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1 SPECI FI CATI ON DELTA SI GVA D/ A CONVERTER BACKGROUND OF THE | NENTI C%I rl_eg
present invention relates to a delta signma (nodul ation) ?0[@] ofivérie or
digital audio equipnent with a |low distortion factor an

hlrgg S/#o +gnal.
to noise) ratio, particularly to a constitution froma quafiti fLE5°8 1 ocal

DAC (digital -to-anal og converter) of a delta sigma D/ A converter having

three or nore quantizing levels. The dalta sigma (nodul ation) converter is
wi dely used as one of D/A converters for audi o equi pnent. The performance
of the D)A converter for the audiSPECIFDOEDIONS principally represented by
factors such as a distortion factor (a ratio of a harnonic conponent to a

signal) and an S/ N (signal DELTIOISEGMA ab/®. CONVERTER

Theper f or manceof aDl Aconverterofrel atedart| argely depends on absol ute and
relative variations in characteristics of analog el enents such as resistors
and capacitors rather than circuit types, which variations are difficult to

reduce in recent BACKGROUND OF THE INVENTION

The present inventionrelates toadeltasigma (modulation)
A/b converter for digital audio equipment with a low distortion
factor and a high S/N (signal to noise) ratio, particularly to
aconstitution fromaquantizer toalocal DAC (digital-to-analog
converter) of a delta sigma D/A converter having three or more
quantizing levels. '

The delta sigma (modulation) converter is widely used as
one of D/A converters for audio equipment. The performance of
the D/A converter for .the audio equipment is principally
represented by factors such as a distortion factor (a ratio of
a harmonic component to a signal) and an S/N (signal to noise)
ratio. Theperformanceofa D/A converter of related art 1argelj
depends on absolute and relative variations in characteristics
of analog elements such as resistors and capacitors rather than
circuit types, whichvariations aredifficult to reduce in recent
extremely finer elements. Comparedwiththis, inthedeltasigma
converter for which quantizing levels ranging only from two (1
bit) to several are required, the variations among analog
elements did not become a problem as those in a related art
converter. In recent years, however, a high performance has

been required for a D/A converter in audio equipment so as to

y



extrenel yfinerel enents. Conparedw t ht his,inthedel tasigma converter for
whi ch quantizing levels ranging only fromtw (1 bit) to several are
required, the variations anong anal og el ements did not becone a problem as
those in a related art converter. In recent years, however, a hi-gh
performance has been required for a D)A converter in audi o equi pnment so as
to 2 conply with a 24 bit format of DVD (Digital Versatile Disc) froma
prior 16 bit format of CD (Conpact Disc). In order to inprove the
di storti ogompdyovith@ 84 p¥tafosmatiof PUhéBigitadl Yoreababetisq o fredy ecase
any of an order of a delta sigma nodul ator, a sanpling frequency or the
nunber of aqparipirzddé bevtelformat tdfe Gung@ompichiPEgcf: An over sanpling
A-D/ D- A conversion technique (2)", N kkei Electronics 1988. 8. 8, No.453,
pp 211-221) An pxcesiryeoc impeove thetdisvtosdeionffddieordand syigratio,
it is theoretically necessary to increase any of an order of
a delta sigma modulator, a sampling frequency or the number of
quantized levels (or the number of bits) (“An oversampling
A-D/D-A conversion technique (2)", Nikkei Electronics 1988. 8.
8, No.453, pp 211-221)
An excessive incréase in the order of the delta sigma
modulator, however, is unsuitable for ensuring stability of a
feedback system called as a noise shaper. A noise shaper
arithmetic unit is a unit which converts a multi-bit digital
signal, inputted by oversampling, to a digital signal with lower
bits than those of the multi-bit digita{l signal by noise shaper
operation and outputs it from a quantizer. For example, a
third-order noise shaper arithmetic unit is the one as is shown
in Fig. 1, which comprises multipliers Y1 and Y2, delay circuits
¥3, Y4 and Y5, and adders ¥6 and ¥Y7. The delay circuits Y3,
Y4 and Y5, each provides a delay by one sampling period, are
connected in series in this order. At the adder Y6, an output
from the delay circuit Y5 and outputs from the multipliers Y1
and Y2 are added to an inputted multi-bit digital signal. At
the multipliers Y1 and Y2, outputs from the delay circuits ¥3

and Y4 are multiplied by coefficients 3 and -3, respectively,.

The result of the addition outputted from the adder is inputted



nodul at or, however, is unsuitable for ensuring stability of a feedback
systemcall ed as a noi se shaper. A noise shaper arithnetic unit is a unit
whi ch converts a nulti-bit digital signal, inputted by oversanpling, to a
digital signal with lower bits than those of the multi-bit digital signal
by noi se shaper operation and outputs it froma quantizer. For exanple, a
t hi rd-order noi se shaper arithnetic uni3 is the one as is shown in Fig. 1,
whi ch conprises multipliers Y1 and Y2, delay circuits Y3, Y4 and Y5, and
adder s Y6tanthgrquamelzert ay. ciTheuouspus, o¥4thadiudntbzen brisvbgtenchedel ay
by one sanpling period, are connected in series in this order. At the adder
Y6, an oubpdtst@bbtpratbeddfien tthe dinpgutyTheretmuaputhef adderhe? ntd theplamers Y1
and Y2 are added to an inputted nulti-bit digital signal. At the

mul tipli eiﬁgﬁt @6dtMe, delhpues rcudm e dghayhei Figuke,Yanaasi¥ametdc

mul tiplied by coefficients 3 and -3, respectively,. The result of the
addi tion gH§puikeshbiwANas henadsies irs IR 132 bits digital signal is
inputted to be converted toa 4bitsdigital signalwith1l levels.

As for increasing a sampling frequency, namely increasing
an operating frequency of the noise shaper arithmetic unit, it
requires to thereby force to increase a frequency of a system
clock in audio equipment. This results in possible increase
in cost of the audio equipment and its power consumption, and
a possible cause of an interference noise to an analog audio
system, so that the increase in frequeney is limited to a certain
extent.

In view of the foregoing, it is mest suitable for meens
for providing a D/A converter with a reduced distortion factor
and a heightened S/N ratio to adequately set the order of the
delta sigma modulator and the sampling frequency therefor to
increase the number of quantized levels. Inorder to adequately
set the order of the delta sigma modulator and the sampling
frequencytherefor for increasingthe number of quantized levels,
aconstructionof a local D/A converter is necessary to be devised
which carries out a D/A conversion of the output of the built~in
quantizer.

The resolution of the local D/A converter in the delta

sigma modulation system is a minimum of 2 levels and at most
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3 to the quantizer 1. The output of the quantizer 1 is branched and
subtracted fromthe input thereto at the adder Y7 to be an input to the
delay circuit Y3. In the figure, an arithnmetic unit is shown as the one in
which a 22 bits digital signal is inputted to be converted to a 4bits
digital signal with 11 levels. As for increasing a sanpling frequency,
nanel y increasing an operating frequendy of the noise shaper arithmetic
unit, it requires to thereby force to increase a frequency of a system

cl ock in sevieradqutenentlevEHis. r eSonventiopaddivhl cai FMeabRulse c¥ddtdr the
audi o equi pnment and its power consunption, and a possible cause of an

i nt er f er eModud@itsion oDAA corarext ex droDEN (Dymansic Ehementdiatehiagk Di/a
frequency is limted to a certain extent. In view of the foregoing, it is
nmost sui t gdindrrerndange fisseprusedi figr ath¥ée cbevel seorwabbve.r educed
distortion factor and a heightened S/N ratio to adequately set the order of

the delta si gmerpedaiaantagadorhensapimi 8enteegeensy hhpoekibilldtynerease
t he nunber of quantized levels. In order to adequately
high precision because a plurality of the levels are presented
in a sampling period by using a clock frequency several times
the sampling frequency, which clock frequency is provided by
a highly precise quarts osciliator and determines the precision
of conversion. However, the necessity of using the expensive
high precision clock in PWM operation is the disadvantage of
the PWM converter.

