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Abstract

Multi-stage analog-to-digital converters are the dominant choice in applications that

require both high speed and high accuracy, such as video and wideband radio.

Existing characterization methods only provide information about the performance of the
ADCs at the system level, and therefore offer little insight into the causes of nonlinearity.
In this thesis we propose a method geared specifically toward multi-stage architectures
that can characterize the internal blocks and estimate the differential nonlinearity (DNL)
and the integral nonlinearity (INL) of the A/D and D/A subconverters, and the gain of the
inter-stage amplifiers. This method has been applied to a two-stage ADC and a pipeline
ADC.

An adaptive on-line digital correction algorithm derived from the characterization method
is also presented. A pipeline ADC was designed to test this algorithm. and digital
correction resulted in an improvement of the Spurious-Free Dynamic Range by 6dB over

three quarters of the bandwidth.
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CHAPTER 1 Introduction

This thesis proposes a new method of characterization of multi-stage A/D converters,
capable of estimating the errors introduced by each of the internal blocks. It also proposes
an adaptive digital correction mechanism derived from the aforementioned method. which

was verified to effectively reduce the harmonic distortion of a real converter.

1.1 Motivation

Multi-stage analog-to-digital converters predominate in applications that require high
speed and numbers of bits in excess of ten, such as video and wideband radio applications.
Flash converters, though faster, are not common beyond eight bits because their
complexity increases exponentially, while folding and interpolation architectures. though

showing good performance, are rarely found in commercial parts for the time being.

The (numerous) techniques currently used to test and characterize this type of A/D
converters are identical to those used for any other type of A/D converters: the beat
frequency and envelope tests, the servo-loop code transition measurement. the Fast Fourier
Transform (fft) test, the sine-fitting test, the code density test, and many others. A common

shortcoming of these methods is that they only provide information about the performance
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of the ADC at the system level, such as the overall differential nonlinearity (DNL) and
integral nonlinearity (INL).

We propose a method geared specifically toward multi-stage architectures that can
characterize their internal blocks and estimate the DNL and INL of the A/D and D/A
subconverters, and the gain of the interstage amplifiers. The characterization can even go
one step further and identify the sources of problems at the component level, for instance

by revealing Vi, resistor, capacitor, and current mismatches, low gain in amplifiers, or

hysteresis. One might ask, who needs this kind of information? Probably not the users of
the ADCs, since they only need to know whether the chip meets the requirements imposed
by their applications. On the other hand, the design engineers might find this inside
information very handy: after all, if they know which blocks degrade the performance of
the ADC, they also know what to do in order to fix it. The component-level information
could also be used to characterize a process, especially in terms of martching, with a better

accuracy (more than ten bits) than it would otherwise be possible.

The method proposed here is to some extent related to the standard code density test,
inasmuch as both use histograms. However, they do not use the same kind of histograms:
the latter uses unidimensional histograms while the former uses bidimensional histograms.
There is also a significant difference of complexity. In one of the variants of the new
method, the code density test is but one of the steps of a long procedure involving system
solving, polynomial root finding, and least-squares approximations. There are however
simpler variants, applicable to particular architectures, some of them simple enough to be
turned into on-line digital correction logic. The extra complexity certainly pays off by the

wealth of insightful information it offers.

The method can be applied to any multi-stage analog-to-digital converter, from two-stage
to pipeline architectures, and was actually tested on two different chips: a two-stage A/D
converter, namely the AD9042 from Analog Devices [AD95], [Mur95], and a 14-stage
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pipeline ADC which we redesigned and fabricated from a previous version [Man96a],
tMan96b], designed by Timo Rahkonen, Antti Manyniemi, and Antti Ruha, from the
Department of Electrical Engineering of the University of Oulu, Finland.

Since the application of the proposed method requires an in-depth knowledge of the
converters, a large part of this thesis is devoted to their analysis. Mathematical models are

provided for both two-stage and pipeline ADCs, allowing for many possible nonidealities.

1.2 Thesis Outline

The thesis could have been organized in more than one way. We could have presented first
the general theory behind the characterization method and then the applications, but this
would have made the presentation rather dry, so that we decided to explain the theory

along with the applications.
The thesis comprises five chapters, apart from this introduction.

Chapter 2 deals with the architecture of a typical two-stage ADC, namely the AD9042,
focusing on possible sources of nonlinearity and developing a mathematical model to be

used in the characterization process.

