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FLOATING-POINT DIGITAL-TO-ANALOG CONVERTER

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to a floating-point digital-

to-analog converter (called DAC hereafter), and more specifically

to a floating-point DAC preferably applied to digital audio

apparatuses such as compact disk players.

Prior Art

A floating-point DAC that converts digital data represented by
2's complément of 22-bits into an analog signal is constructed as
shown in Fig. 1 (though Fig. 1 is a block diagram of an emquiment
of the invention, it is also used here to illustrate the
conventional apparatus). In Fig. 1, 1la designates a shift
processor comprising input buffers all designated as 2, 2, ..., a
shift-number-detection circuit 3a, a digital-shift circuit 4, and
an inverter 5. Digital input data of 22-bits Ig to Iy is applied
to the digital-shift circuit 4 through the input buffers 2, 2,.. .
The upper 7-bits I;g to Ip; of the 22-bits, forming the exponent
thereof, are supplied to the shift-number-detection circuit 3a
which produces shift numbers Sg to Sg according to the exponent.
The digital-shift circuit 4 produces 15-bit digital mantissa Mg to

My4 by shifting the input data Iy to Iqg by bit positions
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Desbription BACKGROUND OF THE I NVENTION Field of the Invention The

invention relates generally to a floating-point THIS SHEET HAS BEEN
REPLACED

specified by one of the shift numbers Sg to Sg. The inverter 5
inverts the most significant bit Iz; of the input data and
produces the reversed bit as the most significant bit M;5 of the
d;gital mantissa.

Numeral 6 designates a mantissa DAC 6 that converts the digital
mantissa Mg to Mjs to an analog mantissa. It comprises a buffer
circuit 7 and R-2R ladder network 8. The buffer circuit 7 is
provided with a pair of serially connedted inverters for each bit
which produces high or low voltage according to logic-1 or logic-0
of each bit of the digital mantissa Mg to M;g5. The R-2R ladder
network 8 receives each bit of the digital mantissa, multiplies
each bit by a specific weight, and sums the resulting products,
thus producing an analog mantissa.

Numeral 9 designates an exponent DAC which produces analog
output Vgyr that corresponds to the input data Ig to Ip;, using
the analog mantissa applied from the mantissa DAC 6 and the shift
numbers Sp to Sg supplied from the shift-number-detection circuit
3a. It comprises a R-2R ladder network 10 and a switch circuit
11. The R-2R ladder network 10 multiplies the analog mantissa by
weight specified by one of the shift numbers Sg to Sg and the
reference voltage Vyp. The switch circuit 11 consists of 7 switch
elements, one of which turns on according to one of shift numbers
Sp to Sg of logic-1.

In the:.construction mentioned above, the shift-number-detection
circuit 3a determines the shift numbers Sg to Sg, as shown in Fig.

2 (a) and (b). Analog levels represented by digital notation as
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digital -to-anal og converter (called DAC hereafter), and nore specifically

to'a floating-point DAC preferably ap- plied to digital audi
such as conpact disk players. Prior Art EP- A-0 200 970 dIS ég%éEE% BEEN
fl oati ng-point DAC that converts digital data represented by i2s.c0

of
from +2097151 to -2097152 in Fig. 2 (a), are divided into 24 (=

16) levels by every 6 dB interval, and the shift numbers Sg to Sg
are determined as shown in Fig. 2 (b). Specifically, when the
absolute value of the analog level ranges from the maximum to 1/2
thereof, the shift number Sy is assigned; from 1/2 to 1/4, the
shift number S; is assigned; from 1/4 to 1/8, the shift number Sj
is assigned, and so on. Each digital mantissa Mg to Mj4 is
selected from the input data Ig to I according to the shift
numbers So'to Sg as shown in Fig. 2 (a): solid arrows («—) in the

.  input data table shown in Fig. 2 (a) designate the range to be
selected as a digital mantissa Mg to Mj4. Inspection of Fig. 2
(a) shows that every time fhg"analog level is halved, shift
numbers Sg to Sg are changed, as well as the input data Ig to Izg
to be selected as a mantissa is shifted. Furthermore, mantissa
Mjs is obtained as a reversed value of the input data Ipq.

Figure 3 (a) depicts the relationships between analog levels
and the shift numbers Sg to'ss. Each time the amplitude of the
analog signal is halved (i.e., every 6 dB interval), one of the
shift numbers Sp to Sg is selected in turn and assigned to each
level, beginning with the maximum level to 1/2 thereof, shift
number Sg is assigned, from 1/2 to 1/4, shift number S, and so
on. If two levels corresponding to the shift numbers Sp and Sj
are compared, although the output of mantissa DAC 6 has the same
range in both cases, the output of the exponent DAC 9 is half the
level corresponding to the shift number S; as in the shift number
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22-bits into an anal og signal is constructed as shown in Fig. 1 (though

Fig. 1 is a block diagramof an enbodi- nent of the inventi ' t e
used here to illustrate the conventional apparatus). In Fi\%ﬂ¥%s EETS HAS SBEEN
designates a shift processor conprising input buffers all desi ¢

2 a shift-nunber-detection circuit 3a, a digital-shift circuit 4, and an
inverter 5pf BtiH athd aHtidain DNC 52-dnid exipomenit DACI Pehefl 16-bpplied to
the digital-shift circuit 4 throggh the input buffers 2, 2, ... The upper
7-bits éééﬁfécj(xﬂléﬂf](xﬁotﬁuz'l )%), the relationship between the

analog output level of the sinusoidal wave and the total harmonic
distortion (called "distortion" for brevity hereafter) of the
analog output level measured by a distortion meter, would be shown
by solid line A in Fig. 4. First, line A shows saw-tooth
variation, because every time the shift number is incremented by 1
the amplitude of the mantissa increases by 6 dB over that just
immediately prior to the shift, and thus distortion decreases by 6
dB each time the shift number is changed. Second, the average
level of the line A is kept constant; This is because error E
applied from the.mantiéég“DAC 6 to the input terminal of the R-2R
ladder network 10 of the exponent DAC 9 is halved each time the
shift number changes from Sg to és, such as 2f1‘E, 2‘2'E, eee o
2'5'E, and hence error E and the level of analog output are
simultaneously halved. Thus, average distortion of the analog
signal is kept constant as long as the shift number is changed.
Consequently, distortion of the analog signal varies between two
levels (between 0.00125% and 0.0025%, for example) in the range
from O to 36 dB in which the shift number is altered, whereas
distortion in the smaller range is inversely proportional to the
level of analog output Vgoyp because the shift number is not
changed.

As described above, if both mantissa DAC 6 and exponent DAC 9
have 16-bit accuracy, a low level distortion is obtained as shown

by solid line A in Fig. 4. In practice, however, a low level
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22-bits, formng the exponent thereof, are supplied to the
shi'ft-nunber-detection circuit 3a which produces shift nunbers S[err] to
S[err] according to the exponent. The digital-shift circuit r ﬁyﬁe el
15-bit digital mantissa Merr] to Merr] by shifting the in 3§Bd%§?@$ §ﬁ$£w
to I[err] by bit positions specified by one of the shift nu LS. to
Slerr]. dhwtortioterdatindt ibe/ eidhbidved Bethusedlbtbignbcbutratyeof | erpohdrt

i nput data and produces the reversed bit as the nost signifi- cant bit

Merr] OAQ e chrpatalbermiitiasdised. More specifically, though 14-bit to 16-

i

bit accuracy can be achieved for the mantissa DAC 6 by trimming or
other means to coﬁﬁensate for errors of each resistor in the R-
2R ladder network 8, it is very difficult to obtain similar
accuracy for exponent DAC 9. This is because the resistor of
ladder network 10 in exponent DAC 9 are connected to form an
integral part, and so each resistance there of cannot be measured
separately and hence the trimming thereof is difficult. In

1 particular, it is very difficult to achieve high accuracy in a
range where the level of analog output is small. Consequently,
sufficient adjustment of resistors in the exponent DAC 9 is
practically impossible, so0 the actual accuracy obtained is about
10- to 12-bits.