As for the DEM converter, a D/A converter is used with
a plurality of converting elements for carrying out respective
conversions at the same time. This provides the DEM converter
theadvantageofofferingpossibilityofadeltasigmémodulation
in which the sampling frequency is set comparably high.

The DEM converter is provided with a plurality of analog
elements such as resistors and capacitors, so that, when the
elements are provided as those included in an IC, the precision
of the DEM converter depends on relative variations among
elements which occur in a semiconductor production process of
the IC. 1In order to reduce the influence of the variations on
the precision, such DEM converter is operated so that all of
the elements are made to be equally used within a certain period

of time according to a specified procedure. This allows
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set the order of the delta sigma nodul ator and the sanpling frequency

t'herefor for

I ncreasing the nunber of quantized | evels, a construction of a

| ocal D/ A converter is necessary to be devised which carries out a DA
conversion of the output of the built-in quantizer. The resolution of the
| ocal D/ A converter in the delta sigma nodul ation systemis a mninmum of 2

| evel s and at

nost 4 several tens lebels. Conventionally, a PW (Pul se

W dth Mdul ation) I A converter or DEM (Dynamic El ement Matching) DA
convert er reaNd datsioniogch bet telit éenvereison predicsion Thanathve prays sdfort he

PVWM convert er

I's a possibility of high precision because a plurality of the

level s ar g rafenéPéménts gatBrinideBebyot iy Helagidecvagiatioaeensy a
several tines the sanpling frequency, which clock frequency is provided by

a highly REGHICEHdAES HSdlBLO PRGcgsserm nes the precision

A specific example of such a delta sigma D/A converter
is shown in Fig. 2. Hereinafter the multi-level D/A converter
is referred as the multi-level DAC. Here, the highest level
of the multi-level DAC is taken as the levels 11 for simplicity
of.the explanation. 1In addition, twelve 1 bit local DACs are
to be provided as an LDACl to an LDAC 12. For convenience of
explanation, hereinafter the local DAC LDAC 1 to LDAC 12 are
explained as being referred to simply as LDAC 1 to LDAC 12.
Therefore, there is no case in which_ all of the LDAC 1 to LDAC
12 are turned on, that is, unit amounts are given to all of them.
The D/A converter shown in Fig. 2 comprises a thermometer code
converter X2 which outputs a thermometer code corresponding to
the number of outputted levels from the quantizer 1 shown in
Fig. 1, a barrel shifter X3 which shifts in rotation a bit
arrangement of the thermometer code every sampling period, LDAC
1 to LDAC 12 which are equally weighted to each other, namely,
provided with resistors with resistance values equal to each
other, and an analog adder X4. The thermometer code converter
2 produces a thermometer code with the number of bits
corresponding to the number of the levels outputted from the
guantizer 1. Along with this, the barrel shifter X3 shifts in

rotation the bit arrangement of the thermometer code to



of conversion. However, the necessity of using the expensive high precision
clock in PAM operation is the di sadvantage of the PWM converter. As for the
DEM converter, a D/ A converter is used with a plurality of converting

el ements for carrying out respective conversions at the sanme tine. This
provi des the DEM converter the advantage of offering possibility of a delta
si gma nodul ation in which the sanpling6frequency is set conparably high.
The DEM converter is provided with a plurality of anal og el ements such as
resi st or sseléctiyediyt supply cunrantsyunitanainiehte the IDAS/ L I LBSCt hose
included in an I C, the precision of the DEM converter depends on relative
vari at i on32anohhe aireite ivount shppidied to eaciewifcbhdubooal DAR Ust addegdr ocess
of the IC. In order to reduce the influence of the variations on the

preci si ontosetthe BEM 1T @iedidie toi Ge@Ls Bé &th amallbet oatpuef coheeeponathg are
made to be equally used within a certain period of tine according to a
speci fi ed¢pr eaedeueputtids 1@VeQWs of the quantizer 1.

However, the conventional DEM converter, which shifts the
thermometer code every sampling frequency period to supply in
order theunit amount equally totheNlocalDACs, has the following
problem. Namely, the mode of.rotation of thé unit amount in
the local DACs changes depending. on the output data of the
quantizer 1 converted in a form of the thermometer code to cause
distortion depending on an inputted data, by which the converter
is unsuitable for a DEM converter for amulti-levels over eleven
levels. This is shown in Fig. 3 which presents states at every
period Ts for the éampling frequency fs ébout the unit amounts
supplied to the LDAC 1 to LDAC 12, én integral value of errors’
in the local DACs, an integral value of ‘l;he unit amounts in the
LDAC 1 to LLDAC 12, an averaged value of errors in the local DACs
about the period, a cumulative average of errors in the local
DACs, and an output level of the analog adder 9. As shown iﬁ
Fig. 3, the thermometer code of 1 level is inputted to only one
local DAC in one sampling period Ts. Therefofe, as is apparent
from Fig. 3, for a quantized output X lasting with level 1, it
takes several cycles of Ts until all of the LDAC 1 to LDAC 12
areused. While, for a quantized output X with the higher number

of levels almost all of the local DACs are used in 1 cycle of



5 realization of a better conversion precision than the precision of the

el enments determ ned by the relative variations in a sem conductor
production process. A specific exanple of such a delta sigma D/ A converter
is showmn in Fig. 2. Hereinafter the nmulti-level D/A converter is referred
as the multi-level DAC. Here, the highest level of the nulti-level DACis
taken as the levels 11 for sinplicity @ the explanation. |In addition,
twelve 1 bit local DACs are to be provided as an LDACL to an LDAC 12. For
conveni enfs.of Tleap| Bsat the, DEMreonvértert has| tbel dDsa@dventaget dn BASt12 are
expl ained as being referred to sinply as LDAC 1 to LDAC 12. Therefore,

there i s avegagéngrofvahiztiions inhtotADECY tendbCréHepend wmsdgaal t hat
is, unit anmounts are given to all of them The D/A converter shown in Fig.

2 conprisgaldekhermnehes £6garaonyesimalXivhi &8 eurpiked aduthEooEBeer
code corresponding to the nunber of outputted levels fromthe quantizer 1
shown in Ehfe where bdhcet t1.bhEI KBl EPrsPs idhivwd inOtRé Xyt Bpper
column in Fig. 3. The result of the simulation shows that
influence of the error for a signal in lower level is liable
to remain over. |
While, there is a DEM converter in which, although no
detailed configuration thereof is explained here, the unit
amounfs corresponding to a code are given to all of N local DACs
inorder in a sampling period Ts so that every local DAC is equally
used. Such DEM converter, however, has the following problem.
For guantized 1eVels of N and a noise shaper frequency
of fs, at least a frequency of as high as (N<fs) is necessary
for a system clock, so that an audio system must provide an
expensive system clock. Figure 4 is a diagram showing a result
of simulation carried out about a case where a high system clock
frequency is used under the same error conditions as those in
the case shown in Fig. 3. 1In the figure, a case is shown where
a sampling period Ts is finely divided by twelve. In a period
of (Ts/lé), one level is given to one of LDAC 1 to LDAC 12 in
rotation. This allows all of the local DACs to be equally used
~ even for an output of the quantizer being in one level, so that
the output of the converter is fully averaged in a sampling period

