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(57) Abstract: In one embodiment, a circuit comprises first and second capacitors configured to receive a sense current in first and
second modes, respectively. A comparator is coupled to the first capacitor to compare a voltage of the first capacitor to a reference
voltage and generate a count signal in response to the voltage of the first capacitor reaching the reference voltage in the first mode.
The comparator is coupled to the second capacitor to compare a voltage of the second capacitor to the reference voltage and generate
the count signal in response to the voltage of the second capacitor reaching the reference voltage in the second mode. A reset circuit
discharges the first capacitor in the second mode and the second capacitor in the first mode in response to the count signal. A
counter increments a count of a number of occurrences of the count signal.
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CURRENT COUNTING ANALOG-TO-DIGITAL CONVERTER FOR LOAD

CURRENT SENSING INCLUDING DYNAMICALLY BIASED COMPARATOR

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Application No. 14/329,661 filed July
11, 2014, the content of which is incorporated herein by reference in its entirety for all

purposes.

BACKGROUND
[0002] The disclosure relates to current counting systems, and in particular, to current
counting analog-to-digital converter for load current sensing including dynamically

biased comparator.

[0003] Unless otherwise indicated herein, the approaches described in this section are

not admitted to be prior art by inclusion in this section.

[0004] As part of a solution to measure load current of a low-drop out regulator
(LDO), for example, a measured replica current is converted to a digital representation.
This could be done with e.g. a Sigma-Delta Analog-to-Digital Converter (ADC) that is
shared between all “clients”. In the particular case of load current measurement, it is
desirable to filter the current measurement with a large time constant, e.g. 1 millisecond
or average it over a long time period, e.g. 1 millisecond. In order to realize this large
time constant, capacitors and resistors are needed of such large values that the
capacitors would need to be off chip and the resistors would need a very large in chip
area. This makes the RC filtering approach cost prohibitive (e.g., chip area cost, board

area cost, component cost, and pin cost).

SUMMARY
[0005] The present disclosure relates to current counting analog-to-digital converter

for load current sensing and converters including dynamically biased comparator.

[0006] In one embodiment, a circuit comprises a first capacitor configured to receive
a sense current in a first mode. A second capacitor is configured to receive a sense

current in a second mode. A comparator is coupled to the first capacitor to compare a
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voltage of the first capacitor to a reference voltage and generate a count signal in
response to the voltage of the first capacitor reaching the reference voltage in the first
mode. The comparator is coupled to the second capacitor to compare a voltage of the
second capacitor to the reference voltage and generate the count signal in response to
the voltage of the second capacitor reaching the reference voltage in the second mode.
A reset circuit discharges the first capacitor in the second mode and discharges the
second capacitor in the first mode in response to the count signal. A counter increments

a count of a number of occurrences of the count signal.

[0007] In one embodiment, the circuit further comprises a switch circuit to couple the
first capacitor to the comparator in the first mode and couple the second capacitor to the

comparator in the second mode.

[0008] In one embodiment, the reset circuit comprises a first switch coupled in
parallel to the first capacitor and a second switch coupled in parallel to the second

capacitor.

[0009] In one embodiment, the comparator comprises a main comparator having an
input coupled to the first capacitor and to the second capacitor. The main comparator
compares the voltage on the input to the reference voltage and generates the count
signal in response to the voltage on the input reaching the reference voltage. The
comparator further comprises an auxiliary comparator that enables the main comparator

when the input to the main comparator is within a threshold of the reference voltage.

[0010] In one embodiment, the comparator comprise a main comparator having an
input coupled to the first capacitor and to the second capacitor. The main comparator
compares the voltage on the input to the reference voltage and generates the count
signal in response to the voltage on the input reaching the reference voltage. An
auxiliary comparator includes an input coupled to the first capacitor and to the second
capacitor and including an output to provide an enable signal to the main comparator in
response to a comparison of the voltage on the input to a trigger voltage that is less than

the reference voltage.

[0011] In one embodiment, the comparator comprises a main comparator having an
input coupled to the first capacitor and to the second capacitor. The main comparator
compares the voltage on the input to the reference voltage and generates the count

signal in response to the voltage on the input reaching the reference voltage. The main
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comparator includes a differential input pair and a switch to selectively ground the
differential input pair. The comparator further comprises an auxiliary comparator that
enables the switch of the main comparator in response to the input to the main

comparator being within a threshold of the reference voltage.

[0012] In one embodiment, the main comparator comprises one or more preamplifiers
to increase DC bias of the differential input pair of the main comparator or to amplify

the input signal.

