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AREA AND POWER EFFICIENT ANALOG TO 
DIGITAL CONVERTER AND METHODS FOR 

USING SUCH 

BACKGROUND OF THE INVENTION 

[0001] The present invention is related to electronic signal 
conversion, and more particularly to analog to digital con 
verters. 

[0002] A typical ?ash analog to digital converter circuit 
includes a resistor ladder used to generate a number of refer 
ence voltages for comparison With an input conversion volt 
age. Turning to FIG. 1, an exemplary prior art analog to digital 
converter circuit 100 including a resistor ladder is shoWn. 
Analog to digital converter circuit 100 includes a number of 
comparators 110. A negative input of each of the comparators 
is fed by the output of a respective multiplexer 120. Each of 
the multiplexers 120 selects betWeen six different reference 
voltages generated by the resistor ladder. While three com 
parators 110, three multiplexers 120 and a resistor ladder 
including ten resistors are shoWn, more than these numbers 
may be included in the circuit as indicated by marks 195, 196. 
[0003] As shoWn, the resistor ladder includes a number of 
resistors 160,161,162,163,164,165,166,167,168,169that 
are connected in series betWeen a loWer voltage potential 150 
and an upper voltage potential 140. Each of the aforemen 
tioned resistors generates a distinct reference voltage that 
may be chosen for comparison by one of comparators 110. In 
particular, multiplexer 120a receives upper voltage potential 
140, a voltage 170 that is one IR drop beloW upper voltage 
reference 140, a voltage 171 that is tWo IR drops beloW upper 
voltage reference 140, a voltage 172 that is three IR drops 
beloW upper voltage reference 140, a voltage 173 that is four 
IR drops beloW upper voltage reference 140, and a voltage 
174 that is ?ve IR drops beloW upper voltage reference 140. 
Multiplexer 12011 is operable to select one of the aforemen 
tioned voltages to pass to comparator 11011 for comparison 
With an input conversion voltage 190. 
[0004] Multiplexer 120!) receives voltage 172, voltage 173, 
voltage 174, a voltage 175 that is six IR drops beloW upper 
voltage reference 140, a voltage 176 that is seven IR drops 
beloW upper voltage reference 140, and a voltage 177 that is 
eight IR drops beloW upper voltage reference 140. Multi 
plexer 12019 is operable to select one of the aforementioned 
voltages to pass to comparator 11019 for comparison With 
input conversion voltage 190. Multiplexer 120c receives a 
number of voltages including loWer voltage potential 150, a 
voltage 179 that is one IR drop above loWer voltage potential 
150, and a voltage 178 that is tWo IR drops above loWer 
voltage potential 150. Multiplexer 1200 is operable to select 
one of the aforementioned voltages to pass to comparator 
1100 for comparison With input conversion voltage 190. 
[0005] Use of such a resistor ladder to provide the multi 
plicity of voltage references alloWs for reasonable calibration 
and operation of a ?ash analog to digital converter. HoWever, 
implementing the resistor ladder requires considerable die 
area, and operation of the resistor ladder results in consider 
able poWer dissipation. Hence, for at least the aforementioned 
reasons, there exists a need in the art for advanced systems, 
circuits and methods for electronic signal conversion. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention is related to electronic signal 
conversion, and more particularly to analog to digital con 
verters. 
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[0007] Various embodiments of the present invention pro 
vide analog to digital converter circuits that are capable of 
converting an input voltage to a digital representation thereof. 
Such analog to digital converter circuits include at least a ?rst 
comparator and a second comparator. An input of the ?rst 
comparator is electrically coupled to a ?rst storage device, 
and another input of the ?rst comparator is electrically 
coupled to the input voltage. An input of the second compara 
tor is electrically coupled to a second storage device, and 
another input of the second comparator is electrically coupled 
to the input voltage. The analog to digital converter circuits 
further include a reference voltage generation circuit that 
provides a ?rst reference voltage to the ?rst storage device, 
and subsequently provides a second reference voltage to the 
second storage device. 
[0008] In particular instances of the aforementioned 
embodiments, the ?rst storage device is a ?rst capacitor and 
the second storage device is a second capacitor. In particular 
cases, sequencing the ?rst reference voltage to the ?rst stor 
age device and the second reference voltage to the second 
storage device includes applying the ?rst reference voltage to 
the ?rst storage device during a ?rst time period and applying 
the second reference voltage to the second storage device 
during a second time period. In particular cases, the ?rst time 
period is mutually exclusive of the second time period (i.e., 
the ?rst time period does not overlap the second time period). 
[0009] In particular instances of the aforementioned 
embodiments, the reference voltage generation circuit 
includes a digital to analog converter and a sequencer circuit. 
The sequencer circuit causes a ?rst digital value correspond 
ing to the ?rst reference voltage to be applied to the digital to 
analog converter during the ?rst time period, and causes a 
second digital value corresponding to the second reference 
voltage to be applied to the digital to analog converter during 
the second time period. In various cases, access to the ?rst 
storage device is controlled by a ?rst sWitch, and access to the 
second storage device is controlled by a second sWitch. In 
such cases, the sequencer circuit closes the ?rst sWitch during 
the ?rst time period, and closes the second sWitch during the 
second time period. In particular instances of the aforemen 
tioned embodiments, the analog to digital converter circuits 
further include a calibration control circuit that provides the 
?rst digital value, receives an output from the ?rst compara 
tor, and determines Whether the ?rst digital value is correct 
