput
device 16, &pgrmap!ing circuit 18, and the output 20. 10 The adj ustment
‘circuit 24 operates such that the current iLerr]. flow ng through - -
connection 42 frém MOBREINREIrated circyhlet ke itRglading e compagatonerr],
and the MOSEEhp2$ssagh:i €s the remainder; i.e. I[err] - i[err]. The
adj ustment circuit 2 . does nqt provide an additional source of offset
when i[err] is 15 |e8% PHBHtIP88FP. if i[err] is a large fraction of
I[err], &he par amat eefegbnthenbdpyt device 16 and MOSFET 36 may be
determined to mnimze_[e this exeggbary enbodi t he

: lrrké[ rg&. I% Y ] v ereng%n%” al
conpar at or 10, |ncIudPﬁg PRE%a Fu FRrehPrcFRETM ghd n SpEBa42,
does not hafromhehe arefeiraice aodecdusiag ahfi2ot dompar e aycle afidrt he
MOSFET 36, ag.: O f 0& ISy © 3 ind[ & "]
[err] §8cé§]918§ Saq'%G}Rbﬁ@ es:.g%al Tﬁ]é?tgf (g'rh ee, Jb%?lﬁtofl Ot ee %](::Jt'%élsg '
[err] and sgepnfl comparison cycle, and for7gonverting the input signal

10 and the reference signal to an input current and a, reference
current, respectively;,and

a current copier for storing the reference current

during the first comparison cycle, and for generating a

comparison signal from the stored reference current and the

15 input current during the second comparison cycle.

2. The integrated circuit of claim 1 wherein the
current copier includes:
a switch for closing during the first comparison
cycle;
20 a transistor, responsive to the closing of the
second switch, for storing the reference current during the
first comparison cycle.

3. The integrated circuit of claim 1 further
including:

25 an adjustment circuit, coupled to the input device
and the current copier, for generating an underestimate
current as a first portion of the reference current; and

the current copier, responsive to the
underestimate current, for storing a second portion of the

30 reference current to reduce an offset in the generation of
the comparison signal. '

4. The integrated circuit of claim 1 further



¢ ntrruute to the reduction in offset by the current copier 18 using
svm tch ||L“I“l|muu“|he above exenpl ary enbodi nents, the source of the
pﬂm“uu t he MOSFET 44 of the adjustnent circuit are

connecteﬂ t% t'he "cofmon source vol t age V[err] 30. In anot her

exenpl ary enbodi nent, bias conditions na¥

- 8- establlshed by i ncluding a sour é of bias current between t he
sour ces of $ 44 and V[ierr] to provide a tail current I[err].
The tail current If r] allows for independent control of V[err] and

I[err] with no additionBlamplifienfiertenharkcitem gaimebssdedatedewith

equat i ons (1&héZéeﬁé?aﬁPShfbﬁdth@U&o ar?QHﬁt89§ﬁaé5) (7) remain valid.
In alternative enbodi ment to the conp rat or 2 including the

adj ustment circuit 24, the current copi.er 18 _may be a bidirectional
current copier, smiChTH@einm@br&Qéaﬂbﬁf@ui@abﬂ[éiéhn'i|ﬁﬁ€%éf@”theer”'

5 amplifier includes:

a plurality of transistors -in a cascode
arrangement'between the input device and the current copier
to enhance the gain.

6. The integrated circuit of claim 1 wherein the
10 current copier generates a high comparison signal if the
reference signal is greater than the input signal.

7. A comparator comprising:
a reference switch for connecting a reference node
to an input device during a first comparison cycle;
15 an input switch for connecting an input node to
the input device during a second comparison'cycle;

' the input device including an input transistor
having a first and second conductive element, the.input
device for receiving a reference signal at the first

20 conductive element from the reference node during a first
comparison cycle, for receiving an input signal at the first
conductive element from the input node during a second
comparison cycle, and for converting the input signal and
the reference signal to an input current and a reference

25 current, respectively; and

a current copier including:

a copier trensistor-having a first and second
conductive element, the first conductive element operatively
connected to the first conductive element of the first