[0013] In one embodiment, the auxiliary comparator comprises a differential input

pair.

[0014] In another embodiment, a circuit comprises first means for integrating charge
received from a current source in a first mode; second means for integrating charge
received from the current source in a second mode; means for comparing a voltage of
the first means for integrating charge to a reference voltage and generating a count
signal in response to the voltage of the first means for integrating charge reaching the
reference voltage in the first mode and for comparing a voltage of the second means for
integrating charge to the reference voltage and generating the count signal in response to
the voltage of the second means for integrating charge reaching the reference voltage in
the second mode; means for counting a number of occurrences of the count signal; first
means for discharging the first means for integrating charge in response to the count
signal in the second mode; and second means for discharging the second means for

integrating charge in response to the count signal in the first mode.

[0015] In one embodiment, the means for comparing comprises main means for
comparing a voltage on an input thereof that is coupled to the first means for integrating
charge and to the second means for integrating charge to the reference voltage and
generating the count signal in response to the voltage on the input reaching the reference
voltage. The means for comparing also comprises auxiliary means for comparing the
input to the main means to the reference voltage, and if the comparison is within a

threshold of the reference voltage, enabling the main means for comparing.

[0016] In one embodiment, the means for comparing comprises main means for
comparing a voltage on an input thereof that is coupled to the first means for integrating
charge and to the second means for integrating charge to the reference voltage and

generating the count signal in response to the voltage on the input reaching the reference
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voltage. The main means for comparing includes a differential input pair and a switch
to selectively ground the differential input pair. The means for comparing further
comprises auxiliary means for comparing the input to the main means to the reference
voltage, and if the comparison is within a threshold of the reference voltage, enabling

the switch of the main means for comparing.

[0017] In one embodiment, the main means for comparing comprises means for

increasing DC bias of the differential input pair of the main means for comparing.

[0018] In one embodiment, the auxiliary means for comparing comprises a

differential input pair.

[0019] In one embodiment, a method comprises storing charge received from a
current source in a first capacitor in a first mode; storing charge received from a current
source in a second capacitor in a second mode; discharging the first capacitor in the
second mode; discharging the second capacitor in the first mode; comparing a voltage of
the first capacitor to a reference voltage and generating a count signal in response to the
voltage of the first capacitor reaching the reference voltage in the first mode; comparing
a voltage of the second capacitor to the reference voltage and generating the count
signal in response to the voltage of the second reaching the reference voltage in the
second mode; counting a number of occurrences of the count signal; and switching

between the first and second modes in response to the count signal.

[0020] The following detailed description and accompanying drawings provide a

better understanding of the nature and advantages of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] With respect to the discussion to follow and in particular to the drawings, it is
stressed that the particulars shown represent examples for purposes of illustrative
discussion, and are presented in the cause of providing a description of principles and
conceptual aspects of the present disclosure. In this regard, no attempt is made to show
implementation details beyond what is needed for a fundamental understanding of the
present disclosure. The discussion to follow, in conjunction with the drawings, make
apparent to those of skill in the art how embodiments in accordance with the present

disclosure may be practiced. In the accompanying drawings:
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[0022] Fig. 1 illustrates a block diagram of a current count system according to an

embodiment.
[0023] Fig. 2 is a current count system according to an embodiment.
[0024] Fig. 3 is a current count system according to another embodiment.

[0025] Fig. 4 illustrates a block diagram of a comparator system according to an

embodiment.

[0026] Fig. S illustrates a timing diagram of comparator inputs and outputs according

to an embodiment.

[0027] Fig. 6 illustrates a block diagram of an auxiliary comparator according to an

embodiment.
[0028] Fig. 7 illustrates a block diagram of a comparator according to an embodiment.

[0029] Fig. 8 illustrates a block diagram of a comparator according to another

embodiment.

[0030] Fig. 9 illustrates a simplified diagram illustrating a process flow for current

counting according to an embodiment.

DETAILED DESCRIPTION
[0031] In the following description, for purposes of explanation, numerous examples
and specific details are set forth in order to provide a thorough understanding of the
present disclosure. It will be evident, however, to one skilled in the art that the present
disclosure as expressed in the claims may include some or all of the features in these
examples, alone or in combination with other features described below, and may further

include modifications and equivalents of the features and concepts described herein.