based on the output from the ?rst comparator. Where it is 
determined that the ?rst digital value is not correct, the cali 
bration control circuit modi?es the ?rst digital value, receives 
the output from the ?rst comparator, and determines Whether 
the modi?ed ?rst digital value is correct. Further, the calibra 
tion control circuit provides the second digital value, and 
receives an output from the second comparator and deter 
mines Whether the second digital value is correct based on the 
output from the second comparator. The same process of 
modi?cation may also be applied to the second digital value. 
[001 0] Other embodiments of the present invention provide 
methods for performing analog to digital conversion. Such 
methods include providing an analog to digital converter 
circuit that includes at least a ?rst comparator and a second 
comparator. One input of the ?rst comparator receives an 
input voltage and another input of the ?rst comparator 
receives a ?rst reference voltage. One input of the second 
comparator receives the input voltage and another input of the 
second comparator receives a second reference voltage. The 
analog to digital converter further includes a ?rst storage 
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device that is electrically coupled to the ?rst reference volt 
age, and a second storage device that is electrically coupled to 
the second reference voltage. The methods further include 
electrically coupling the input voltage to the ?rst comparator 
and the second comparator during a ?rst time period and a 
second time period, electrically coupling the ?rst reference 
voltage to the ?rst comparator and the ?rst storage device 
during the ?rst time period, and electrically coupling the 
second reference voltage to the second comparator and the 
second storage device during the second time period. 
[0011] In some instances of the aforementioned embodi 
ments, the analog to digital converter further includes a digital 
to analog converter. In such instances, the methods further 
include applying a ?rst digital value to the digital to analog 
converter during the ?rst time period such that an output of the 
digital to analog converter is the ?rst reference voltage; and 
applying a second digital value to the digital to analog con 
verter during the second time period such that the output of 
the digital to analog converter is the second reference voltage. 
In various instances of the aforementioned embodiments, the 
methods further include receiving an output of the ?rst com 
parator, modifying the ?rst digital value based at least in part 
on the output of the ?rst comparator; applying the modi?ed 
?rst digital value to the digital to analog converter during a 
subsequent ?rst time period; receiving an output of the second 
comparator; modifying the second digital value based at least 
in part on the output of the second comparator; and applying 
the modi?ed second digital value to the digital to analog 
converter during a subsequent second time period. 
[0012] Yet other embodiments of the present invention pro 
vide electronic systems. Such electronic systems include an 
analog to digital converter circuit. The analog to digital con 
verter circuit includes a ?rst and a second comparator, a ?rst 
and a second sWitch, and a ?rst and a second storage device. 
One input of the ?rst comparator is electrically coupled to the 
?rst storage device and to the ?rst sWitch, and another input of 
the ?rst comparator is electrically coupled to an input voltage. 
One input of the second comparator is electrically coupled to 
the second storage device and to the second sWitch, and 
another input of the second comparator is electrically coupled 
to the input voltage. The electronic systems further include a 
reference source that is electrically coupled to the ?rst sWitch 
and to the second sWitch. The reference source provides the 
?rst reference voltage during a ?rst time period and the sec 
ond reference voltage during a second time period. The elec 
tronic systems further include a sequencer circuit that is oper 
able to close the ?rst sWitch during the ?rst time period and to 
close the second sWitch during the second time period. The 
electronic system may be, but is not limited to, a cellular 
telephone, a computer, and a hard disk drive. 
[0013] This summary provides only a general outline of 
some embodiments of the invention. Many other objects, 
features, advantages and other embodiments of the invention 
Will become more fully apparent from the folloWing detailed 
description, the appended claims and the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A further understanding of the various embodi 
ments of the present invention may be realiZed by reference to 
the ?gures Which are described in remaining portions of the 
speci?cation. In the ?gures, like reference numerals are used 
throughout several draWings to refer to similar components. 
In some instances, a sub-label consisting of a loWer case letter 
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is associated With a reference numeral to denote one of mul 
tiple similar components. When reference is made to a refer 
ence numeral Without speci?cation to an existing sub-label, it 
is intended to refer to all such multiple similar components. 
[0015] FIG. 1 is a prior art analog to digital converter 
including a resistor ladder; 
[0016] FIG. 2 shoWs an analog to digital converter With a 
dynamic reference generation system in accordance With one 
or more embodiments of the present invention; 
[0017] FIG. 3 depicts an analog to digital converter With 
multiple digital to analog converters in accordance With some 
embodiments of the present invention; 
[0018] FIG. 4 is a How diagram depicting a method in 
accordance With some embodiments of the present invention 
for calibrating an analog to digital converter; and 
[0019] FIG. 5 is a How diagram shoWing a method in accor 
dance With various embodiments of the present invention for 
performing analog to digital conversion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention is related to electronic signal 
conversion, and more particularly to analog to digital con 
verters. 

