DESCRI PTI ON DI G TAL AUDI O | NTERFACE SI GNAL DEMODULATI NG APPARATUS 5

TECHNI CAL FI ELD Thee.#resent invention relates to a digital audio interface
si gnal denodul ating apparatus that receives a-digital audio interface
signal for use in data transm ssion between digital audi o equipnents, and
denodul ates into a digital audio signal. 10 BACKGROUND ART St andards for
digital audio signal transm ssion between digital audio equi pnents such as

a conpact disc (CD), digital audio (DAT), and a mni disc
(MD) include I EC 60958 15 (Interna@?gﬁﬁis@§§ﬂ133|on) [err] Digital Audio

Interface", and EIAJ (Electronic Industries Association of Japan)-CP-1201
"Digital Audio Interface". FIG 10 shows outlines of a digital audi o
interface based on these standards. For CDs, DATSs an_audi o sanpl e

is 20 conposedPEFITHL RVRAACINTERFAEGE SEﬁEAquPE%QUBAW@Iﬁt APRARAIUS Two
data units each called a sub-frane respectively represent a channel 1 and a
channel 2, and form as a set, one sanple. The period of this one sanple
exactly corresponds to a period that is a subnultiple of a sanpling
frequerscy FS. Al so, 192 sanpl es 2BECHNIGBLOFRZEbDock. 2 One sub-frane is
conposed of periods of 64T, where T is a
The present invention relates to a digital audio interface
signal demodulating apparatus that receives a digital audio
interface signal for use in data transmission between digital
audio equipments, and demodulates into a digital audio signal.
10
BACKGROUND ART
Standards for digital audio signal transmission between
digital audio equipments such as a compact disc (CD), digital
audio tape recorder (DAT), and a mini disc (MD) include IEC
15 (International Commission)-958 "Digital Audio Interface”, and
EIAJ (Electronic Industries Association of Japan)—CP?lzol
"Digital Audio Interface”.
FIG. 10 shows outlines of a digital audio interface based
on these standards. For CDs, DATs, and MDs, an audio sample is
20 composed of two channels: a left channel and a right channel.
Two data units each called a sub-frame respectively represent a
channel 1 and a channel 2, and form, as a set, one sample. The
period of this one sample exactly corresponds to a period that

is a submultiple of a sampling frequency FS. Also, 192 samples

25 forms one block.
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time that is one-128th of a sanpling period, and represents data for 32
bits. This Tis a mninuminverse period of the digital audio interface
signal. The contents of one sub-frames include 5 a preanble for 8T (4
bits), reserve data for 8T (4 bits), audio sanple datafor40T (20bits), and
addi tional datafor 8T (4 bits). The additional data is conposed of a
validity flag V, a user's bit U, a channel status C, and a parity P. The

reserve data, the audi anple.data, and_t addi tj on & da%a except for
the preanbl e, ha@@ebggﬁ %Fgﬁﬁaﬁﬁ-?&WEPﬁﬁﬂhﬂ & .1qéi:ﬁ%tpi ne¥8eTE 1s a
representegéb T (f, 0 or successive 1T if 1, and has two patterns based on
the i medi E%ygg?tc’e%i“ﬁ’gfj%tg‘. OF R SHRIA% PeLiog, ARM EeRTEReNts data
synchroni zati on_of sub- frames at transmssion, and is so fornmed as to
i ncl ude 3TEORhBEnPits. | Tk Tud&da Mipiogmaiavesnsk Revilediohtheidigidalead
in order to have unique periodic patterns. Wth three periodic patterns B,
M and W endip| dekerfageosignah. ofTheogontemts efidonécswhdfirames Lnaidide can
be identified. Hereinafter, the preanble is referred to as PA a preanble
havi ng % heappreaubdepfore3Th (Bl itsita) ,areiseaviel daa2forPeDd, (4 hpirtessplamdiavi ng
the periodic pattern-[err]-is as a preanble WPAmM and a preanbl e havi ng
t he peri odsempdetdatd €or] 46T 420bpreprand ddditidnabdataarepBIeNliviEl) .
denmodul ating apparatus that denodul ates the above digital audio interface
si gnal . fhaSaddnveshadnaatd g5t 6omposed oftLFArEdHtE el ag Mo hidr g
apparatus DDAc includes a preanble detection circuit 101, an
bit U, a channel status C, and a parity P.
The reserve data, the audio sample data, and the additional
10 data except for the preamble, have been bi-phase-mark modulated.
Each of these is represented by 2T if 0 or successive 1T if 1,
and has two patterns based on the immediately preceding logic.
The preamble is for indicating synchronization of sub-
frames at transmission, and is so formed as to include 3T, which
15 1is not used in bi-phase-mark modulation, at the head in order to
have unique periodic patterns. With three periodic patterns B,
M, and W, the block head of each of 192 frames and the channels
1 and 2 can be identified. Hereinafter, the preamble is referred
to as PA, a preamble having the periodic pattern B is as a preamble
20 PAb, a preamble having the periodic pattern B is as a preamble
PAm, and a preamble having the periodic pattern M is as a preamble
PAm.
FIG. 11 shows a conventional demodulating apparatus that