[0032] Fig. 1 illustrates a block diagram of a current count system 100 according to an
embodiment. Current count system 100 can be used in a power management integrated
circuit (PMIC). Current count system 100 comprises a circuit-under-test 102, a current
source 104, and a current counting analog-to-digital converter (ADC) 106. In this
example, circuit-under-test 102 is a low-drop out regulator (LLDO). Although circuit-
under-test 102 is described as an LDO, circuit-under-test 102 can be switches, bulk head

switches, or Battery Field-Effect Transistor (BATFET).
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[0033] Current source 104 senses a current of circuit-under-test 102 and provides a
replica current to current counting ADC 106. In this example, current source 104
comprises a replica FET 112 that generates a replica current of a pass FET 110 of
circuit-under-test 102. Current counting ADC 106 performs an analog to digital

conversion of a measured current signal input.

[0034] The current counting systems described herein can be used for long time

averaging of the current input signal.

[0035] The current counting systems described herein can avoid the need of a

temperature independent resistor, which may not be available in a Silicon process.

[0036] Fig. 2 is a current count system 200 according to an embodiment. Current
count system 200 comprises a current source 202, a capacitor 204, a switch 2006, a
comparator 208, and a counter 210. Capacitor 204 integrates a sense current Isense
provided by current source 202. Comparator 208 triggers in response to the voltage
across capacitor 204 exceeding a reference voltage Vref. The reference voltage Vref
can be set to a value based on a practical size of the capacitor for the implementation,
such as 1 Volt. When comparator 208 triggers, comparator 208 resets capacitor 204 by
closing switch 204 to short capacitor 204 to ground for discharging capacitor 204.
Counter 210 counts the number of times that comparator 208 triggers during a time
period (e.g., 1 millisecond). Counter 210 can be viewed as counting the number of
times that capacitor 204 is reset. System 200 loses charge (Isense) to ground when
switch 206 is closed to discharge capacitor 204 to ground. This charge loss causes

error. Thus, the current determination has an inaccuracy from this error.

[0037] Fig. 3 is a current count system 300 according to an embodiment. Current
count system 300 comprises a current source 302, a plurality of capacitors 304, a
plurality of switches 306, a comparator 308, a counter 310, a plurality of switches 312, a
plurality of switches 314 and an inverter 316. System 300 includes two capacitors 304-
1 and 304-2 that function as capacitor integrators of a sense current Isense provided by
current source 302. A switch system of switches 312 alternately couple current course
302 to capacitors 304-1 and 304-2 and of switches 314 couple capacitors 304 to
comparator 306 so that the capacitors 304 alternately integrate the sense current Isense
until one of the capacitors 304 reaches the reference voltage Vref. At such time, counter

310 increases the count, the capacitor 304 is reset, and the other capacitor 304 is
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switched in to integrate the sense current Isense. The switch system couples capacitor
304-1 to current 302 by switch 312-1 and to comparator 308 by switch 314-1 in
response to a switch signal S from comparator 308. The switch system discharges
capacitor 304-2 by grounding or coupling capacitor 304-2 to ground through switch
304-2 in response to switch signal S. The switch system couples capacitor 304-2 to
current 302 by switch 312-2 and to comparator 308 by switch 314-2 in response to a
switch signal Sb from comparator 308 through inverter 316. The switch system
discharges capacitor 304-1 by grounding or coupling capacitor 304-1 to ground through
switch 306-1 in response to switch signal Sb. The switch signal S and the switch signal
Sb are inverted so that one capacitor 304 is charging while the other is discharging. In
this embodiment, no sense current Isense is lost to ground during the discharge of the

capacitors because one capacitor is always integrating the sense current Isense.

[0038] The reference Vref can be provided by a bandgap voltage reference. The
switch system and capacitors 304 do not use an operational amplifier thereby use a

small area of an integrated circuit.

[0039] Fig. 4 illustrates a block diagram of a comparator system 400 according to an
embodiment. Comparator system 400 can be used for comparators 208, 308 in the
systems of Figs. 2-3. Comparator system 400 comprises a main comparator 402 and an
auxiliary comparator 404. The speed of the comparators herein can be increased by
increasing the bias current. In some embodiments, rather than keeping main comparator
402 always on and thereby always drawing a large quiescent current, main comparator

402 uses dynamic biasing.

