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DIFFERENTIAL COMPARATOR FOR
AMPLIFYING SMALL SWING SIGNALS TO
A FULL SWING OUTPUT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates generally to comparator
circuits and more particularly to differential comparator
circuits that amplify small swing 1nput signals to full swing
output signals.

BACKGROUND OF THE INVENTION

A differential comparator 1s often used 1n clock acquisi-
tion circuits such as delay-locked loops (DLL) and phase
locked loops (PLL) to compare the value of a voltage at a
first terminal of the differential comparator to the value of a
voltage at a second terminal of the differential comparator.
For some applications, the signals provided at the inputs of
the differential comparator are “small swing” signals that
have small amplitudes relative to the supply voltage levels.
For example, for CMOS circuits wherein the supply voltage
VCC 1s equal 3.3 volts and system ground VSS 1s equal to
zero volts, a small swing signal may have an amplitude of
0.5 volts that swings between a low of 1.5 volts and a high
of 2.0 volts. A “full swing” signal swings approximately
between 3.3 volts and zero volts (ground).

Clock acquisition circuits are typically used to clock the
circuitry of an itegrated circuit, and the differential com-
parator must output full swing signals to drive the integrated
circuit. The differential comparator circuit must therefore
provide gain to amplily the small swing input signals to a
full swing output signal. For higher frequency applications,
it 1s difficult to provide the necessary gain using prior
differential comparators.

SUMMARY AND OBIJECTS OF THE
INVENTION

Therefore, 1t 1s an object of the present invention to
provide a differential comparator that amplifies small swing,
signals 1nto full swing signals.

It 1s a further object of the present invention to provide a
CMOS differential comparator that amplifies small swing
input signals to full swing output signals at higher frequen-
CIES.

A differential comparator that amplifies small swing sig-
nals to full swing signals i1s described. The differential
comparator comprises a current switch having a pair of
inputs coupled to receive a pair of small swing complemen-
tary 1nput signals and a pair of complementary outputs that
output complementary signals. The complementary signals
output by the current switch have a voltage swing that
centers about a predetermined voltage 1n response to the
complementary input signals. The differential comparator
further comprises first and second inverters coupled to
receive the complementary signals, wherein each inverter
has a trip point voltage [equal] corresponding to the prede-
termined voltage. The first and second 1nverters output full
swing complementary output signals in response to the
complementary signals.

Because the outputs of the current switch center about the
trip point voltage of the inverters, the mverters provide a
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current path between VCC and VSS during normal opera-
tion. According to one embodiment, the differential com-
parator includes circuitry for disabling the differential com-
parator during a power-down mode of operation such that
the differential comparator draws little or no current. Part of
this functionality 1s provided by designing the inverters to be
tri-statable. The need for additional disabling circuitry for
disabiling the current switch, 1s dictated by the circuit
topology of the current switch.

Other objects, features, and advantages of the present
invention will be apparent from the accompanying drawings
and from the detailed description which follows below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s illustrated by way of example
and not by way of limitation in the figures of the accompa-
nying drawings, 1n which like references indicate similar
elements, and 1n which:

FIG. 1 shows a differential comparator according to one
embodiment.

FIG. 2 shows a voltage generator that supplies a trip point
voltage V..

FIG. 3 shows a ftri-statable inverter according to one
embodiment.

FIG. 4 shows a differential comparator as including a bias
circuit.

DETAILED DESCRIPTION

A differential comparator according to the present
embodiments quickly amplifies small swing differential
mput signals to generate full swing complementary output
signals. The differential comparator generally comprises an
input stage, a gain stage, and an output stage. The gain stage
oenerally comprises inverters each having a trip point volt-
age of V,». The input stage acts as a current switch that
outputs complementary output signals each having a voltage
swing that centers about the trip point voltage V.. Center-
ing the output signals of the nput stage about the trip point
voltage V. enables the inverters of the gain stage to switch
on and off quickly to provide full swing output signals. The
output stage provides additional gain.

FIG. 1 shows a differential comparator 100 according to
one embodiment. Differential comparator 100 comprises an
mnput stage 110, a gain stage 120, and an output stage 130
coupled 1n series. Input stage 110 accepts small swing
differential input signals V. . and V. _. The amplitude of the
differential mnput signal V. may be, for example, 0.5 volts.
Input stage 110 provides a modest gain, and output signals
of mput stage 110 are provided via output nodes A and B to
cgain stage 120, which amplifies the output signals of the
input stage 110 into full swing signals. Output stage 130
provides further gain, speeding the transitions between the
rail voltages and providing sufficient output current to drive
the capacitive load of the remaining portions of the inte-

orated circuit.