Ts. In this case, however, a clock with a frequency as high



arrangenment of the thernoneter code every sanpling period, LDAC 1 to LDAC
I2 which are equally weighted to each other, nanely, provided with
resistors with resi stance val ues equal to each other, and an anal og adder
X4. The thernoneter code converter 2 produces a thernoneter code with the
nunber of bits corresponding to the nunber of the levels outputted fromthe
quantizer 1. Along with this, the barre8 shifter X3 shifts in rotation the
bit arrangenment of the thernoneter code to 6 selectively supply currents
(unit anp@s )2 iheneqpEsary o winich 12ndupes yai prakdem idugesited t o each
of the local DAC is added to others in analog to generate an anal og out put
corresponding to the outputted |evels of the quantizer 1. However, the
conventi onal DEM converter, which shifts the thernoneter code every
sanpling frequency period t SUMMARYY OFN THWEIONVERTIONt anmount equally to the
N | ocal DACs, has the follow ng
In view of the foregoing, in the present invention,

abit arrangement of the thermometer code is divided into P blocks

eachbeing taken as oneblock for evéry Qbits, thebit arrangement

is shifted in unit of the block in rotation at the sampling

frequency fs, the bit arrangement is'further shifted in unit

of the bit in rotation at a frequency fs*Q and a code output

of the shifted code is produced, each of bits of which output

is given to the local DAC corresponding to each of the bits.

Alternatively, the bit arrangement of the code output, which

arrangement is taken as being expressed in terms of a matrix

having P rows and Q columns where P represents an arrangement

of the blocks and Q represents an arrangement in the block, is

converted to a code output expressed in terms of a matrix having

Q rows and P columns by interchanging the rows and columns with

each other, by which a scattering in space is provided for the

local DACs supplied with unit amounts. By means of any one or

combination of the two, it is allowed to keep an operating

frequency lower and to reduce distortion in the output which

is due to change in shifting the data in rotation in the local

DACs, which change occurs depending on bit levels of the data

ina formof the thermometer code. That is, the present invention

solves the problems arisen in a conventional DEM converter to
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probl em Nanmely, the node of rotation of the unit anobunt in the | ocal DACs
¢hanges dependi ng on the output data of the quantizer 1 converted in a form
of the thernoneter code to cause distortion depending on an inputted data,
by which the converter is unsuitable for a DEM converter for a nulti-Ilevels
over eleven levels. This is showmn in Fig. 3 which presents states at every
period Ts for the sanpling frequency f<¥9 about the unit anounts supplied to
the LDAC 1 to LDAC 12, an integral value of errors in the |ocal DACs, an

i ntegral w3loew shet realiratiepuatsailyA onyadar tin Mhich zosdh rdsdmgyed
value of errors in the | ocal DACs about the period, a cunul ative average of
errors i ntheseodcals pByenhed awhdleplimpgroxad ofonvertnngopeaddemagiceAs
shown in Fig. 3, the thernoneter code of 1 level is inputted to only one

| ocal DACthereo¢ d@ipld myowideail Ts. Therefore, as is apparent fromFig. 3,
for a quantized output X lasting with level 1, it takes several cycles of

Ts until all ofrhbe, LDAE delleal BAGmbZ pyze csiprerty | £s E6hs@iduded zed

output X with the higher nunber of levels alnost all of the |ocal DACs are
used in 1c8)ﬁf)&"is%f a set of (P+Q) numbers (each of P and Q is an arbitrary

integer of two or more) of 1 bit local DACs (digital to analog
converters)equallyweightedtoeachother;aquantizerproducing
an output with a quantized levels of (P;Q—l) levels at a sampling
frequency fs; a first converter converting the output of the
gquantizer to a thermometer code comprising P*Q bits; and a second
converter receiving the thermometer code, dividing a bit
arrangement of the thermometer code into P blocks each being
taken as one block for every Q bits, shifting the bit arrangement
in unit of the block in rotation at the sampling frequency fs,
furthershiftingthebitarrangementinunitofthebitinrotation
at a frequency (fs+Q), and producing a code output of the shifted
code, each of bits of the code output produced in the second
converter being given to the local DAC corresponding to each
of the bits.

It is preferable for the second converter to convert the
bit arrangement of the code output, which arrangement is taken
as being expressed in terms of amatrix having P rows and 0 columns
where P represents an arrangement of tﬁe blocks and Q represents
an arrangement in the block, to a code output expressed in terms

of a matrix having Q rows and P columns by interchanging the



7 Ts. That is, the DEM converter has the disadvantage in that averagi ng of
variations in local DACs tends to depend on signal values. In this regard,
a sinulation is carried out for the case where LDAC 1 to LDAC 12 have
errors shown in the right upper colum in Fig. 3. The result of the
simul ati on shows that influence of the error for a signal in lower level is
liable to remain over. While, there is A0DEM converter in which, although
no detailed configuration thereof is explained here, the unit amounts

corr espondiows andacahumswd th @achtoiledd, ahdNé sugplA€hei code dartput a
sanpling period Ts so that every local DACis equally used. Such DEM

converter exprsssdd ihateting 60/d aatigphaklieg oFpowguandi Zesblwives s 1 N
and a noi se shaper frequency of fs, at |east a frequency of as high as

(Nerrllsk iseegesse ¥pigh ApBetaMbel efk 158a1NAhcaN a4l doBka! PRSI

provi de an expensive systemclock. Figure 4 1s a diagram show ng a result
being disposed in parallel with each other on a semiconductor
substrate, and being arranged to be provided with Q blocks
corresponding to the Q rows in order each provided with P local
DACs corresponding to the P columns so that each receives each
code output corresponding thereto.

In addition, the delta sigma D/A converter is also
constituted as to comprise: a set of (P*Q) numbers (each of P
and Q is an arbitrary integer of two or more) of 1 bit local
DACs (digital to analog converters) equally weighted to each
other; a quantizer producing an output with a quantized levels
of (P*Q-1) levels at a sampling frequency fs; a first converter
converting the output of the quantizer to a thermometer code
¢omprising PeQ bits; and a second converter receiving the
thermometer code, dividing a bit arrangement of the thermometer
code into P blocks each being taken as one block for every Q
bits, converting the bit arrangement of the code oﬁtput, which
arrangement is taken as being expressed in terms of a matrix
having P rows and Q columns where P represents an arrangement _
of the blocks and Q represents an arrangement in the block, to
a code oqtput expressed in terms of a matrix having Q rows and
P columns by interchanging the rows and columns with each other,

and supplying the code output, expressed in terms of a matrix



of simulation carried out about a case where a high system cl ock frequency
I's used under the sanme error conditions as those in the case shown in Fig.
3. Inthe figure, a case is shown where a sanpling period Ts is finely
divided by twelve. In a period of (Ts/12), one level is given to one of
LDAC 1 to LDAC 12 in rotation. This allows all of the |ocal DACs to be
equal |y used even for an output of the Huantizer being in one level, so
that the output of the converter is fully averaged in a sanpling period Ts.