[0040] Main comparator 402 uses dynamic biasing to remain off until the input
voltage Vin is close to the reference voltage Vref (in this example, 90%). Auxiliary
comparator 404 continuously monitors and compares the input voltage Vin to the
reference voltage Vref. When the input voltage Vin is within a threshold (in this
example, 90%) of the reference voltage Vref, auxiliary comparator 404 turns on the bias
of main comparator 402 using the comparator enable signal 410. In some embodiments,
auxiliary comparator 404 comprises an optional attenuator 406 (such as a voltage
divider) that generates a second reference voltage (or trigger voltage) from the reference
voltage Vref and that is lower than the reference voltage Vref for the comparison to the

input voltage Vin. In some embodiments, the function of attenuator 406 is done by an
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offset in auxiliary comparator 404, or an unbalanced input pair, such as described below

in conjunction with Fig. 6.

[0041] Auxiliary comparator 404 detects when the rising voltage signal of the input
voltage Vin gets close to the reference voltage Vref and generates the comparator enable
signal 410 for main comparator 402 to detect when the input voltage Vin reaches the
reference voltage Vref. In this example, when comparator system 400 is used as
comparator 310 in the current count system 300, main comparator 402 triggers when the

voltage on one of the capacitors 304 reaches the reference voltage Vref.

[0042] Fig. S illustrates the timing diagram of comparator inputs and generates the
comparator enable signal 410 provided by auxiliary comparator 404. The input of
comparator 400 rises until comparator 400 triggers to reset capacitor 304. Until the
capacitor 304 is reset, the input voltage is continuously rising. Thus, the turn on of the
bias in comparator 402 can be delayed until the input voltage is close to the reference
voltage (e.g., at 90% of the reference voltage). A comparator enable signal 410 is

generated by auxiliary comparator 404 for such control.

[0043] Fig. 6 illustrates a block diagram of an auxiliary comparator 600 that is a
differential to single ended comparator, which is one example of auxiliary comparator
404. An input pair formed of transistors 601 and 602 has a 0.9 to 1 ratio to provide the
0.9*Vref comparison. In another example, auxiliary comparator 600 has an input pair
that is balanced, and has an offset (such as a built in offset) that provides a trigger below
the reference voltage Vref, such as 0.9*Vref. Transistors 603 and 604 provide a load on
the input pair of transistors 601 and 602. Transistors 605, 606, 607 and 608 prove a
single ended output OUT as the comparator enable signal 410 (Fig. 4).

[0044] Fig. 7 illustrates a block diagram of comparator 700 according to an
embodiment. Comparator 700 comprises a preamplifier stage 702 and a comparator
stage 704. The speed of comparator 700 for flipping between the two legs can be
increased by increasing the speed in the current mirrors and in the charging/discharging
output node. In some embodiments, the speed is increased by increasing the absolute
current levels of comparator 700. Preamplifier stage 702 includes a switch 726 for
biasing the differential input pair instead of a current source, to generate a large

differential current.
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[0045] The speed of comparator 700 can be increased by increasing the imbalance
between the currents in the differential input pair. Ideally all the current goes through
one leg of the pair, and none goes through the other leg of the pair. Using preamplifier
stage 702 amplifies the input voltage difference so that a larger current imbalance is
generated in comparator stage 704. Preamplifier stage 702 can set the DC bias of the
differential input pair of comparator stage 704 by setting the DC output level of

preamplifier stage 702.

[0046] Preamplifier stage 702 amplifies the signal to increase the imbalance of the
signal in comparator stage 704. The increase in the imbalance increases the flipping of
the comparator. Preamplifier 702 comprises a differential input pair formed of
transistors 712 and 714 and loads 716 and 718 represented as resistors. A tail current
source 720 provides a bias current IB. Although preamplifier stage 702 is shown as
include only one preamplifier, preamplifier stage 702 can include one or more

preamplifiers.

[0047] Comparator stage 704 comprises a differential input pair formed of transistors
722 and 724, a switch 726 that couples the source of the transistors 722 and 724 to

ground, and a load 728 for the differential input pair formed of transistors 722 and 724.

[0048] Preamplifier stage 702 increases the differential voltage difference on the
differential input pair formed of transistors 722 and 724 of comparator stage 704 to
cause a larger imbalance of the current and lead to a faster flipping of comparator stage

704.

[0049] Switch 726 provides for dynamic biasing of comparator stage 704 by coupling
the input pair of ground. Increasing the gate-source voltage (Vgs) on the input
transistors to the comparator increases the differential current in the differential pair to
maximize the Vgs of transistors 722 and 724 to effectively create the largest bias
current. The grounding of the source can be viewed as biasing the input pair in a

“pseudo differential” manner.