Input stage 110 1s shown as a common source differential
amplifier that operates as a current switch wherein a current
having a value of 2I, 1s switched between the transistors of
the differential amplifier. Alternative current switch and
differential amplifier architectures may be used. Input stage
110 includes a differential pair of NMOS transistors 111 and
112, each having their sources coupled to system ground
VSS via a common node N and current source 115 and their
drains coupled to the supply rail VCC via current sources
113 and 114, respectively. Current sources 113 and 114 are
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cach selected to source a current having a value of I,, and
current source 115 1s selected to sink a current having a
value of twice I,. Output node A 1s taken at the drain of
transistor 112, and output node B 1s taken at the drain of

node 111.

Resistors R1 and R2 having equal values are coupled in
series between output nodes A and B. A trip point supply
voltage V., 1s provided at the common node between
resistors R1 and R2. The trip point supply voltage V. .
causes the output voltages at output nodes A and B to center
around the trip point supply voltage V. The output voltage
at each output node of the mput stage 110 1s approximately
(V,»xIlR), wherein R is the value of each of the transistors
R1 and R2. Wherein Vin+>Vin-, the voltage at output node
A is approximately (V,»+I;R), and the voltage at output
node B is approximately (V,»-I;R). Conversely, wherein
Vin+<Vin-, the voltage at output Node A 1s approximately
(V,»-1;R), and the voltage at output node B is approxi-
mately (V_.+I,R).

Gain stage 120 comprises a first input inverter 121 having
its mput coupled to output node B and a second input
inverter 122 having its input coupled to output node A. Both
input 1mverters are CMOS 1nverters. The value of trip point
supply voltage V., 1s selected to be the value of the trip
poimnt voltage of iput inverters 121 and 122 such that
inverters 121 and 122 switch on and off quickly.

Because the output voltages of input stage 110 center
about the trip point voltage of mput mverters 121 and 122,
input 1nverters 121 and 122 can change states quickly.
Unfortunately, the MOS transistors of inverters 121 and 122
are never fully switched off. To reduce the power consump-
tion of mput inventers 121 and 122, mput mverters 121 and
122 are tri-statable. Each input inverter therefore includes an
enable mput coupled to receive an enable signal EN for
coupling and decoupling the 1nverters from the supply rails.
The enable signal may be deasserted low, for example, when
the 1ntegrated circuit and differential comparator are to be
placed 1 a power-down mode wherein power consumption
of differential comparator 100 1s reduced. As will be
described with respect to FIG. 4, differential comparator 100
draws no current when operating i the power-down mode.

Cross-coupled inverters 123 and 124 are provided to
improve the power supply rejection of differential compara-
tor 100. Disturbances in the power supplies of input mvert-
ers 121 and 122 may result 1n one of the output signals of the
input inverters beginning to switch between rail voltages
before the other output signal. Cross-coupled inverters 123
and 124 compensate for this effect. Inverter 123 has its 1input
coupled to the output of mnput inverter 121 and its output
coupled to the output of mput mnverter 122. Similarly,
inverter 124 has its iput coupled to the output of inverter
122 and 1ts output coupled to the output of inverter 121. The
cross-coupled 1nverters help to ensure that the differential
output voltages of gain stage 120 cross approximately at the
threshold voltage V.

Cross-coupled 1nverters 123 and 124 need not provide as
much current as input inverters 121 and 122. Therefore,
according to one embodiment, the channel widths of the
CMOS ftransistors of cross-coupled inverters 123 and 124
are approximately 20% of the channel widths for input
inverters 121 and 122. Cross-coupled inverters 123 and 124
may also be tri-statable.

Output stage 130 comprises inverters 131 and 132. The
input of inverter 131 1s coupled to the output of inverter 121,
and the input of iverter 132 1s coupled to the output of
inverter 122. Output 1nverters 131 and 132 provide addi-
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tional gain and provide suificient current to drive the capaci-
tive load of an integrated circuit coupled to the outputs of
differential comparator 100. Output 1nverters 131 and 132
may also be tri-statable.