Chapter 3 introduces the bidimensional histogram, which is the basis of the new method of
characterization. After a short overview of current testing and characterization methods,
the new method of characterization is presented step by step in its most elaborate form (to

date). The advantages and limitations of the method are also discussed at length.

Chapter 4 describes the architecture of the pipeline ADC and provides a pseudo-two-stage
model for it, in order to emphasize the similarities with the two-stage architecture

presented before.




Thesis Outline 4

‘

Chapter 5 introduces a simplified version (same idea, different implementation) of the new
characterization method and an interesting spin-off of this method: an adaptive digital
correction mechanism which, when tested on the output data stream of the pipeline ADC,

improved the Spurious-Free Dynamic Range by 6dB over three quarters of the bandwidth.

Chapter 6 discusses the contributions of this thesis and possible future enhancements.




CHAPTER 2 Two-Stage A/D Converter
Architecture

Classic characterization methods can be applied in the same way to any A/D converter,
regardless of its architecture. On the contrary, the method that we propose, while offering
much more internal information than classic methods, requires an exact knowledge of the
converter architecture. Therefore, it seems only natural that we should devote a chapter to

the description and mathematical modeling of the ADC to be characterized.

The converter discussed here is the AD9042 from Analog Devices [AD95], [Mur95].
Although its implementation may be different from those of other two-stage converters.

the mathematical model can be applied with minor modifications to any of them.

2.1 Introduction

The AD9042 is a high-speed 12-bit A/D converter fabricated in a fast complementary

bipolar technology. Its block diagram is presented in Figure 2.1.

The analog signal is applied at the input of the ADC, amplified by Al, sampled and held
by TH1, and then quantized by the coarse ADC. The DAC tumns the 6-bit digital output of
this first conversion (d}), into an analog signal to be subtracted from the output of TH2,
which is simply a delayed version of the output of TH1. In the subsequent clock cycle, the
difference is held by TH3, amplified by A2, and quantized by the 7-bit fine ADC.
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d; (6 bits)

DIGITAL ERROR CORRECTION LOGIC

Dy1 Dyo Dy Dg Dy Dg Ds Dy D3 D, D; Dy
FIGURE 2.1 Two-Stage ADC Architecture (AD9042)

The operation of the two-stage ADC is illustrated in Figure 2.2. Assuming ideal
components, the transfer characteristic of the branch containing the coarse ADC and the
DAC will be a perfect staircase, and the residue will have a sawtooth shape, with identical
“teeth”.

The outputs of the two A/D subconverters are combined in the digital error correction
block by overlapping the MSB of d, (D26) and the LSB of 4, (Dlo ), so that the overall

digital output is calculated as

d,(6 bits) - DD, D D,D, Dy, +
d,(7 bits) — D26D25D24D23022D21D20 (EQ2.1)

or simply
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— Vi acidne = Ay V:
VinTH3 = Vour,TH2 - Vout.DAC residue 2 Vin.TH3

1
Y

v|./|/l/> I :/ At

in in

FIGURE 2.2 Residue as the Difference Between Input and Quantized Input, Amplified by A2

d = 26-dl+d2 (EQ2.2)

Without the one-bit overlap the input-output characteristic might have deadbands because
of component nonidealities. This technique is called range overlap and is explained in the

following.

2.2 Range Overlap and Digital Correction

The input range of an A/D subconverter is defined by the number of bits and the voltage
corresponding to one bit (i.e. the ideal value of the difference between two consecutive

thresholds), as follows:
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R;, = 2VLsB (EQ2.3)

Let R;,5 be the input range of the fine ADC, R, the nominal signal range at the input of the
coarse ADC, and R, the nominal signal range at the input of the fine ADC. From the block

diagram in Figure 2.1, it is apparent that
R, = —- R, (EQ2.4)

When designing a two-stage ADC, we could choose the gain Azl so that the signal at the
input of the fine subconverter covers its whole input range. In other words, the nominal

signal range would be equal to the input range (R, equal to R;;»). Then.

6 RinZ
A, =2 . (EQ 2.5)
2 Rl

In reality, the coarse ADC will suffer from errors, and the residue will have an irregular
form, as depicted in Figure 2.3 (right). Other components. such as the DAC. the summer.
the track-and-hold circuits, and the amplifier A2, will also suffer from nonidealities. but

the errors in the coarse ADC are by far the largest input-referred errors.