30 transistor; and

a copier switch for closing during the first

comparison cycle and for opening during the second



E&her a| !ﬁﬂﬂﬁfienen ni ques known in the art may be enpl oyed as

t he arrpl " ”m '" se anplification during the conparison stage;
i .e. when= F-In an exenpl ary enbodi ment shown in FIG 2,

the amplifier 26 is 4 18 pair of MOSFETs 50, 52 forming a cascode circuit,
with the out put 20 connected to the i urces of MOSFETs 50, 52, and
t he sources of the input device 16 and t MOSFET 36 connected to the

drai ns of MOBRELS: fon S2cyPEPECLRC! Kopier | awsddh ARGROTol et nal ve

enbodi nment a’ 20 "conparato
ar r angenent qnmaemnserﬁhe fllcsi‘plmd lﬁemuddsmmdmmvelpeﬁanmtsn eﬁ\n thdaes

32, 34, 38 3§econdd€§ﬁhb§§@o§b% EREUGE L OT £S ar ofe! scode
V|ce

arrangenent of MOSFE n enhancenent . 6 and
MOSFET 36 pet8FiRSn Wﬁ/erlf%ﬁelfftml FUTEeRt 25 Bhet tﬁﬁc¢mﬂertlean$55t@nnect s

"~ the casc@le PddForeIRdted Othéeo?enlﬁ U B¢t 62 ddpidt E‘éﬁfﬂﬂrﬁra’o {Pé’i@%
t he MOSFETs 64 are |l ow threshol d devices, but al ternatlv %
gat e of tﬁ&% Yo FHEFGRE ¢ i HERRF R o ORI tSHInAL v AR

sour ce. Nosrﬂla@a:mﬂﬁm Asa0e 1Ay edhiviltht hner ebepepLseorls aEnfr&ﬁy be
o be descri bed in unct,ion with the citcuit

controlled,
- shown in FI lﬁ%%tore ﬁ§eﬂggc?Pge %bﬂvﬁniﬁ 5%FﬁnéPF6H9MF f 9ENR 55
swi t ches 34,c@®aticm ayeElgjat es of the n-channel MOSFETs 16, 64 are
connected to the reference voltage V[err] and the 35 current is copied to

MOSFETs 36 62 in the current copier
8. The comparator of claim 7 further including:

an amplifier having:
a first transistor operatively coupling the
copier transistor to an output.node;
| a second transistor in a cascode arrangement
15 with the first transistor and operacively' coupling the
output node to the input transistor; and
wherein the first and second transistors
respond to the input current and the stored reference
current for enhancing a gain associated with the generation
20 of the comparison signal. '

- 9. The comparator of claim 7 wherein the current
copier generates a high comparison signal if the reference
signal is greater than the input signal, thereby generating
an inverted signal of the input signal with reference to the

25 reference signal.

10. The cowmparator of claim 7 wherein:
the input device is time-shared between the input-
signal and the reference signal to convert each respective
signal in succession to a corresponding current.

30 11. In an improved flash converter for converting an
input signal, the flash converter having a series of



- 18 TFhe—imverter 66 buffers the output. As switch 32 .

cl oses, ﬁ“'nﬂ V[err] i s connected to the gates of MOSFETs
16, 64, \m\ “! “‘“ he output 68 retrieves the copied current

st or ed cthe Burtent copier 18. A 5 conparison of V[err] with

V[err] is then made with reduced offset. As the magnitude of V[ferr]

I ncreases the current stored may becohﬁ exceSS|ve The p-channel device

70 with its ate conpected tgQ V[err] enables t & yrrent. to be
control | ed. 391StlveTﬁ£eB?§EFo§€H H§336Ptéﬁgrén9 HEB &EY gfhdrefprenss

i nput 10 sn@@ﬂ:&gﬁ@ retihxﬁmg)ffzaseplhaalﬁuyt hef awﬁpazlaéﬁm w::.t"fprgtach
exarrpl e, in a as convert er aratoys are (0] al n
o OTLs of 1 cSRMBRTEROL ARPITHA A HEE By LoRRBEF v e tEranee voleaws ok
shown in FIGreSpeétase refigeeneesnodes, thet impgevédentdcomprésiagers to

produce C%Itlple refergggﬁ &gmb§¥§£§ra§néfﬁﬁiﬁgce vol tages Vferr], V|err],

V[err], err]. Such resrst cause variation in a copled
current over a w de rangef-‘dfstztﬁmémh foruswitehprgiketwears arhénputr ent

S reIatﬁgdéoaﬁgeasggféfehég/ﬁgaéacterlstlcs of the MOSFETs.