FIG. 2 shows a voltage generator 200 that supplies the trip
point voltage V.. According to the present embodiment,
centering voltage generator 200 comprises an mverter 210
having the same operating characteristics as input 1nverters
121 and 122 wherein inverter 210 has its output coupled to
its mput. The use of matching mverter 210 makes the
centering Voltage generator 200 less susceptible to process
variations that atfect the trip point voltages of input inverters

121 and 122.

FIG. 3 shows a tri-statable iverter 300 according to one
embodiment. Tri-statable inverter 300 generally comprises a
CMOS 1nverter which includes a PMOS transistor 301 and
an NMOS ftransistor 302 having their gates commonly
coupled to an input node and their drains commonly coupled
to an output node. The source of PMOS transistor 301 is
coupled to VCC via PMOS transistor 303, and the source of
NMOS ftransistor 302 1s coupled to system ground VSS via
NMOS transistor 304. The enable signal EN 1s coupled
directly to the gate of transistor 304 and to the gate of
transistor 303 via inverter 305 for removing the conductive
path between VCC and VSS when 1t 1s desirable to reduce
the power consumption of differential comparator 100.
When the enable signal EN is loglc low (deasserted), tran-
sistors 303 and 304 are switched off. Tri-stable mverter 300
operates as a normal CMOS inverter when enable signal EN
is logic high (asserted). Enable signal EN may alternatively
be provided as an active low signal.

FIG. 4 shows differential comparator 100 as further
including a bias circuit 400 for ensuring proper current
values of current sources 113, 114 and 115 and for switching
off the current sources when differential comparator 100 1s
placed 1n the power-down mode. According to one
embodiment, current sources 113 and 114 are matched
PMOS transistors, and current source 115 1s an NMOS
transistor. Bias circuit 400 provides biasing current to the
cgates of transistors 113, 114 and 115 such that transistors
113—115 conduct the appropriate amount of source-drain
current.

Bias circuit 400 generally comprises a pair of differential
input transistors 411 and 412 that are approximately half the
size of transistors 111 and 112 of input stage 110. The gates
of transistors 411 and 412 are coupled to differential input
voltages V. and V,_, respectively. The sources of transis-

IF1+ 1¥—2

tors 411 and 412 are commonly coupled to VSS via NMOS
transistor 415, which 1s approximately half the size of
NMOS transistor 115 of input stage 110. NMOS transistor
416 has matching characteristics to transistor 415 and 1is
coupled to recerve an external bias current I, from a current
source 417, which may be a bandgap voltage generator.
Transistor 416 1s coupled 1n a current mirroring arrangement
to the gate of transistor 415 such that transistor 415 sinks a
current I,. The gate of transistor 115, which 1s twice the size
of transistor 416, also has its gate coupled to the gate of
transistor 416 such that transistor 115 sinks a current 2I,.

The drains of transistors 411 and 412 are commonly
coupled to the drain of transistor 413. Transistor 413 has its
cgate commonly coupled to the gates of transistors 113 and
114 1n a current mirroring arrangement such that the drain
currents of transistor 113 and 114 are of the desired value.

Transistor 420 and inverter 421 are provided such that the
current sources of input stage 110 are switched off to disable
differential comparator 100 during power-down mode. Tran-
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sistor 420 has 1ts drain coupled to the gate of transistor 115,
its source coupled to VSS, and 1ts gate coupled to the output
of inverter 421. Inverter 421 has 1ts input coupled to receive
enable signal EN. When the EN signal 1s deasserted low, the
output of inverter 421 1s high such that transistor 420 is
switched on and the gate of transistor 115 1s pulled towards
oround. This results in all of the current sources 113, 114,
and 115 of input stage 110 being switched off. Deasserting
the EN signal also tri-states input inverters 121 and 122.
Cross-coupled inverters 123 and 124 ensure that the mnputs
to mverters 131 and 132 are biased to a logic state. Thus,
differential comparator 100 draws no current while operat-
ing 1n the power-down mode.

In the foregoing specification the invention has been
described with reference to specific exemplary embodiments
thereof. It will, however, be evident that various modifica-
fions and changes may be made thereto without departing
from the broader spirit and scope of the invention. The
specification and drawings are, accordingly, to be regarded
in an 1llustrative rather than restrictive sense.

What 1s claimed 1s:

1. A differential comparator comprising;:

a current switch having a pair of inputs coupled to receive
a pair of small swing complementary mput signals and
a pair of complementary outputs that output first
complementary output signals having a voltage swing
centered about a predetermined voltage 1n response to

the complementary 1nput signals; and

first and second inverters coupled to receive the first
complementary output signals, wherein each mverter
has a trip point voltage [equal] corresponding to the
predetermined voltage, the first and second inverters
outputting second complementary output signals 1in
response to the first complementary output signals,
wherein the second complementary output signals are
full swing complementary output signals.

2. The differential comparator of claim 1, wherein the

current switch comprises:

first and second matched iput transistors coupled as a
common source differential amplifier, wherein gates of
the 1nput transistors form the inputs of the current
switch and drains of the input transistors form the
outputs of the current switch;

first and second current sources coupled between the
respective drains of the input transistors and an oper-
ating supply voltage;

a third current source coupled between sources of the
input transistors and system ground; and

first and second resistors coupled 1n series between the
drains of the mput transistors, wherein a common node
between the first and second resistors 1s maintained at
approximately the trip point voltage of the first and
second 1nverters.

3. The differential comparator of claim 2, wherein an
enable signal 1s provided to the differential comparator such
that the differential comparator 1s enabled for normal opera-
fion when the enable signal 1s asserted, the differential
comparator further comprising circuitry for disabling the
differential comparator in response to the enable signal
being deasserted during a power-down mode of operation
wherein the differential comparator draws no power.

4. The differential comparator of claim 2, further com-
prising cross-coupled third and fourth mverters, wherein an
input of the third inverter 1s coupled to an output of the first
inverter and an output of the third mverter 1s coupled to an
output of the second inverter, and an input of the fourth
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inverter 1s coupled to the output of the second mverter and
an output of the fourth inverter 1s coupled to the output of the
first 1nverter.

5. The differential comparator of claim 4, further com-
prising fifth and sixth inverters having inputs coupled to the
outputs of the first and second inverters, respectively,
wherein the fifth and sixth mverters provide additional gain.

6. A differential comparator comprising:

a differential amplifier comprising a pair of inputs coupled
to receive a pair of small swing complementary 1nput
signals, a pair of outputs that output first complemen-
tary output signals, and first and second resistors
coupled 1n series between the pair of outputs, wherein
a common node between the first and second resistors
1s maintained at a predetermined voltage such that an
output swing of the differential amplifier 1s centered
about the predetermined voltage; and

first and second inverters coupled to receive the first
complementary output signals, wherein each inverter
has a trip point voltage [equal] corresponding to the
predetermined voltage, the first and second inverters
outputting second complementary output signals in
response to the first complementary output signals,
wherein the second complementary output signals are
full swing complementary output signals.

7. The differential comparator of claim 6, wherein an
enable signal 1s provided to the differential comparator such
that the differential comparator i1s enabled for normal opera-
tion when the enable signal 1s asserted, the differential
comparator further comprising circuitry for disabling the
differential comparator in response to the enable signal
being deasserted during a power-down mode of operation
wherein the differential comparator draws no power.

8. The differential comparator of claim 6, further com-
prising cross-coupled third and fourth inverters, wherein an
input of the third inverter 1s coupled to an output of the first
inverter and an output of the third inverter 1s coupled to an
output of the second inverter, and an input of the fourth
inverter 1s coupled to the output of the second mverter and
an output of the fourth inverter 1s coupled to the output of the
first 1nverter.

9. The differential comparator of claim 8, further com-
prising fifth and sixth inverters having inputs coupled to the
outputs of the first and second inverters, respectively,
wherein the fifth and sixth mverters provide additional gain.

10. A differential comparator comprising:

a differential amplifier comprising a pair of inputs coupled
to receive a pair of small swing complementary 1nput
signals, a pair of outputs that output first complemen-
tary output signals and first and second resistors
coupled 1n series between the pair of outputs, wherein
a common node between the first and second resistors
1s maintained at a predetermined voltage such that an
output swing of the differential amplifier 1s centered
about the predetermined voltage;

first and second inverters coupled to receive the first
complementary output signals, wherein each inverter
has a trip point voltage [equal] corresponding to the
predetermined voltage, the first and second inverters
outputting second complementary output signals in
response to the first complementary output signals,
wherein the second complementary output signals are
full swing complementary output signals;

cross-coupled third and fourth inverters, wherein an 1nput
of the third inverter 1s coupled to an output of the first
inverter and an output of the third inverter 1s coupled to
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an output of the second inverter, and an input of the
fourth mverter 1s coupled to the output of the second
inverter and an output of the fourth mverter 1s coupled
to the output of the first inverter; and

fifth and sixth inverters having inputs coupled to the
outputs of the first and second 1nverters, respectively,
wherein the fifth and sixth inverters [provided] provide
additional gain.