For this reason, even if mantissa DAC 6 of 16-bit accuracy is

- employed, the accuracy of the resulting output from exponent DAC 9
is only about 10- to 12-bits, as shown by broken line B in Fig.
4. TFirst, the distortion in this case shows saw-~-tooth variation,
because every time the shift number is incremented by one, the
weight of exponent DAC 9 is decreased by 6 dB while the amplitude
of the mantissa increases by 6 dB over that just immediately prior
to the shift, and thus distortion decreases significantly from 10-
to 12-bit accuracy. Second, fhe distortion is improved to
0.00125% abruptly at -36 dB because the shift number Sg which is
used thereunder is free from the low accuracy of exponent DAC 9.

The fact that distortion increases near the maximum output (0
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dB), causes a critical problem in digital audio apparatus such as
compact disk players, because performance of these apparatus is

specified by distortion at 0 dB output.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
floating-point digital-to-analog converter which has improved
distortion characteristic of maximum output level, by using the
exponent DAC that has a similar accuracy to that of a conventional

one, thus achieving a higher dynamic range.

According to one aspect of the present invention, there is
provided a floating-point digital-to-analog converter comprising:

shifting means for detecting shift numbers according to
exponent data of floating point digital input data, and for
shifting the input data according to the shift numbers to produce
digital mantissa data of the input data;

mantissa converting means for converting the digital mantissa
data to an analog mantissa; and

exponent converting means for converting the shift numbers to
weights represented by the exponent data and a certain base, and
for multiplying the analog mantissa by one of the weights;

whereby the shifting means shifts the input data when the
absolute value of the analog mantissa is less than the value at

which the accuracy of the mantissa converting means becomes lower
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Merr]

6 designates a manti ssa DAC 6 that con- verts the dj
to Merr] to an anal og man- tissa. It conprises a buffuif SHEETUIAS BEEN

and R-2R | adder net- work 8. The buffer circuit 7 is provided W tpppeageai r

of se-

rially connected inverters for each bit which producies

than that of the exponent converting means; and the exponent
converting means multiplies the analog mantissa by the weight
other than 1 only so long as the accuracy of the mantissa
cénvefting means is lower than that of the exponent converting

means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a floating-point DAC according to
an embodiment of the present invention;

Fig. 2 is a table showing the relationship between digital
inpuév&ata Ip to 153 and shift number Sp to Sg of the embodiment,
in comparison with a conventional apparatus;

Fig. 3 is a graph showing the relationship between the analog
output level and the shift number of the embodiment, in comparison
with a conventional apparatus; and -

Fig. 4 is a graph showing the relationship between the analog

output level and the total distortion thereof, in comparison to a

conventional apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to the

accompanying drawings.
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gigh 0{ | owol tage according to logic-1 or logic-0 of each of the
igital mantissa Merr] to Merr]. The R 2R | adder network § HRSeiNes pach:
bit of the digital mantissa, nul- tiplies each bit by a spe i#i%qy%h?f “6E&N
and sums the result- ing products, thus producing an anal og j ~'ﬂ
Nﬁneral 9 designates an exponent DAC which pro- duces anal og output V[err]
that corre nd hgy lderg ] ; [ t
BRQOCY {;go%,n ?ﬁb&ﬂ“&ﬂg{ém £'d ff(ﬁaﬂi[r?d Doiris iDAC @aﬁzo&mer@]g o

manti ssa app e mant1Ssa DAC 6 and the shift numbers Sfer
Slerr] gupirst embodiment of the present invention.

This embodiment differs from the conventional apparatus in the
construction of shift-number-detection circuit 3. The shift-
number-detection circuit 3 that constitutes a shift processor 1
does not initiate its shift operation of the input déta Ig to Ipp
as long as the accuracy of mantissa DAC 6 is higher than that of
exponent DAC 9. |

Specifically, consider the output distortion of 16-bit mantissa
DAC 6. For example, when the analog output signal thereof is
maximum, i.e., O dB, its distortion is 0.00125%. The distortion

Mﬁgncreases iﬁversely proportional to the analog output level and
reaches 0.02% at the -24 4B level as shown in Fig. 4 by alternate-
long-short-dash line C. This value of distortion is comparable'fo
that of the exponent DAC 9 of about 12-bit accuracy. For this
reason, the shift processor 1 does not change the shift number Sg
as long as the accuracy of the mantissa DAC 6 is greater than that
of exponent DAC 9, i.e., as long as the level of the analog
mantissa is in the range of 0 to -24 dB, so that mantissa DAC 6
can make its accuracy to its full extent.

Figure 2 (c) and Fig. 3 (b) show changing points of shift
numbers Sg to Sg according to the embodiment. As long as the
analog level is larger than -24 dB, the shift number is kept Sg,
i.e., the:shift in exponent DAC 9 is not performed. In contrast,
when the analog level is reduced to -24 4B, or to -30 4B, or to

-36 dB, ... in 6 dB increments, the shift numbers are changed to

i 8
! This Sheet Has Been Replaced

[T




plied.fromthe shift-nunber-detection circuit 3a. It com pri -a R 2R

| adder network 10 and a switch circuit 11. The R 2R | adder ndtMi§ lsytby e 5o
mul tiplies the anal og nman- tissa by wei ght specified by one ¢f theF" |€$° &fﬂf
nunbers S[err] to S[err] and the reference voltage V[err]. T -swkﬁ%ﬁfﬁ;g f
circuit 11 consists of 7 switch elements, one of which turns on according ~
to one g shft saunhers Seepebtivedyer rbits Mgote-M;, of the digital

construction ienti oned above, the shift- nunber-detection circuit 3a

det er m Remtiksathisclested from the input data Ig to Izg and produced from

the digital-shift circuit 4 for each of shift numbers are
designated by broken arrows (¢« - - -) in Fig. 2 (a).

According to the construction described above, distortion near
the maximum output level (O 8B) is lessened as shown in Fig. 4 by
alternate-long-short-dash line C, when using exponent DAC 9 of the

conventional accurécy, thus achieving a wide dynamic range.

1 [B] SECOND EMBODIMENT

The second embodiment of the present invention is designed so

that distortion characteristic thereof will be as shown in Fig. 4
by alternate-long-and-two-short-dashes line D. In other words,
the shift processor 1 of the second embodiment increments shift
numbers by one each time the input data decreases by 6 dB, as far
as the shifting quantity decreases to -36 dB, i.e., -6 dB * Sg.
after the shift processor 1 initiates the shifting of the input
data at -24 dB. Simultaneously, it selects bits Mg to M4 of
maﬁtissas as shown in Fig. 2 (a) by solid arrows in the range
below -36 dB. Consequently, the distortion level of the second
embodiment will be a combination of the lowest levels of
distortion in Fig. 4 shown by the alternate-long-short-dash line C
of the first embodiment, and by the broken line B showing the

conventional distortion level.

Although specific embodiments of a floating-point digital-to-

R ————

This Sheet Has Been Replaced

[T



bers S err] to S[err], as showmn in Fig. 2 (a) and (b). Analog |evels
represented by digital notation as from +2097151 to -2097152+n-Fi.g-.2. (a), .
are divided into 2[err] (= 16) levels by every 6 dB intervali THISISHEEE KAS ity
nunbers S[err] to S[err] are determ ned as shown in Fig. 2(q : REPLACED i
Specifically, when the absolute value of the analog |evel ranges—fromthe-----
nmexi NuMgha1d§2cbifeeebr EbRsthuttedUiedcSddricd with thegpadseitom 1/2 to
1/4, the shift nunmber S[err] is assigned; from1/4 to 1/8, the shift number
Slerr] iavensiencHavenbeen disclosed, it is not intended that the

invention be restricted to either these specific configurations or
to the uses disclosed herein. Modifications may be made in a
manner obvious to those skilled in the art. For example, the
invention also applies to a floating-point DAC designed such that
analog output of the exponent DAC is inputted to the analog input
terminal of mantissa DAC which produces analog output
corresponding to digital input data. Accordingly, it is intended
j  that the invention be limited only by the scope of the appended

claims.