In this cassinRpgeyeks and @CkoMinhisa toegusetyofstheg(P+Q) huabeh® of s
necessary, which induces a problemin cost. SUMVARY OF THE | NVENTI ON In

vi ew of t el 60801 PACS| NthdEldu«l DACS betny Afispesedt iarpargkehehtwitth t he
t hernoneter code is divided into P bl ocks each being taken as one bl ock for

every Q bidagh bBRebi bn ¥ enE/IBHHudto15 Bubkedaite UBhH BéihfeaabtHided o

rotation at the sanpling
' be provided with Q blocks corresponding to the Q rows in order
each provided with P local DACs corresponding to the P columns

so that each receives each code output corresponding thereto.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram illustrating an example of a
configuration of a third-order noise shaper arithmetic unit as
a principal part of a delta sigma D/A converter in related art;
Fig. 2 is a diagram lillustrating an example of a
configuration of a delta sigma D/A converter in related art;
Fig. 3 is a diagram illustrating operation of the delta
. sigma D/A converter shown in Fig. 2;
Fig. 4 is a diagram illustrating operation of the delta
sigma D/A converter shown in Fig. 2 with a higher clock frequency;
Fig. 5 is a diagram illustrating a configuration of the
first embodiment of the delta sigma D/A converter according to
the present invention;
Fig. 6 is a diagram illustrating operation of the delta
sigma D/A converter shown in Fig. 5;
Fig. 7 is adiagramas a continuation of Fig. 6 illustrating
operation of the delta sigma D/A converter shown in Fig. 5;

Fig. 8 is a diagram illustrating a configuration of the



frequency fs, the bit arrangenment is further shifted in unit of the bit in
rotation at a frequency fs[err]Q and a code output of the shifted code is
produced, each of bits of which output is given to the |ocal DAC
corresponding to each of the bits. Alternatively, the bit arrangenent of

t he code output, which arrangenment is taken as being expressed in terns of
a matrix having P rows and Q colums wl&re P represents an arrangenent of
the bl ocks and Q represents an arrangenent.in the block, is converted to a
code out puteanyl esgmtlinentrofs tie detiar isigma DR Qonwer tew azanyding by

I nterchangi ng the rows and colums wi th each other, by which a scattering
I n space ito rhy ipeesémt ifeehbienh; Divd supplied with unit amounts. By
means of any one or conbination of the two, it is allowed to keep an
operating frequengy l90viey aardiddramediCRusitpaoihgon configuaaitien Wi ch is
due to change in shifting the data in rotation in the |ocal DACs, which

change 0OCegi HRREHHABHLOLHY lsddtRl enodiifefalar ithe d&rea cg‘l%‘@ D/A

t hernoneter code. That is, the present invention solves the problens arisen

in a Convggd\%}ﬂep%&&fﬁ'fﬁé ®o!the present invention;

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the drawings.

The sigma delta D/A converter according to the present
invention will be explained in detail about the first embodiment
shown in Fig. 5.

In the figure, the same reference numerals as those shown
in Figs. 1 and 2 designate the same constituents. Numerals 1
and 2 designate a quantizer and a thermometer code converter,
respectively. The guantizer 1 converts a multi-bit digital
signal, a 24 bit digital signal for example, inputted with a
sampling frequency fs to a 4 bit digital signal with 11 levels.
The thermometer code converter 2 converts the output signal from
the quantizer 1 to a 12 bit thermometer code. For example, a
quantized output of one level “0001” from the quantizer 1 is
converted to a thermometer code of #000000000001”, and a
quantized output of two levels “0010” is converted to as
#000000000011". Numerall 3 designates a frequency dividing

circuit, numeral 4 a three state counter, numeral 5 a barrel
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9 allow the realization of a D)A converter in which cost rising thereof is
prevented whil e inproved converting performance thereof being provided.
Thus, the delta signa D/A converter is constituted to conprise a set of
(P[err]Q nunbers (each of P and Qis an arbitrary integer of two or nore)
of 1 bit Iocal DACs (digital to anal og converters)

equal | ywei ght edt oeachot her; a quanti zed@r oduci ng an output with a quantized
level s of (P[err]Q 1) levels at a sanpling frequency fs; a first converter
convert i nghtifdegut pmd efumeralyfa® idada tlatsh.hefhendrequendy ddwvgdisiang
Plerr] Q bits; and a second converter receiving the thernoneter code,

di vi di ng & ilmic idr B arayenices caft flrequkacyodivisiondef ant¢bo€kd iresl edth bei ng
taken as one block for every Qbits, shifting the bit arrangement in unit
of the bl ackregueatgt &ofs atitthe sabpuilitdplecquescyutput falldlfisk slighkilng t he

bit arrangenment in unit of the bit in rotation at a frequency (fs[err]Q,
and produglith & GRBHAHIFS] e YHfdetstate counter 4 carries out
counting of three values according to the clock signal with the
frequency fs. The barrel shifter 5 carries out shifting in
rotation depending on the count of the three state counter 4,
in which the bit arrangement of the thermometer code is divided
into P blocks, 3 blocks here, each of which is constituted of
.Q bits, 4 bits here. The blocks‘ are shifted in rotation as P
=1, 2,3, 1, 2, 3, depending on the counted value of the three
statecounter4. For example, athermometer codewithan initial
bit arraﬁgement “#000000000001" is outputted while being shifted
in rotation depending on the counted value of the three state
counter 4 as ~000000010000%, ~“000100000000", and then,
#000000000001”. The data latch 6 latches a code outputted from
the barrel shifter 5 in resi)onse to the clock signal with the
frequency fs. Numeral 7designatesashiftregisterwhichshifts
a code outputted from the data latch 6 one bit by one in each
of the blocks in rotation in response to the clock signal with
the frequency of 4fs. Numeral 8 designates a data latch which
latches the code outputted from the shift register 7 in response
to the clock signal with the frequency of 4fs. LDAC1 to LDAC
12 are 1 bit local DACs each of which is equally weighted to

another and corresponds to each bit of the code outputted from
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code, each of bits of the code output produced in the second converter
being given to the | ocal DAC corresponding to each of the bits. It is
preferable for the second converter to convert the bit arrangenent of the
code out put, which arrangenent is taken as being expressed in terns of a
matri x having P rows and Q columms where P represents an arrangenent of the
bl ocks and Q represents an arrangenent 1&dn the bl ock, to a code out put
expressed in terns of a matrix having Q rows and P colums by interchangi ng
t he 10thevdatmd atchudnso aé ttie kasuppilliced wibh a spegpfiediursltc ameusdyt put
expressed in terns of a matrix having Qrows and P colums, to a set of the

(P[ err] Q wheattthecofréspohding bdAGs #11e Numerd\Tsldsdignp tiissquvand 1og
parallel with each other on a sem conductor substrate, and bei ng arranged

to be proyhndes whibhQAHlamktecsd aspehe NPALOLthe IDACVR forocderyeagh
provided with P | ocal

out an analog addition of the unit amounts supplied to them to
produce an analog output.

An operation of the embodiment will be explained with
reference to Figs. 5, 6 and 7. Figure 6 and Figure 7, a
continuatién of Figure 6, show states in every period Ts and
in every period Ts/4 to the sampliﬁg frequency fs. The states
are shown about the unit amounts supplied to the LDAC 1 to LDAC
12, an integral value outputted from the analog adder 9, an
integral value and aﬁ averaged value of errors in the local DACs
about a period, a cumulative average of errors in the local DACs,
and an output level of the analog adder 9.