demodulates the above digital audio interface signal. A

25 conventional digital audio interface signal demodulating
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analog PLL circuit 102, and a bi-phase denmpdulation circuit 103. The

preambl e detection circuit 101 detects a 3T detection signal in a digital

audio interface signal Sdai, and outputs a 5 preanble detection signal Spd.

In the PLL circuit 102, the phase is |ocked to the preamble detection

signal Spd, and a synchronous clock Ssc having a 32-tinmes frequency is

out putted therefrom The bi-phase denpdul ation ci rcwt 103 calrrl es out
hase 1 Ia I, on t ace s na

u3| ﬁg t he %?g’%%%% us é;Ldesa B’ﬁi?)‘ﬂugge dﬁl SP 3pn té’u?tgg%l'ScﬂiT

FIG 12 shqws.the eratlon timn the digital audio interface signa

demodul at i f32388aF ﬁﬁ&lmt 102. %B&na bt -Phgse; dempgulatdoppeirgaitckQdIn

circuit 101 detects an inverse interval 15 equal to or nore than 2. 5T,

based on the ref dR€nPEeaNBLR drteqhiomFirgult dPlsHetesttst AadT detiention

i nverse interval of the digital audio interface signal Sdai, and outputs

the pr eanblségﬁaé-nap gpdigihalpreudseriuterfigge fsiosahnSdanl candgastp osled

| oop (PLL) by using a VCO for conparing, in phase, 32 frequency divisions

20 of %herveambie desegtdembisdignaleSpdon signal Spd, and outputting the

synchronous clock Ssc having the 32-tines frequency. The bi-phase

denodul ati on cir &nithd PLIertireatit P03| ¢l phase 199 qbikdd &b endigrdansrd ace

signal Sdai based on the synchronous clock Ssc, and outputs 1 if the signal
differs frastactiiba iswgmdinatspy, paaged nsyﬂeﬁroﬁBQSO dlfodk! $%¢ CHaeihGe a
sanme, 3 thereby outputting a digital audio signal Sda.

32-times frequency is outputted therefrom.
The bi-phase demodulation circuit 103 carries out bi-phase
10 demodulation on the digital audio interface signal Sdai by using
the synchronous clock Ssc, and outputs a digital audio signal Sda.
FIG. 12 shows the operation timing of the digital audio
interface signal demodulating apparatus DDAc. As shown in FIG.
12, the preamble detection circuit 101 detects an inverse interval
15 equal to ormore than 2.5T, based on the reference clock Ssc having
a period shorter than a minimum inverse interval of the digital
audio interface signal Sdai, and outputs the preamble signal Spd.
The PLL circuit 102 forms an analog phase locked loop (PLL)
by using a VCO, for comparing, in phase, 32 frequency divisions
20 of the VCO and the preamble detection signal Spd, and outputting
the synchronous clock Ssc having the 32-times frequency.
The bi-phase demodulation circuit 103 extracts a signal
from the digital audio interface signal Sdai based on the
synchronous clock Ssc, and outputs 1 if the signal differs from