[0050] The DC gate bias level of transistors 722 and 724 can be set at a level to
increase Vgs on transistors 722 and 724 by setting the bias current IB of current source
720 and the resistance (R) of loads 716 and 718. The DC bias is the supply voltage
VDD-IB*R. Increasing the DC gate bias increases the current in the differential pair of

comparator stage 704.
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[0051] Although tail current source 720 is shown as a fixed current source, the
switched bias techniques described for comparator stage 704 can be applied to current
source 720 and the differential input pair formed of transistors 712 and 714 of
preamplifier stage 702. Preamplifier 702 can have dynamic switch biasing. In one
embodiment, bias current of preamplifier 702 can be switched between a zero current
(e.g., an off state) and a full current state (e.g., the bias current IB, the same bias current
that the preamplifier would be used if dynamic switch biasing is not used). It is noted

that comparator stage 704 in contrast is biased by the Vgs of transistors 722 and 724.

[0052] Fig. 8 illustrates a block diagram of a comparator 800 that is a differential to
single ended comparator, which is one example of comparator stage 704. An input pair
formed of transistors 801 and 802 can receive the reference voltage Vref and the input
voltage in an implementation such as in Fig. 4, or the amplified outputs from
preamplifier stage 702 of Fig. 7. Transistors 803 and 804 provide a load on the input
pair of transistors 801 and 802. Transistors 805, 806, 807 and 808 prove a single ended
output OUT. The cross coupling of transistors 809 and 810 provide negative resistance
and make the combined resistance seen on the drains of transistors 801 and 802 high
and thus make a high gain. Transistors 803, 804, 809 and 810 form a load comparable
to load 728 of comparator stage 704 of Fig. 7. A switch 826 selectively grounds the
sources of the transistors 801 and 802 of the differential input pair in response to an
enable signal 830 (e.g., the comparator enable signal 410 of Fig. 4) to increase the VGS
on the input transistors to the comparator to thereby increase the differential current in

the differential pair.

[0053] A switch to ground is used on the main comparator for dynamic biasing
instead of a constant current bias source to increase the VGS on the input transistors to

the main comparator to thereby increase the differential current in the differential pair.

[0054] Fig. 9 illustrates a simplified diagram illustrating a process flow 900 for
current counting according to an embodiment. At 902, a first capacitor (e.g., capacitor
304-1) is coupled to the current source and the comparator. At 904, a second capacitor
(e.g., 304-2) is discharged. If, at 906, the voltage on the first capacitor has not reached
the threshold (e.g., Vref), the process loops back to 902. Otherwise, at 907, the count of
the comparator triggers is increased by one, and the process loops to 908, the second

capacitor (e.g., capacitor 304-2) is coupled to the current source and the comparator. At

10



WO 2016/007725 PCT/US2015/039712

910, the first capacitor (e.g., 304-1) is discharged. If, at 912, the voltage on the second
capacitor has not reached the threshold (e.g., Vref), the process loops back to 908.
Otherwise, at 914, the count of the comparator triggers is increased by one, and the

process loops to 902.
[0055] The switches described herein can be implemented as one or more transistors.

[0056] The above description illustrates various embodiments of the present
disclosure along with examples of how aspects of the particular embodiments may be
implemented. The above examples should not be deemed to be the only embodiments,
and are presented to illustrate the flexibility and advantages of the particular
embodiments as defined by the following claims. Based on the above disclosure and
the following claims, other arrangements, embodiments, implementations and
equivalents may be employed without departing from the scope of the present disclosure

as defined by the claims.

11
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‘What is claimed is:

1. A circuit comprising:

a first capacitor configured to receive a sense current in a first mode;

a second capacitor configured to receive a sense current in a second
mode;

a comparator coupled to the first capacitor to compare a voltage of the
first capacitor to a reference voltage and generate a count signal in response to the
voltage of the first capacitor reaching the reference voltage in the first mode and
coupled to the second capacitor to compare a voltage of the second capacitor to the
reference voltage and generate the count signal in response to the voltage of the second
capacitor reaching the reference voltage in the second mode;

a reset circuit to discharge the first capacitor in the second mode and to
discharge the second capacitor in the first mode in response to the count signal; and

a counter incrementing a count of a number of occurrences of the count

signal.

2. The circuit of claim 1 further comprising a switch circuit to
couple the first capacitor to the comparator in the first mode and couple the second

capacitor to the comparator in the second mode.

3. The circuit of claim 1 wherein the reset circuit comprises a first
switch coupled in parallel to the first capacitor and a second switch coupled in parallel

to the second capacitor.

