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200

\

Divide an output signal of the first stage by a desired gain
of the residue amplifier of the first stage using an attenuator to

205

generate a modified output signal

l 210

Add a DAC value to the modified output signal to generate

a reconstructed input signal

\ 215
Subtract the reconstructed input signal from an input signal to
the ADC for calculating a difference value between the
desired output and an actual output, wherein said difference
value includes the error
220
Provide the error estimated to a second stage through an error
amplifier after multiplying the error with the desired gain
225

Eliminate the error in the residue amplifier by adding the error
to a residue value input to the second stage.

FIG: 2
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400

\

Estimate a difference value between a reference voltage

[

provided to the first stage and an ideal reference voltage.

l 410

Multiply the difference value with a closed loop gain of a

residue amplifier of the first stage to calculate the reference

voltage error.
v nE

Provide the reference voltage error calculated to a second

stage of the plurality of stages after multiplying the error with
a closed loop gain of the residue amplifier of the second stage.

l 420

Eliminate the reference voltage error by adding the error to a

residue value input to the second stage.

FIG: 4
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METHODS AND SYSTEMS FOR DESIGNING
HIGH RESOLUTION ANALOG TO DIGITAL
CONVERTERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Indian Provisional
Patent Application No. 1006/CHE/2006, filed Jun. 9, 2006,
and Indian Non-Provisional Patent Application No. E/2/116/
207, filed Jun. 8, 2007, which are incorporated herein by
reference.

BACKGROUND

1. Technical Field

Embodiments of the invention relate generally to Analog to
Digital Converters (ADCs) and more particularly to methods
and systems for designing high resolution ADCs.

2. Discussion of Prior Art

Analog to Digital Converters (ADCs) serve to translate a
given analog input signal (over a given range of potential
signal values) into a corresponding digital signal. The prior
art is replete with a host of different types of ADC architec-
tures. They include, for example, flash architecture, pipelined
architecture, successive approximation architecture and
sigma delta architecture.

A pipelined ADC divides an analog-to-digital conversion
task into several consecutive stages, namely, a sample and
hold stage, followed by one or more pipeline stages, and
finally a flash stage. The sample and hold stage samples and
holds the analog input signal. It is followed by a set of pipe-
lined stages. Each pipelined stage produces a digital estimate
of'an analog held signal received at an input of the stage. More
particularly, at each pipelined stage, a digital estimate of the
analog held signal is calculated, the digital estimate is then
converted back to an analog waveform and is subtracted from
the analog held signal received at the input of the stage. The
result of the subtraction is referred to as residue value. The
residual analog signal is then amplified in the hold phase and
supplied to the next stage in the pipeline to be sampled and
converted in an identical manner.

Each of the pipelined stages is constructed in an identical
manner. That is, each includes a sample and hold circuit, an
ADC, and a Digital to Analog (D/A) converter (DAC). The
ADC uses two clock phases, namely, a sample phase and a
hold phase for Analog to Digital (A/D) conversion. The
sample phase is used to sample the input signal on the sam-
pling capacitors. The input analog signal is the output voltage
from the previous stage. For the hold phase, the input signal is
the analog voltage which is supplied as an input to the ADC.
The hold phase is used to calculate the residue value. The
sampled input analog signal is subtracted from the nearest
DAC value determined by the comparator array. The sub-
tracted output is commonly referred to as residue value. The
residual analog signal is then amplified in the hold phase and
supplied to the next stage in the pipeline to be sampled and
converted in an identical manner to stage 1. This process is
repeated through as many stages as are necessary to achieve a
desired resolution.

In conventional pipelined ADCs, errors created in one
stage are propagated to the later stages. These errors are the
key reason for reducing the performance of the ADC. Mainly
there are two types of errors which reduce the performance of
the ADC, namely gain error and reference voltage error. Ifthe
gain of the residue amplifier of a stage varies from the desired
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gain, there is a gain error in the residue amplifier which affects
the residue value output of that particular stage.