25 the immediately preceding one, and 0 if it matches the same,



As stated above, the conventional digital audio interface signal
denodul ati ng apparatus detects the preanble of a digital audio interface
signal, generates a clock that synchronizes with 5 the digital audio
interface signal by using an anal og PLL, and denodul ates the digital audio
I nterface signal Sdai, which is a bi-phase-mark signal. However, the
digital audio interface signal denodul ati ng apparatus has such probl ens

caused by circuity.as,descrihed hel ow. For realizing LS
conpar ed V\}tﬁ&%r%%ﬁ %?lttgutg’llrnguiat ,dﬁgainﬁuéﬁ%@%pﬁ]a%{ a larger area on
an LSI, thereby causin n.increase in LSl cost. To construct the anal og
PLL circuit, anaﬁ&gst?gﬁai?‘}%mé%tﬁi‘fs conyeptinpalodigitaliapdie ipterface
required, and therefore_the nunber 15 of conponents is increased. As a
result, tFd998dr demguilatigeapparatus feteqlythe preamblenef @ gigitakidi o
interface signal denodul ati ng apparatus cannot be increased, thereby

i ncr easi ng thierfacetsignal agsnegates a@iqlagk thatssymchionizespoukth

| eading to 20 | arge power consunption of the digital audio interface

si gnal %¥enthel digAgadppudiouintenfabei signabl byatsing rarviavaldg I gyand
conservation. Especially, depending on power consunption, the life of a
battery i ndempduflaltes thei dbgitahtdudimriimeriacd bignadl sgakl Lwkichuis .a
changes in capabilities or 25 characteristics with tinme over operation tine

?r E t 00 | abdephasé-marke sigdlyi bl Bowépesequdel |JigttdE HBasyl anterads be
aken
signal demodulating apparatus has such problems caused by the
analog PLL circuit as described below.
10 For realizing LSI, compared with a digital circuit, the analog
PLL occupies a larger area on an LSI, thereby causing an increase
in LST cost.
To construct the analog PLL circuit, analog circuits such
as a VCO and low-pass filter are required, and therefore the number
15 of components is increased. As a result, the degree of
integration in the PLL circuit and the digital audio interface
signal demodulating apparatus cannot be increased, thereby
increasing production cost.
The analog PLL circuit consumes large power, leading to
20 large power consumption of the digital audio interface signal
demodulating apparatps, which is problematic in view of energy
conservation. Especially, depending on power consumption, the
life of a battery in a portable device greatly varies.

In the analog PLL circuit, changes in capabilities or

25 characteristics with time over operation time are too large to



agai nst changes with tine after the apparatus is released incorporated in
audi o equi pnent. Furthernore, the conventional digital audio signal 5
denodul ati ng apparatus requires two asynchronous cl ocks, a reference clock
and a PLL clock. These probl ens above are obstructive, especially for
realizing LSl of the digital audio signal denodul ating apparatus, to its
stability and reliability, downsizing, ease of test, and 10 others. Al so,

ith I ' | t - th ' | 1 t. b | i ed .t
i do range 8t R o Goe RNy Tt AFAtRrEE, ReB 40008 Gralieh The
0bj ot thoPORRRE | raast ¥ iam, LERa] SftaR, The orRRAE At GbFa ke ased