[0021] Turning to FIG. 2, an analog to digital converter 200 
With a dynamic reference generation system 210 is depicted 
in accordance With one or more embodiments of the present 
invention. Analog to digital converter 200 includes a number 
of comparators 201 that each have one input electrically 
coupled to an input voltage 290 that is to be converted to a 
digital representation thereof. Comparator 201a provides a 
comparator output 203 (i.e., comparator output 0), compara 
tor 2011) provides a comparator output 205 (i.e., comparator 
output 1), and comparator 2010 provides a comparator output 
207 (i.e., comparator output N). While three comparators 201 
and associated circuitry are depicted, more than this number 
may be included in analog to digital converter 200 as indi 
cated by marks 295, 296. The number of comparators and 
associated circuitry may be chosen based on a desired reso 
lution of analog to digital converter 200. The other input of 
each of comparators 201 is driven by a reference voltage 
received from dynamic reference generation system 210. In 
particular, the other input of comparator 201a receives a 
reference voltage 286, the other input of comparator 201!) 
receives a reference voltage 284, and the other input of com 
parator 2010 receives a reference voltage 282. 
[0022] Dynamic reference generation system 210 includes 
a digital to analog converter 220 that provides an analog 
voltage output to a capacitor 266 via a sWitch 256, to a 
capacitor 264 via a sWitch 254, and to a capacitor 262 via a 
sWitch 252. Dynamic reference generation system 210 
includes a sequencer circuit 230 that controls a sequence of 
digital values applied to digital to analog converter 220 and 
the closing and opening of sWitches 256, 254, 252. In some 
embodiments, the sequence of digital values applied to digital 
to analog converter 220 are provided from a comparator cali 
bration memory 240. In one particular embodiment of the 
present invention, comparator calibration memory 240 
includes a memory location for each of comparators 201. 
Each of the memory locations holds a digital value that When 
applied to digital to analog converter 220 Will result in a 
desired reference voltage output for the respective compara 
tor. Analog to digital converter 200 further includes a calibra 
tion control circuit 270. Calibration control circuit 270 is 
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capable of providing digital values to digital to analog con 
verter 220, and in turn receiving the outputs from comparators 
201. 