—
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on. Each digital manti ssa N[err]____L15£14_44;49ekeefed fron1the | nput data

T

What is claimed is:

HIS SHEET HAS Bisp |
REPLAGED f

1. A floating-poiﬁt digital-to-analog converter comprising:

shifting means (1) for detecting shift numbers according to
exponent data of floating point digital inpﬁt data, and for
shifting said ihput data according to said shift numbers to
produce digital mantissa data of said input data;

mantissa converting means (6) for converting said digital
mantissa data to an analog mantissa; and

exponent converting means (2) for converting said shift numbers
to weights represented by said exponent data and a certain base,
and for multiplying said analog mantissa by one of said weights;

whereby said shifting means shifts said input data when the
absolute value of said analog mantissa will be less than the
value where an accuracy of said mantissa converting means becomes
lower than that of said exponent converting means, and said
exponent converting means multiplies said analog mantissa by said
weight other than 1 only as long as the accuracy of said mantissa
converting means is lower than that of said exponent converting

means.

2. A floating-point digital-to-analog converter as defined in
claim 1 wherein said shifting means increments said shift numbers
by 1 each time the level of said input data decreases 6 dB, after

said shifting means initiates said shifting of said input data.

3. A floating-point digital-to-analog converter as defined in

-
11
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-3- Sferr] as shown in Fig. 2 (a): solid arrows [err] in the input data

table shown in Fig. 2 (a) designate the range to be sel ected f‘g~d+gLL“““w
manti ssa Merr] to Merr]. Inspection of Fig. 2 (a) shows th @EEfﬁ

the anal og |l evel is halved, shift nunbers S[err] to S[err] ara_chaﬁ@qgcgé "";
wel | as the input data I[err] to I[err] to be selected as a mantissa—~+s—

claim 1 wherein said shifting means, after initiating said
shifting of said input data, increments said shift numbers by 1
each time the level of said input data is decremented 6 dB, until
said shifting quantity decreases to the point specified by the
maximum shift number multiplied by 6 dB, and said exponent
converting means multiplies said analog mantissa by the minimum

weight when the level of said input data is lower than said point.

O gy
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shifted. Furthernore, mantissa Merr] is obtained as a re- versed val ue of
the input data I[err]. Figure 3 (a) depicts the rel ationshi ps between

ana-

|l og I evels and the shift nunbers S[err] to S[err]. Eagh-tine-.the ...

anpl i tude of the analog signal is halved (i.e., every 6 dB | THiSeSnEIT) HADMBEEN
of the shift nunbers S[err] to S[err] is selected in turn and as¥HEPYACRD to

each 'l evel , begi nni ng wi t h ABSTRAGK ORI MHE\HISALOSURE t her eots—strft—ramber—
S[err]

ron.

is as- signed, from1/2 to 1/4, shift nunber S[err] and so on. If

The invention relates to a floating-point digital-to-analog
converter (DAC) having mantissa converting means and exponent
convertihg means. The mantissa converting means generally has
higher accuracy than the exponent converting means because of
differences in their constructions. Hence, as long as the
accuracy of the mantissa donverting means is greater than that of
the exponent converting means, analog output of the mantissa
converting means is used as output of the DAC. Once the accuracy
of the mantissa converting means goes below that of the exponent
converting means, the inpu%ﬁaéta is shifted to form digital
mantissa applied to the mantissa converting means, and the
exponent converting means multiplies the output of the mantissa
converting means (i.e., analog mantissa) by weight specified by
the exponent. Thus a higher accuracy can be achieved than in-a

conventional apparatus.

This Sheet Has Been Replaced

AT

13



two | evel s corresponding to the shift nunbers S[err] and S[err] are
conpared, although the output of mantissa DAC 6 has the sane range in both
cases, the output of the ex- ponent DAC 9 is half the Ieverl._cau.es.p.o.n,dl_

to the shift nunber S[err] as in the shift number S[err]. | THIS SHEET BASMBEEN :
the manti ssa DAC 6 and exponent DAC 9 had 16-bit accuracy (i. engLA{}EU '
(100[err]2[err])%, the relationship bet ween the anal og o6utput

t he sinusoi dal wave and the total harnonic distortion (called
"distortion" for

Aa) 6
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6 to the input termnal of the R-2R | adder network 10 of t he exponent DAC
9 is halved each tine the Shlft nunberchanges from S[err] to Slerr],

suéh as 2[err] E, [err] E———=" — 2[err]E, and hence error U"‘H‘?e—~4~e¥ei
of anal og out put are si Isga,nmusdn eM#PYed. Thus, avera ig*tféfth HA% 8ok :
the anal og signal is kept co as the Shl ft nunb&EPL%ED '
changed. Consequently, disto ﬂm al og signal varies

two | evel s (between 0. 001 0025% for exanple) in the range
from

OdB ' #

-6dB

42dB —— S0
1808 ——

-24dB_ [
\ St

i -30dB—;

-36dB— \ S2

-42dB | | [\ 53 54

/ —m
a2 ([ = 53

-36d8- || | 7

-30dB— St

-24d5— 2

-18dB ——

-12dB ——— SO

- 6dB

OdB )
\ / \ /
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FLOATING-POINT DIGITAL-TO~ANALOG CONVERTER

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to a floating-point digital~
to-analog converter (called DAC hereafter), and more specifically
to a floating-point DAC preferably applied to digital audio
apparatuses such as compact disk players.

Prior Axt

A floating-point DAC that convertéidigital data represented by
2's complement of 22-bits into an analog signal is constructed as
shown in Fig. 1 (though Fig. 1 is a block.diagram of an embodiment
of the inveﬁtion, it is also used here to illustrate the
conventional apparatus). In Fig. 1, la designates a shift
processor comprising input buffers all designated as 2, 2, ..., a2
shift-number-detection circuit 3a, a digital-shift circuit 4, and
an inverter 5. Digital input data of 22-bits Ig to I3 1s applied
to the digital-shift circuit 4 through the input buffers 2, 2,.. .
The upper 7-bits Ijs to I;; of the 22-bits, forming the exponent
thereof, are supplied to the shift-number-detection circuit 3a
which produces shift numbers Sg to Sg according to the exponent.
The digital-shift circuit 4 produces 15-bit digital mantissa Mg to

M14 by shifting the input data Ig to I;n by bit positions



tortion is ob‘r“ai—rred-as—shﬁwby—solid line Ain Fig. 4. In practice,

however, a | qwhls%ye%h

dcd‘ cannot b achieved bhecaus EEM T SHEET

accur acy’ of expa ® cannot be opTHISNEHEEIVEAS BEpR]i 1 i

14-bit to  16- %an be achi eyed quM@Eu‘r&ntlss DAC 6 b
trinmmng or ot higkWki npensat e f Qf—errors~——of—ecaecH fesi ﬁibﬁﬁﬁ’n%ﬁ?he
R- 2R | adder network 8 it is very dif |cuIt to obtain simjl ar accuracy
for exponent DAC 9. This is because the resistor of |addeq nétwork 10 1 n
ex-

specified by one of the shift numbers Sg to Sg. The inverter 5
inverts the most significant bit I3; of the input data and
produces the reversed bit as the most significant bit M;g of the
digital mantissa.