appar atus capabl e of denodul ati ng, through full digitalization, a digital
audi o i nt erPLOEPOTEkSL Wt REGH U SIWIPHSPtanal og PLL circuit in accordance
with a reference clock having a relatively |ow frequency and not
necessarily syncEB&ShermgTai.t hthee cepyenddomadi t Aigddtailo iawddf acsigriahal ,
20 and al so applicable to a wide range of frequency. DI SCLOSURE OF THE
| NVENTI DN Hemadnilakd nghcappanatyd| sequiries ptesemsynechawnons hatotks, a
foll owi ng aspects. 25 A first aspect of the present invention is
di rect ed t vefieFencedicdiockl aaddiao PLiit eloake si gnal denodul ati ng appar at us
for adding a preanble and additional information to a digital audio signal
These problems above are obstructive, especially for
realizing LSI of the digital audio signal demodulating apparatus,
to its stability and reliability, downsizing, ease of test, and
10 others. Also, with only being made suitable for LSI, the circuit
cannot be applied to a wide range of frequency of the inputted
digital audio interface signal.
The present invention is to solve the above conventional
problems, and an object thereof is to provide a digital audio
15 signal demodulating apparatus capable of demodulating, through
full digitalization, a digital audio interface signal without
using any analog PLL c_ircuit in accordance with a reference clock
having a relatively low frequency and not necessarily

synchronizing with the inputted digital audio interface signal,

20 and also applicable to a wide range of frequency.

DISCLOSURE OF THE INVENTION
To achieve the above object, the present invention has the
following aspects.

25 A first aspect of the present invention is directed to a



and denodul ating a digital audio interface signal bi-phase- nodul ated for
transm ssion, and the apparatus includes: 5 an edge detector for
generating, whenever detecting an edge of the digital audio interface
signal, a pulse-like edge detection signal and a latter-half detection
signal indicating that the edge of the digital audio interface signal is
present, based on a positive edge of a reference clock having a frequency

hi gher thar, | CR. 1 m i nyer s requency. of the digital audio

i n? erface gléﬁéaﬁg%ﬁsﬁgtﬂngéc% Yoii Fﬁgn?;n‘iwg)#j;?ﬁbn%ﬂpr?%‘?giﬁ SPFaq‘gé’cbep |
I nterface signal; count | ue cal cul ator for aqbtainin enever supplie
with the efy r88F‘8§Fi Bﬂgs fiona °1§}%ﬁ1i}é“b>ﬁ°c8uﬂ%9%‘g'ailh%u%@esa@al
detection signal in accordance with the reference clock, and calculating a
hal f cl ock iflemeduiating @i Adgitela andin tpterfeeepypigneli hiiphasere
count value by 2, 1 if the latter-half detection signal is supplied, and
subt r act i n§lofuladed Kor: sranspdissdont, and rhhediannanatwsedadilnfddss t er - hal f
detection signal is supplied; 20 an approxi mately 3T detector for
obt ai ni%hg, whenevnaredgs deitedtwirt fox igenedgd: it ,cwheneaver gietlectai mpantedge ue
by counting the edge detection signal in accordance with the reference

cl ock, andofeties digigad dudid iappréacesdidnaBTadnilkm- Nikseggalddbection
detecting a value of the count value within a predeterm ned range; 25

an appr oxi sdgaky £7d perattbridiant detbotioawidmal thaipatiag that tAk ddfe

first approximately 3T detection signal in accordance with the reference
cl ock, andogentleatdsyiftials tawithid O et £ de 3digR4108s present, based on a
positive edge of a reference clock having a frequency higher than

10 twice a minimum inverse frequency of the digital audio interface
signal and not necessarily synchronizing with the digital audio

interface signal;

a count value calculator for obtaining, whenever supplied

with the edge detection signal, a count value by counting the edge

15 detection signal in accordance with the reference clock, and
calculating a half clock count value by adding, to a value obtained

by multiplying the count value by 2, 1 if the latter-half detection

signal is supplied, and subtracting 1 from the count value if an
immediately preceding latter-half detection signal is supplied;

20 an approximately 3T detector for obtaining, whenever
supplied with the edge detection signal, a count value by counting

the edge detection signal in accordance with the reference clock,

and generating a first approximately 3T detection signal by

detecting a value of the count value within a predetermined range;