[0023] During calibration, a predetermined voltage poten 
tial is applied as input voltage 290. Application of such a 
predetermined voltage may be generated in any number of 
Ways. For example, the predetermined voltage may be gen 
erated using a digital to analog converter. Based on the dis 
closure provided herein, one of ordinary skill in the art Will 
appreciate other Ways by Which such a predetermined voltage 
may be generated. The predetermined voltage potential is 
initially set to equal the desired sWitching level of comparator 
20111. In addition, sequencer circuit 230 closes sWitch 256 
and repeatedly causes the digital value corresponding to the 
threshold of comparator 20111 to be applied from comparator 
calibration memory 240 to digital to analog converter 220. 
Calibration control circuit 270 updates the digital value cor 
responding to the threshold of comparator 20111 in compara 
tor calibration memory 240 until the desired result of com 
parator output 203 is achieved for the given input voltage. In 
one particular case, this may be achieved by incrementing the 
digital value corresponding to the threshold of comparator 
201a until comparator output 203 sWitches. The aforemen 
tioned process is repeated for each of comparators 201 by 
applying a voltage potential to input voltage 290 that is tai 
lored for the particular comparator 201. Once this process is 
completed for all of comparators 201, a digital value corre 
sponding to the thresholds of each of comparators 201 is 
stored in comparator calibration memory 240 and analog to 
digital converter 200 is considered calibrated. These digital 
values are used during normal operation to provide reference 
voltages to each of comparators 201 for an analog to digital 
conversion is ongoing. In some cases, the time that expires 
during the calibration period assures that each of capacitors 
262, 264, 266 are charged to a voltage potential very close to 
the desired reference voltage. The calibration process may 
occur periodically based on a timer, or may occur each time a 
reset or poWer on condition occurs. Based on the disclosure 

provided herein, one of ordinary skill in the art Will recogniZe 
appropriate times to alloW the calibration process to com 
plete. 
[0024] In normal operation, sequencer circuit 230 cycles 
through the digital values maintained in comparator calibra 
tion memory 240, and a delay period later controls the open 
ing and closing of sWitches 252, 254, 256. In particular, 
sequencer circuit 230 applies an address to comparator cali 
bration memory 240, and based on the provided address com 
parator calibration memory 240 provides a digital value that 
corresponds to the threshold of comparator 201a . After digital 
to analog converter 220 settles, sWitch 256 is closed. The 
digital value is applied to digital to analog converter 220 that 
generates reference voltage 286 for comparator 201a. Refer 
ence voltage 286 is applied to capacitor 266 that is charged 
and substantially maintains the voltage potential during a 
later period When sWitch 256 is opened. Subsequently, 
sequencer circuit 230 opens sWitch 256. 

[0025] Then, sequencer circuit 240 applies an address to 
comparator calibration memory 240, and based on the pro 
vided address comparator calibration memory 240 provides a 
digital value that corresponds to the threshold of comparator 
2011). After digital to analog converter 220 settles, sWitch 254 
is closed. The digital value is applied to digital to analog 
converter 220 that generates reference voltage 284 for com 
parator 2011). Reference voltage 284 is applied to capacitor 
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264 that is charged and substantially maintains the voltage 
potential during a later period When sWitch 254 is opened. 
Subsequently, sequencer circuit 230 opens sWitch 254. 

[0026] Then, sequencer circuit 230 applies an address to 
comparator calibration memory 240, and based on the pro 
vided address comparator calibration memory 240 provides a 
digital value that corresponds to the threshold of comparator 
2010. After digital to analog converter 220 settles, sWitch 252 
is closed. The digital value is applied to digital to analog 
converter 220 that generates reference voltage 282 for com 
parator 2010. Reference voltage 282 is applied to capacitor 
262 that is charged and substantially maintains the voltage 
potential during a later period When sWitch 252 is opened. 
Subsequently, sequencer circuit 230 opens sWitch 252. 

[0027] Once all of capacitors 262, 264, 266 are charged, the 
sequence is repeated to replace any charge on the respective 
capacitors that is lost during operation. As one of various 
advantages of the aforementioned embodiment, a relatively 
small dynamic reference voltage system may be used to 
replace prior art resistor ladders. Further, in some cases, such 
a dynamic reference voltage system may use less poWer than 
that of its prior art counter parts. Based on the disclosure 
provided herein, one of ordinary skill in the art Will recogniZe 
a variety of other advantages that may be achieved in accor 
dance With different embodiments of the present invention. 

[0028] The time that a reference voltage is applied to a 
given capacitor before charging of a subsequent capacitor 
begins may be suf?ciently large to alloW the capacitor to fully 
charge. The time may be restricted such that discharge occur 
ring on any capacitor betWeen charges is insigni?cant. In 
some cases, Where a large number of comparators and refer 
ence voltages are utiliZed, the period betWeen charging of a 
given capacitor may become suf?ciently long as to result in a 
substantial decrease in the reference voltage applied to the 
particular comparator. This results in of spurious operation of 
analog to digital converter 200. To alleviate this, one or more 
additional analog to digital converters may be used to distrib 
ute the charging responsibilities. As an example, the time 
betWeen charges on a given capacitor may be reduced in half 
Where tWo digital to analog converters are used. 