As a result of these errors, if A, from (EQ 2.5) is used, parts of the residue will exceed the
input range of the fine ADC and will be clipped: any voltage above the input range will be
quantized as 27-1, and any voltage below the input range will be quantized as 0.
Consequently, the overall input-output characteristic will have deadbands. The solution
used in the AD9042 to avoid clipping and deadbands is to make the gain A, half of what it

could be in the ideal case:

1. the notation A2 is used for the amplifier as such and A, for its gain
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Vresidue Vresidue
'}
_____________ I
nominal /
| range |,
IL input -
— ——-‘range — = /= -
— - -
V; Vi
Ideal Case Nonideal Case
FIGURE 2.3 Residue for Ideal and Nonideal Case
1 6 Rin"
Ay =<2 - = (EQ 2.:6)
> 2 R,

Thus, for each value of d, only about half of the range of the fine ADC is actually used.
This redundancy is normally meant to enable the overall converter to tolerate coarse ADC
errors (see Section 2.4 for a mathematical analysis and proof). In this thesis we will make
further use of this redundancy to characterize each of the components of the ADC
(Chapter 3).

: 1. : : -
Note that the reduction of > in the analog domain must be accompanied by a similar
reduction in the digital domain, otherwise the overall input-output characteristic would not
be linear. This means that the coefficient of 4, in (EQ 2.2) is 25 and not 27. although the

fine subconverter has 7 bits.
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2.3 Sources of Nonlinearity in a Two-Stage ADC

The purpose of this thesis is to provide a method capable of characterizing and if possible
fixing the nonidealities that affect (negatively) the performance of the ADC. These
nonidealities are briefly surveyed here and will be analyzed in more detail in subsequent

chapters.

A complete block diagram of the AD9042 has been presented in Figure 2.1. We will vernify
(see Section 2.4) that the blocks relevant for linearity are the D/A subconverter, the

amplifier A2, and the fine A/D subconverter.

We will also prove (also in Section 2.4) that for this particular architecture the errors in the
coarse A/D subconverter do not affect the overall ADC linearity. As to the other blocks. in
a well-designed ADC the track-and-hold circuits (TH1, TH2, TH3), the amplifier (A1) and
the summer (X) can be assumed not to cause any significant increase in nonlinearity. Note
that in terms of nonlinearity, a gain error in Al is irrelevant, while a gain error in A2 can

be a serious problem.

Figure 2.4 presents a simplified block diagram, including all the blocks capable of causing
significant nonlinearity. Some of the other blocks are not shown. All the calculations will
be based on this diagram and the notation will be explained at the beginning of the next

section.

d, (7 bits)

residue =

Ax(Vip - I

Vout.DAC =l

d; (6 bits) =k
FIGURE 2.4 Simplified Block Diagram of the AD9042
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2.4  Residue Modeling

Most of the calculations required by the characterization process revolve around the

residue. Therefore it is necessary to provide a formal mathematical model for it.

Let V,, be the analog input signal, #; 4, k=0...64, the thresholds of the coarse A/D subcon-
Verter, 1, ;, k=1...127 the thresholds of the fine A/D subconverter, /, k=0...63, the output
levels of the DAC, and LSB, and LSB, the voltages corresponding to one bit of the coarse
and the fine subconverter respectively. The actual thresholds are from 7 | to 1 g3 and from
13,1 10 13 127. We also introduced 1) 5= 0, 1] g4 = 64 LSBy, 1, (=0, and #5 53 = 128 LSB, to
simplify the equations and we assumed the input to be between 1, g and 7, ¢4, otherwise the
signal is clipped.

This choice of values for 1 g, 1) g4, 12 0. and 1, |55 implies that we are ignoring the overall
offsets and gains of the subconverters. In practice these parameters are of less interest than
nonlinearity, and therefore they are not covered in this thesis. The characterization method
that we propose (Chapter 3) could be modified to take them into account. but some

extremely accurate signal generators and measurement equipment would be required.

Ideal values will be marked with a tilde sign (e.g. 1 1. ) to distinguish them from real
values (e.g. ¢ 1.k ). and the difference between them will be marked with A (e.g.

At =1t k= t Lk )- Estimated values will have a circumflex accent (e.g. 7 Lk )-

The output of the coarse A/D subconverter may be defined as
dl(Vlll) = k, tl.k<V"lSt1.k+1 k = O...63 (EQ2.7)
This digital signal is fed to the D/A subconverter which turns it into an analog signal:

Voupacldy) = 1., k=0...63 (EQ 2.8)
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Replacing (EQ 2.8) in (EQ 2.7) we obtain:

Vout,DAC(Vin) = lk ’ tl.k< VlnStl.k-i'I k = 0---63 (EQ 2.9)
This signal is then subtracted from V;, and amplified by A, so that the residue is
Visesiaue(Vin) = Ay(V, = 1), Lk <Vin St k = 0...63€a210

This equation enables us to visualize the effect on residue of coarse ADC errors (Ary ),
DAC errors (Al}), and gain errors, as shown in Figure 2.5. Note that only four sections of

the residue are represented (out of 64).