Numeral 6 designates a mantissa DAC 6 that converts the digital
mantissa Mg to Mjs to an analog mantissa. It comprises a buffer
circuit 7 and R~2R ladder network 8. The buffer circuilt 7 is
provided with a pair of'serially connected inverters for each bit
which produces high or low voltage according to logic~l or logic-0
of each bit of the digital mantissa Mg to Mj5. The R-2R ladder
network 8 receiyes each bit of the digital mantissa, multiplies
each bit by a specific.weight, and éﬁms the resulting products,
thus producing an analog mantissa.

Numeral 9 designates an exponent DAC which produces analog
output Vgoyp that corresponds to the input data Ig to I3, using
the analog mantissa applied from the mantissa DAC 6 and the shift
numbers Sg to Sg supplied from the shift-number-detection circuit
3a, It comprises a R-2R ladder network 10 and a switch circuit
11, The R-2R ladder network 10 multiplies the analog mantissa by
weight specified by one of the shift numbers Sg to Ss.and the
reference voltage Vyp. The switch circuit 11 consists of 7 switch
elements, one of which turns on accérding to one of shift numbers
Sg to Sg of logic-1.

In the construction mentioned above, the shift-number-detection
circuit 3a determines the shift numbers Sy to Sg, as shown in Fig.

2 (a) and (b). Analog levels represented by digital notation as



ponent DAC 9 are connected to forman integral part, and so each

resi stance there of cannot be neasured -e+-y-.and _hence
thereof is difficult. In part i cul ar, \ﬁé‘lﬂff diABf&'ﬁEWI t d
accuracy in '@19%@1:%%%@%1%&& | evel of an | oBERMACEYt s {snal

! h@a. (CERNT GHEET

sequently, suiff nt of resistors I re'rt Qﬁ@@’ 1296
practical i rrpos act ual ac- 3 For this reasqn, even if
manti ssa DAC 6 o

from +2097151 to -2097152 in Fig. 2 (a), are divided into 24 (=
16) levels by every 6 dB interval, and the shift numbers Sp to Sg
are determined as shown in Fig. 2 (b). Specifically, when the
absolute value of the analog level ranges from the maximum to 1/2
thereof, the shift number Sy is assigned; from 1/2 to 1/4, the
shift number S; is assigned; from 1/4 to 1/8, the shift number S,
is assigned, and so on. Each digital mantissa Mp to M4 is
selected from the input data Ig to I according to the shift
numbers Sg to Sg as shown in Fig. 2 (a)Q solid arrows (+—)} in the
input data table shown in Fig. 2 (a) designate the range to be
selected as a digital mantissa My to-ﬁ14. Inspection of Fig. 2
(a) shows that every time the analog lavel is halved, shift
numbers S to Sg are changed, as well as the input data Ig to Igg
to be selected as a mantissa is shifted. Furthermore, mantissa
Mg is obtainéd as a reversed value of the input data I,;.

Figure 3 {(a) depicts the relationships bstween analog levels
and the shift numbers Sg to Sg. Each time the amplitude of the
analog signal is halved (i.e., every 6 4B interval), one of the
shift numbers Sg to Sg is selected in turn and assigned to each
level, beginning with the maximum level to:1/2 thereof, shift
number Sp is assigned, from 1/2 to 1/4, shift number Sj, and so
on, If two levels corresponding to the shift numbers Sp and S;
are compared, although the outpat of mantissa DAC 6 has the same
range in both cases, the output of the exponent DAC 9 is half the
level corresponding to the shift number S; as in the shift number

Sp-



accuracy i s enployed the accuracy of the resulting out- put from exponent
DAC 9-is only about 10- to 12-bits as shown by broken |ine HﬁEéL@ﬁ’fﬁp\ﬁ'SHEET
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If both‘the mantissa DAC 6 and exponent DAC 9 had 16-bit
accuracy (i.e., (100 * 2'15)%), the relationship between the
analog output level of the sinusoidal wave and the total harmonic
distortion (called "distortion" for brevity hereafter) of the
analog output level measured by a distortion meter, would be shown
by solid 1ine A in Fig. 4. First, line A shows saw-tooth
“varlation, because every time the shift number is incremented by 1
the amplitude of the mantissa increases by 6 dB over that just
immediately prior to the shift, and thus distortion decreases by 6
dB each time the shift number is changed; Second, the average
level of the line- A is kept constant. This is because error E
. applied from the mantissa DAC 6 to the input terminal of the R-2R
ladder network lO_of.the exponent-DAc 9 is halved each time the
" shift number changes from Séitouéé, sucn as 2“1‘E. 2-2+g, .
2'5'E and hence error E and the level of analog output are
'simultaneously halved.. Tbus average distortion of the analog
signal is kept constant as long as the shift number is changed
Consequently, distortion of the analog Signal varies between two’
-levels (between 0 00125% and 0. 0025% for example) in the range
from 0 to 36 dB in which the shift number is altered, whereas
distortion in the smaller range is inversely proportional to the
level.of analog output Voyr because the shift number is not
changed. '

As described above, ifiboth mantissa DAC 6 and exponent DAC 9
have 16-bit accuracy, a low level distortion is obtained as shown

by solid line A in Fig. 4.: In practice, however a low level



creases significantly from10- _to 12-bits accuracy Sec- —te—
di stortion |s—rn‘p‘r"veTtO 0.00125% abr u fﬁ 36..dB_bec u?&PLMM@I‘Ff%HEET
nunber S[err] BaaxRdpladadre-  un ;'F' |§H&EFefé¥%3 BOEN § he | owaccur acy of

HI!\I\ [T —— | oo

dB), causes a critical problem in digital audlo apparatus such as
compact disk players, because performance of these apparatus is

specified by distortion at 0 4B output.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
floating-point digital~to-analog converter thch has improved
distortion characteristic of maximum output level, by using the
exponent DAC that has a similar accuracy to that of a conveational

one, thus achieving a higher dynamic range.

According to one aspect of the present invention, there is
provided a floating-point digital-to-analog converter comprising:

shifting means for detecting shift numbers according to
;exponent data of floatlng point digital input data, and for
?shiftlng the input data according to the shift numbers to produce
digital mantissa data of the input data:

mantissa converting means for converting the digital mantissa
data to an analog mantissa; and |

exponent converting means for converting the shift numbers to
weights representéd by the exponent data and a certain base, and
for multiplying the analog mantissa by one of the weights;

whereby the shifting means shifts the input data when the
absolute value of the analog mantissa is less than the value at

which the accuracy of the mantissa converting means becomes lower
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than that of the exponent converting means; and the exponent
converting means multiplies the analog mantissa by the weight
other than 1 only so long as the accuracy of the mantissa
converting means is lower than that of the exponent converting

means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a floating-point DAC according to
an embodiment of the present invention:

Fig. 2 is a table showing the reléfionship between digital
input data Igp to Iy and shift number SQ to Sg of the embodiment,
in comparison with a conventional apparatus;' |

Fig. 3 is a graph showing the relationship between the anglog
output level and the shift number of the embodiment, in comparison
with a conventional- apparatus; and

Fig. 4 is a graph showing the relationship between the analog
output level and the total distortion thereof, in comparison to a

conventional apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to the

accompanying drawings.

[A] FIRST EMBODIMENT
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Fig. 1 is a block diagram of a floating-point DAC according to
a first embodiment of the present invention.

This embodiment differs from the conventional apparatus in the
construction of shift-number-detection circuit 3. The shift-
number-detection circuit 3 that constitutes a shift processor 1
does not initiate its shift operation of the input déta Ig to Inp
as long as the accuracy of mantissa DAC @ is higher than that of
exponent DAC 9.

Specifically, consider the output distortion of 16-bit mantissa
DAC 6. For example, when the analog output signal thereof is
maximum, i.e., 0 dB, its distortion is 0.00125%. The distortion
increases inversely proportional to the analog output level and
reaches 0.02% at the -24 dB level as shown in Fig. 4 by alternate-
long-short-dash line C. This value of distortio; is comparable to
that of the exponent DAC 9 of about 12-bit accuracy. For this
reason, the shift processor 1 does not change the shift number Sg
as long as the accuracy of the mantissa DAC 6 is greater than that
of exponent DAC 9, i.e., as long as the level of the analog _
mantissa is in the range of 0 to -24 dB, so that mantissa DAC 6
can make its accuracy to its full extent.