[0029] Turning to FIG. 3, an analog to digital converter 300 
With multiple digital to analog converters 320, 322 is shoWn in 
accordance With some embodiments of the present invention. 
Analog to digital converter 300 includes a number of com 
parators 301 that each have one input electrically coupled to 
an input voltage 390 that is to be converted to a digital repre 
sentation thereof. Comparator 301a provides a comparator 
output 303 (i.e., comparator output 0), comparator 3011) pro 
vides a comparator output 305 (i.e., comparator output 1), 
comparator 3010 provides a comparator output 307 (i.e., 
comparator output N-l), and comparator 301d provides a 
comparator output 309 (i.e., comparator output N). While 
four comparators 301 and associated circuitry are depicted, 
more than this number may be included in analog to digital 
converter 300 as indicated by marks 394, 395, 396. The num 
ber of comparators and associated circuitry that may be used 
may be chosen based on a desired resolution of analog to 
digital converter 300. The other input of each of comparators 
301 is driven by a reference voltage received from a dynamic 
reference generation system 310. In particular, the other input 
of comparator 301a receives a reference voltage 388, the 
other input of comparator 301!) receives a reference voltage 
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386, the other input of comparator 301c receives a reference 
voltage 384, and the other input of comparator 301d receives 
a reference voltage 382. 

[0030] Dynamic reference generation system 310 includes 
tWo digital to analog converters 320, 322. Digital to analog 
converter 322 provides an analog voltage output to a capacitor 
368 via a sWitch 358, and to a capacitor 366 via a sWitch 356. 
Digital to analog converter 320 provides an analog voltage 
output to a capacitor 364 via a sWitch 354, and to a capacitor 
362 via a sWitch 352. Dynamic reference generation system 
310 includes a sequencer circuit 330 that controls a sequence 
of digital values applied to digital to analog converters 320, 
322 and the closing and opening of sWitches 358, 356, 354, 
352. In some embodiments, the sequence of digital values 
applied to digital to analog converters 320, 322 are provided 
from a comparator calibration memory 340. In one particular 
embodiment of the present invention, comparator calibration 
memory 340 includes a memory location for each of com 
parators 301. Each of the memory locations holds a digital 
value that When applied to a respective one of digital to analog 
converters 320, 322 Will result in a desired reference voltage 
output for the respective comparator. 
[0031] In normal operation, sequencer circuit 330 cycles 
through the digital values maintained in comparator calibra 
tion memory 340, and a delay period later controls the open 
ing and closing of sWitches 352, 354, 356, 358. In particular, 
sequencer circuit 330 applies an address to comparator cali 
bration memory 340 that corresponds to the digital values 
associated With comparator 301a and comparator 3010, and a 
delay period later closes sWitch 358 and sWitch 354. The 
digital value corresponding to the threshold of comparator 
30111 is applied to digital to analog converter 322, and the 
digital value corresponding to the threshold of comparator 
3010 is applied to digital to analog converter 320. Digital to 
analog converter 322 generates reference voltage 388 for 
comparator 301a, and digital to analog converter 320 gener 
ates reference voltage 384 for comparator 3010. Reference 
voltage 388 is applied to capacitor 368 that is charged and 
substantially maintains the voltage potential during a later 
period When sWitch 358 is opened. Similarly, reference volt 
age 384 is applied to capacitor 364 that is charged and sub 
stantially maintains the voltage potential during a later period 
When sWitch 354 is opened. 
[0032] Then, sequencer circuit 330 that corresponds to the 
digital values associated With comparator 30119 and compara 
tor 301d, and a delay period later closes sWitch 356 and 
sWitch 352. The digital value corresponding to the threshold 
of comparator 30119 is applied to digital to analog converter 
322, and the digital value corresponding to the threshold of 
comparator 301d is applied to digital to analog converter 320. 
Digital to analog converter 322 generates reference voltage 
386 for comparator 301b, and digital to analog converter 320 
generates reference voltage 382 for comparator 301d. Refer 
ence voltage 386 is applied to capacitor 366 that is charged 
and substantially maintains the voltage potential during a 
later period When sWitch 356 is opened. Similarly, reference 
voltage 382 is applied to capacitor 362 that is charged and 
substantially maintains the voltage potential during a later 
period When sWitch 352 is opened. Once all of capacitors 362, 
364, 366, 368 are charged, the process is repeated to replace 
any charge on the respective capacitors that is lost during 
operation. 
[0033] Turning to FIG. 4, a How diagram 400 depicts a 
method in accordance With some embodiments of the present 
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invention for calibrating an analog to digital converter. Fol 
loWing ?oW diagram 400, a ?rst comparator in an analog to 
digital converter is selected, and a comparison voltage asso 
ciated With the selected comparator is applied to the voltage 
input of the analog to digital converter (block 410). An initial 
calibration value is selected (block 420), and Written to a 
memory location associated With the selected comparator 
(block 430). An analog voltage corresponding to the calibra 
tion value is then applied to the selected comparator (block 
440), and the resulting output from the selected comparator is 
received (block 450). It is determined Whether the received 
comparator output is the desired or expected output based on 
the applied voltage input (block 460). Where it is not the 
desired or expected output (block 460), the calibration value 
is increased (block 470), and the processes of blocks 430-460 
are repeated for the neW calibration value. Based on the 
disclosure provided herein, one of ordinary skill in the art Will 
recogniZe other calibration approaches and schemes that may 
be used in accordance With different embodiments of the 
present invention. For example, a binary search approach may 
be used Where the initial value is chosen to be a mid range 
value With the binary search continuing from that point. Such 
a binary search scheme may be used in place of the disclosed 
linear search scheme of FIG. 4. 