| First, a 4bit digitai signal Xoutputted from the quantizer
1 is converted to a thermometer code by the thermometer code
converter 2. The barrel shifter 5 shifts each block P of 4 bits
in the thermometer code in the order of P =1, 2, 3, 1, 2 ...
at the éampling frequency fs. The shifting operation of the
barrel shifter 5 is carried out in response to the output of
the three state counter 3 operated at a frequency of fs. The
data latch 6 holds theresult of theshiftingat thebarrel shifter
5. The shift register 7 shifts the output of the data latch
6 at a frequency of 4fs. The code outputted from the shift

resistor 7, which are taken as Y(P, Q), is supplied to each of
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DACs corresponding to the P colums so that each recei ves each code out put
corresponding thereto. In addition, the delta signa DA converter is also
constituted as to conprise: a set of (Plerr]Q nunbers (each of P and Qis
an arbitrary integer of two or nore) of 1 bit |Iocal DACs (digital to anal og
converters) equally weighted to each other; a quantizer producing an out put
with a quantized levels of (Plerr]Q 1) l®vels at a sanpling frequency fs; a
first converter converting the output of the quantizer to a thernoneter
code conpmbAhg RleemDAQ Hi2,s thenduapssond edrcdy tegre ridumi \Added He be

t hernoneter code, dividing a bit arrangenent of the thernonmeter code into P

bl ocks eaebtgintd taedn asnd&Deg bbweput or every Q bits, converting the bit
arrangenent of the code output, which arrangenent is taken as being

expressed in tepHs MA@ 1S LDACTEY e Eqh QY By AN d&dintostibes ®1dcks
represents an arrangenent of the bl ocks and % represents an arrangenent in

;23 I‘g' 3%&% ? E;l%.%‘iceo‘furtﬂlét LBAR' Eséé%ﬁﬁbt@rﬂ@ 1 kéh B 14 pARPIMEIQ (POVS
y i nterchanging the rows and colums wth each other, and
supplying 1hg coigOWPihe EXRECESES Lind % Be U ShEHIdSK (P = 2) and
that of the LDAC 9 to LDAC 12 be a DAC block (P = 3). The shift
register 7 shifts the thermometer code 2 in rotation in the LDAC
1 to LDAC 12 by 1 LDAC every period of Ts/4, to which the sampling
period Ts is divided by submultiple 4. Along with this, the
barrel shifter 5 shifts the thermometer code in rotation by one
block every period of Ts to thereby shift the thermometer code
in the DAC block every 1 Ts in rotationas P =1, 2,3,1, 2 ... .
This allows, as shown in Fig. 6'and Fig. 7, the thermometer code,
even when it is of level 1, to be supplied to all of the LDACs
in3Tsperiods toreducethenumber of thesampling period required
for averaging. Figures 6 and 7 show the result of a simulation
about the case in which the LDAC1 to LDAC 12 have errors as shown
in the upper right column in Fig. 7, which case is the same as
that explained with reference to Fig. 3. It can be understood
from the result of the simulation that influence of error due
to a lower level code is reduced more shortly compared with the
case in a conventional convérter as shown in Fig. 3.
As explained above, the system according to the present
invention can eliminate an error due to variation in

characteristic of the local DAC without setting the frequency
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11 having Q rows and P colums, to a set of the (P[err]Q nunbers of t

"ocal

DACs, the local DACs being disposed in parallel with each other

he
on a

sem conductor substrate, and being arranged to be provided with Q bl ocks
corresponding to the Qrows in order each provided with P | ocal DACs
corresponding to the P columms so that each receives each code out put

correspondi ng thereto.

BRI EF DESCRI PTI &R OF THE DRAWNGS Fig. 1 is a block

di agramillustrating an exanple of a configuration of a third-aorder noise
e

shaper ar iofh#Bei 8Y8

inrelated art; Fig. 2 is a diagramillustrating an exanple of a
confi gur atthen afethait| tef sipmevilingorhetter | perfbamatcert whidich as a
diagramillustrating operation of the delta signa DA converter shown in
Fig. 2; Fiopnfdictinglivagaeanied bustprasvimnsibebgididthexf higklyldntcareasing

the system clock frequency or highly increasing the number of
levels.

Thepresent inventionisnotlimitedtothe first embodiment.
A second embodiment of the present inventign v;rill be explained
below with reference to Fig. 8A.

In the second embodiment, the bit arrangement of the
thermometer code is taken as being divided into P blocks each
including Q bits. The bit arrangement of the code is then taken
as being expressed in terms of amatrix having Prows and Q columns
in which the arrangement of the blocks is in rows and the
arrangement of the bits in the blocks is in columns. The matrix
is then transposed and thus arranged code is then outputted to
a plurality of the local DACs. The transposition results in
allowing the unit amounts to be supplied to spatially scattered
local DACs to reduce input data dependent distortions. 1In Fig.
8A, an arrangement of 12 bit code, which was previously supplied
directly tothe local DACs through the thermometer code converter
and the barrel shifter, although this is not particularly shown
here, is taken as being expressed as y(P, Q) with the bit
arrangement divided into P blocks (here P = 1 to 3) in order
for every Q bits (here Q = 1 to 4). Each of numerals 10 and

11 designate a data latch. The data latch 10 receives the code

R glogk @xtransly bdah &p thereby allpw 1y AMPSOVE ter .
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sigma D/ A converter shown in Fig. 2 with a higher clock frequency; Fig. 5
I's a diagramillustrating a configuration of the first enbodi nent of the
delta sigma DY A converter according to the present invention; Fig. 6 is a
diagramillustrating operation of the delta signa DA converter shown in

Fig. 5, Fig. 7 is a diagramas a continuation of Fig. 6 illustrating
operation of the delta sigma DJ A convelffer shown in Fig. 5; Fig. 8is a
diagramillustrating a configuration of the 12 second enbodi nent of the

delta si gy{PR/Q) aodvrtmrtsaithecdidegwith the lpiearrangenenti asmregedvedg. 9 is
a diagramillustrating a configuration of a nodification of the second
enbodi mentthef dabe Ietdhl 19 dirmi@eA tloe\tad arrangementgof othd e npusdnto

i nvention; DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS

Q blocks in order for every P bits. At the input (P = 1) in
the input block (Q = 1), the output (Q =1) of the output block
(P = 1) of the data latch 10 is received, at the input (P = 2)
in the input block (Q =1), the output (Q =1) of the output block
(P = 2) of the data latch 10 is received, and at the input (P
= 3) in the input block (Q = 1), the output (Q =1) of the output
block (P = 3) of the data latch 10 is received. In this way,
at each of the inputs_, the data latch 11 receives the oﬁtput
of the data latch 10 with the output block number and the bit
number in the block of the data latch 10 being interchanged with
each other. Thus, the inputted code y(P, Q) in terms of a matrix
having P rows and Q columns is outputted as a code z(Q, P), a
transposed matrix with the rows and columns in the former being
interchanged.

Eachl bits of the outputted 6ode Z (Q,P) from the latch
11 isoutputtedtotheLDAC1toLDAC12, lettingthebitarrangement
as it is.

As described above, in the embodiment, a scattering in
space is provided for the local DACs supplied with unit amounts
to allow reduction of the input data dependent distortion in
theoutput, which is due tochange inshiftingthedata inrotation
in the local DACs, which change occurs depending on bit levels

of the output data in a form of the thermometer code .
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Preferred enbodi nents of the present invention will be described with
reference to the drawi ngs. The sigma delta D/ A converter according to the
present invention will be explained in detail about the first enbodi nent
shown in Fig. 5. In the figure, the sane reference nunerals as those shown
in Figs. 1 and 2 designate the sane constituents. Nunerals 1 and 2
designate a quantizer and a thernonete¥8 code converter, respectively. The
quantizer 1 converts a nmulti-bit digital signal, a 24.bit digital signal
for exanpl e, inpotaddition, eeemptitigwirdgqgeasyshewnoin Pig; t8RY gihig

signal with 11 |levels. The thernoneter code converter 2 converts the output
signal frdms tprwided i xom ithe dali®? batchhkdnboethe TDAE. 1Fdo E&DAMIIR a
guanti zed out put of one level "0001" fromthe quantizer 1 is converted to a

t her nonet glaradda 1eir IGO0 0O (data anditeéh quaNbeing onfikitedof thep sameel s
"0010" is converted to as "000000000011". Nuneral 3 designates a frequency
dividing @unedilon R MLt ddX Ge SIELikEAINAST abBVBEr al S5 a barrel

The embodiment may be modified as shown in Fig. 9 so that
the code Y(P, Q), outputted from the shift register 7 in terms
of a matrix, is inputted to the data latch 11 Qith the rows and
columns being interchanged like the method of outputting from
the data latch 10 to the data latch 11 in the above embodiment.
‘This, like in the first embodiment, also provides a scattering
in time for the local DACs supplied with the unit amo_unts to
further average variations among thé local DACs for improving
distortion factor and S/N ratio of the DAC.