Figure 2 (c) and Fig. 3 (b) show changing points of shift
numbers Sg to Sg accordiné to the embodiment. As long as the
analog level is largexr than -24 dB, the shift number is kept Sg,
i.e., the shift in exponent DAC 9 is not performed. In contrast,
when the analog level is redﬁced to -24 48, or to -30 4B, or to

-36 dB, ... in 6 dB increments, the shift numbers are changed to
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Bits Mg to Mp4 of the digital

mantissas selected from the input data Ig to Ijp and produced from

the digital-shift circuit 4 for each of shift numbers are

designated by broken arrows (« - - -) in Fig.

2 (a).

According to the construction described above, distortion near

the maximum output level (0 dB) is lessened as shown in Fig. 4 by

alternate-long-short-dash line C, when using exponent DAC 9 of the

conventional accuracy, thus achieving a wide dynamic range.

[B] SECOND EMBODIMENT

The second embodiment of the present invention is designed so

that distortion characteristic'thereof will be as shown in Fig. 4

by alternate-long-and-two-short-dashes line D.

In other words,

the shift processor 1 of the second embodiment increments shift

numbers by one each time the input data decreases by 6 dB, as far

as the shifting quantity decreases to ~36 4B,

i.e-' -6 dB * 86,

after the shift processor 1 initiates the shifting of the input

data at -24 dB.

Simultaneously, it selects bits Mg to Mjy of

mantissas as shown in Fig. 2 (a) by solid arrows in the range

below -36 dB.

Consequently, the distortion level of the second

embodiment will be a combination of the lowest levels of

distortion in Fig. 4 shown by the alternate-long-short-dash line C

of the first embodiment, and by the broken line B showing the

conventional distortion level.

Although specific embodiments of a floating-point digital-to-



Ing to exponent data of floating point digital input data,_and for

shifting said digital input data in the direction of the pogp IT SHE
significant bt thereof by bDits™ equa n § -y d det LACEHEAT S; £
nunbers to THY AR sl Refipky MaNt i Ssa JIJHaég @ZH% (gw @t da.a ~Sai.d
shift numbers b H < m where tnis REPLEGRD maxi qum bh fpsnaﬁgé-if%
mant i ssa conver Eum Elm

to an anal og ma

convertiny said dig- Ital npniissa data
analog converter constructed in accordance with the present
invention have been disclosed, it is not intended that the
invention be restricted to either these specific configurations or
to the uses disclosed herein. Modifications may be made in a
manner obvious to those skilled in the art. For example, the
invention also applies to a floating-point DAC designed such that
analog output of the exponent DAC is inputted to the analog input
terminal of mantissa DAC which produces analog output
corresponding to digital input data. Accordingly, it is intended
that the invention be limited only by the scope of the appended

claims.
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What is claimed is: S
1. A floating-point digital-to-analog converter comprising:

shifting means (1)} for detecting shift numbers according to
exponent data of floating point digital input data, and for
shifting said input.data according to said shift numbers to
produce digital mantissa data of said input data;

mantissa converting means (65 for converting said digital
mantissa data to an analog mantissa; and

equnent converting means (9) for converting said shift numbers
to weights represented by said exponent data and a certain base,
and for multiplying said analog manéissa by one of said weights;

whereby said shifting means shifts said input data when the
absolute value of said analog mantiésa will be less than the
value where an accuracy of said mantissa converting means becomes
lower than that of said exponent converting means, and said
exponent converting means multiplies said analog mantissa by said
weight other than 1 only as long as the accuracy of said mantissa
converting means is lower than that of said exponent converting

means.

2. A floating-point digital-to-analog converter as defined in
claim 1 wherein said shifting means increments said shift numbers
by 1 each time the level of said input data decreases 6 dB, after

said shifting means initiates said shifting of said input data.

3. A floating-point digital-to-analog converter as defined in
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claim 1 wherein said shifting means, after initiating said

~ghifting of said input data, increments said shift numbers by 1

gach time the level of said input data is decremented 6 dB, until

said shifting quantity decreases to the point specified by the

maximum shift number multiplied by 6 4B, and said exponent

converting means multiplies said analog mantissa by the minimum

weight when the level of said input data is lower than said point.
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The invention relates to a floating-point digital-to-analog

converter (DAC) having mantissa converting means and exponent

converting means. The mantissa converting means generally has

higher accuracy than the exponent converting means because of

differences in their constructions.

Hence, as long as the

accuracy of the mantissa converting means is greater than that of

the exponent converting means, analog output of the mantissa

converting means is used as output of the DAC.

Once the accuracy

of the mantissa converting means goes below that of the exponent

converting means, the input data is shifted to form digital

mantissa applied to the mantissa converting means, and the

exponent converting means multiplies the output of the mantissa

converting means (i.e., analog mantissa) by weight specified by

the exponent. Thus a higher accuracy can be achieved than in a

conventional apparatus.

FIGURE 1
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Fig. 1 is a block diagramof a floating- point % joopdiag 1o a first
enbodi nent of the present invention. This e ogfzne%g)diﬁf dr g i‘_‘;,a:*.‘: -
conventional ap- paratus in the construction of shift-nunber- e teidt

cuit 3. The shift-nunber-detection circulf TRIS BREETCHAS tHELN iUt ¢S ..
processor 1 does not initiate its shift oper- atdppRemf the i npuj &al FUL W97
ITerr] to I[err] as long as the accuracy ofraR-s5a—BAS-6-i s | hil gher t'han
t hat of exponent DAC 9. o _ i
FLOATING-POINT DIGITAL-TO-ANALOG CONVERTER _ -
BACKGROUND OF THE INVENTION
Field of the | i

The invention relates generally to a floating-poinf digital-to-analog converter
(called DAC hereafter), and more specifically to a floating-point DAC preferably applied to
digital audio apparatuses such as compact disk players. .

rior
EP-A-0 200 970 discloses a ﬂoa’iing-point DAC that converts digital data represented by
2's complement of 22-bits info an analog signal is constructed as shown in Fig. 1 {though
Fig. 1 is a block diagram of an embodiment of the invention, it is also used here to illustrate
the conventional apparatus). In Fig. 1, 1a designates a shift processor comprising input .
buffers all designated as 2, 2, ..., a shift-number-detection circuit 3a, a digital-shift
circuit 4, and an inverter 5. Digitat input data of 22-bits g to lo1 is applied to the digital-
shift circuit 4 through the input buffers 2, 2, .. . The upper 7-bits 115 to i21 of the 22-
bits, forming the exponent thereof, are supplied 1o the shift-number-detection circuit 3a
which produces shift numbers Sp to Sg according to the exponent. The digital-shift circuit 4

produces 15-bit digital mantissa Mg to M14 by shifting the input data I to l2¢g by bit

positions

-_—
—— e

This Sheet Has Been Replaced
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Specifically, consider the output distortion of 16-bit mantlsgg D —For:
PLAGENBNT | SHEET

exanpl e, when the anal og output signal t

distortion is 0.00125% The distortion i nBﬁ&acﬂ%EﬁlHi\beB&ﬁd '
to the anal og output |evel and reaches 02% gEpltaren- 24 d
in Fig. 4 by alternate-1long- short-dash

Qrgpor - tional

lleyel2 asugheen

qf idi stortlon is

conparabl e to that of the exponent DAC 9 of about 12-bit acqu acy-
reason, the shift processor 1 does not change

db), causes a critical problem in digital audio apparatus such as compact disk players,

because performance of these apparatuses is specified by distortion at 0 dB output.