The variations of current e avol ded using 20 conplenmentary metal oxide
senmi conductors (CMOS), suchaaslﬁput deg¥iresfesnkpraivéndothg paference

conpl enent ar%ﬂeageeﬁraﬁ the respeetiR@MYdftrdree Thode | dutiegexerpkaty
enbOdlnEfé comparlson cycle, for receiving an input signal* from the
input node during a second comparison cycle, and for
.converting the input signal and the reference voltage to an
input current and a reference current, respectively; and
a current copier for storing the reference
15 current during the first comparison cycle} and for
generating a respective comparison signal from the stored
reference current and the input current during the second

comparison cycle.

12. The improved' flash converter wherein the
20 improvement further includes:
_ the input device of each comparator including
complementary metal oxide semiconductor (CMOS) transistors
to reduce variation in copied reference currents.

13. A method for generating a comparison signal with
25 reduced offset comprising the steps of:

' receiving an input signal at an input node;
receiving a reference signal at a referénce_node;
receiving at an-input device a reference input

signal from the reference node during a first comparison

30 cycle; |
generating a reference current from the reference
signal;
switching a copier switch 'dﬁring the first



resi st or—strings—72—74—are used which are current biased, and MOSFETs
80, 82 p”m"r urrents in the input 25 devices of each . conparator
inthe fl mlnimﬂ”mlrmlle approxi mately the same within a natching
accuracy.* 9Thet ™ pairs 76, 78 of FIG 5 may then be used as the input
devi ce i ncl udi ng MOSFETs 16, 70 in EI.G 4 to operatively connect

nmul ti pl e conparators enbodied in FIG “41%s "a flash 30 converter.

For conparators _cqnnected.to, for exanple, a first resistor string 72,

| ow t hr eshoFYTRBFLEED SYEL&Gt essenti al for cascading since a second
resistor string 74 is stoaingbthe referehtescugréht tasxanermEvi cespier Taps

fromthe seg Qﬁ{‘§gt5%3iﬁt’f%ﬁf %%%%%r.%gmﬁ%.used to obtain cascode bias

- 10 - VO €s. . | drnative embodiment, the
conparator 84 in FlG recsinmingestcohelimmit deyilaeadnninped signal fimom be
used for ghi rs r I I I f : ching vdd in

shi ghgl e AR ltEng’dl Wetdila Mdidal WA g Vvat
FIG 5. 5 lh?n anot her al t ér native enbo |§rrerﬁs,onas |I:.|'| ustrated in
' generating at the input device an input current
during the second comparison cycle; and T
generating a comparison signal from the stored
reference current and the input current during the second

10 comparison cycle to reduce offset thereof. ¢



Fl G 7, a class AB push-pull version 86 of the current copyi ng

- conparator is disclosed. Wth both of swi tches 92, 104 cl osed,

transi stors 90, 96 performthe equival ent function of transistors 16,
36, respectively, inFIG 6. At 10 the same tine, conplenentary
transistors 88, 98 performthe sanme functicon. Wen switch 94 is
cl-osed, the conparison occurs and anl®utput i s obtained at output node
102 t hrough ~the inverter 100 as a buffer. An optional capacitor 106 nay
be included, as shown in FI G LOWIQGFFSET C er alternative '
enbodi nent, a differenti al SEHG AEORRERD ' | ow of fset is shown in
FIG 8 which connects refwm‘vg‘i%&vmrr] (positive and
negative, respectively), and input voltages V[err], V[err] (positive