[0034] Alternatively, Where the output of the comparator is 
the expected or desired value (block 460), it is determined 
Whether another comparator is to be calibrated (block 480). 
Where another comparator is to be calibrated (block 480), the 
next comparator in the analog to digital converter is selected, 
and a comparison voltage associated With the selected com 
parator is applied to the voltage input of the analog to digital 
converter (block 490). With the next comparator selected 
(block 490), the processes of blocks 420-490 are repeated for 
the selected comparator. Once all of the comparators have 
been calibrated (block 480), the calibration process is com 
plete (block 495). Once the calibration process is complete, 
the memory Will include a calibration value for each of the 
comparators in the analog to digital converter. 
[0035] Turning to FIG. 5, a How diagram 500 shoWs a 
method in accordance With various embodiments of the 
present invention forperforming analog to digital conversion. 
Following ?oW diagram 500, a ?rst comparator in an analog 
to digital converter is selected (block 510). An address corre 
sponding to the selected comparator is applied to a memory 
including calibration values (block 520). This results in a 
calibration value being applied to a digital to analog con 
verter, and a corresponding analog reference voltage being 
applied to the selected comparator (block 530). It is then 
determined Whether the reference voltage has been applied to 
the selected comparator for a suf?cient period of time (block 
540). A su?icient period of time may be, for example, a time 
period su?icient to fully charge a capacitor coupled to the 
selected comparator. Based on the disclosure provided 
herein, one of ordinary skill in the art Will recogniZe a mea 
surement of time that may be chosen for a particular analog to 
digital converter design. Where the expired time is insu?i 
cient (block 540), the process stalls. Alternatively, Where a 
suf?cient period of time has passed (block 540), it is deter 
mined Whether another comparator remains in the analog to 
digital converter (block 550). Where another comparator 
exists (block 560), the next comparator is selected (block 
560), and the process of blocks 520-550 are performed for the 
next selected comparator. Alternatively, Where another com 
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parator does not exist (block 560), the ?rst comparator is 
again selected (block 510), and the processes of blocks 520 
560 are repeated. 
[0036] In conclusion, the invention provides novel systems, 
circuits, methods and arrangements for converting an analog 
signal to a digital signal. While detailed descriptions of one or 
more embodiments of the invention have been given above, 
various alternatives, modi?cations, and equivalents Will be 
apparent to those skilled in the art Without varying from the 
spirit of the invention. Therefore, the above description 
should not be taken as limiting the scope of the invention, 
Which is de?ned by the appended claims. 