SUMMARY OF THE INVENTION

it is therefore an object of the invention to provide a floating-point digital-to-analog.
converter which has improved distortion characteristic of maximum output level, by using
the exponent DAC that has a similar accuracy to that of a conventional one, thus achieving a

higher dynamic range.

According to the present invention, there is provided a floating-point digital-to-analog
converter comprising:

shifting means for detecting shift numbers according to exponent data of floating point
digital input data, and for shifting said digital input data in the direction of the most
significant bit thereof by bits equal in number to said detected shift numbers to produce
digital mantissa data of said input data, said shift numbers being integers < m, where m is
the maximum shift number

mantissa converting means for converting said digital mantissa data to an analog mantissa;
" .

exponent converting means for converting said shift numbers to weights represented by said
exponent data and a certain base, and for multiplying said analog mantissa by one of said
weights, characterized in that

said shifting means shifts said input data when the absolute value of said analog mantissa will

be less than the value where an accuracy of said mantissa converting means becomes lower

-

heet Has Been Replaced *

nmm
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the shift nunber S[err] as I'ong as the accuracy of the man- tissa DAC §. LS.

greater than that of exponent DAC 9, i. e., as Iong as the | WEPLN@EMW SHEET

anal og mantissa is in the range of 0 to - D‘T}h‘a} nant bAG~6—caR

make its accuracy to its full extent. Thitp S{ ;&pw
b 213 UL 199

ant
changi ng points of shift nunbers S[err] to SL&EWI %:&gcordm

m"_"_'(.ﬂ

enbodi nent. As long as the analog |l evel s larger than -24 the shift
nunber is kept Serr], i.e., the shift i nlfxponent DAC 9 is
CLAIMS:
is Sheet Has Been Replaced

\\ll\l\\ (T
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1. A floating-point digital-to-analog converter comprising:

shifting means (1) for detecting shift numbers according to exponent data of floating
point digital input data, and for shifting said digital input data in the direction of the
most significant bit thereof by bits equal in number to said detected shift numbers to
produce digital mantissa data of said input data, said shift numbers being integers s m,
where m is the maximum shift number,

mantissa converting means (6) for converting said digital mantissa data to an analog
mantissa; and

exponent converting means (9) for converting said shift numbers to weights
represented by said exponent data and a certain base, and for_multiplying said analog
mantissa by one of said weights, characterized in that

said shifting means shifts said input data when the absolute value of said analog
mantissa will be less than the value where an accuracy of said mantissa converting
means becomes fower than that of said exponent converting means, and said exponent
converting means multiplies said analog mantissa by said weight other than 1 only as
long as the accuracy of said mantissa converting means is lower than that of said
exponent converting means.

2. A floating-point digital-to-analog converter as defined in claim 1 wherein said
shifting means increments said shift numbers by 1 each time the analog level
represented by said digital input data decreases by 6 dB, after said shifting means
initiates said shifting of said input data.

3. A floating-point digital-to-analog converter as defined in claim 1 wherein said
shifting means, after initiating said shifting of said input data, increments said shift
numbers by 1 each time the analog level represented by said digital input data is



not ioerforrred I n contrast, when the anal og level is re-
or to -36 B 6

changed to S[er r“ L“’il?ﬂ .. ] THIS SPBEY HAS| BEEN |t

of the digital tted fromtﬁ@hAﬁbﬁllt datfa

and produced from he d| gltal shift crrroft—2Z TOr éach o

are designated by broken arrows (<---->)1%n Fig. 2 (a).
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decremented by 6 dB. until said shifting quantity decreases to the point specified by
the maximum shift number multiplied by 6 dB, and said exponent converting means
multiplies said analog mantissa by the weight, corresponding to the maximum shift

number when the level of said input data is lower than said point.
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FLOATING-POINT DIGITAL-TO-ANALOG CONVERTER
Description B

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to a floating-point
digital-to-analog converter (called DAC hereafter), and
more specifically to a floating-point DAC preferably ap-
plied to digital audio apparatuses such as compact disk
players.

Prior Art

EP-A-0 200 970 discloses a floating-point DAC that
converts digital data represented by 2's complement of
22-bits into an analog signal is constructed as shown in
Fig. 1 (though Fig. 1 is a block diagram of an embodi-
‘ment of the invention, it is also used here to illustrate
the conventional apparatus). In Fig. 1, 1a designates a
shift processor comprising input buffers all designated
as 2, 2 a shift-number-detection circuit 3a, a digital-shift
circuit 4, and an inverter 5. Digital input data of 22-bits
15 to |5, is applied to the digital-shift circuit 4 through the
input butfers 2, 2, ... The upper 7-bits |45 to I of the
22-bits, forming the exponent thereof, are supplied to
the shift-number-detection circuit 3a which produces
shift numbers S, to Sg according to the exponent. The
digital-shift circuit 4 produces 15-bit digital mantissa M,
to M, 4 by shifting the input data Iy to I, by bit positions
specified by one of the shift nuriibsrs S, to Sg. The in-
verter 5 inverts the most significant bit I, of the input
data and produces the reversed bit as the most signifi-
cant bit M, s of the digital mantissa.



According to the construction described above,
maxi murh out put | evel (0 dB) is |essened as shown in Fi

conventi onal

al t'er nat e- | ong-short-dash line C, when usi ng exponent %Tﬁpg
accu- racy, thus achieving a wide dynam c HUJS'EMHNT QHEET
10 SEP 1994

dis- tortion near the

-2- 1

Numeral 6 designates a mantissa DAC 6 that con-
verts the digital mantissa Mg to M, 5 to an analog man-
tissa. It comprises a buffer circuit 7 and R-2R ladder net-
work 8. The buffer circuit 7 is provided with a pair of se-
rially connected inverters for each bit which produces
high or low voltage according to logic-1 or logic-0 of each
bit of the digital mantissa My to M,g. The R-2R ladder
network 8 receives each bit of the digital mantissa, mul-
tiplies each bit by a specific weight, and sums the result-
ing products, thus producing an analog mantissa.

Numaeral S designates an exponent DAC which pro-
duces analog output Vg7 that corresponds to the input
data Iy to 15y, using the analog mantissa applied from
the mantissa DAC 6 and the shift numbers S to S sup-
plied from the shift-number-detection circuit 3a. it com-
prises a R-2A ladder network 10 and a switch circuit 11.
The R-2R ladder network 10 multiplies the analog man-
tissa by weight specified by one of the shift numbers S
to Sg and the reference voltage Vyp. The switch circuit
11 consists of 7 switch elements, one of which turns on
according to one of shift numbers S to S; of logic-1.

In the construction mentioned above, the shift-
number-detection circuit 3a determines the shift num-
bers Sy to Sg, as shown in Fig. 2 {a) and (b). Analog

~ levels represented by digital notation as from +2097151

t0-2097152 in Fig. 2 (a), are divided into 24 (= 16} levels
by every 6 dB interval, and the shift numbers S, to S

-are determined as shown in Flg 2 (b). Specifically, when

the absolute value of the analog level ranges from the
maximum to 1/2 thereof, the shift number S, is as-
signed; from 1/2 to 1/4, the shift number S, is assigned;
from 1/4 to 1/8, the shift number S, is assigned, and so
on. Each digital mantissa M, to My 4 is selected from the
input data |, to g according to the shift numbers S, to

- e o e o



[ Bl SECOND EMBODI MENT The second enbodi nent of the prieeeﬂwjnye@{-jwom—"z
i s designed so that distortion characteristic thereof wll BREP AL PSR
Fidg. 4 by alternate-|ong-and-two-short- dashes line D

I n jot rds, “the
shift processor 1 of the second enbodi nent increnents shifit inu e(;,,s»,tiy;_ﬁ)ne
each time the input data decreases by 6 dB, as far as the jsHifti"ng~‘quahtity
decreases to -36 dB, i.e., -6 dB .t

Sg as shown in Fig. 2 (a): solid arrews {«) in the input
data table shewn in Fig. 2 (a) ctesignale the range tc be
selected as a digital mantissa Mg 10 M, .. Inspection cf
Fig. 2 (a) shows that every time the analag level is
haived, shift numbers Sq io Sg are changed, as well as
the input data Iy 1 lpg 10 be selected as a mantissa is
shitted. Furthermore, mantissa M, 5 is cbtained as a re-
versed value of the input data loy.