and negmﬁ%@p switches 110-116, respectively, where switches 20
110, 112 are clocked b ul se err] jn FILG 3, and sw tches 114, 116
are clocked by put c(%fe‘fpert] .assg/ﬁ’t wilf M‘Eméité’?‘ of goRAett €8 +RPRRpuL
devi cles ]kﬂg’ié‘%ﬁé oigecmphraee'rsr&ssgs ihndpyzjjﬂwtg\gdscm%ﬂ%s ﬂﬂélsm?i ch
are cl ocke ulse CJerrly. .__an FETs 1 1 with an optiona
capaci t or 1359/%‘&?%8 ctf r%]fﬁm{f?%%e‘fﬁy USRS [0 h6 fRe 1%“215,““'13%3‘5? €p85itive
and negdirarnsaanduce sande tdieraliift e rtamte -ahaced betweenl @Be input andWil e
t he di scl os par rs 0 Leularly
shown and dg%cér%erggé\m%n%g’lr‘%r e?fcxg @ﬁgtr@%%eéj%rceofn é)r% ?e‘% g%%gldlg%éhlti glll?t i's
under st ood HHAIRARBLAKI NG| BoCurreRthe A tCurrent FoRLRY netotesaonenstin
form and dettdsd®¥urrents WRd%e! ML Ihyht h&é‘fi%é}?ﬁ%&!&ﬁ'e@r Q'.’H%]hgtﬁ pe
I'n

and spirit of the inyention. Accordingly, nodifications such as those

“suggest ed aioEFeHt AR | ithe e WP erBirERER 13FPe then o gRTRRYed WY hi n
the scope ofcdrimedtiMentiltem to a common node. The comparator includes

a first switch for switching between an input and reference
nodes, and an input device which receives a reference signal

15 from the reference node during a first cqmparison cycle,
receives an input signal from the input node during a second
comparison cycle, and converts the input signal and the
reference signal to input and vreference currents,
respectively. A current copier stores the reference current

20 during the first comparison c¢ycle, and generates a
comparison signal from the stored reference current and the
input current during the second comparison cycle.
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o1l . CLAMS 1. An integrated circuit (1C) including a

conpar at or conpri si ng: an i nput node; 5 a
ref erence node; an input device for receiving a reference
si gnal fromthe reference node during a first conparison cycle, for
receiving an input signal fromthe inp{dt/Jnode during a second
conparison cycle, and for converting the input signal 10 and the reference
signal to an input current and a reference current, respectively; and
a current copier for storing the reference current during the first
conpari son cycmgcxnuffor generating a conparison signal fromthe-
stored reference current and the 15 input current during the second
conpari son cycl e. 2. The integrated circuit of claim1 wherein
t he . '
u 18 26 o
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‘current copi er includes: , a switch for closing during the

first conparison cycle; 20 a transistor, responsive to the
cl osing of the second switch, for storing the reference current during
t he first conparison cycle. 2/7 3. The integrated circuit
of claim 1 further I ncl udi ng: 25 an adjustnment circuit,
coupled to the input device and the current copier, for generating an
under esti nat e current as a first portion of the reference current; and
t he current copi er, responsi ve to t he underestimate current,
for storing a second portion of the 30 reference current to reduce an
offset in the generation of t he conparison signal. - 4, The
integrated circuit of claim 1 further '
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=12 - _ including: an anplifier for enhancing a gain
associated with the generation of the conparison signal. 5.
The integrated circuit of claim4 wherein the 5 anplifier includes:

a plurality of transistors in a cascode arrangenent between the

i nput device and the current copier enhance the gain. 6.
The integrated circuit of claiml wherei‘the 10 current copier generates a
hi gh conparison signal if the reference signal is greater than the

i nput. signal . 7. A conparator conprising: a
reference switch for connecting a reference node to an input device
during a first conparison cycle; 15 an input switch for
connecting an ifpfit ngde to the input device during a second conparison
cycl e; the i nput device including an input transistor

having a first and second conductive el enent, the input device for
receiving a reference signal at the first 20 conductive elenent fromthe
ref erence node during a first conparison cycle, for recelvwag an i nput
signal at the first  conductive eIenen[fTTUﬁTThE‘rnpUt‘npde ring a
second [
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conpari son, cycle, and for converting the input signal and the reference
signal to an input current and a reference 25 current, respectively; and