It can be seen that each of these errors changes the residue in a distinct way: each coarse

ADC error moves horizontally the transition between sections of residue corresponding to

foSidU‘T Vresidue‘
Atk
i
|
) A *Vin —> Vin
ideal residue effect of coarse A/D error
vresidue‘ Vresidue‘
A:)_Alk_ :
> Vin - — Vin
effect of D/A error effect of gain error

FIGURE 2.5 Effect of Nonidealities on Residue
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consecutive d; codes, each DAC error moves vertically the section of the corresponding d,

code, and a gain error will either lengthen or shorten all the sections of the residue.

Assuming an ideal fine A/D subconverter with infinite precision (i.e. assuming
Viesidue = A2 (Vi = 1) = d, - LSB,), for a given digital output (4, and d-) the
reconstructed input is equal to the sum of the contributions of the first stage (d 1 - LSBy)
and second stage (d2—'~L-§£’- ):

As

A d2 M LSB7

Vin = dl LSBI +—
A, (EQ 2.11)

= G+ 22Vl
A

A, ~ A,
= A—" Vm+(lk—lk-/i—”) (EQ 2.12)

2 2

From (EQ 2.12) we can draw a number of conclusions:

« threshold errors in the coarse ADC (At k= b= ! 1.k ) do not appear in the formula
and therefore have no effect whatsoever on the linearity (assuming they do not push the

residue out of the range of the fine ADC)

« DACerrors (Al, = [, - 2/() cause nonlinearity in the overall ADC input-output char-

acteristic

* again error in A2 causes both nonlinearity and gain error in the overall ADC input-out-
put characteristic. However, in some cases. a small gain error (first term in (EQ2.12))
is acceptable but discontinuities are not (second term). In order to eliminate the second

term, we only need to know the (A,/;) products; we do not have to estimate Aj and [},

k=0...63, separately.
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How these errors affect the overall ADC characteristic is shown in Figure 2.6 (again, only

part of the characteristic is shown).

d? dd

- Vin — Vin

ideal residue effect of coarse A/D error

1 } W

- Vin

effect of D/A error effect of gain error

> Vin

FIGURE 2.6 Effect of Nonidealities on ADC Characteristic

Errors in the fine ADC must also be taken into account as they affect the overall linearity
by making V,,;4,, different from d, LSB,.

2.5 Residue Bounds

Of particular importance to the characterization process are the lower and upper bounds of

each of the 64 sections of the residue (Figure 2.7), where a section is considered to be the
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part of the residue corresponding to a single d; code. We will denote these bounds by my

and M, respectively, with £=0...63.

k-1 k k+1 k+2
VmsidueA My,

my

FIGURE 2.7 Lower and Upper Bounds of the Residue

We can calculate m; and M, from (EQ 2.10) :

M, = Ay (1 — 1)

(EQ2.13)
m, = Ay-(t— 1)

Let us assume for the moment that all M, and my. are known (we will see later how they
can be estimated). Then it is possible to form a system of equations using (EQ 2.13) for k
=0...63. This system has 128 unknown variables (Ag. 11 1 (k=1...63), and [, (k=0...63)) and

128 equations, and is in fact quite easy to solve. First we arrive at
Mi-mp=A4, (£ 01— 114 k=0..63 (EQ 2.14)
which by summing for all k yields:

63

Z (M, -mp) = A, - (1 64— 110) (EQ 2.15)
k=0
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Since 7} g4 and ¢ ( are known, we can calculate A:

63
D (M -my)
— k=0
4y = 64 - LSB,

(EQ 2.16)

Then the coarse A/D thresholds and the D/A output levels can be determined
progressively from (EQ 2.13) :

M,-m,
tlk"l’l = T+tl.k . k = O...62 (E02.17)
2
kMg
L= a a +1, k=0...62 (EQ 2.18)

where [y=0 and #; ¢=0.

The following chapters wiil show that the bounds (M|, and my.) can be estimated, and (EQ
2.16), (EQ 2.17), and (EQ 2.18) will be used to calculate the desired parameters.