1. An analog to digital converter circuit, the analog to 
digital converter circuit comprising: 

a ?rst comparator, Wherein the ?rst comparator receives an 
input voltage and a ?rst reference voltage; 

a ?rst storage device, Wherein the ?rst storage device is 
electrically coupled to the ?rst reference voltage; 

a second comparator, Wherein the second comparator 
receives the input voltage and a second reference volt 
age; 

a second storage device, Wherein the second storage device 
is electrically coupled to the second reference voltage; 
and 

a reference voltage generation circuit, Wherein the refer 
ence voltage generation circuit provides the ?rst refer 
ence voltage and the second reference voltage, Wherein 
the ?rst reference voltage is provided during a ?rst time 
period and the second reference voltage is provided dur 
ing a second time period, and Wherein the reference 
voltage generation circuit includes: 
a digital to analog converter and a sequencer circuit, 

Wherein the sequencer circuit causes a ?rst digital 
value corresponding to the ?rst reference voltage to be 
applied to the digital to analog converter during the 
?rst time period, and Wherein the sequencer circuit 
causes a second digital value corresponding to the 
second reference voltage to be applied to the digital to 
analog converter during the second time period. 

2. The analog to digital converter circuit of claim 1, 
Wherein the ?rst storage device is a capacitor. 

3. The analog to digital converter circuit of claim 1, 
Wherein the ?rst time period is mutually exclusive of the 
second time period. 

4. (canceled) 
5. The analog to digital convener circuit of claim 1, Wherein 

access to the ?rst storage device is controlled by a ?rst sWitch, 
and Wherein access to the second storage device is controlled 
by a second sWitch. 

6. The analog to digital convener circuit of claim 5, Wherein 
the sequencer circuit closes the ?rst sWitch during the ?rst 
time period, and Wherein the sequencer circuit closes the 
second sWitch during the second time period. 

7. The analog to digital convener circuit of claim 1, Wherein 
the analog to digital converter circuit further comprises: 

a calibration control circuit, Wherein the calibration control 
circuit provides the ?rst digital value, and Wherein the 
calibration control circuit receives an output from the 
?rst comparator and determines Whether the ?rst digital 
value is correct. 

8. The analog to digital convener circuit of claim 7, Wherein 
the calibration control circuit provides the second digital 
value, and Wherein the calibration control circuit receives an 
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output from the second comparator and determines Whether 
the second digital value is correct. 

9. The analog to digital convener circuit of claim 7, Wherein 
upon determining that the ?rst digital value is not correct, the 
calibration control circuit modi?es the ?rst digital value, and 
Wherein the calibration control circuit receives the output 
from the ?rst comparator and determines Whether the modi 
?ed ?rst digital value is correct. 

10. The analog to digital converter circuit of claim 7, 
Wherein access to the ?rst storage device is controlled by a 
?rst sWitch, Wherein access to the second storage device is 
controlled by a second sWitch, Wherein the sequencer circuit 
closes the ?rst sWitch during the ?rst time period, and Wherein 
the sequencer circuit closes the second sWitch during the 
second time period. 

11. The analog to digital converter circuit of claim 10, 
Wherein the ?rst time period is mutually exclusive of the 
second time period. 

12. A method for performing analog to digital conversion, 
the method comprising: 

providing an analog to digital converter circuit, Wherein the 
analog to digital converter circuit includes: 
a ?rst comparator, Wherein the ?rst comparator receives 

an input voltage and a ?rst reference voltage; 
a ?rst storage device, Wherein the ?rst storage device is 

electrically coupled to the ?rst reference voltage; 
a second comparator, Wherein the second comparator 

receives the input voltage and a second reference volt 
age; 

a second storage device, Wherein the second storage 
device is electrically coupled to the second reference 
voltage; 

a digital to analog converter: and 
electrically coupling the input voltage to the ?rst compara 

tor and the second comparator during a ?rst time period 
and a second time period; 

electrically coupling the ?rst reference voltage to the ?rst 
comparator and the ?rst storage device during the ?rst 
time period; and 

electrically coupling the second reference voltage to the 
second comparator and the second storage device during 
the second time period; 

applying a ?rst digital value to the digital to analog con 
ver‘ter during the ?rst time period, Wherein an output of 
the digital to analog convener is the ?rst reference volt 
age. 

13. The method of claim 12, Wherein the ?rst time period is 
mutually exclusive of the second time period. 

14. The method of claim 12, Wherein the method further 
comprises: 

applying a second digital value to the digital to analog 
convener during the second time period, Wherein the 
output of the digital to analog converter is the second 
reference voltage. 