Figurs 3 (a) depicts the relationships between ana-
log levels and the shift numbers Sg to S¢. Each time the
amplitude cf the analogsignalis haived (i.e., every 6 dB
nterval), cne of the shift numbers Sq to Sg is selected
in tum and assigned to each level, beginning with the
maximum level tc 1/2 therecf, shift numter S, is as-
signed, from 1/2 lo 1/4, shift number S, and socn. If
two leveis correspending to the shift numbers Sgand S,
ara compared, although the output of mantissa DAC 6
has the same range in toth cases, the output of the ex-
ponent DAC § is half the level corresponding to the shift
number S, as in the shift number S,.

If both the mantissa DAC 6 and exponent DAC 9
had 16-bit accuracy (i.e., (100 =216)%), the relationship
between the analog output level of the sinuscidal wave
and the total harmonic distortion (calied “distortion® for
brevity hereafter) of the analog output level measured
by a distortion meter, would be.shown by solid fine Ain
Fig. 4. First, fine A shows saw-tooth variation, because
every time the shift number is incremented by 1 the am-
plitude of the mantissa increases by 6 dB over that just
immediately prior to the shift, and thus distorticn de-
creases by 6 dB each time the shift number is changed.
Second, the average level of the line A is kept constant.
This is because error E appiled from the mantissa DAC
6 to the input terminal of the A-2R ladder network 10 of
the exponent DAC ¢ is halved each time the shift
number changes from Sq to 8¢, Such as 21 E, 22, ...,
28, and hence error E and ths level of analog output
are simultaneously halved. THUS, average distortion of
the analog signal is kept censtant as long as the shift
number is changed. Consequently, distortion of the an-
alog signal varies bstween two levels (between
0.00125% and 0.0025%, for exampls) in the range trom



* Slerr], after the shift processor 1 initiates the shifting of the input

data at--24 dB. Sinultaneously, it selects bits Merr] to |
manti ssas as shown in Fig. 2 (a) by solid arrows in the ra

Consequently, the dis- tortion level of the sécond enbodi ng

conbi - nation of the |owest |evels of distortion in Fig. 4
al ternate-long-short-dash line C of the,first em bodinent,
broken |ine B show ng the conven- tionaﬁ distortion |evel.

{ BEb AR SHEET
nt
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sHowpQBER nea8
and by the

0 to 36 dB in which the shift number is altered, whereas
distortion in the smaller range is inversely proportional
to the level of analog output Vot because the shift
number is not changed.

As described above, if both mantissa DAC 6 and
exponent DAC 9 have 16-bit accuracy, a low level dis-

tortion is obtained as shown by solid line Ain Fig. 4.In
practice, however, a low level distortion cannot be
achieved because 16-bit accuracy of exponent DAC 9
cannot be obtained. More specifically, though 14-bit to
16-bit accuracy can be achieved for the mantissa DAC
6 by trimming or other means to compensate for errors
of each resistor in the R-2R ladder network 8, it is very
difficult to obtain similar accuracy for exponent DAC 9.
This is because the resistor of ladder network 10 in ex-
ponent DAC 9 are connected to form an integral par,
and so each resistance there of cannot be measured
separately and hence the trimming thereof is difficult. In
particular, it is very difficult to achieve high accuracy in
a range where the level of analog output is small. Con-
sequently, sufficient adjustment of resistors in the expo-
nent DAC 9 is practically impossible, so the actual ac-
curacy obtained is about 10- to 12-bits.

For this reason, even if mantissa DAC 6 of 16-bit
accuracy Is employed, the accuracy of the resulting out-
put from exponent DAC 8 is only about 10- to 12-bits,
as shown by broken fine B in Fig. 4. First, the distortion
in this case shows saw-tooth variation, because every
time the shift number is incrementid by one, the weight
of exponent DAC ¢ is decreased by 6 dB while the am-
plitude of the mantissa increases by 6 dB over that just
immediately prior to the shift, aind thus distortion de-
creases significantly from 10 - to 13-bit accuracy. Sec-
ond, the distortion is improved to 0.00125% abruptly at
-36 dB because the shift number Sg which is used there-
under is free from the low accuracy of exponent DAC 9.




Al t hough specific enbodi nents of a floating-point digital-to-anal og

converter constructed in accordance with the present inventio

disclosed, it is not intended that the invention be restricte

t hese specific configurations or to the uses disclosed herein; m—

Modi fications may be nade in a manner obvious to those skilled i”?bhﬁ?@g’&}g f
N

For exanple, the invention also applies_to a floating-point DAG designe
such that an- al og output of the expon‘eﬁt‘ DAC is inputted toijt

The fact that distortion increases near the maximum
output (0 db), causes a critical problem in digital audio
apparatus such as compact disk players, because per-
formance of these apparatuses is specified by distortion
at 0 dB output.

SUMMARY OF THE INVENTION

it is therefore an object of the invention to provide
a floating-point digital-to-analog converter which has
improved distortion characteristic of maximum output
level, by using the exponent DAC that has a similar ac-
curacy to that of a conventional one, thus achieving a
higher dynamic range.

According to the present invention, there is provid-
ed a floating-point digital-to-analog converter compris-
ing.

shifting means for detecting shift numbers accord-
ing to exponent data of floating point digital input
data, and for shifting said digital input -data in the
direction of the most significant bit thereof by bits
equal in number to said detected shift numbers to
produce digital mantissa data of said input data,
said shift numbers being integers < m, where m is
the maximum shift number
mantissa converting means for converting said dig-
ital mantissa data to an analog mantissa; and
exponent converting means for converting said shift
numbers to weights represented by said exponent
- dataand a certain base, and for multiplying said an-

alog mantissa by one of said wéights, characterized
in that



l og input term nal of mantissa DAC which produces an- al og out put ) _
corr’.espo‘ndi ng to digital input data. REPLACHJ':?‘NT SHEET
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said shifting means shifts said input data when the
absclute value of said analog mantissa will be less
than the value where an accuracy of said mantissa
converting means becomes lower than that of the
exponent converting means; and the exponent con-
verting means multipties the analog mantissa by the
weight other than 1 only sc long as the accuracy of
the mantissa converting means is lower than that of
the exponent converting means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a floating-point DAC ac-
cording to an embodiment of the present invention;
Fig. 2 is a table showing the relationship between
digital input data g to 154 and shift number Sy to Sg
of the embodiment, in comparison with a conven-
tional apparatus;

Fig. 3 is a graph showing the relationship between
the analog output level and the shift number of the
embodiment, in comparison with a conventional ap-
paratus; and

Fig. 4 is a graph showing the relationship between
the analog output level and the total distortion there-
of, in comparison to a conventional apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

_The invention will now be described with reference
to the accompanying drawings.




Clainms 1. Afloating-point digital-to-anal og converter_conpris-
: REPLACEMBNT SHEET

-7- 10 SEP 1998

[A] FIRST EMBODIMENT

Fig. 1 is a block diagram of a floating-point DAC ac-
cording to a first embodiment of the present invention.