Alternatively, if all we need are the (4,/;) products, we can use
(Ayly ) = (Al)+ M -m, |, k=0..62 (EQ2.19)

Now if we go back to (EQ 2.2) we can see that the first term is

- -
6‘d1=A2‘d1=A') k

2 > LSB,

(EQ 2.20)

A better formula fI'Zr ;he digital output (EQ 2.2) can be found by replacing this term with
2%k .

the actual value,
LSB,
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A,l
d=( 2k)

FBI +d, (EQ 2.21)

since the reconstructed input V/;, in this case would be

by _ (Al d; LSB

; = (EQ 2.22)
in A;)_ Az
_ (Ayl) + A, - (Vin - lk)
Az Az
A,
= /Tz . Vl-n (EQ 2.23)

Please note the differences between (EQ 2.2) and (EQ 2.21) , and between (EQ 2.12) and
(EQ 2.23) . Although in (EQ 2.23) we still have a gain error, the nonlinear term from (EQ

2.12) has disappeared.

It is apparent that although (EQ 2.16) . (EQ 2.17) , and (EQ 2.18) are more suitable for
characterization, (EQ 2.19) may be a better option for correction. since it is easier to

implement (it does not require division).

2.6 A/D Subconverter Architecture

In Chapter 3 we will estimate the errors in the coarse and fine A/D subconverters. Some
knowledge of the architecture of these components is a prerequisite to interpreting the
estimated errors. Therefore. a brief description of the structure and operation of the
subconverters of the AD9042 is included in this chapter. Since their architecture is quite

unusual, the typical flash (subconverter) architecture is also presented.
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The two coarse and fine subconverters of the AD9042 are similar. except for the number of
bits, so that only the coarse ADC is explained here (Figure 2.8, top). This is based on a
cascaded architecture with five magnitude amplifiers (magamp) and a comparator. The
design of the first two magamps (those with gain of two, G=2) is shown in Figure 2.8,
middle-left, and their operation is illustrated in Figure 2.8, middle-right. The other
magamps (those with gain of one, G=1) have a different design, but their behavior is
almost the same, and at any rate their effects, referred to the input of the subconverter, are

smaller, so that they are not analyzed here.

The magamps are fully differential which means that as we (dc) sweep the positive input
voltage Vp, the negative input voltage in Will be swept in the opposite direction (Figure
2.8, middle-right; note that the horizontal axis is always Vip)- The current through Q, will
increase and the one through Q, will decrease. At first Vip 1s less than V, so that the
comparator keeps Q4 and Qs on and Qj and Qg off, thus steering the collector currents of
Q) and Q, through Q4 and Qs. respectively, and subtracting them from the currents of the
sources, 2I-/,¢ and 21+1 g, respectively. Since I, increases, the current through R, and the
voltage across it, V,,, decrease. Similarly, 1, decreases. therefore the current through R,

and V,,, increase.

When V;, becomes greater than V,, the comparator turns Q4 and Qs off and Q3 and Qg on.
forcing the collector currents of Q; and Q;, to go through Q; and Qg- respectively. These
currents are subtracted from those of the sources. Since I, now increases and /, decreases.
the currents through and the voltages across the resistors Ry, and R;, will reverse their

direction of change. The characteristic is shown in Figure 2.8. middle-right.

It is easy to see that with each magamp, the number of bit detection points doubles (Figure
2.8, bottom). Due to the shape of the transfer characteristic (Vop Vs. Vi), with a positive

slope at first and a negative slope afterward, the outputs are inherently in Gray code and
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magampl magamp2 magamp3 magamp4 magamp5 comparator

G=2 G=2 G=1 G=1 G=1

—] ‘

lat latch latch latch latch latch
[[altc11 [,a(%j latc r]ag rich
Gray/ Gray/ Gray/ Gray/ Gray/ Gray/
binary "— binary H—- binary l— binary [_r binary [— binary
bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

Block Diagram
’CC
ngroﬁ Ver 2 iy
I I
Q7 P 2 n‘ {QS
d;Q3 Q4:]>—EQ$ Qs}l
Vop Von e
I Ly b
Ré v, . Y] V. %Rn
1p Ql Q2 in v / \ .
on
L I o
gnd

Gain of Two (G=2) Inverted Cascode Magamp

Magamp Operation

Subconverter Operation

FIGURE 2.8 Coarse ADC Architecture
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must be subsequently converted to binary. The latching is done after all the magamps have
settled.