15. The method of claim 14, Wherein the method further 
comprises: 

receiving an output of the ?rst comparator; 
modifying the ?rst digital value based at least in pan on the 

output of the ?rst comparator; and 
applying the modi?ed ?rst digital value to the digital to 

analog converter during a subsequent ?rst time period. 
16. The method of claim 15, Wherein the method further 

comprises: 
receiving an output of the second comparator; 
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modifying the second digital value based at least in pan on 
the output of the second comparator; and 

applying the modi?ed second digital value to the digital to 
analog converter during a subsequent second time 
period. 

17. An electronic system, the electronic system compris 
ing: 

an analog to digital converter circuit including: 
a ?rst comparator, a ?rst sWitch, and a ?rst storage device; 

Wherein one input of the ?rst comparator is electrically 
coupled to the ?rst storage device and to the ?rst sWitch; 
and Wherein another input of the ?rst comparator is 
electrically coupled to an input voltage; 

a second comparator, a second sWitch, and a second storage 
device; 

Wherein one input of the second comparator is electrically 
coupled to the second storage device and to the second 
sWitch; and Wherein another input of the second comparator 
is electrically coupled to the input voltage; 

a digital to analog converter, Wherein the digital to analog 
converter is electrically coupled to the ?rst sWitch and to 
the second sWitch, and Wherein the digital to analog 
converter provides the ?rst reference voltage during a 
?rst time period and the second reference voltage during 
a second time period; and 

a sequencer circuit, Wherein the sequencer circuit is oper 
able to close the ?rst sWitch during the ?rst time period 
and to close the second sWitch during the second time 
period. 

18. The electronic system of claim 17, Wherein the elec 
tronic system is selected from a group consisting of: a cellular 
telephone, a computer, and a hard disk drive. 

19. The electronic system of claim 17, Wherein the ?rst 
storage device is a ?rst capacitor and the second storage 
device is a second capacitor. 

20. The electronic system of claim 17, Wherein the 
sequencer circuit is further operable to provide a ?rst digital 
value corresponding to the ?rst reference voltage to the digital 
to analog converter during the ?rst time period, and Wherein 
the sequencer circuit, and to provide a second digital value 
corresponding to the second reference voltage to the digital to 
analog converter during the second time period. 

21. An analog to digital converter circuit, the analog to 
digital converter circuit comprising: 

a ?rst comparator and a ?rst storage device, Wherein the 
?rst comparator receives a time varying input voltage at 
a ?rst input and a ?rst reference voltage at a second 
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input, and Wherein the ?rst storage device is electrically 
coupled to the ?rst reference voltage; 

a second comparator and a second storage device, Wherein 
the second comparator receives the time varying input 
voltage at a third input and a second reference voltage at 
the fourth input, and Wherein the second storage device 
is electrically coupled to the second reference voltage; 

a reference voltage generation circuit, Wherein the refer 
ence voltage generation circuit provides the ?rst refer 
ence voltage at a ?rst time period and the second refer 
ence voltage at a second time period, and Wherein the 
reference voltage generation circuit includes: 
a digital to analog converter, Wherein the digital to ana 

log converter receives a ?rst digital value, Wherein the 
digital to analog converter converts the ?rst digital 
value to the ?rst reference voltage during the ?rst time 
period, Wherein the digital to analog converter 
receives a second digital value, Wherein the digital to 
analog converter converts the second digital value to 
the second reference voltage during the second time 
period. 

22. The analog to digital converter circuit of claim 21, 
Wherein the reference voltage generation circuit further com 
prises a sequencer circuit, Wherein access to the ?rst storage 
device is controlled by a ?rst sWitch, Wherein access to the 
second storage device is controlled by a second sWitch, and 
Wherein the sequencer circuit closes the ?rst sWitch during 
the ?rst time period and closes the second sWitch during the 
second time period. 

23. The analog to digital convener circuit of claim 21, 
Wherein the analog to digital convener circuit further com 
prises: 

a calibration control circuit, Wherein the calibration control 
circuit provides the ?rst digital value, Wherein the cali 
bration control circuit receives an output from the ?rst 
comparator and determines Whether the ?rst digital 
value is correct, Wherein the calibration control circuit 
provides the second digital value, and Wherein the cali 
bration control circuit receives an output from the sec 
ond comparator and determines Whether the second 
digital value is correct. 

24. The analog to digital convener circuit of claim 23, 
Wherein upon determining that the ?rst digital value is not 
correct, the calibration control circuit modi?es the ?rst digital 
value, and Wherein the calibration control circuit receives the 
output from the ?rst comparator and determines Whether the 
modi?ed ?rst digital value is correct. 

* * * * * 