In the delta sigma D/A converter according to the present
invention, a control is carried out for equalizing variation
among multi-level local DACs both in time and in space without
increasinganoise shaper frequency fsmore thannecessary. This
allows the realization of a lower distortion and a higher S/N
ratio required for the performance of audio equipment.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that the foregoing

and other changes in form and details can be made therein without

departing from the spirit and scope of the invention.



13 shifter, and nuneral 6 a data |atch. The frequency dividing circuit 3
carries out frequency division of a clock signal with a frequency 4 fs with
a subnmultiple 4 to output a clock signal with a frequency fs. The three
state counter 4 carries out counting of three values according to the clock
signal with the frequency fs. The barrel shifter 5 carries out shifting in
rotation depending on the count of theltPhree state counter 4, in which the
bit arrangenent of the thernoneter code is. divided into P bl ocks, 3 blocks
here, eachWhdtwhscblaimednisituted of Q bits, 4 bits here. The bl ocks are
shifted in rotation as P =1, 2, 3, 1, 2, 3, depending on the counted val ue

of the three state coumtéeléa SbymaxpDyfpl eonwertermoontparisdioge Wi th an
initial bit arrangenment "000000000001 " is outputted while being shifted in

o o icher B Ape R kb ueb poREr 08 81488 B8 AR rigs
lat ches a ppdeqOriPEitkRAok Mke) of 1 bit local DACs (digital to analog
converters) equally weighted to each other;

a quantizer producing an output with a quantized levels
of (P*Q-1) levels at a sampling frequency fs;

a first converter converting the output of the quantizer
to a thermometer code comprising P¢Q bits; and

a second converter receiving the thermometer code,
dividing a bit arrangement of the thermometer code into P blocks
each being taken as one block for every Q bits, shifting the
bit arrangement in unit of the block in rotation at the sampling
frequency fs, further shifting the bit arrangement'in unit of
the bit in rotation at a frequency (fs*Q), and producing a code
output of the shifted code,

each of bits of the code output produced in the second
converter being given to the local DAC corresponding to each
of the bits.

2. A delta sigma D/A converter as claimed in claim 1
wherein the second converter converts the bit arrangement of
the code output, which arrangement is taken as being expressed
in terms of amatrix having P rows and Q columns whe.re P represents
an arrangement of the blocks and Q represents an arrangement

in the block, to a code output expressed in terms of a matrix

[T




the barrel shifter 5 in response to the clock signal with the frequencyfs.
Nurmer al 7desi gnat esashi ftregi sterwhi chshifts a code outputted fromthe data

| atch 6 one bit by one in each of the blocks in rotation in response to the
clock signal with the frequency of 4fs. Nuneral 8 designates a data |atch
whi ch [ atches the code outputted fromthe shift register 7 in response to
the clock signal with the frequency of 24fs. LDACL to LDAC 12 are 1 bit

| ocal DACs each of which is equally weighted to another and corresponds to
each bit dRving QF@wsoandi celumnghy intaerchanging the sows and £olumnse
supplied with a specified unit anount whenthe corresponding bit is "1".
Nuner a | 9widh each eshean and sagppdi eshilvd coslecontpaet cexpresised DACerntso LDAC
12 for carrying out an anal og addition of the unit amounts supplied to them

to producesan maekes RavDHg. 0 AW PoBollimnks eBbadseEndf VEiné HsQ)
expl ained with
numbers of the local DACs,

the local DACs being disposed in parallel with each other
on a semiconductor substrate, and being arranged to be provided
with Q blocks corresponding to the Q rows in order each provided
with P local DACs corresponding to the P columns so that each
receives each code output corresponding thereto. |

3. A delta sigma D/A converter comprising:

a set of (P*Q) numbers (each of P and Q is an arbitrary
integer of two or more) of 1 bit local DACs (digital to analog
converters) equally weighted to each other;

a quantizer producing an output with a quantized levels
of (P+Q-1) lévels at a sampling frequency fs;

a first converter converting the output of the quantizer
to a thermometer code comprising P*Q bits; and

a second converter receiving the thermometer code,
dividing a bit arrangement of the thermometer code into P blocks
each being takeh as one block for évery Q bits, converting the
bit arrangement of the code output, which arrangement is taken
as being expressed in terms of amatrix having P rows and Q columns
where P represents an arrangeinent of the blocks and Q represents
an arrangement in the block, to a code output expressed in terms

of a matrix having Q rows and P columns by interchanging the

g




reference to Figs. 5, 6 and 7. Figure 6 and Figure 7, a continuation of
Figure 6, show states in every period Ts and in every period Ts/4 to the
sanpli-ng frequency fs. The states are shown about the unit anounts supplied
to the LDAC 1 to LDAC 12, an integral value outputted fromthe anal og adder
9, an integral value and an averaged value of errors in the |ocal DACs
about a period, a cunulative average of2lerrors in the |ocal DACs, and an
out put | evel of the analog adder 9. First, a 4bit digital signal X
out put t ed fowsnanidecoliambs xerthl eashantriver ;| atdt supplpingdiiet eodeanietpyt £ he
t hermoneter code converter 2. The barrel shifter 5 shifts each block P of 4
bits in thexpressedrirterndeofnatmet oideiaving o rbws?and, PlcoXumns, o t he
sanpling frequency fs.. The shifting operation of the barrel shifter 5 is
carried o ik TSEPERse t o Pf e e te counter 3 operated
at a freqﬁ%ﬁ%&lagéfs. T*gf%éiéyﬁé%gﬁ %fh%pgsléﬁégrgggﬁf of the shifting at
the barrel shift L f l pf s At t ta
e Ao AR Dl s e Th Ry T P IR pfon Y

latch 6 at a frequency of 4 ut put te resi stor

7, which a(fr?at@éﬁfcgﬁdqégor@ubétsrf‘wp lain%dbégnsaé:}}ﬂged to be provided

with Q blocks corresponding to the Q rows in order each provided
with P local DACs corresponding to the P columns so that each

receives each code output corresponding thereto.
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15 LDAC 1 to LDAC 12, the outputs of which are then added to be obtained as
an anal og output. The LDAC 1 to LDAC 12 are equally divided into three

bl ocks as a block of the LDAC 1 to LDAC 4 be taken as a DAC block (P = 1),
that of the LDAC 5 to LDAC 8 be a DAC block (P = 2) and that of the LDAC 9
to LDAC 12 be a DAC block (P = 3). The shift register 7 shifts the
thernmonmeter code 2 in rotation in the LDAC 1 to LDAC 12 by 1 LDAC every
period of Ts/4, to which the sanpling period Ts is divided by subrmultiple
4. Along with this, the barrel shifter 5 shifts the thernoneter code in
rotation by one block every period of Jks to thereby shift the thernoneter
code in the DAC block every 1 Ts in rotation as P =1, 2, 3, 1, 2 This -
allows, as shown in Fig. 6 and Fig. 7, the thernoneter code, even when it