In practice many things can go wrong with this circuit. The worst offenders are, in all
likelihood, Vi, resistor, and current mismatches. The effect of each of these mismatches
occurring in the MSB stage (magamp 1) on the thresholds of the following stages can be
seen in Figure 2.9. Both the threshold errors (Az;) and the difference between consecutive
threshold errors (Azj-Ar, ;) have been plotted, and we will refer later to these plots to
understand the estimated INL and DNL (defined on page 25 and page 24, respectively) of
the subconverters. Since the At, —At, _, plots have been derived here from the Aty
plots, the reader is urged to focus on the latter for the following explanation of the shape of

these curves.

In the case of V;,, mismatch either in Q;-Q; or in the input transistors of the comparator.
the currents through Q, and Q, are switched (Figure 2.9-1.b) not at the point where they
are equal but at a different point, which causes discontinuities in the currents / pand I,
These discontinuities also appear in Vop and V , in the central region (Figure 2.9-1.c)
but leave the rest of the characteristic unaffected, and as a result. the thresholds of the
following stages are not changed (At, = 0). The only threshold changed is that of

magamp 1 (the one in the middle in Figure 2.9-1.e).

A current mismatch in 27 + / off for instance will not affect [ p (Figure 2.9-2.b), but will
shift V p (Figure 2.9-2.c) up or down. Let us assume that the curve is shifted up. Then the
thresholds (of the following stages) on the left side will decrease (Figure 2.9-2.e. watch for
instance the left bit-detection point which is one of the thresholds due to magamp 2.
considered to be ideal), while the thresholds on the right side will increase (watch the right

bit-detection point, which is the other threshold due to magamp 2).
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Atk'Atk-l : ) Atl(-Atk-l Atk'A[k-l E
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1d 24d 3.d
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- - real (-) ;
i ideal (+/-),

FIGURE 2.9 Effect of Mismatches

A resistor mismatch in R, for example will only affect Vop (Figure 2.9-3.c), and will
cause the thresholds on the left side to decrease and those on the right side to increase. As
opposed to the previous case, the change is not the same for all thresholds. because the

change in Vop is not constant.
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A common error in data converters is hysteresis. Although the AD9042 suffers from this
problem, we believe it does not originate from the A/D subconverters, so it is not

discussed here (see Section 3.9).

Other types of errors are also possible, but, in our opinion, all of them fall into two

categories:

* errors that cause symmetrical changes in all the thresholds of the following stages

except those next to the bit transition, e.g. resistor and current mismatches, and

* errors that cause only an asymmetric change in the thresholds next to the bit transition,

e.g. V,, mismatch.

Later we will derive plots of the threshold errors in both subconverters. and we will see

that both categories of errors are readily distinguishable.

The cascaded architecture presented so far is far from being a common choice. Most two-
stage ADCs use flash subconverters, like the circuit presented in Figure 2.10. For n bits,
there are 2" — 1 comparators which compare the input signal t0 a number of 2" — 1
equally spaced reference voltages, in this case generated from a single reference by a
voltage divider with 2" equal-size resistors. Suppose that the input is between the
references V jand V j+1- The outputs of the comparators from A, to A j willbe 1. and
the outputs of the comparators from A je1 10 Az" . will be 0. It is apparent that these
outputs constitute a thermometer code, which can be converted to a binary representation

by the decoder.

2.7  Summary

In this chapter we have seen the basic principles of the two-stage ADC architecture,

including range overlap and digital correction. A model has been developed for this
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. 3 Digital
! o
! 3 Output
Qo
Az
il
3
Vi
Comparators

FIGURE 2.10 Typical Flash Architecture

architecture, and the components relevant for linearity have been identified. Particular
attention has been given to the residue and equations relating internal parameters to
residue bounds have been found. The architecture of the A/D subconverters has also been

explained briefly.




CHAPTER3  Characterization of
Two-Stage A/D Converters

Many testing and characterization methods are available for A/D converters. This chapter,
after overviewing the existing methods, all of which are based on a black-box approach,
presents a new method which actually diagnoses the chip by offering more information
about ‘what is happening inside the chip and how different blocks degrade the overall
performance. The application of this method is described in detail. as are its advantages

and limitations.

3.1  Definition of ADC Specifications

A number of performance metrics are used for the characterization of nonlinearity in
multi-stage A/D converters. The ones that are used throughout this thesis are defined in the
following [Raz95].

Differential Nonlinearity (DNL) The deviation of the actual voltage difference between

two consecutive thresholds from its ideal value, LSB:
DNL, = (1, -1, )—LSB (EQ3.1)

where #; is the threshold that separates code k-1 from code k. Sometimes only the

maximum value is indicated:







