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Sgn(X) / 

(57) ABSTRACT 

A method for digital-to-analog conversion of a digital input 
code into a ?rst output analog signal and a second output 
analog signal to be supplied to a ?rst terminal and a second 
terminal, respectively, of an audio load, the conversion being 
performed by means of a DAC With N-level balanced 
output, the conversion method includes using N/2 positive 
generator elements supplying respective positive elementary 
contributions Which are nominally equal to one another, and 
N/2 negative generator elements supplying respective nega 
tive elementary contributions Which are nominally equal to 
one another and, in absolute value, equal to the positive 
elementary contributions; attributing the same progressive 
addresses to the positive generator elements and to the 
negative generator elements; de?ning a ?rst index for the 
positive input codes and a second index for the negative 
input codes; and, in the presence of an input code at the input 
of the DAC, selecting betWeen the ?rst index and the second 
index, the index corresponding to the sign of the input code; 
activating a ?rst set of positive generator elements and a 
second set of negative generator elements, the number of the 
positive generator elements activated and the number of the 
negative generator elements activated being equal to one 
another and proportional to the input code, and the addresses 
of the positive generator elements activated and of the 
negative generator elements activated being a function of the 
selected index; generating the ?rst output analog signal by 
summing the positive elementary contributions supplied by 
the positive generator elements activated, and generating the 
second output analog signal by summing the negative 
elementary contributions supplied by the negative generator 
elements activated; and updating the selected index accord 
ing to the input code. 
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METHOD FOR DYNAMIC MATCHING OF THE 
ELEMENTS OF AN INTEGRATED MULTIBIT 
DIGITAL-TO-ANALOG CONVERTER WITH 

BALANCED OUTPUT FOR AUDIO APPLICATIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
dynamic matching of the elements of an integrated multibit 
digital-to-analog converter With balanced output for audio 
applications. 

[0003] 2. Description of the Related Art 

[0004] As is knoWn, multibit digital-to-analog conversion 
for audio applications is performed by generating the output 
analog signal as the sum, at each sampling instant, of a given 
number of elementary quantities or contributions, Which 
may be, for eXample, currents supplied by current generators 
or generated by means of resistors, or charges stored in 
capacitors. 

[0005] It is also knoWn that digital-to-analog conversion 
can be roughly divided into tWo major categories according 
to the approach adopted in the conversion. Belonging to the 
?rst category are those digital-to-analog conversions per 
formed adopting an approach knoWn in the literature as 
“thermometric coding”, Whereas belonging to the second 
category are those digital-to-analog conversions performed 
adopting an approach knoWn in the literature as “binary 
coding”. 
[0006] In particular, in thermometric coding the elemen 
tary contributions used for generating the output analog 
signal assume values identical to one another and are 
generated by distinct generator elements numbering N, 
Where N represents the number of levels of the output analog 
signal. In addition, in order to obtain a balanced output 
analog signal, i.e., an output signal of mean value Zero able 
to assume either positive values or negative values that are 
symmetrical With respect to Zero, one half of the generator 
elements supplies a positive elementary contribution and 
one half of the generator elements supplies a negative 
elementary contribution, and the value of each elementary 
contribution is 2AMAX/N, Where AMAX represents the maXi 
mum amplitude, either positive or negative, Which it is 
desired that the output analog signal should assume. 

[0007] In binary coding, instead, the number of distinct 
generator elements to be implemented for generating the 
elementary contributions is equal to n, Where n represents 
the number of bits of the digital-to-analog converter and is 
equal to n=log2N, and the dimensions of said generator 
elements are appropriately scaled in such a Way that the 
elementary contributions generated thereby are submultiples 
of a poWer of 2 With respect to the maXimum value AMAX, 
in Which the least signi?cant bit (LSB) has a Weight of 
2AMAX/N, Whilst the most signi?cant bit (MSB) has a 
Weight of AMAX. 

[0008] It may be readily appreciated hoW the element 
generating the MSB has a larger area than the element 
generating the LSB, and hence, in terms of area occupied, 
binary coding does not differ much from thermometric 
coding on account of the increase in the siZe of the gener 
ating elements due to the decrease in their number. 
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[0009] In addition, the heavy bearing that the errors on the 
most signi?cant bits have in binary coding and the relatively 
high complexity of implementation, in said binary coding, of 
so-called “scrambling” techniques, i.e., ones through Which 
the generator elements to be activated are appropriately 
chosen each time from the set of the ones available With the 
purpose of rendering the conversion error not correlated to 
the signal to be converted, have recently given a strong 
impulse to the development of thermometric coding. 

[0010] At the highest level of abstraction, a digital-to 
analog converter, hereinafter designated for reasons of con 
venience by the term “DAC”, can be represented With the 
block diagram shoWn in FIG. 1, Where s[n] designates the 
numerical sequence that is obtained from the sampling of the 
input audio signal, said sequence being then processed by 
the blocks doWnstream until the reconstruction s(t) of the 
signal is obtained at output from the poWer stage. 

[0011] In particular, in FIG. 1 the part of numerical 
processing of the DAC, designated by 1, is formed by an 
interpolator 2 and a noise shaper 4, and has the purpose of 
reducing the number of bits With Which the signal is 
encoded, Without hoWever Worsening the quality thereof in 
terms of in-band noise level. 

[0012] In detail, in order to maintain the high audio 
?delity, the interpolator 2 performs an oversampling of the 
input signal s[n]; i.e., it increases the sampling frequency by 
a factor R, and this technique makes it possible to reduce the 
intensity in frequency of all spurious spectral components, at 
the same time eliminating undesired spectral repetitions. 

[0013] The interpolation is folloWed by the noise-shaping 
operation performed by the noise shaper 4. The said opera 
tion consists in differentiating the signal transfer function 
and the requantiZation error transfer function: Whilst the 
input signal is transferred from the input to the output 
unaltered, the requantiZation error “sees” a transfer typical 
of a high-pass ?ltering having a modulus smaller than one 
Within the audio band and greater than one outside. The joint 
effect of these tWo operations is that of obtaining a decidedly 
high precision even in the presence of a quantiZer With a 
very limited number of bits, even just one. 

[0014] The numerical processing part is then folloWed by 
a block 6 Which performs the actual analog-to-digital con 
version and by an ampli?cation and ?ltering block 8. The 
block 6 that performs the actual analog-to-digital conversion 
represents the interface betWeen the tWo domains, the digital 
one and the analog one, and contained inside it are, as shoWn 
in FIG. 2, a thermometric encoder 10 and the set of the 
generator elements 12, Which are knoWn in the literature also 
as “unitary elements”. 

[0015] It is moreover knoWn that, in the conteXt of ther 
mometric coding, it is not possible to integrate N generator 
elements that are perfectly identical to each other, and this 
entails the need to arrange an additional block doWnstream 
of the noise shaper, the said additional block having the 
purpose of offsetting the effects of the mismatch betWeen the 
components, represented particularly by a non-linearity of 
the transfer characteristic and by the consequent distortion 
of the signal. 

[0016] The complete block diagram of a DAC With mis 
match compensation thus becomes the one shoWn in FIG. 3, 
in Which the compensation block is designated by 14. 
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[0017] In the case, for instance, in Which the generator 
elements are constituted by current generators formed by 
MOS transistors, the latter, although designed identical, 
have different dimensions and characteristics oWing to the 
limited accuracy that characteriZes any technological inte 
gration process; the causes can be diffusion imprecisions, 
irregularities in the masks used in the lithographic step, 
undesirable variations in the thicknesses of the oxide or 
metal layers, etc. 

[0018] In addition, one of the technological processes 
most Widely used for integration of current generators, 
knoWn as Bipolar CMOS DMOS 5 (BCD5)—the most 
recent one among the processes able to integrate logic, linear 
and poWer circuits on the same chip—is not a technological 
process devised exclusively for the integration of MOS 
signal circuits (as may instead be the technological process 
knoWn as HCMOS), and thus from said technological pro 
cess very loW tolerance values cannot be expected on the 
dimensions of the MOS transistors forming the current 
generators. The mismatches that take place are in fact 
re?ected in a substantially proportional Way on the values of 
the currents supplied by the generators on account of the 
linearity of the link betWeen the drain current of a MOS 
transistor and its W/L shape ratio. The error that modi?es the 
behavior of the output With respect to the desired one is 
strongly correlated to the signal, and consequently Worsens 
the quality of the signal above all in terms of harmonic 
distortion. 

[0019] Each of the generator elements supplies an elemen 
tary contribution different from the expected nominal con 
tribution, and the error thus generated is transferred unal 
tered onto the output analog signal in so far as it is the sum 
of the various elementary contributions. 

[0020] Given the extent of the latter (but for drifts in time) 
and assuming as prede?ned the set of generator elements 
activated for the synthesis of a given level K of the output 
analog signal, there Will alWays be superimposed on the 
latter an error 6K that is constant and equal to the sum of the 
errors introduced by the individual generator elements on 
account of the mismatches that characteriZe them. 

[0021] The error 6K is to be considered altogether inde 
pendent of the errors 6]- (Where j#K, 1; j EN) superimposed 
on the other levels of the output analog signal on account of 
the randomness of the mismatches present, and this entails 
a deformation of the transfer characteristic of the DAC (a 
typical staircase characteristic) Which is not foreseeable a 
priori and hence cannot be eliminated in a simple Way, for 
example by means of a block having an inverse character 
istic, on account of the complexity characteriZing said block. 

[0022] In particular, the fact that the curve passing through 
the mean points of the levels of the transfer characteristic of 
the DAC is not a straight line is an index of the non-linearity 
of the converter itself, and from this there derives a distor 
tion of the signal Which is all the greater the more marked 
is the diversity betWeen the generator elements used for the 
generation of the elementary contributions that concur to 
form the output analog signal. 

[0023] Since it is not possible to perform a “static” com 
pensation of the non-ideality of the generator elements of the 
DAC (on account of the excessive increase in production 
costs, laser trimming of the values of the individual inte 
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grated elements proves impracticable), in order to minimiZe 
the effects of the mismatches on the output signal, improving 
as far as possible the in-band spectrum, it has been proposed 
to resort to a “dynamic” compensation, Which envisages 
modi?cation, instant by instant, of the set of the generator 
elements that is used for generating the output analog signal, 
Whatever the pattern of the input signal. 

[0024] The philosophy lying at the basis of dynamic 
compensation of the non-ideality of the generator elements 
may be readily understood if the errors due to the mis 
matches are assumed as being Zero-average random ones, 
and if a constant input signal, for example equal to K, is 
considered: by alWays activating the same set of generator 
elements, at output a constant signal equal to K+€>K Will be 
obtained, Whilst if a variation is made in the generator 
elements activated at each sampling instant, the output Will 
folloW an oscillating pattern With a mean value K. In this 
Way, then, the error present on the output analog signal Will 
no longer be constant but Will vary in time (6=6(t)), and it 
Will be possible to eliminate it by performing an average in 
time, Which can be represented in the frequency domain by 
a loW-pass ?lter. 

[0025] The methodology described above is knoWn in the 
literature as “Dynamic Element Matching” (DEM) and has 
different applications according to the modalities With Which 
the generator elements to be activated are each time chosen. 

[0026] Numerous DEM techniques have been proposed 
for compensating the non-linearity of a DAC, the simplest 
being knoWn in the literature as “Randomization” or 
“Scrambling”. This envisages that the generator elements to 
be activated are chosen altogether at random among the ones 
available, thus determining a variable error even in the 
presence of a constant input. 

[0027] The aforesaid methodology, hoWever, has proved 
unable to lead to satisfactory results for audio applications, 
in so far as the random choice of the generator elements to 
be activated results in a considerable increase of in-band 
background noise, Which entails a Worsening of the signal to 
noise-and-distortion (SINAD) ratio, often unacceptable for 
this type of application. 

[0028] In addition to the unacceptable increase in the 
amount of noise, a second aspect Which renders the above 
methodology useful only at a theoretical level is the clear 
unrealiZability of a block implementing it: at each sampling 
instant, a high number of random values must be generated 
simultaneously, and this is only possible With a logic of 
considerable dimensions, Which is not integratable on a chip 
on Which it is intended to implement also the ?ltering stage 
necessary for eliminating the aforesaid time-varying error 
(6=6(t)) presents on the output analog signal. 
[0029] In order to overcome the draWbacks referred to 
above, numerous other DEM methodologies have been 
proposed that are able to eliminate the effects of the non 
idealities of a DAC, the said methodologies being knoWn in 
the literature as “Full/Partial Randomization”, “Barrel Shift 
ing”, “Clocked Averaging”, etc. A fair share of these, hoW 
ever, are not to be held satisfactory for an integrated audio 
design; acceptable performance can in fact be reached only 
at the expense of a considerable theoretical and implemen 
tational complexity. 

[0030] TWo methodologies Which, instead, have appeared 
advantageous in the context of digital-to-analog poWer con 
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version are known in the literature as “Individual Level 
Averaging” (ILA) and “Data Weighted Averaging” (DWA). 

[0031] The basic idea behind the above tWo methodolo 
gies is guaranteeing erasure of the error on the DAC output 
Whatever the pattern of the input signal, and this may be 
possible if, for each level of the output signal, all the 
generator elements available are activated in turn. As the 
number of levels of the output signal increases, the time 
averaging operation that is necessary for eliminating undes 
ired high-frequency ?uctuations becomes more precise. 

[0032] In particular, if for example an n-bit DAC for audio 
applications With an N-level balanced output is considered, 
i.e., a DAC able to supply at output an N-level analog signal 
With Zero-averaging value, N/2 levels being positive and N/2 
levels being negative, and the levels being symmetrical With 
respect to Zero, the ILA methodology can be represented 
schematically as in FIGS. 4 and 5, Which respectively 
regard the case Where the input code X is positive and the 
case Where the input code X is negative. 

[0033] In particular, as illustrated in FIGS. 4 and 5, ILA 
envisages: 

[0034] a) using N/2 positive generator elements 
(positive current generators) and N/2 negative gen 
erator elements (negative current generators) for the 
?rst audio channel (channel +) and as many positive 
and negative generator elements for the second chan 
nel (channel —); the said generator elements are 
represented in FIGS. 4 and 5 by squares designated 
With EU; 

[0035] b) attributing to the positive generator ele 
ments and to the negative generator elements of each 
audio channel the same progressive addresses; this 
type of indexing is represented schematically in 
FIGS. 4 and 5 by organiZing, for each audio chan 
nel, the positive generator elements in a ?rst vector, 
designated by V1, and the negative generator ele 
ments in a second vector, designated by V2. In this 
Way, the progressive addresses of the positive gen 
erator elements and of the negative generator ele 
ments are found to correspond to the positions of 
said generator elements Within the respective vec 
tors, and the addresses of the positive generator 
elements are found to be the same as those of the 

negative generator elements; and 
[0036] c) de?ning an index Ix for each input code X 

supplied to the DAC, With (—N/2+1)§X§N/2. 
[0037] Whenever an input code X appears on the input of 
the DAC, according to the sign of the input code X, for each 
of the tWo audio channels a set of X generator elements 
belonging to the vector V1 or to the vector V2 (indicated by 
hatched areas) is activated, in such a Way as to obtain a ?rst 
set of generator elements activated formed exclusively by 
positive generator elements, and a second set of generator 
elements activated formed exclusively by negative generator 
elements. 

[0038] In particular, the same index Ix is applied both to 
the vector V1 (or V2) of the ?rst audio channel and to the 
vector V1 (or V2) of the second audio channel, and each set 
of generator elements activated is formed by the generator 
elements comprised betWeen the one having index IX and the 
one having index IX+X—1. 
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[0039] In particular, if the input code X is positive, then, 
as illustrated in FIG. 4, a ?rst set of X positive generator 
elements belonging to the vector V1 of the ?rst channel and 
a second set of X negative generator elements belonging to 
the vector V2 of the second channel are activated. The 
elementary contributions supplied by the X positive genera 
tor elements of the ?rst set are added together, so giving rise 
to a positive output YP, and the elementary contributions 
supplied by the X negative generator elements of the second 
set are added together, so giving rise to a negative output YN. 

[0040] If, instead, the input code X is negative, then, as 
illustrated in FIG. 5, a ?rst set of X negative generator 
elements belonging to the vector V2 of the ?rst channel and 
a second set of X positive generator elements belonging to 
the vector V1 of the second channel are activated. The 
elementary contributions supplied by the X negative gen 
erator elements of the ?rst set are added together, so giving 
risen to a negative output YN, and the elementary contribu 
tions supplied by the X positive generator elements of the 
second set are added together, so giving rise to a positive 
output YP. 
[0041] The positive output YP and the negative output YN 
are then respectively applied to the positive (+) terminal and 
to the negative (—) terminal of the load (loudspeaker), Which 
is thus driven in a differential Way. 

[0042] Before the arrival of a neW input code X at input to 
the DAC, the index IX is then updated in such a Way as to 
identify a neW set of generator elements to be used the next 
time that the input code X appears again at input to the DAC. 

[0043] When an updating of the index IX causes the maxi 
mum value to be exceeded, the index IX is set equal to the 
difference betWeen the value calculated exceeding the maxi 
mum value and the maximum value itself, so returning to the 
?rst generator elements of the vectors V1 and V2. 

[0044] The same reasoning applies to the set of generator 
elements to be activated: if these go beyond the (N/2)-th 
generator element, the remaining generator elements are 
activated from the initial part of the vectors V1 and V2, and 
from this there derives that in ILA, as in all methodologies 
that are based upon an indexing of the generator elements, 
the vectors V1 and V2 are in fact circular vectors. 

[0045] According to the procedure for updating the index 
IX, ILA is distinguished into “Rotational Individual Level 
Averaging” (RILA) and “Additional Individual Level Aver 
aging” (AILA). 
[0046] The assessment of the ef?cacy of the above-men 
tioned tWo methodologies derives from the consideration 
that has led to the de?nition of ILA: Within the said 
methodology, an algorithm is all the more satisfactory the 
shorter is the duration of its “erasure cycle”, i.e., the time 
interval that must elapse for the index IX to return to its initial 
value. The practical justi?cation for this statement is found 
in the case of a constant input: superimposed on the desired 
mean value there is present a random and periodic pattern, 
With a period equal to the time interval necessary for the 
index IX to return to its initial value, and as the duration of 
this period decreases the spectral components linked to the 
random oscillations Will translate toWards high frequencies, 
moving aWay from the base band. 

[0047] In RILA, the laW of updating of each index IX is as 
folloWs: IX(t+1)=IX(t)+1; this means activating at the sam 
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pling instant (t+1) a set of generator elements Which differs 
by a single generator element With respect to the set of 
generator elements activated at the preceding sampling 
instant. Whatever the value of X, then, the erasure cycle 
alWays lasts N/2 sampling instants, equal to the time interval 
necessary for the index IX to return to the value 1. 

[0048] In AILA, instead, the laW of updating of each index 
IX is as folloWs: IX(t+1)=IX(t)+|X|; this means activating at 
the sampling instant (t+1) a set of generator elements 
completely separate from the set of generator elements 
extracted at the preceding sampling instant. It folloWs that 
When the input code X and N/2 have factors in common, the 
erasure cycle is shorter than that of RILA, and in particular 
When the input code X is a sub-multiple of N, the erasure 
cycle is reduced to (N/2)/X sampling instants, thus deter 
mining approach of the spectral components due to the 
mismatches to half the sampling frequency. 

[0049] The implementation of a dynamic matching algo 
rithm based on ILA is via a state logic Which exploits the 
theory of state diagrams or trellis diagrams, the index of 
complexity of Which (and consequently of the algorithm 
represented thereby), Which is equal to the number of states 
characteriZing the trellis diagram itself, is found to be equal 
to (N—1)N_1 both for RILA and for AILA. 

[0050] Such a high complexity inevitably leads to some 
What long erasure cycles, and hence to a far from effective 
modulation of the undesired spectral components present in 
the band, and this applies above all to RILA on account not 
only of the longer time interval required by the algorithm for 
activation of all the generator elements, but also on account 
of the fact that the indices are updated With a constant 
quantity. 
[0051] To reduce the circuit complexity of the logic imple 
menting the dynamic matching algorithm, the aforemen 
tioned Data Weighted Averaging (DWA) methodology has 
been then proposed, the aim of Which is to cause all the 
generator elements of the DAC to be activated in the shortest 
time possible, at the same time ensuring that each of them 
is activated the same number of times, even in short time 
intervals. 

[0052] In particular, DWA is a simpli?cation of AILA 
obtained by drastically reducing the “degrees of freedom” 
de?ned by the high number of indices used (one for each 
input code X supplied to the DAC input). In particular, in 
DWA only one index is used, Which is each time modi?ed 
by the input code X, and this methodology envisages select 
ing, at each sampling instant, consecutive generator 
elements starting from the ?rst element not used at the 
preceding sampling instant. Consequently, in this method 
ology only one index is required, Which is each time updated 
according to the relation I(t+1)=I(t)+|X|, Which is very 
similar to the relation of AILA, but no longer contains a 
distinction betWeen the indices according to the input code 
X. 

[0053] Erasure of the error is controlled exclusively by the 
pattern of the input code X, Whence the name of the 
methodology. With a single index, moreover, the circuit 
complexity of the logic implementing this methodology, 
evaluated according to the same criteria as those used for 
evaluating the complexity of the RILA and AILA method 
ologies, proves to be equal to (N—1)2, i.e., decidedly loWer 
than that of ILA. 
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[0054] Although DWA presents a circuit complexity 
decidedly loWer than those of RILA and AILA and a 
decidedly good performance in terms of SINAD ratio both 
in the presence of positive input signals (ie., encoded With 
levels of betWeen 0 and N-l) and in the presence of 
Zero-averaging input signals (i.e., characteriZed by a high 
number of Zero crossings) having a sufficiently high ampli 
tude (greater than —30 dB), it, hoWever, affords a perfor 
mance that becomes noticeably poorer as the amplitude of 
the Zero-average signals decreases. Consequently, its use 
does not make it possible to render the non-linearities of the 
tWo branches, the positive one and the negative one, of the 
transfer characteristic uncorrelated as the amplitude of the 
input signal varies, and hence does not make it possible to 
achieve a SINAD ratio acceptable for audio applications. 

BRIEF SUMMARY OF THE INVENTION 

[0055] The disclosed embodiments of the present inven 
tion provide a digital-to-analog conversion method that 
enables the draWbacks described above to be overcome at 
least in part, and in particular that provides a good behavior 
of the digital-to-analog converter even in the presence of 
Zero-average signals characteriZed by frequent Zero cross 
ings and reduced amplitudes, this being a fundamental 
constraint for audio devices With differential output, and 
hence Zero-averaging value. 

[0056] In accordance With one embodiment of the inven 
tion, a method for digital-to-analog conversion of a digital 
input code into a ?rst and a second output analog signal to 
be supplied to a ?rst terminal and a second terminal of a 
load, the conversion being performed by a digital-to-analog 
converter With an N-level balanced output is provided. The 
method includes providing N/2 positive generator elements 
that supply respective positive elementary contributions that 
are nominally equal to one another, and N/2 negative gen 
erator elements supplying respective negative elementary 
contributions that are nominally equal to one another and, in 
absolute value, equal to the positive elementary contribu 
tions; attributing the same progressive addresses to the 
positive generator elements and to the negative generator 
elements; de?ning a ?rst index for positive input codes and 
a second index for negative input codes; and, in response to 
an input code at the input of the digital-to-analog converter: 
selecting, betWeen the ?rst and second index, the index 
corresponding to a sign of the input code; activating a ?rst 
set of positive generator elements and a second set of 
negative generator elements, the number of negative and 
positive generator elements activated being equal to one 
another and a function of the input code, the addresses of the 
negative and positive generator elements activated being a 
function of the selected index; generating the ?rst output 
analog signal as a function of the positive elementary 
contributions and generating the second output analog signal 
as a function of the negative elementary contributions; and 
updating the selected index according to the input code. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0057] For a better understanding of the present invention, 
a preferred embodiment thereof is noW described, purely to 
provide a non-limiting example, With reference to the 
attached draWings, in Which: 
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[0058] FIG. 1 shows a block diagram of a digital-to 
analog converter represented at the highest level of abstrac 
tion; 
[0059] FIG. 2 shows a ?rst block diagram of a block of 
FIG. 1 Which performs digital-to-analog conversion; 

[0060] FIG. 3 shoWs a second block diagram of the block 
of FIG. 1 Which performs digital-to-analog conversion; 

[0061] FIGS. 4 and 5 are schematic representations of the 
methodology referred to as “Individual Level Averaging” 
according to the prior art; 

[0062] FIGS. 6 and 7 are schematic representations of the 
methodology referred to as “Differential Data Weighted 
Averaging” according to the present invention; 

[0063] FIG. 8 shoWs the logic necessary for implementa 
tion of “Differential Data Weighted Averaging”; 

[0064] FIG. 9 shoWs a different schematic representation 
of the methodology referred to as “Differential Data 
Weighted Averaging” according to the present invention; 

[0065] FIG. 10 shoWs the circuit structure of a positive 
generator element; 

[0066] FIG. 11 shoWs the circuit structure of a negative 
generator element; 

[0067] FIG. 12 shoWs the circuit structure of a bidirec 
tional generator element; and 

[0068] FIG. 13 shoWs the circuit structure of a double 
changeover sWitch. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0069] The embodiments of the present invention relate to 
a neW methodology of digital-to-analog conversion devised 
for digital-to-analog conversion systems With symmetrical 
characteristic (i.e., systems receiving Zero-average input 
signals characteriZed by frequent Zero crossings) and 
includes the use of a number of generator elements equal to 
one half of those used in the methodologies according to the 
prior art, the use of tWo indices, one for the positive input 
codes and one for the negative input codes, and the appli 
cation of the Data Weighted Averaging (DWA) methodology 
separately to both the branches of the characteristic of the 
DAC. For this reason, then, the methodology according to 
the embodiments of the present invention has been given the 
name of Differential Data Weighted Averaging (DDWA). 

[0070] In particular, the DDWA methodology according to 
the embodiments of the present invention can be schemati 
cally represented as in FIGS. 6 and 7, Which are directed to 
the case in Which the input code X is positive and the case 
in Which the input code X is negative. 

[0071] In particular, considering again an n-bit DAC for 
audio applications, i.e. a DAC With an N-level balanced 
output, N/2 levels being positive and N/2 levels being 
negative, DDWA basically includes: 

[0072] a) using a number of generator elements equal 
to one half of those used in DWA, namely, N/2 
positive generator elements for the ?rst audio chan 
nel (channel +) and N/2 negative generator elements 
for the second audio channel (channel —); 
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[0073] b) attributing to the positive generator ele 
ments and to the negative generator elements the 
same progressive addresses; this type of indexing is 
represented schematically in FIGS. 6 and 7 in a Way 
similar to What Was represented in FIGS. 4 and 5, 
i.e., by organiZing the positive generator elements in 
a ?rst vector, designated by V1, and the negative 
generator elements in a second vector, designated by 
V2: in this Way, the progressive addresses of the 
positive generator elements and of the negative gen 
erator elements are found to correspond to the posi 
tions of said generator elements Within the respective 
vectors, and the addresses of the positive generator 
elements are found to be the same as those of the 

negative generator elements; and 

[0074] c) de?ning a ?rst indeX IP for positive input 
codes X, With 0<X§N/2, and a second indeX IN for 
negative input codes, With (—N/2+1)§X<0. 

[0075] Whenever an input code X, Whether positive or 
negative, appears on the DAC input, a ?rst set of X positive 
generator elements belonging to the vector V1 and a second 
set of X negative generator elements belonging to the vector 
V2 are activated. 

[0076] When the input code X is positive, each of the tWo 
sets of generator elements activated is formed by the gen 
erator elements comprised betWeen the one having indeX IP 
and the one having 1I1d€XIP+X—1. When the input code X is 
negative, each of the tWo sets of generator elements acti 
vated is formed by the generator elements comprised 
betWeen the one having indeX IN and the one having indeX 
IN+X—1. 
[0077] The positive elementary contributions supplied by 
the X positive generator elements activated are then added 
together, thus giving rise to a positive output YP, and 
likeWise the negative elementary contributions supplied by 
the X negative generator elements activated are added 
together, thus giving rise to a negative output YN. 

[0078] The positive output YP and the negative output YN 
are then supplied to a ?rst input and to a second input of a 
double changeover sWitch, designated by 16, Which more 
over has a third input to Which the sign of the input code X, 
designated by sgn(X), is supplied, and a ?rst output and a 
second output respectively connected to the positive termi 
nal (+) and to the negative terminal (—) of the load (loud 
speaker), Which is thus driven in a differential Way. 

[0079] In particular, the sign of the input code X is used 
for selectively controlling connection of the ?rst output and 
of the second output to the ?rst input and to the second input 
in the Way described in What folloWs. If the sign of the input 
code X is positive, the ?rst output is connected to the ?rst 
input and the second output is connected to the second input; 
consequently, to the ?rst audio channel (+) is applied the 
sum YP of the positive elementary contributions supplied by 
the X positive generator elements activated, and to the 
second audio channel (—) is applied the sum YN of the 
negative elementary contributions supplied by the X nega 
tive generator elements activated. If, instead, the sign of the 
input code X is negative, the ?rst output is connected to the 
second input and the second output is connected to the ?rst 
input; consequently, to the ?rst audio channel (+) is applied 
the sum YN of the negative elementary contributions, and to 
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the second audio channel (—) is applied the sum YP of the 
positive elementary contributions. 

[0080] Updating of the indices is performed in a Way 
similar to What Was described previously for DWA, the 
updating each time being applied to the index selected by the 
input code X; namely, IP(t+1)=IP(t)+|X| and IN(t+1)=IN(t)+ 

[0081] FIG. 8 shoWs the logic required for implementing 
DDWA for a 6-bit (plus one sign bit) DAC, in Which the sign 
sgn(X) of the input code X is used by a decoding stage 18, 
represented simply by a NOT logic gate, for selecting and 
reading the positive index IP(t) or the negative index IN(t) 
stored in a storage stage 20, formed by tWo 6-bit memory 
cells 22, 24. Updating of the index IP(t) or IN(t) used is 
performed by means of a 6-bit adder 26 receiving at input 
the absolute value of the input code X and the positive index 
IP(t) or the negative index IN(t) used, and selection and 
activation of the X generator elements to be used for 
generating the output analog value is performed by means of 
an activation logic 28 receiving at input the absolute value 
of the input code X and the positive index IP(t) or the 
negative index IN(t) read from the memory cell. 

[0082] DDWA makes it possible to combine the positive 
aspects of AILA and of DWA. In fact, the methodology 
according to this embodiment of the present invention has 
the capacity of erasing the error of the pattern of the input 
signal, provided that it is possible to have a suf?ciently long 
Waiting time, this being a characteristic of AILA, and at the 
same time guaranteeing the intrinsic speed of use of all the 
generator elements, this being a characteristic of DWA. 

[0083] From simulations performed by the present appli 
cant, if a reconstructed signal occupying one half of the 
output dynamics of the DAC is considered, an evident 
improvement has emerged in the performance, in terms of 
audio quality, that DDWA method of the present invention 
enables to be obtained as compared to DWA. In particular, 
in addition to eliminating the harmonic components of the 
signal due to the non-linearity of the transfer characteristic, 
DDWA signi?cantly reduces, by means of an appropriate 
modulation, the level of in-band noise, thus giving rise to 
SINAD and dynamic-range (DR) values at least 20 dB 
higher than those afforded by any other methodology in the 
conditions considered. 

[0084] The simulations performed by the applicant have 
moreover shoWn hoW the improvement is even more evident 
if, instead of considering a signal occupying one half of the 
dynamics, signals of a decidedly loWer amplitude that are 
characteriZed by numerous Zero crossings are considered. 

[0085] Further advantages afforded by DDWA are repre 
sented by the simplicity of the logic necessary for imple 
menting the algorithm and by the fact that the number of 
generator elements (current generators) is, for differential 
output systems, reduced by a factor of 2 as compared to the 
number required for implementing DWA. 

[0086] These advantages are, hoWever, obtained at the 
expense of a slightly greater circuit complexity of the logic 
of activation of the generator elements as compared to that 
of DWA, in so far as tWo indices are used instead of a single 
one; in addition, as compared to the latter methodology, it is 
necessary to provide the double changeover sWitch and to 
introduce the decoding stage, Which, hoWever, is constituted 
by a simple NOT gate. 
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[0087] The area occupied on the silicon is in any case very 
limited and decidedly less than that required for implement 
ing all the other methodologies referred to above. 

[0088] It is moreover emphasiZed that the DDWA is 
undoubtedly the simplest methodology from the standpoint 
of implementation as compared to all the other methodolo 
gies analyZed, except for DWA alone, Which, hoWever, 
presents a considerably poorer performance for Zero-aver 
age signals. 

[0089] It is further emphasiZed that in DDWA the elemen 
tary contributions extracted from the vectors V1 and V2 have 
the same positions Within the tWo vectors, identi?ed by the 
index IP(t) or IN(t) according to the sign of the input code X; 
consequently, simultaneous activation of generator elements 
in coinciding positions enables, in the phase of design of the 
analog part, “joining” at the circuit level the positive gen 
erator elements to the corresponding negative generator 
elements, in such a Way as to obtain a single block of N/2 
generator elements, Which are slightly more complex and are 
provided With a “bidirectional” output, i.e., generator ele 
ments able to supply at output both a positive elementary 
contribution and a negative elementary contribution. 

[0090] FIG. 9 is a schematic representation, similar to the 
representation of FIG. 6, of the DDWA methodology 
according to the embodiments of the present invention, 
Where V designates the vector of the N/2 “bidirectional” 
generator elements, and “+” and “—” respectively designate 
the positive output and the negative output of each of them. 

[0091] According then to the sign of the input code X, X 
generator elements are selected starting from the one having 
index IP if the signal of the input code X is positive, or 
starting from the one having index IN if the signal of the 
input code X is negative, and the sum of the positive outputs 
and the sum of the negative outputs of said generator 
elements are then sent to the load via the double changeover 
sWitch 16 described previously. 

[0092] FIGS. 10, 11, 12, and 13 shoW the circuit structures 
With Which it is possible to implement, respectively, the 
positive generator elements, the negative generator ele 
ments, the bidirectional generator elements, and the double 
changeover sWitch. 

[0093] In particular, FIG. 10 shoWs a positive generator 
element, designated as a Whole by 30, operating as a current 
generator supplying an output current IOU“. The positive 
generator element 30 is basically formed by a pair of PMOS 
transistors 32, 34 connected together in differential con?gu 
ration, and by a current generator 36 connected to a supply 
line 39 set at a supply voltage Vcc and supplying a reference 
current IREFJF. In particular, the PMOS transistors 32, 34 
have source terminals connected together and to the current 
generator 36, from Which they receive the reference current 
IREFJF. In addition, the PMOS transistor 32 has a gate 
terminal receiving an activation voltage VIN and a drain 
terminal connected to a ground line 38 set at a ground 
voltage, Whilst the second PMOS transistor 34 has a gate 
terminal receiving a reference voltage VREF and a drain 
terminal de?ning the output of the positive generator ele 
ment 30 and supplying the aforesaid output current IOU“. 

[0094] Operation of the positive generator element is as 
folloWs: When the activation voltage VIN is higher than the 
reference voltage VREF, then the PMOS transistor 32 is off 
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and the PMOS transistor 34 is on, and hence the output 
current IOUT+ is equal to the reference current IREFJF, 
Whereas When the activation voltage VIN is loWer than the 
reference voltage VREF, then the PMOS transistor 32 is on 
and the PMOS transistor 34 is off, and hence the output 
current IOUT+ is Zero in so far as the reference current IREF+ 
is transferred to the ground line 38. 

[0095] FIG. 11 shoWs the circuit structure of a negative 
generator elernent, designated as a Whole by 40, operating as 
a current generator draWing an output current IOUT_. The 
negative generator element 40 has a circuit structure similar 
to that of the positive generator element 30 and is basically 
formed by a pair of NMOS transistors 42, 44 connected in 
differential con?guration, and by a current generator 46 
connected to the ground line 38 and draWing a reference 
current IREF_. The NMOS transistors 42, 44 have source 
terrninals connected together and to the current generator 46, 
Which draws from the said terrninals the reference current 
IREF_. In addition, the NMOS transistor 42 has a gate 
terrninal receiving an activation voltage VIN and a drain 
terrninal de?ning the output of the negative generator ele 
rnent 40 and draWing the aforesaid output current IOUT_, 
Whilst the NMOS transistor 44 has a gate terrninal receiving 
a reference voltage VREF and a drain terrninal connected to 
the supply line 39. 

[0096] Operation of the negative generator element is as 
folloWs: When the activation voltage VIN is higher than the 
reference voltage VREF, then the NMOS transistor 42 is on 
and the NMOS transistor 44 is off, and hence the output 
current IOUT_ is equal to the reference current IREF_, 
Whereas When the activation voltage VIN is loWer than the 
reference voltage VREF, then the NMOS transistor 42 is off 
and the NMOS transistor 44 is on, and hence the output 
current IOUT_ is Zero in so far as the reference current IREF_ 
is draWn by the supply line 39. 

[0097] FIG. 12 shoWs the circuit structure of a bidirec 
tional generator elernent, designated as a Whole by 50, 
operating as a bidirectional current generator, i.e., being able 
to supply an output current IOUT+ and to draW an output 
current IOUT_. The bidirectional generator element 50 pre 
sents a circuit structure very similar to the one that Would 
result from parallel connection of the circuit structures of the 
positive and negative generator elements 30, 40, and in 
particular comprises a pair of PMOS transistors 52, 54 
connected together in differential con?guration, a pair of 
NMOS transistors 56, 58 connected together in differential 
con?guration, and a pair of current generators 60, 62 respec 
tively connected to the supply line 39 and to the ground line 
38, the former current generator supplying a reference 
current IREF+ and the latter current generator draWing a 
reference current IREF_. 

[0098] In detail, the PMOS transistors 52, 54 have source 
terrninals connected together and to the current generator 60, 
from Which they receive the reference current IREF+~ In 
addition, the PMOS transistor 52 has a gate terrninal receiv 
ing the activation voltage VIN and a drain terrninal biased at 
the reference voltage VREF, Whilst the PMOS transistor 54 
has a gate terrninal receiving the reference voltage VREF and 
a drain terrninal de?ning the positive output of the bidirec 
tional generator element 50 and supplying the aforesaid 
output current IOU“. 
[0099] The NMOS transistors 56, 58, instead, have source 
terrninals connected together and to the current generator 62, 
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Which draws from the said terrninals the reference current 
IREF_. In addition, the NMOS transistor 56 has a gate 
terrninal receiving the reference voltage VREF and a drain 
terrninal biased at the reference voltage VREF, Whilst the 
NMOS transistor 58 has a gate terrninal receiving the 
activation voltage VIN and a drain terrninal de?ning the 
negative output of the bidirectional generator element 60 
and draWing the aforesaid output current IOUT_. 

[0100] Operation of the bidirectional generator element 50 
is as folloWs: When the activation voltage VIN is higher than 
the reference voltage VREF, then the PMOS transistor 54 and 
the NMOS transistor 58 are on, Whilst the PMOS transistor 
52 and the NMOS transistor 56 are off, and hence the output 
current IOUT+ is equal to the reference current IREFJF, and the 
output current IOUT_ is equal to the reference current IREF_, 
Whereas When the activation voltage VIN is loWer than the 
reference voltage VREF, then the PMOS transistor 54 and the 
NMOS transistor 58 are off, Whilst the PMOS transistor 52 
and the NMOS transistor 56 are on, and consequently both 
the output current IOUT+ and the output current IOUT_ are 
Zero. 

[0101] Finally, FIG. 13 shoWs the circuit structure of a 
double changeover sWitch used in the implementation of the 
methodology according to the present invention. 

[0102] In particular, the double changeover sWitch, des 
ignated by 70, comprises a pair of PMOS transistors 72, 74 
and a pair of NMOS transistors 76, 78 connected in double 
differential con?guration. 

[0103] In detail, the PMOS transistors 72, 74 have their 
source terrninals connected together and receiving an input 
current IINJF, represented schematically in the ?gure by a 
current generator 80, consisting of the sum YP of the positive 
elernentary contributions extracted from the vector V1 
(FIGS. 6 and 7), gate terrninals receiving the negated sign 
of the input code X, designated by s?X) and, respectively, 
the sign of the input code X, designated by sgn(X), and drain 
terrninals respectively connected to the drain terminal of the 
NMOS transistor 76 and to the drain terminal of the NMOS 
transistor 78, Which in turn have gate terrninals also receiv 
ing the negated sign sm of the input code X and, 
respectively, the sign sgn(X) of the input code X, and source 
terrninals Which are connected together and from Which an 
input current IIN_ is draWn, represented schematically in the 
?gure by a current generator 82, consisting of the sum YN of 
the negative elernentary contributions extracted from the 
vector V2 (FIGS. 6 and 7). 

[0104] The drain terminals of the PMOS transistor 72 and 
of the NMOS transistor 76 de?ne the ?rst output of the 
double changeover sWitch 70 supplying an output current 
IOU“, Whilst the drain terminals of the PMOS transistor 74 
and of the NMOS transistor 78 de?ne the second output of 
the double changeover sWitch 70 supplying an output cur 
rent IOUT_. 

[0105] Operation of the double changeover sWitch 70 is as 
folloWs: When sgn(X) assumes a high logic level and sg—n(m 
assumes a loW logic level, then the PMOS transistor 72 and 
the NMOS transistor 78 are on, and the PMOS transistor 74 
and the NMOS transistor 76 are off, and hence the output 
current IOUT+ is equal to the input current IIN+ and the output 
current IOUT_ is equal to the input current IIN_, Whereas 
When sgn(X) assumes a loW logic level and sm assurnes 
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a high logic level, then the PMOS transistor 72 and the 
NMOS transistor 78 are off, and the PMOS transistor 74 and 
the NMOS transistor 76 are on, and hence the output current 
IOUT+ is equal to the input current IIN_ and the output current 
IOUT_ is equal to the input current IINJF. 

[0106] Finally, it is evident that modi?cations and varia 
tions may be made to the matching method described and 
illustrated herein Without thereby departing from the sphere 
of protection of the present invention as de?ned by the 
attached claims. 

[0107] For example, the addresses of the positive genera 
tor elements activated could even not be the same as those 

of the negative generator elements activated, even though 
the number of positive generator elements activated and the 
number of negative generator elements activated must nec 
essarily remain equal to one another. In this case, hoWever, 
it is no longer possible to “join” at a circuit level the N/2 
positive generator elements to the N/2 corresponding nega 
tive generator elements to form the N/2 bidirectional gen 
erator elements. 

[0108] In addition, the number of positive generator ele 
ments activated and the number of negative generator ele 
ments activated could not be equal to the input code X, but 
more generally be a linear function of said code, and in 
particular be proportional to said code. 

[0109] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited eXcept as by the appended claims, and the equiva 
lents thereof. 

1. A method for digital-to-analog conversion of a digital 
input code into a ?rst output analog signal and a second 
output analog signal to be supplied to a ?rst terminal and a 
second terminal of a load, in particular an audio load, said 
conversion being performed by means of a digital-to-analog 
converter With an N-level balanced output, said method 
comprising the steps of: 

providing N/2 positive generator elements supplying 
respective positive elementary contributions that are 
nominally equal to one another, and N/2 negative 
generator elements supplying respective negative 
elementary contributions that are nominally equal to 
one another and, in absolute value, equal to the positive 
elementary contributions; 

attributing the same progressive addresses to said positive 
generator elements and to said negative generator ele 
ments; 

de?ning a ?rst indeX for positive input codes and a second 
indeX for negative input codes; and 

in the presence of an input code at the input of said 
digital-to-analog converter: 

selecting, betWeen said ?rst indeX and said second 
indeX, the indeX corresponding to the sign of said 
input code; 

activating a ?rst set of positive generator elements and 
a second set of negative generator elements, the 
number of the positive generator elements activated 
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and the number of the negative generator elements 
activated being equal to one another and a function 
of said input code, and the addresses of the positive 
generator elements activated and of the negative 
generator elements activated being a function of said 
selected indeX (IP, IN); 

generating said ?rst output analog signal as a function 
of the positive elementary contributions supplied by 
the positive generator elements activated, and said 
second output analog signal as a function of the 
negative elementary contributions supplied by the 
negative generator elements activated; and 

updating said selected indeX according to said input 
code. 

2. The digital-to-analog conversion method of claim 1 
Wherein the number of the positive generator elements 
activated and the number of the negative generator elements 
activated are a linear function of said input code. 

3. The digital-to-analog conversion method of claim 1 
Wherein the number of the positive generator elements 
activated and the number of the negative generator elements 
activated are proportional to said input code. 

4. The digital-to-analog conversion method of claim 1 
Wherein the number of the positive generator elements 
activated and the number of the negative generator elements 
activated are equal to said input code. 

5. The digital-to-analog conversion method of claim 1 
Wherein the positive generator elements activated have the 
same addresses as the negative generator elements activated. 

6. The digital-to-analog conversion method of claim 1 
Wherein the positive generator elements activated have 
consecutive addresses. 

7. The digital-to-analog conversion method of claim 1 
Wherein the negative generator elements activated have 
consecutive addresses. 

8. The digital-to-analog conversion method of claim 1 
Wherein each of said ?rst set and second set of generator 
elements is formed by generator elements comprised 
betWeen the one having an address equal to said selected 
indeX and the one having an address equal to said selected 
indeX increased by the absolute value of said input code and 
decreased by 1. 

9. The digital-to-analog conversion method of claim 1 
Wherein said positive generator elements and said negative 
generator elements are implemented by means of respective 
current generators, the currents of Which de?ne said elemen 
tary contributions. 

10. The digital-to-analog conversion method of claim 1, 
further comprising the step of: 

supplying said ?rst output signal and said second output 
signal to said ?rst terminal and said second terminal of 
said load according to the sign of said input code. 

11. The digital-to-analog conversion method of claim 10 
Wherein supplying said ?rst output signal and said second 
output signal to said ?rst terminal and said second terminal 
of said load according to the sign of said input code 
comprises the steps of: 

When the sign of the input code is positive, applying said 
?rst output signal to said ?rst terminal of said load, and 
said second output signal to said second terminal of 
said load; and 
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When the sign of the input code is negative, applying said 
?rst output signal to said second terminal of said load, 
and said second output signal to said ?rst terminal of 
said load. 

12. The digital-to-analog conversion method of claim 1 
Wherein said positive generator elements and said negative 
generator elements are distinct from one another, and each 
of them comprises a pair of transistors connected together in 
differential con?guration and a current generator, said pair 
of transistors having ?rst terrninals connected together and 
to the current generator, and control terrninals respectively 
receiving an activation signal and a reference signal, a 
second terminal of one of said transistors de?ning the output 
of the generator element. 

13. The digital-to-analog conversion method of claim 1, 
comprising providing a bidirectional generator elernent 
formed of said positive generator elements and a corre 
sponding negative generator element and having a ?rst 
output supplying an output current and a second output 
draWing an output current, said bidirectional generator ele 
rnent comprising a ?rst pair of transistors and a second pair 
of transistors connected together in differential con?gura 
tion, and a ?rst current generator and a second current 
generator, the transistors of said ?rst pair of transistors 
having ?rst terrninals connected together and to said ?rst 
current generator, and control terrninals respectively receiv 
ing an activation signal and a reference signal, a second 
terminal of one of said transistors of said ?rst pair of 
transistors de?ning said ?rst output of the bidirectional 
generator, and the transistors of said second pair of transis 
tors having ?rst terrninals connected together and to said 
second current generator, and control terrninals respectively 
receiving said reference signal and said activation signal, a 
second terminal of one of said transistors of said second pair 
of transistors de?ning said second output of the bidirectional 
generator. 

14. The digital-to-analog conversion method of claim 10 
Wherein supplying said ?rst output signal and said second 
output signal to said ?rst terminal and said second terminal 
of said load according to the sign of said input code 
comprises providing a changeover sWitch device having a 
?rst input and a second input respectively receiving said ?rst 
output signal and said second output signal, a control input 
receiving a control signal indicating the sign of said input 
code, and a ?rst output and a second output selectively 
connectable to said ?rst input and said second input accord 
ing to the sign of the input code, said changeover sWitch - 
device comprising a ?rst pair of transistors and a second pair 
of transistors connected together in differential con?gura 
tion, and a ?rst current generator and a second current 
generator, the transistors of said ?rst pair of transistors 
having ?rst terrninals connected together and to said ?rst 
current generator, and control terrninals respectively receiv 
ing said control signal and a negated control signal (sm), 
second terrninals connected to respective second terminals 
of the transistors of said second pair of transistors and 
respectively de?ning said ?rst output and said second output 
of said changeover sWitch device, the transistors of said 
second pair further comprising ?rst terrninals connected 
together and to said second current generator, and control 
terrninals respectively receiving said control signal and said 
negated control signal 

15. A method for digital-to-analog conversion of a digital 
input code into ?rst and second analog output signals to be 
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supplied to a ?rst and second terminal of a load, respectively, 
the method performed by a digital-to-analog converter With 
an N-level balanced output, the converter including N/2 
positive and negative generator elernents con?gured to sup 
ply positive and negative currents, the positive currents 
norninally equal to one another and the negative currents 
norninally equal to one another, and, in absolute value, the 
positive and negative currents equal to each other, the 
digital-to-analog converter having the same progressive 
addresses attributed to the positive and negative generator 
elements and further de?ning a ?rst indeX for positive input 
codes and a second indeX for negative input codes; the 
method comprising: 

receiving an input code at the input of the digital-to 
analog converter; 

selecting betWeen the ?rst indeX and the second indeX, the 
indeX selected corresponding to the sign of the input 
code; 

in response to the input code, activating a ?rst set of the 
positive generator elements and a second set of the 
negative generator elements, the number of negative 
and positive generator elernents activated being equal 
to one another, the addresses of the positive and nega 
tive generator elernents determined as a function of the 
selected indeX; 

generating the ?rst output analog signal as a function of 
the activated positive currents supplied by the activated 
?rst set of positive generator elements and the second 
output analog signal generated as a function of the 
negative current supplied by the activated second set of 
negative generator elements; and 

updating the selected indeX according to the input code. 
16. A method for digital-to-analog conversion of a digital 

input code into ?rst and second analog output signals to be 
supplied to a ?rst and second terminal of a load, respectively, 
the method performed by a digital-to-analog converter With 
an N-level balanced output, the converter including N/2 
positive and negative generator elernents con?gured to sup 
ply positive and negative currents, the positive currents 
norninally equal to one another and the negative currents 
norninally equal to one another, and, in absolute value, the 
positive and negative currents equal to each other, the 
converter having the same progressive addresses attributed 
to the positive and negative generator elements and further 
de?ning a ?rst indeX for positive input codes and a second 
indeX for negative input codes; the method comprising: 

receiving an input code at the input of the digital-to 
analog converter; 

selecting betWeen the ?rst indeX and a second indeX, the 
indeX selected corresponding to the sign of the input 
code; 

in response to the input code, activating a ?rst set of 
positive generator elements and a second set of nega 
tive generator elements, the number of negative and 
positive generator elernents activated being equal to 
one another, the addresses of the activated positive and 
negative generator elernents determined as a function 
of the selected indeX; 

generating the ?rst output analog signal as a function of 
the positive currents supplied by the activated ?rst set 
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of positive generator elements and the second output 
analog signal generated as a function of the negative 
current supplied by the activated second set of negative 
generator elements activated; 

updating the selected indeX according to the input code; 
and 

supplying the ?rst output signal and the second output 
signal to a ?rst terminal and a second terminal of a load 
according to the sign of the input code. 

17. A method for digital-to-analog conversion of a digital 
input code into ?rst and second analog output signals to be 
supplied to a ?rst and second terminal of a load, respectively, 
the method performed by a digital-to-analog converter hav 
ing an N-level balanced output, the converter including N/2 
positive generator elements and N/2 negative generator 
elements con?gured to supply positive and negative cur 
rents, the positive currents nominally equal to one another 
and the negative currents nominally equal to one another, 
and, in absolute value, the positive and negative currents 
equal to each other, the converter having the same progres 
sive addresses attributed to the positive and negative gen 
erator elements and further de?ning a ?rst indeX for positive 
input codes and a second indeX for negative input codes; the 
method comprising: 

receiving an input code at the input of the digital-to 
analog converter; 

selecting betWeen the ?rst indeX and the second indeX, the 
indeX selected corresponding to the sign of the input 
code; 

in response to the input code, activating a ?rst set of 
positive generator elements and a second set of nega 
tive generator elements, the number of negative and 
positive generator elements activated being equal to 
one another, the addresses of the activated positive and 
negative generator elements determined as a function 
of the selected indeX; 

generating the ?rst output analog signal as a function of 
the positive currents supplied by the activated ?rst set 
of positive generator elements and the second output 
analog signal generated as a function of the negative 
current supplied by the activated second set of negative 
generator elements; 
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updating the selected indeX according to the input code; 
and 

supplying the ?rst output signal and the second output 
signal to a ?rst terminal and a second terminal of a load 
according to the sign of the input code, further com 
prising: 

When the sign of the input code is positive, applying the 
?rst output signal to the ?rst terminal of the load and 
the second output signal to the second terminal of the 
load; and 

When the sign of the input code is negative, applying the 
?rst output signal to the second terminal of the load and 
the second output signal to the ?rst terminal of the load. 

18. Amethod for digital-to-analog conversion in a digital 
to-analog converter having an N-level balanced output, the 
converter including N/2 positive generator elements and N/2 
negative generator elements con?gured to supply positive 
and negative currents, respectively, the method comprising: 

receiving an input code on an input of the digital-to 
analog converter; 

selecting betWeen a ?rst indeX and a second indeX asso 
ciated With positive input codes and negative input 
codes, respectively, the selected indeX corresponding to 
the sign of the received input code; 

in response to the selected indeX, activating a ?rst set of 
positive generator elements and a second set of nega 
tive generator elements, the number of positive and 
negative generator elements activated being equal to 
one another, the addresses of the activated positive and 
negative generator elements determined as a function 
of the selected indeX; 

generating the ?rst output analog signal as a function of 
the positive currents supplied by the activated ?rst set 
of positive generator elements and generating the sec 
ond output analog signal as a function of the negative 
currents supplied by the activated second set of nega 
tive generator elements; and 

updating the selected indeX according to the input code. 