11. The differential comparator of claim 10, further com-
prising a seventh inverter having matching characteristics to
the first and second inverters, wherein an output of the
seventh inverter 1s coupled to an input of the seventh inverter
and the common node between the first and second resistors.

12. A differential comparator comprising:

a current switch having a pair of inputs coupled to receive
a pair of small swing complementary mnput signals and
a pair of outputs that output first complementary output
signals having a voltage swing centered about a pre-
determined voltage 1n response to the complementary
input signals; and

first and second inverters coupled to receive the first
complementary output signals, wherein each inverter
has a trip point voltage [equal] corresponding to the
predetermined voltage, the first and second inverters
outputting second complementary output signals in
response to the first complementary output signals,
wherein the second complementary output signals are
full swing complementary output signals;

cross-coupled third and fourth imnverters, wherein an input
of the third inverter 1s coupled to an output of the first
inverter and an output of the third inverter 1s coupled to
an output of the second inverter, and an input of the
fourth mverter 1s coupled to the output of the second
inverter and an output of the fourth mverter 1s coupled
to the output of the first inverter; and

fifth and sixth inverters having inputs coupled to the
outputs of the first and second 1nverters, respectively,
wherein the fifth and sixth mverters provide additional
oain.

13. The differential comparator of claim 12, further com-
prising first and second resistors coupled 1n series between
the pair of outputs of the current switch, wherein a common
node between the first and second resistors 1s maintained at
the predetermined voltage.

14. The differential comparator of claim 13, further com-
prising a seventh inverter having matching characteristics to
the first and second inverters, wherein an output of the
seventh inverter 1s coupled to an input of the seventh inverter
and the common node between the first and second resistors.

15. A method for generating full swing complementary
signals from small swing complementary signals comprising
the steps of:

generating complementary output signals having a volt-
age swing centered about a predetermined voltage 1n
response to the small swing complementary signals;
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providing the complementary output signals to a pair of
inverters each having a trip voltage [equal] correspond-
ing to the predetermined voltage; and

outputting from the pair of inverters the full swing
complementary signals.

16. The differential comparator of claim 1, further com-
prising cross-coupled third and fourth inverters, wheretn an
input of the third inverter is coupled to an output of the first
inverter and an output of the third inverter is coupled to an
output of the second inverter, and an input of the fourth
inverter is coupled to the output of the second inverter and
an output of the fourth inverter is coupled to the output of the
first inverter.

17. A differential comparator comprising:

a differential amplifier comprising a pair of inputs
coupled to receive a pair of small swing complementary
input signals and a patr of complemenitary outputs that
output first complementary output signals having a
voltage swing centered about a predetermined voltage
in response to the complementary input signals; and

first and second inverters coupled to receive the first
complementary output signals, wherein each inverter
has a trip point voltage corresponding to the predeter-
mined voltage, the first and second inverters outputiing
second complementary output signals in response 1o
the first complementary output signals, wherein the
second complementary output signals are full swing
complementary output signals.

18. The differential comparator of claim 17, wherein the
differential amplifier includes first and second resistors
coupled in series between the pair of ouitputs, and a common
node between the first and second resistors is maintained at
the predetermined voliage.

19. The differential comparator of claim 18, wherein the
differential amplifier further includes:

first and second maitched input transistors coupled as a
common source differential amplifier, wherein gates of
the input transistors form the inputs of the differential
amplifier and drains of the input transistors form the
outputs of the differential amplifier;

first and second current sources coupled between the
respeciive drains of the input transistors and an oper-
ating supply voltage; and

a third current source coupled between sources of the

input transistors and system ground.

20. The differential comparator of claim 18, further
comprising cross-coupled third and fourth inverters,
wherein an input of the third inverter is coupled to an output
of the first inverter and an output of the third inverter is
coupled to an output of the second inverter, and an input of
the fourth inverter is coupled to the output of the second
inverter and an output of the fourth inverter is coupled to the
output of the first inverter.
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