This embodiment differs from the conventional ap-
paratus in the construction of shift-number-detection cir-
cuit 3. The shift-number-detection circuit 3 that consti-
tutes a shift processor 1 does not initiate its shift oper-
ation of the input data I to Iy as long as the accuracy
of mantissa DAC 6 is higher than that of exponent DAC
9,

Specifically, consider the output distortion of 16-bit
mantissa DAC 6. For example, when the analog output
signal thereof is maximum, i.e., 0 dB, its distortion is
0.00125%. The distortion increases inversely propor-
tional to the analog output level and reaches 0.02% at
the -24 dB level as shown in Fig. 4 by alternate-long-

.. short-dash line C. This value of distortion is cdmparable
to that of the exponent DAC 9 of about 12-bit accuracy.
For this reason, the shift processor 1 does not change
the shift number S, as long as the accuracy of the man-
tissa DAC 6 is greater than that of exponent DAC 9, i.

e., as long as the level of the analog mantissa is in the
range of 0 to -24 dB, so that mantissa DAC 6 can make
its accuracy to its full extent.

Figure 2 (¢) and Fig. 3 (b) show changing points ot
shift numbers S;, to Sg according to the embodiment. As
long as the analog level is larger than -24 dB, the shift
number is kept Sg, i.e., the shift in exponent DAC 8 is
not performed. In contrast, when the analog level is re-
duced to -24 dB, or to -30 dB, or to -36 dB, ... in 6 dB
increments, the shift numbers are changed to S, Sy,
Sa, ..., respectively. Bits Mg to M, 4 of the digital mantis-
sas selected from the input data I to I,4 and produced
from the digital-shift circuit 4 tor each of shift numbers
are designated by broken arrows («--—) in Fig. 2 (a).



I ng: shifting means (1) for detecting shift nunbers

according to exponent data of floating point dig- | tab~trput-—gat-a

\v L@ 4 Sy @ ¥

and for shifting said digital input data in the di recﬂEBtﬁWﬁ%eﬁi BET

nost significant bit t hereof by bits equal in nunberi tfo~said
detected shift nunbers to produce digital mantissa datia 10 SEP w@f
said input data, said shift nunbers bei gg I n- v )

According to the construction described above, dis-
tortion near the maximum output level (0 dB) is lessened
as shown in Fig. 4 by altemate-long-short-dash line C,
when using exponent DAC 9 of the conventional accu-
racy, thus achieving a wide dynamic range.

[B] SECOND EMBODIMENT

The second embodiment of the present invention is
designed so that distortion characteristic thereof will be
as 'shown in Fig. 4 by altemate-long-and-two-short-
dashes line D. In other words, the shift processor 1 of
the second embodiment increments shift numbers by
one each time the input data decreases by 6 dB, as far
as the shifting quantity decreases to -36 dB, i.e., -6 dB
* Sg, after the shift processor 1 initiates the shifting of
the input data at -24 dB. Simuitaneously, it selects bits
M, to My, of mantissas as shown in Fig. 2 (a) by solid
arrows in the range below -36 dB. Consequently, the dis-
tortion level of the second embodiment will be a combi-
nation of the lowest levels of distortion in Fig. 4 shown
by the altemate-long-short-dash line C of the first em-
bodiment, and by the broken line B showing the conven-
tional distortion level.

Although specific embodiments of a floating-point
digital-to-analog converter constructed in accordance
with the present invention have been disclosed, it is not
intended that the invention be restricted to either these
specific configurations or to the uses disclosed herein.
Modifications may be made in a manner obvious to
those skilled in the art. For example, the invention also
applies to a floating-point DAC designed such that an-
alog output of the exponent DAC is inputted to the ana-
log input terminal of mantissa DAC which produces an-
alog output corresponding to digital input data.
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tegers < m where mis the maxi mum shift nunber, __.______ mantissa.
converting neans (6) for converting sai d digital jrppiisgsa data to
an:anal og manti s- sa; and exponent convelt -pg-eans (9) -fq
converting said shift nunbers to weights represented by |
sai d exponent data and a certain base, and for | §i plyi-ng SARd
anal og manti ssa by one of said 9 _ ;

1. Afloating-point digital-to-analog converter compris-
ing:

]

shifting means (1) for detecting shift numbers

according to exponentdata of floating point dig-
ital input data, and for shifting said digital input
data in the direction of the most significant bit
thereof by bits equal in number to said detected
shift numbers to produce digital mantissa data
of said input data, said shift numbers being in-
tegers < m, where m is the maximum shift
number,

mantissa converting means (6) for converting
said digital mantissa data to an analog mantis-
sa; and _
exponent converting means (8) for converting
said shift numbers to weights represented by
said exponent data and a cenain base, and for
multiplying said analog mantissa by one of said
weights, characterized in that

said shifting means shifts said input data when
the absolute value of said analog mantissa will
be less than the value where an accuracy of
said mantissa converting means becomes low-
erthan that of said exponent converting means,
and said exponent converting means multiplies
said analog mantissa by sdid weight other than
1 only as long as the accuracy of said mantissa

converting means is lowéer than that of said ex-
ponent converting means.

-



wei ghts, characterized in that said shifting nmeans shifts said

| nput data when

_ the absol ute val ue of said anal og manfi T o
be tess than the val ue where an accuracy of sai d nant QR?EEA&M@T SHEET

converting neans becones | ow . erthan that of said ex ent
converting neans, and sai d exponent converting means | t 1 0l SEB 1998
sai d anal og manti ssa by said wei ght ot risr t han 1 only; 4s | ong as

t he accuracy of o '

said manti ssa

= g TS

2. A floating-point digital-to-analog converter as de-
fined in claim 1 wherein said shifting means incre-
ments said shift numbers by 1 each time the analog
level represented by said digital input data decreas-
es by 6 dB, after said shifting means initiates said
shifting of said input data.

3. A floating-point digital-to-analog converter as de-
fined in claim 1 wherein said shifting means, after
initiating said shifting of said input data, increments
said shift numbers by 1 each time the analog level
represented by said digital input data is decrement-
ed by 6 dB, until said shifting quantity decreases to
the point specified by the maximum shift number
multiplied by 6 dB, and said exponent converting
means multiplies said analog mantissa by the

- weight, corresponding to the maximum shift number
when the level of said input data is lower than said
point.
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. FLOATING-POINT DIGITAL-TO-ANALOG CONVERTER

ABSTRACT OF THE DISCLOSURE

The invention relates to a floating-point digital-to-analog
converter (DAC) having mantissa converting means and exponent -
converting means. The mantissa converting means generally has
higher accuracy than the exponent converting means because of
differences in their constructions. Hence, as long as the
accuracy of the mantissa converting means is greater than that of
the.exponent converting means, analog output of the mantissa
converting means is used as output of the DAC. Once the accuracy
of the mantissa convefting means goes below that of the exponent
converting means, the input data is shifted to form digital
mantissa applied to the mantissa coﬁ?erting means, and the
exponent converting means multiplies the output of the mantissa
Eonverting means (l.e., analog mantissa) by weight specified by
the exponent. Thus a higher accuracy can be achieved than in a

conventional apparatus.

Figure 1.
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after
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inifti ates sai

represented by said

| evel
after said shifting nmeans

3. Afloating-point digital-to-

es by 6 dB,

fined in claim1l wherein said shifting neans incre-
as de-

nunbers: by 1 each tine the anal og

i nput data decreas-.
shifting of said input data.

converter

;

fined in claim1 wherein said shifting nmean

initiating .said shifting of said input gata, I hcrenents
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said shift nunbers by 1 each tine the analog |evel repre e J
digital: input data is decrenent- ed by 6 dB, until said h{ﬁk;‘ﬂ}@ﬁ@? Q%'

guantity decreases to t he point specified by the maxi mumijshi ft nunber 1.
multiplied by 6 dB, and sai d exponent converting means | tii p DeSER 2998 i
|

anal og manti ssa by the wei ght, correspondi ngt ot he maxi munp shi ft nunber
when the | evel of said input data is |l gwer than said poi

OdB ]

-6dB

1248 —— S0
48d8 —

-24dB__ [

-30dB—

-42d8 |||\ S3 54
N\

-42dB G%%} S3 _s4

OdB ' ' ‘
A : / — /
(@) convenmonaL exampie  (B3) EmBoDIMENT

FIG.3
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