Pipelined ADC requires a reference voltage to convert the
analog input voltage into digital data. Given an input voltage
sample Vin, the ADC output is D (a digital data) such that,
V,,.=D*V,_+Qer; where ‘V, . is the reference voltage and
Qer is the quantization error. “Vref” is used in every stage of
apipelined ADC to extract the bits. A simplified diagram of a
typical pipeline stage is illustrated in FIG. 1, 100.

In FIG. 1, in the sample phase of the clock, the sampling
capacitors 105 sample the input voltage ‘Vin’. In the hold
phase of the clock, Vin’ is subtracted from the nearest Digital
to Analog Converter (DAC) value. A stage having ‘n” number
of DAC values has ‘n’ number of unit sampling capacitors
105. Depending on the comparator code, ‘m’ number of them
are connected to ‘Vref” in the hold phase, rest of the ‘n-m’
number of capacitors are connected to ground. The equivalent
DAC value implemented is (m/n)*Vref. Charge drawn from
the reference is m*C*(Vin—-Vref), where ‘C’ is the unit sam-
pling capacitance.

This charge is stored in the feedback capacitor 120 of the
corresponding stage. The output voltage of the stage is
Vres=G (Vin-Vref);

Where, the gain of the residue amplifier, G=m*C/Cf, and

Cf=feedback capacitance.

This voltage is called the residue value of the correspond-
ing stage and is used as the input voltage to the next stage to
extract the following sets of bits. Error in residue value results
in erroneous decision in the following stage and affects the
digital code output of the entire ADC stages.

At the hold phase, the reference voltage, Vref dips due to
the finite output impedance to supply the charge to the sam-
pling capacitors 105. If the dip (or reference voltage error) in
the reference voltage is ‘Ve’, the resultant error in residue
value is Ver_res=—G*Ve. To reduce this reference voltage
error, Ve needs to be reduced. To reduce Ve, the output imped-
ance of the reference voltage Vref has to be reduced. To
reduce the error in reference voltage, Vref to “4LSB (Least
Significant Bit) (480uV) ofa 12-bit ADC having IV reference
voltage and 2 pF sampling capacitance at stage 1, the output
impedance needs to be less than 1 ohm. This low output
impedance across frequency is difficult to obtain, if not
impossible, especially considering the reference voltage rout-
ing to every stages.

Most of the available ADCs today have a resolution of 8
bits. Relative to a 12-bit ADC, an 8-bit ADC has V16" the
resolution. In addition, the input sampling capacitance can be
considerably reduced, as a result, the tolerable error in refer-
ence voltage is 16-times higher than that of an 8-bit converter
and hence the effective output impedance can be as high as 16
ohm. However, such moderate output impedances are not
acceptable in high resolution ADCs with 12 or more number
of bits. There are several methods in the art for correcting
these errors in the ADC in the digital domain. These methods
are time consuming and cannot perform error correction in
analog domain.

Hence, it would be advantageous to have a system and
method for eliminating the gain error and reference voltage
error in an ADC in the analog domain, thereby increasing the
resolution of the ADC.

SUMMARY

Embodiments of the invention described herein provide
methods and systems for designing a high resolution ADC by
eliminating the errors in the ADC stages. An error correction
architecture and method of the embodiments of the invention
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eliminate the gain error and settling error of the residue ampli-
fier in a pipelined ADC stage. A reference voltage error cor-
rection architecture and method of the embodiments of the
invention eliminate the reference voltage error due to the
sampling action in the ADC.

An example method provides gain and settling error cor-
rection of' the residue amplifier of a pipelined ADC according
to an embodiment of the invention. The method divides an
output signal (residue) of the first stage by a desired gain of
the residue amplifier of the first stage using an attenuator and
generates a modified output signal; adds the digital to analog
converter (DAC) value to the modified output signal to gen-
erate a reconstructed input signal; and subtracts the recon-
structed input signal from an input signal to the first stage for
calculating a difference value between a desired output and an
actual output. The difference value includes the error of the
residue amplifier. The method further provides the error esti-
mated to a second stage through an error amplifier after mul-
tiplying the error with the desired gain; and eliminates the
error in the residue amplifier by adding the error to a residue
value input to the second stage.

An example system provides an ADC architecture for gain
and settling error correction of the residue amplifier of a
pipelined ADC according to an embodiment of the invention.
The ADC includes an attenuator for dividing an output signal
of a first stage by a desired gain of the residue amplifier of the
first stage to generate a modified output signal; means for
adding DAC value to the modified output signal to generate a
reconstructed input signal; means for subtracting the recon-
structed input signal from an input signal to the first stage for
calculating a difference value between a desired output and
actual output, where the difference value includes the error; a
sampling capacitor for holding the error calculated in the first
stage; an error amplifier for providing the error calculated to
a second stage of the plurality of stages after multiplying the
error with the desired gain; and means for adding the error to
a residue value input to the second stage whereby correcting
the error in the residue amplifier.

An example method provides reference voltage error cor-
rection in the ADC according to an embodiment of the inven-
tion. The method calculates a reference voltage error in ref-
erence voltage provided to the first stage and an ideal
reference voltage; and by multiplying the difference value
with a closed loop gain of a residue amplifier of the first stage
to calculate the reference voltage error. The method further
provides the reference voltage error calculated to a second
stage of the plurality of stages after multiplying the error with
aclosed loop gain of the residue amplifier of the second stage;
and eliminates the reference voltage error by adding the error
to a residue value input to the second stage.

An example system provides an ADC architecture for ref-
erence voltage error correction in the ADC according to an
embodiment of the invention. The systems includes means for
estimating a difference value between a reference voltage
provided to a first stage of the plurality of stages and an ideal
reference voltage; means for multiplying the difference value
with a closed loop gain of a residue amplifier of the first stage
to calculate a reference voltage error; means for providing the
reference voltage error calculated to a second stage of the
plurality of stages after multiplying the reference voltage
error with a closed loop gain of the residue amplifier of the
second stage; and means for eliminating the reference voltage
error by adding the error to a residue value input to the second
stage.

An example method provides reference voltage error cor-
rection in digital domain according to an embodiment of the
invention. The method calculates a reference voltage error in
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a first stage of a plurality of stages in the ADC by estimating
adifference value between a reference voltage provided to the
first stage and an ideal reference voltage; and by multiplying
the difference value with a closed loop gain of a residue
amplifier of the first stage to calculate the reference voltage
error, where the difference value includes the reference volt-
age error. The method further digitizes the reference voltage
error calculated using a digital logic after multiplying the
reference voltage error with a closed loop gain of the residue
amplifier of the second stage; digitizes a residue value input to
the second stage using an auxiliary ADC; and adds the digi-
tized reference voltage error with the digitized residue value
input using an error correction logic, which eliminates the
reference voltage error.

Other aspects and example embodiments are provided in
the Figures and the Detailed Description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a stage of a pipelined ADC according to
the prior art;

FIG. 2 is flow diagram illustrating the steps in the method
forerror correction in an ADC according to an embodiment of
the invention;

FIG. 3 is a block diagram illustrating an example imple-
mentation of the error correction method of FIG. 2 according
to an embodiment of the invention;

FIG. 4 is a flow diagram illustrating the steps in the method
for reference voltage error correction in an ADC according to
an embodiment of the invention;

FIG. 5 is a block diagram illustrating an example imple-
mentation of the reference voltage error correction method of
FIG. 4 according to an embodiment of the invention;

FIG. 6 is a block diagram illustrating an example imple-
mentation of the reference voltage error correction at a later
stage in the ADC according to an embodiment of the inven-
tion; and

FIG. 7 is a block diagram illustrating an example imple-
mentation of the reference voltage error correction in digital
domain according to an embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a stage of a pipelined ADC according to
the prior art 100.

FIG. 2 is flow diagram illustrating the steps in the method
200 for error correction in an ADC according to an embodi-
ment of the invention. The error caused by a residue amplifier
of a stage of the ADC is estimated while ADC is performing
the analog to digital conversion, and is forwarded and cor-
rected in the next stage. The error correction method uses an
analog feed-forward approach where the error calculated is
propagated and corrected in the analog domain at the later
stages. Step 205 divides an output signal of the first stage by
a desired gain of the residue amplifier of the first stage using
anattenuator and generates a modified output signal. Step 210
adds the DAC value to the modified output signal and gener-
ates a reconstructed input signal. Step 215 subtracts the
reconstructed input signal from an input signal to the ADC for
calculating a difference value between the desired output and
an actual output. The difference between the reconstructed
input signal and the actual input signal is the error in the
residue amplifier. This error includes the gain error or the
settling error of the residue amplifier.

Step 220 provides the error estimated to a second stage
through an error amplifier after multiplying the error with the
desired gain. Since the error is provided to the second stage,
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the error itself has to be multiplied by the gain of the residue
amplifier of the first stage. However, with an increased gain,
the feedback factor of the second stage degrades significantly
as there is a need for two sampling capacitors, one sampling
capacitor for the residue amplifier output of the first stage and
another for the error amplifier output. To reduce the feedback
factor of the second stage, the closed loop gain of the error
amplifier preset which is equal to the product of closed loop
gains of the residue amplifiers of the first stage and the second
stage. Multiplying the error with the desired gain cancels the
divided value of the desired gain in step 205. Step 225 elimi-
nates the error in the residue amplifier by adding the error to
a residue value input to the second stage.

In order to effect the aforementioned error correction, a
component which includes a measure of the error is required.
The sampling capacitor of the stage is used for this purpose
which holds the error. The sampling capacitor, at the end of
the amplifying phase, holds a charge which corresponds to
the difference value between the DAC value, and the desired
residue value divided the desired gain of the residue amplifier.

In one embodiment of the invention, the aforementioned
error correction method 200 can also be performed at a later
stage in the ADC by propagating the error along a parallel
path and added to the output of a subsequent stage. In such
case, the error calculated is multiplied with the closed loop
gains of a set of residue amplifiers of successive stages before
a particular stage and is provided to that particular stage.

FIG. 3 is a block diagram 300 illustrating an example
implementation of the error correction method 200 of FIG. 2
according to an embodiment of the invention. The block
diagram 300 includes two simplified stages of the ADC
namely, first stage 320 and second stage 325. Each of these
stages 320, 325 include an ADC 305, and a Digital to Analog
Converter (DAC) 310. The first stage 320 includes a residue
amplifier 315 with a closed loop gain of ‘G, and the second
stage 325 includes a residue amplifier 330 with a closed loop
gainof ‘G,’. The block diagram further includes an attenuator
335 and an error amplifier 340.

The attenuator 335 divides the output of the first stage 320
by the desired gain of the residue amplifier 315 of the first
stage 320. The desired gain is denoted as ‘Gdes’.

The output of the first stage is given as,

Stage 1_output=(V, -V, )G,;

Where, V, =Input voltage to the first stage 320;

V 1,.=DAC value of the first stage 320; and
G,=closed loop gain of the residue amplifier 315 of the
first stage 320.

After dividing the output of the first stage 320 with the
desired gain of the residue amplifier 315 using the attenuator
335, the output of the attenuator 335 is given as:

Attenuator_output=Stagel_output/G . =(V,,-V ,,.)G/

Gless

Where, G, ,=Desired Gain.

The output of the attenuator, 335 and the DAC value,
‘Vdac’ is subtracted from the input voltage ‘Vin’ and fed into
the error amplifier 340. This value is multiplied by the desired
gain ‘Gdes’.

The output of the error amplifer,

6

-continued
340 = [((Viy — Viage) — output of the attenuator, 335)Gyes)] =
closed loop gain of the error amplifier 340;
= [((Vin = Vaae) = (Vin = Viaac)G1 [ Gates) # Gates] + G2;
= (Ges = G1) # (Vip = Vigao) % G-

The output of the error amplifier 340 is added to the residue
value output of the second stage, 325.
Residue value output of the second stage, 325=(V,,-V ....)
*G *G,
Adding the output of the error amplifier 340 with the resi-
due value output of the second stage 325 will be the corrected
residue input to the third stage.

—_
<

The residue input The output of the error amplifier+

to the third stage ~ Residue value output of the second stage

2 = [(Gaes = G # (Vin = Vaae) x ol +
[(Vin = Vage) = G1 G2 ]
= (Vin — Vitac) # Ges = G2
25

Itis clear from the above equation that, the residue input to
the third stage is multiplied by the desired gain of the residue
amplifier of the first stage, Gdes.

FIG. 4 is a flow diagram illustrating the steps in the method
400 for reference voltage error correction in an ADC accord-
ing to an embodiment of the invention. The method 400 of an
embodiment of the invention corrects the reference voltage
error due to the sampling action in the ADC. An ideal refer-
ence voltage is provided and the reference voltage error is
calculated by taking the difference between the reference
voltage provided to the first stage of the ADC and the ideal
reference voltage.

Step 405 estimates a difference value between a reference
voltage provided to the first stage and an ideal reference
voltage. Step 410 multiplies the difference value with a closed
loop gain of a residue amplifier of the first stage to calculate
the reference voltage error. Step 415 provides the reference
voltage error calculated to a second stage of the plurality of
stages after multiplying the error with a closed loop gain of
the residue amplifier of the second stage. Step 420 eliminates
the reference voltage error by adding the error to a residue
value input to the second stage.

FIG. 5 is a block diagram 500 illustrating an example
implementation of the reference voltage error correction
method, 400 of FIG. 4 according to an embodiment of the
invention. The block diagram 500 includes two simplified
stages of the ADC namely, first stage 505 and second stage
510. Each of these stages 505, 510 includes an ADC, and a
DAC. The first stage 505 includes a residue amplifier 515 with
a closed loop gain of ‘4’ and the second stage 510 includes
another residue amplifier 520 with a closed loop gain of ‘4’.
The block diagram further includes an error correction block
535.

The reference voltage to the first stage 505, Vref, 525 and
an ideal reference voltage Vref_ideal, 530 is fed into the error
correction block 535. In the error correction block 535, the
ideal reference voltage Vref_ideal, 530 is subtracted from the
reference voltage Vref, 525. This difference value is the ref-
erence voltage error. Reference voltage error is further mul-
tiplied by the closed loop gains of the residue amplifiers 515,
520 of the first and second stages 505, 510 respectively. In
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FIG. 5, 500 the closed loop gains of the residue amplifiers
515, 520 of the first and second stages 505, 510 are ‘G=4".

The output of the error correction block 535 is given as
follows.

Output of the
error correction = (Vyer — Vief jdeal) * closed loop gains of the
block

residue amplifiers 515,

520 of the first and

second stages 505, 510.

= (Vigr = Viet ideat) * 16

The output of the error correction block 535 is added to the
residue output of the second stage 510 for correcting the
reference voltage error.

Residue output of the second stage, 510=(V,, -V, )*16;

Where, V,, =Input voltage to the first stage 505;

Adding the output of the error correction block 535 is
added to the residue output of the second stage 510 gives the
residue input to the next stage with corrected reference volt-
age.

Input to the next stage = Residue output of the second stage,
510 + output of the error correction
block, 535;
= [(Vin = Vier)  16] +
[(Vres = Vie_idea) * 16]

~ Vet ideat) ¥ 16.

=V

From the above result it is clear that the reference voltage
error is eliminated and the ideal reference voltage 530 is
provided to the next stage in the ADC. The charge drawn from
the ideal reference voltage Vref_ideal 530 is only up to the
error in the actual reference voltage Vref, 525. Hence, the
output impedance of Vref_ideal 530 can be relaxed. Ideally,
the output impedance of both Vref_ideal 530 and Vref5252 is
as relaxed as that needed for a 6-bit ADC; the errorin Vref 525
will be equivalent to 1L.Sb of the 6-bit ADC, i.e., Vref=Vret/
64. This 1LSB error when corrected by Vref_ideal 530 cre-
ates an error of Vref/64=Vref/(2°12) in Vref_ideal value.
Thus, the final error is 12-bit small although each of the
Reference buffers are only 6-bit accurate.

FIG. 6 is a block diagram 600 illustrating an example
implementation of the reference voltage error correction at a
later stage in the ADC according to an embodiment of the
invention. The reference voltage error can be eliminated at an
immediate stage after estimating the reference voltage error
as shown in FIG. 5, 500, or at a later stage as shown in FIG. 6,
600. While correcting the reference voltage at a later stage in
the ADC, the reference voltage is estimated in a same way as
explained in FIG. 5, 500. After estimating the reference volt-
age error, the output of the error correction block 535 is
multiplied by the closed loop gains of the successive stages
605, for example G1 to Gn, till a particular stage and this
value is added to that particular stage’s residue value. In a
similar manner, the reference voltage error can be eliminated
at any stage of the ADC.
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FIG. 7 is a block diagram 700 illustrating an example
implementation of the reference voltage error correction in
digital domain according to an embodiment of the invention.
Instead of adding the reference voltage error in the analog
domain as illustrated in FIG. 4, FIG. 5 and FIGS. 6, 400, 500
and 600, the output of the error correction block and the
residue output of particular stage of the ADC can be digitized
and then added. The residue output of the successive stages
605 is digitized using an auxiliary ADC 705. The output of the
error correction block 535 is passed through a primary ADC
720. The primary ADC 720 includes a digital logic 710 to
digitize the reference voltage error. The digital output of the
primary ADC 720 and the residue output of the auxiliary ADC
705 are provided to the error correction logic 715. The error
correction logic 715 adds these two digital inputs and elimi-
nates the reference voltage error in digital domain.

The forgoing description sets forth numerous specific
details to convey a thorough understanding of the invention.
However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific details.
Well-known features are sometimes not described in detail in
order to avoid obscuring the invention. Other variations and
embodiments are possible in light of above teachings, and it is
thus intended that the scope of invention not be limited by this
Detailed Description, but only by the following Claims.

What is claimed is:

1. A method comprising:

estimating an error in a residue amplifier in a first stage of

a plurality of stages in an analog to digital converter
(ADC), wherein said estimating comprising:
dividing an output signal of said first stage by a desired
gain of the residue amplifier of the first stage using an
attenuator to generate a modified output signal;
adding a digital to analog converter (DAC) value to said
modified output signal to generate a reconstructed
input signal; and
subtracting said reconstructed input signal from an input
signal to the first stage for calculating a difference
value between a desired output and an actual output,
wherein said difference value includes said error;
providing the error estimated to a second stage of said
plurality of stages through an error amplifier after mul-
tiplying the error with said desired gain; and
eliminating the error in said residue amplifier by adding the
error to a residue value input to said second stage.

2. The method of claim 1 further comprising:

holding the error estimated in a sampling capacitor of the

first stage.

3. The method of claim 1, wherein the closed loop gain of
said error amplifier is equal to the product of closed loop gains
of'the residue amplifiers of the first stage and the second stage.

4. The method of claim 1, wherein said providing the error
calculated further comprising:

multiplying the error with the closed loop gains of a set of

residue amplifiers of successive stages before a particu-
lar stage; and

providing the error to said particular stage.

5. The method of claim 1, wherein the error comprises gain
error and settling error in the analog to digital converter.

6. The method of claim 1, whereby the error in the residue
amplifier is corrected in analog domain.

7. The method of claim 1, wherein the analog to digital
converter is a pipelined analog to digital converter.

8. An analog to digital converter including a plurality of
stages, each of said stages comprising a residue amplifier,
said analog to digital converter comprising:
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an attenuator for dividing an output signal of a first stage by
a desired gain of said residue amplifier of said first stage
to generate a modified output signal;

means for adding a digital to analog converter (DAC) value

to said modified output signal to generate a recon-
structed input signal;

means for subtracting said reconstructed input signal from

an input signal to the first stage for calculating a differ-
ence value between a desired output and actual output,
wherein said difference value includes said error;

a sampling capacitor for holding the error calculated in the

first stage;

an error amplifier for providing the error calculated to a

second stage of said plurality of stages after multiplying
the error with said desired gain; and

means for adding the error to a residue value input to said

second stage whereby correcting the error in the residue
amplifier.

9. The analog to digital converter of claim 8, wherein the
closed loop gain of said error amplifier is equal to the product
of'closed loop gains of the residue amplifiers of the first stage
and the second stage.

10. The analog to digital converter of claim 8, further
comprising:

means for multiplying the error with the closed loop gains

of the residue amplifiers of successive stages before a
particular stage; and

means for providing the error to said particular stage.

11. The analog to digital converter of claim 8, wherein said
error comprises gain error and settling error in the analog to
digital converter.

12. The analog to digital converter of claim 8, wherein the
analog to digital converter is a pipelined analog to digital
converter.

13. A method comprising:

calculating a reference voltage error in a first stage of a

plurality of stages in an analog to digital converter, said

calculating comprising:

estimating a difference value between a reference volt-
age provided to said first stage and an ideal reference
voltage; and

multiplying said difference value with a closed loop gain
of aresidue amplifier of the first stage to calculate said
reference voltage error;

providing the reference voltage error calculated to a second

stage of the plurality of stages after multiplying the error
with a closed loop gain of the residue amplifier of said
second stage; and

eliminating the reference voltage error by adding the error

to a residue value input to the second stage.

14. The method of claim 13, wherein said providing the
reference voltage error comprising:

multiplying the reference voltage error with the closed

loop gains of a set of residue amplifiers of successive
stages before a particular stage; and
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providing the reference voltage error to said particular
stage.
15. An analog to digital converter including a plurality of
stages comprising:
means for estimating a difference value between a refer-
ence voltage provided to a first stage of said plurality of
stages and an ideal reference voltage;
means for multiplying said difference value with a closed
loop gain of a residue amplifier of said first stage to
calculate a reference voltage error;
means for providing said reference voltage error calculated
to a second stage of the plurality of stages after multi-
plying the reference voltage error with a closed loop gain
of the residue amplifier of said second stage; and
means for eliminating the reference voltage error by adding
the error to a residue value input to the second stage.
16. The analog to digital converter of claim 15, further
comprising:
means for multiplying the error with the closed loop gain of
the residue amplifiers of successive stages before a par-
ticular stage; and
means for providing the error to said particular stage.
17. A method comprising:
calculating a reference voltage error in a first stage of a
plurality of stages in an analog to digital converter, said
calculating comprising:
estimating a difference value between a reference volt-
age provided to said first stage and an ideal reference
voltage;
multiplying said difference value with a closed loop gain
of'aresidue amplifier of the first stage to calculate said
reference voltage error, wherein said difference value
includes the reference voltage error;
digitizing the reference voltage error calculated using a
digital logic after multiplying the reference voltage error
with a closed loop gain of the residue amplifier of said
second stage;
digitizing a residue value input to the second stage using an
auxiliary analog to digital converter; and
adding the digitized reference voltage error with the digi-
tized residue value input using an error correction logic,
thereby eliminating the reference voltage error.
18. The method of claim 17, further comprising:
multiplying the digitized reference voltage error with the
closed loop gain of the residue amplifiers of successive
stages before a particular stage; and
providing the digitized reference voltage error to said par-
ticular stage.
19. The method of claim 17, wherein the analog to digital
converter is a pipelined analog to digital converter.
20. The method of claim 17, whereby the reference voltage
error in the residue amplifier is eliminated in digital domain.
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