is of level 1, to be suppliéd c?ﬂl nggEFVAJEgﬁvﬂﬂké%1s peri ods to reduce
t he nunber of the sanpling period requi _
ABSTRACT
A thermometer code outputted from a thermometer code
converter 2 is divided into P blocks for every Q bits. An
arrangement of the blocks is shifted in rotation by a barrel
shifter 5 at a frequency fs. Along with this, an arrangement
of bits in the block is shifted in rotation by a shift register
7 at a frequency (Q*fs), the frequency fs multiplied by Q. The
bits of thus obtained cdde is given to local DACs (LDAC 1 to
LDAC 12) each specified to correspond to each of the given bits.
This allows to keep an operating frequency lower and to reduce
distortion in the output which is due to change in shifting the

data in rotation in the local DACs, which change occurs depending

on bit levels of the data in a form of the thermometer code.
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for averaging. Figures 6 and 7 show the result of a sinulation about the
case in which the LDACL to LDAC 12 have errors as shown in the upper right
colum in Fig. 7, which case is the sane as that explained with reference
to Fig. 3. It can be understood fromthe result of the sinulation that

i nfluence of error due to a |lower |level code is reduced nore shortly
conpared with the case in a conventional converter as shown in Fig. 3. As
expl ai ned above, the system according to the present invention can
elimnate an error due to variation intgharacteristic of the |ocal DAC

w t hout setting the frequency 16 of the systemclock extrenely high to
thereby allow to inprove th# nethod of providing better perfornmance which
was conflictingly car fiegh o previously by either highly increasing the

system cl ock frequenc%gor h®ghly increasing the nunber of |evels.
N
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The present invention is not limted to the first enbodi nent. A second
enbodi nent of the present invention will be explained below wth reference
to Fig. 8A. In the second enbodi nent, the bit arrangenment of the

t hernoneter code is taken as being divided into P blocks each including Q
bits. The bit arrangenment of the code is then taken as being expressed in
ternms of a matrix having Prows and Q columms in which the arrangenent of
the blocks is in rows and the arrangenent of the bits in the blocks is in
colums. The matrix is then transposgg and thus arranged code is then
outputted to a plurality of the local DACs. The transposition results in
allowing the unit anobunts to be supplied to spatially scattered | ocal DACs
to reduce input data dependent distortions. In Fig. 8A an arrangenent of
12 bit code, which was previously,supplied directly to the |ocal DACs
through the thernonmeter code con\&rier and the barrel shifter, although
this is not particularly shown he ﬁ is taken as being expressed as y(P, Q
with the bit arrangenent divi ded$ Mo P bl ocks (here P =1 to 3) in order
for every Qbits (here Q=1 to 4. Each of nunerals 10 and
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11 designate a data latch. The data latch 10 receives the code

17 y(P, Q

and outputs the code with the bit arrangenent as received. The data | atch
11 divides the bit arrangenent of the input into Q blocks in order for

every P bits.
(Q =1) of the out put
in the

I nput (P
bl ock (P

:2)
= 2) of the

At the

the input block (Q =
the data latch 10 is
| atch 11 receives the output of the data latch 10 with the output bl ock
nunber and the bit nunber in the block of the data |atch 10 being

i nterchanged with each other. Thus, the inputted code y(P, Q in terns of a
matrix having P rows and Q columms is outputted as a code z(Q P), a

input (P =1) in the input block (Q = 1), the out put
block (P = 1) of the data latch 10 is received, at the
I nput block (Q = 1), the output (Q =1) of the output
data latch 10 is received, and at the input (P = 3) in
1), the output (Q3784) of the output block (P = 3) of
received. In this way, at each of the inputs, the data

LDAC
Qutput

1~5.5e

1-4.5¢
- 1-3.5¢

1-2.5e

1-1.5e
1-0.5e

1+0.5¢
1+1.5e
1+2.5¢
14+3.5e
1+4.5¢
1+5.5e

Example of
LDAC Error

Unit "e”

-5.5

-4.5

-3.5

=25

-1.5
=0.5
0.5

1.5
5
5.5

3.5
4.5

0
10

4
10

~1.5

11
1

11

11

———

-25|-1561 75

-1

0

0

0

1
1
ig.3

0
1

1

1

Unit

Ts
Level

LDAC1

LDAC2
LDAC3
LDAC4
LDACS

12
11

10
9
8
7
6
5
4
3
2
1

Ts

LDACS
LDACY
LDACS
LDACY

LDAG10
LDAG11
LDAG12

n
x(n¥Ts)

Sampling Period
Sampled Value

ge of Error Value|=-5.50 -5.00 —-4.50 |-3.38 {-2.70 | -2.25 |~2.29 |-2.19 |-1.11 |-1.75 |-1.23
n

Averaged Error Value in Period Ts| ~6.5 | ~4.5 | 3.5
Signal Integral Value in Period Ts

Sampling Period

Signal Integral Value in Period Ts
Cumulative Avera

Level after Integration

LDAC Name




transposed matrix with the rows and colums in the fornmer being

iI‘nt erchanged. Each bits of the outputted code Z (QP) fromthe latch 11 is
outputted to the LDAC 1 to LDAC 12, letting the bit arrangenent as it is.
As descri bed above, in the enbodinent, a scattering in space is provided
for the |ocal DACs supplied with unit amounts to all ow reduction of the

| nput data dependent distortion in the output, which is due to change in
shifting the data in rotation in the |local DACs, which change occurs
depending on bit levels of the output daya in a formof the thernoneter
code 18 In addition, even with wiring as shown in Fig. 8B, which is

provi ded frpmthe—fgata-tlatch 1 thg=gg@%g__§%_ AC 12 particularly with
the data | ajpp fftlbel hot 0l add tihdidaoe fluncitlildh | gnd ef f ect can be
obt ai ned as| fl VE 12 N
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The enbodi nent may be nodified as showmn in Fig. 9 so that the code Y(P, Q,
outputted fromthe shift register 7 in terns of a matrix, is inputted to
the data latch 11 with the rows and colums being interchanged |ike the
met hod of outputting fromthe data |latch 10 to the data latch 11 in the
above enbodinent. This, like in the first enbodi ment, also provides a
scattering in tinme for the |local DACs supplied with the unit anmounts to
further average variations anong the | o8a9. DACs for inproving distortion
factor and S/N ratio of the;ﬁM: In the delta sigma DA converter according
to the present invention, :p@ntrol is carried out for equalizing variation
anong nmulti-level local DACsaboth in tinme and in space w thout
i ncreasi nganoi seshaper frequehcyf snoret hannecessary. This allows the
realization of a |ower i on and a higher S/INratio required for the
& Wile the invention has been particularly
h‘*“ce to preferred enbodi nents thereof, it
N\ed in the art that the foregoing and ot her
made therein w thout

wi |l be understood by t
changes in form and det
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departing fromthe spirit and scope of the invention. 19 What is clained
I's: 1. A delta signa DA converter conprising: a set of (Plerr]Q
nunbers (each of P and Qis an arbitrary integer of two or nore) of 1 bit

| ocal DACs (digital to anal og converters) equally weighted to each other; a
quanti zer producing an output with a quantized levels of (Plerr]Q 1) levels
at a sanpling frequency fs; a first converter converting the output of the
quantizer to a thernometer code conprising Plerr]Q bits; and a second
converter receiving the thernoneter cgg dividing a bit arrangenent of the
t hernoneter code into P bl ocks each bei'ng taken as one bl ock for every Q
bits, shifting the bit arrangenent in unit of the block in rotation at the
sanpling frequency fs, further shifting the bit arrangenment in unit of