a current copier including: a copier transistor having a
first and second conductive elenent, the first conductive el enent
operatively connected to the first coddﬁctive el ement of the first 30
transi stor; and a copier switch for closing during the
first conparison cycle and for opening during the second
- 13 - conparison cycle, the copier switch for operatively
connecting the first and second conductive elenents of the second
transi stor during gpf f|r t conparlson cycle for storing the reference
current, the secon Gans stor responsi ve to the opening of the copier-
switch to receive t he i nput current to generate a conparison signal,
and to reduce an of fset associated with the conpaﬂ4st signal from
the stored reference and the input current during the se d
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“conparison cycle. 10 8. The conparator of claim?7 further

i ncl udi ng: an anplifier having: a first
transi stor operatively coupling the copier transistor to an output
node; ' a second transistor in a cascode arrangenent 15
with the first transistor and operativeﬁ]7coupling t he out put - node to
the input transistor; and wherein the first and second
transi stors -respond to the input current and the stored reference
current for enhancing a gain associated with the generation 20 of the
conparison signal. 9. The conparator of claim?7 wherein the
current copi er generates a high conparison signal if the reference
signal is great thgf the input signal, thereby generating an inverted
signal of the i t gnal with reference to the 25 reference signal

10. The conparator of claim7 wherein: the input device is
ti me-shared between the input signal and the reference signal to
convert each respective signal in succession to a correspondi ng

current.
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30 7. 11. In an inproved flash converter for converting an I nput
signal, the flash converter having a series of

- 14 - resistive elenents for generating a plurality of reference

vol tages, having a plurality of conpar ath' wi th each conpar at or
associated wth a respective reference voltage at respective reference
nodes, the inprovenent conprising: 5 each conparator i ncl uding:
a first switch for switching between an i nput ~ node and a reference
node; an input device for receiving the reference
voltage fromthe respective reference node during a first 10 conparison
.cycle, for receid%fi g i nput signal fromthe i nput node during a
second conpari s and for converting the input signal and the
reference voltage to an - input current and a reference current,
respectively; and : ©a current copier for storing the
reference 15 current durlng the first conparison cycle, and for

generating a respective conparison signal fromthe stored
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LES

“referenge current and the input current during the second conparison

cycle. 12. The inproved flash converter wherein the 20

i mprovenent further includes: t he i nput device of each
conpar at or i ncl udi ng conpl ementary ngjfal oxide sem conductor (CMOS)
transi stors to reduce variation in copied reference currents.

13. A nethod for generating a conparison signal with 25 reduced offset
conprising the steps of: receiving an input signal at an input
node; receiving a reference signal at a reference node;
receiving at an input device a reference input signal fromthe reference
node during a first conparison 30 cycle; generating a )
reference current fromthe reference signal ; & switching a
copier switch during the first >§ 5?
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: - aGoh2u-%
-+ 15 - conparison cycl e; storing the reference current in
a current copier during the first; conparisen cycle;

receiving at the input device an |nput signal from5 the input node during

a second conparison cycl e; generating at the input device an

I nput current during the second conparison cycle; and

generating a conparison signal fromthe sgored reference current and

the input current during the second 10 conparison cycle to reduce offset

t her eof . LOW OFFSET. COMPARATORS

BASED ON CURRENT COPIERS

ABSTRACT

The offset associated with mismatch of a pair of input
5 devices in comparators used in applications such as flash
converters is eliminated by using only one input device or
‘transconductance circuit, time-shared between the input and
reference signals. The input device converts each signal in
succession into a current. A current copier stokres one.of
10 these currents while the input device produces the other
A\ current, and the two currents are then compared by
connecting them to a common node. The comparator includes’
a first switch for switehing between an input and reference
ﬁodes, and an input device which receives a reference signal
15 from the reference node during a first comparison cycle,
receives an input signal from the input node during a second
comparison cycle, and converts the input signal and the
reference signal to input and reference <currents,
respectively. A current copier stores the reference current
20 during the first comparison cycle, and generates a
comparison signal from the stored reference current and the

input current during the second comparison'cycle.

Fig 1A.
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