4. The circuit of claim 1 wherein the comparator comprises:

a main comparator having an input coupled to the first capacitor and to
the second capacitor, the main comparator comparing the voltage on the input to the
reference voltage and generating the count signal in response to the voltage on the input
reaching the reference voltage; and

an auxiliary comparator that enables the main comparator when the input

to the main comparator is within a threshold of the reference voltage.

5. The circuit of claim 1 wherein the comparator comprises:

12
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a main comparator having an input coupled to the first capacitor and to
the second capacitor, the main comparator comparing the voltage on the input to the
reference voltage and generating the count signal in response to the voltage on the input
reaching the reference voltage; and

an auxiliary comparator including an input coupled to the first capacitor
and to the second capacitor and including an output to provide an enable signal to the
main comparator in response to a comparison of the voltage on the input to a trigger

voltage that is less than the reference voltage.

6. The circuit of claim 1 wherein the comparator comprises:

a main comparator having an input coupled to the first capacitor and to
the second capacitor, the main comparator comparing the voltage on the input to the
reference voltage and generating the count signal in response to the voltage on the input
reaching the reference voltage, the main comparator includes a differential input pair
and a switch to selectively ground the differential input pair; and

an auxiliary comparator that enables the switch of the main comparator
in response to the input to the main comparator being within a threshold of the reference

voltage.

1. The circuit of claim 6 wherein the main comparator comprises
one or more preamplifiers to increase DC bias of the differential input pair of the main

comparator or to amplify the input signal.

8. The circuit of claim 6 wherein the auxiliary comparator

comprises a differential input.

9. A circuit comprising:

first means for integrating charge received from a current source in a first
mode;

second means for integrating charge received from the current source in a
second mode;

means for comparing a voltage of the first means for integrating charge
to a reference voltage and generating a count signal in response to the voltage of the
first means for integrating charge reaching the reference voltage in the first mode and

for comparing a voltage of the second means for integrating charge to the reference

13
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voltage and generating the count signal in response to the voltage of the second means
for integrating charge reaching the reference voltage in the second mode;

means for counting a number of occurrences of the count signal;

first means for discharging the first means for integrating charge in
response to the count signal in the second mode; and

second means for discharging the second means for integrating charge in

response to the count signal in the first mode.

10. The circuit of claim 9 wherein the means for comparing
comprises:

main means for comparing a voltage on an input thereof that is coupled
to the first means for integrating charge and to the second means for integrating charge
to the reference voltage and generating the count signal in response to the voltage on the
input reaching the reference voltage; and

auxiliary means for comparing the input to the main means to the
reference voltage, and if the comparison is within a threshold of the reference voltage,

enabling the main means for comparing.

11. The circuit of claim 9 wherein the means for comparing
comprises:

main means for comparing a voltage on an input thereof that is coupled
to the first means for integrating charge and to the second means for integrating charge
to the reference voltage and generating the count signal in response to the voltage on the

input reaching the reference voltage; and

auxiliary means for comparing including a differential input pair that
triggers at a voltage below the reference voltage to enable the main means for

comparing.

12. The circuit of claim 9 wherein the means for comparing
comprises:

main means for comparing a voltage on an input thereof that is coupled
to the first means for integrating charge and to the second means for integrating charge

to the reference voltage and generating the count signal in response to the voltage on the

14
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input reaching the reference voltage, the main means for comparing includes a

differential input pair and a switch to selectively ground the differential input pair; and
auxiliary means for comparing the input to the main means to the

reference voltage, and if the comparison is within a threshold of the reference voltage,

enabling the switch of the main means for comparing.

13. The circuit of claim 12 wherein the main means for comparing
comprises means for increasing DC bias of the differential input pair of the main means

for comparing.

14. The circuit of claim 12 wherein the auxiliary means for

comparing comprises a differential input pair.

15. A method comprising:

storing charge received from a current source in a first capacitor in a first
mode;

storing charge received from a current source in a second capacitor in a
second mode;

discharging the first capacitor in the second mode;

discharging the second capacitor in the first mode;

comparing a voltage of the first capacitor to a reference voltage and
generating a count signal in response to the voltage of the first capacitor reaching the
reference voltage in the first mode;

comparing a voltage of the second capacitor to the reference voltage and
generating the count signal in response to the voltage of the second reaching the
reference voltage in the second mode;

counting a number of occurrences of the count signal; and

switching between the first and second modes in response to the count

signal.
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