Unit
Sampling Period n Ts ) 1 4 3
Clock m Yaoa |1 L2 0 sl alalalalalalalaslalilzlala
led Value d{n*Ts) Level 1 1 1 6
Start Block] Q@ 2 3
1] pact 1 1
ane 12| woace 1 il
p=1 |2| LbAcs 1 i 9l s
4| Lpacs 1 I
1] LDACS 1 1 1 1 1
DAC Name o 12] Lbace 1 1Y I
p=2 13| Lbac? 1 TR
4] Lpacs 1 il 1
1] LDACY 1 1
one 2] toacie i
P=3 | 3| LpActy 1
4| LoAci2 1
Signal Integral Value in Period Ts|__ 1] 1] b ol al ol ol al al 9l al db sl el el e
Signal Integral Value in Period Ts/4 3 1 1
Ervor Integral Valus in Clock Period] -5.5| 45| 35| -251-15|-05! 051 15| 25| as [ 45[ 55| 18] <12] -8 ] o
Averaged Error Value in Period Ts ) ~4 1] 4 -9
Cumulative Average of Error Value 4,00 -2.00 0.00 —2.25
12
ST
10
9
8
Level after Integration ¥i
) 8 . ! il ol
5 R
4 i al
3 ] d] 4
2 il
1 K Y Y I Y Y I 1 I 1 B O P B T
Signal Integral Value in Clock Period] 31 11 10 ol 1l ol ol al o} bl 4] el sl el s
Quarter of Signal Integral Value in Periods Ts 1 1 1 6
Time | n I Ts ] 1 2 3
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the bit in rotation at a frequency (fs[err]Q, and producing a code out put
of the shifted code, each of bits of the code output produced in the second
converter being given to the | ocal DAC corresponding to each of the bits.

2. A delta sigma DA converter as clainmed in claim1l wherein the second
converter converts the bit arrangenent of the code output, which
arrangenent is taken as being expressed in terns of a matrix having P rows
and Q colums where P represents an arrangenent of the blocks and Q
represents an arrangenent in the block,/gd0 a code output expressed in terns
of a matrix 20 having Q rows and P columms by interchanging the rows and
colums with each other, and supplies the code output, expressed in terns
of a matrix having Qrows and P columms, to a set of the (P[err]Q nunbers

of the | ocal_DACs,
Unit
Sampling Period n Ts 4 5 6 7
Clock m vora | 1123 alalolslalilolaslalalalala
Sampled Value _|d{n+Ts) Level 5 6 11 11 Exemple of | LDAC
LDAC Ervor| Output |
Start Block| @ 2 ] 2 Unit “o”
1] LDACt 1 IS T IR T OO 1 | IR | I 1 R R | S T I TS
o (2] woace | 1K IR IR IR ol o ] ol s [ ese
P=1 |3| Loacs 1 1 I 1 1 ) 1] o) -as | -ase
4] LDAC4 L) SO 1 | O R ) 1 3] 1} -2s 1-2.5¢ |
1] LtDACS 1 1 SR 1 I O | S | T | 1} 1] -8 1-1.5¢
DAC Name o 12| woace | o] 4 ol sl a4 4 1]l _-os | i-ose
P=2 |3} wacz | 1] | 1 1 IR ] ) ] B 05 | 10050 |
4] LDACS 1 1] 11 1 1 ) 1 1 1 1 1 1 L5 1+1.5¢
1{ LDACY £ O 1 I ] G ) IO 1 I I 1 A T 1 I I | Y 142.5¢
g,:g‘ 2itoac1o ] o) 1] 1} 9] 3t o o) o) il 1) as | gease
P=3 |3] Lbacl 1R IR RN IR 1ol | R 1 I 1 R | 1 R 1 T I EYVT N
4| LbAGIZ i ) 3l e | 1 R 1 R O | O T
Signal Integral Value in Period Tsl 61 6] 6] sl sl el 6l sl 11} s3] al 11 13l i} 11f 11
Signal Integral Value in Period Ts/4 6 11 11
Ervor Integral Value in Clock Period slullshz 61 o0f-6]-12|-s|s5]sslas]25]15]0s] 1
Averaged Error Value in Period Ts| 12 -3 2 1
Cumulative Average of Error Value 0.60 0.00 0.29 0.38
12].
p 1 1R | R R I
10 1R VN 1 | I 1 T A
9 TRV | R T 1 T R
8 o] Y 1 DT I I R
Level after Integration 7 1 1 1 1 1 1 1
SR I ] ] ) | T R N 1 T 1 1 1 1 I
s) 1 o)l o al-ab q]l oo o) el o o a) ) b
1R KT O T T Y 1 AT Y 1 O T | T 1 1 O
L N1 | I I D1 T I A A 1 O ) I | IO 1 N R 1 ' I
IR | R T R T I 1 | O T I 1 I | I 1 1 O] 1 B
_ I K Y 1 I Y ) I I A 1 I 1 R 1 1 I A O I
‘ | Value in Clock Pericd] 8] 6] 6l 6] 6l sl 6l ol ¢! 11] ul 1] vl af 1] 1
Quarter of Intesral Value in Periods Tsl 6 6 - 1 11
Time n Ts 4 5 6 7
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the | ocal DACs being disposed in parallel with each other on a

sem conduct or substrate, and being arranged to be provided with Q bl ocks
corresponding to the Qrows in order each provided with P | ocal DACs
corresponding to the P columms so that each receives each code out put
correspondi ng thereto. 3. A delta sigma D/ A converter conprising: a set
of (P[err]Q nunbers (each of P and Qis an arbitrary integer of two or
nore) of 1 bit |ocal DACs (digital to anal og converters) equally weighted
to each other; a quantizer producing ag /qut put with a quantized | evel s of
(P[err]Q 1) levels at a sanpling frequency fs; a first converter converting
the output of the quantizer to a thernoneter code conprising Plerr]Q bits;
and a second convertegf,receiving the thernoneter code,, dividing a bit
arrangenment of the tKHeBnoneter code into P bl ocks eachSlgeing taken as one
bl ock for every Q bitsg converting the bit arrangenentgZgf the code output,
whi ch arrangenent is fgaken as being expressed in ternms of a matrix having P
rows and Q columms whg¢re P represents an arrangenent off the bl ocks and Q
represents
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an arrangenent in the block, to a code output expressed in terns of a
matrix having Q rows and P colums by interchanging the 21 rows and
colums with each other, and supplying the code output, expressed in termns
of a matrix having Qrows and P columms, to a set of the (P[err]Q nunbers
of the |l ocal DACs, the | ocal DACs being disposed in parallel wth each
other on a sem conductor substrate, angl;§eing arranged to be provided with
Q bl ocks corresponding to t4€ Qrows in order each provided with P | ocal
DACs corresponding to the F§§olunns so that each receives each code out put
correspondi ng thereto.
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DELTA SIGMA D/A CONVERTER
ABSTRACT

A thermometer code outputted from a thermometer code
converter 2 is divided into P blocks for every Q bits. Aan
arrangement of the blocks is éhifted in rotation by a barrel
shifter 5 at a frequency fs. Along with this, an arrangement
of bits in the block is shifted in rotation by a shift register
7 at a frequency (Q°fs) , the frequencir fs multiplied by Q. The
bits of thus obtained cdde is given to local DACs (LDAC 1 to
LDAC 12) each specified to correspond to each of the given bits.
This allows to keep an operating frequency lower and to reduce
distortion in the output which is due to change in shifting the
data in rotation in the local DACs ,' which change occurs depending

on bit levels of the data in a form of the thermometer code.

Figure 5
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