25 an approximately 3T period detector for counting the period



I nformation; a decision unit for deciding a nodul ation period of 5

nodul ating the digital audio interface signal by conparing the half clock
count value with a predeternined table corresponding to the first

approxi mately 3T detection signal, and generating a decision signal; a
preambl e detector for detecting the preanble based on the 10 decision
signal, and generates a preanble detection signal; and a bi- phase

h
253?8”'5?;‘.33#* fhe et HereraneERiv. cinirml%ewf A5 prednarBclerit  on
n the fjrst as ect, the edge detectlon 15 Si naI
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in the count val ue, val ues within a predeterm ned range are detected for
detection df 55HF6%PW§ter 3T. The period of this approximately 3T is
measur ed, and through table decision determ ned by the period of the
approxi mately 3Ta cishenpdmidt | Bor o gsuidiswn de mssiudiatacon peurdodoros
with the reference clock having a | ow frequency, the apparatus can be
appl i ed5t omednled ingngheofligiéqleaudioi ihberfacengignyl Aby . compar ihgothe a
second aspect of the present invention, in the first aspect, the edge
detect or 2half clock countevelwd edith hi psedesermihed talgn@lcortidfsdmdiiig om
the 7 digital audio interface signal based on the reference clock,
generates &of ithet fipger appeskinatellys3ondétestiat£ignal, and generating
a decision signal;
a preamble detector for detecting the preamble based on the
10 decision signal, and generates a preamble detection signal; and
a bi-phase demodulator for carrying out demodulation, for
output, into the digital audio signal from the decision signal
with timing of the preamble detection signal.
As stated above, in the first aspect, the edge detection
15 signal is counted, whenever inputted, in accordance with the
reference clock and, in the count value, values within a
predetermined range are detected for detection of approximately
3T. The period of this approximately 3T is measured, and through
table decision determined by the period of the approximately 3T,
20 a demodulation output can be obtained. Thus, only with the
reference clock having a low frequency, the apparatus can be
applied to a wide range of frequency without using any PLL.
According to a second aspect of the present invention, in

the first aspect, the edge detector

25 generates a first extracted signal extracted from the



fromthe digital audio interface signal based on an inverse clock of the
reference clock and further based on the reference clock, 5 and outputs

t he edge detection signal by detecting an edge of the first extracted
signal, and generates the latter- half detection signal by XORing the first
extracted signal and the first inverse extracted signal. 10

According to a third aspect of the present invention, in the first aspect,

t he appar atys,.f rtgpr.incl des.a digital filter for filtering the first

appr oxi mat glliys?%%lp e i L{& cleor#% é’é’r?eer‘gﬁ%d:rteec‘?ﬁf{?%%b‘?%ﬁ 4y 3T

period information, wherein the decision unit generates the decision signal

by 15 conparing the haPPPEFELeSRfArsFlnEehfe RPEILActed slanadLXracte

corresponding to the second approximately 3T period information. As stated

above, in EXOM™ Bhe digllak augienintexrfrce sianalyprseAmn anyigvepse| etock

information is fluctuated caused by erroneous detection due to noise and

ot her fact @fstheizgference ginakandt Euyther kased omtbhenpefenence dikock,

obtained. Also, slow fluctuations of the approxinmately 3T period

i nforma®i oandan be followed, and therefore the period can be correctly

decided in the decision unit. According to a fourth aspect of the present

i nvention, in 25 the foutpusspehe, etibe detecalion fsiignkar byndetdrstingd idn t er

for 8 suppressing the first approximtely 3T detection signal for a

pr edet er m eddet otfe ther ifdts talestiracit edl isidnd]Ngd a3 JerREHés the latter-
half detection signal by XORing the first extracted signal and
the first inverse extracted signal.

10 According to a third aspect of the present invention, in
the first aspect, the apparatus further includes a digital filter
for filtering the first approximately 3T period information, and
generating second approximately 3T period information, wherein

the decision unit generates the decision signal by

15 comparing the half clock count value with a predetermined table
corresponding to the second approximately 3T period information.

As stated above, in the third aspect, even if the first
approximately 3T period information is fluctuated caused by
erroneous detection due to noise and other factors, stable

20 approximately 3T period information can be obtained. Also, slow
fluctuations of the approximately 3T period information can be
followed, and therefore the period can be correctly decided in
the decision unit.

According to a fourth aspect of the present invention, in

25 the first aspect, the apparatus further includes a limiter for



approxi mately 3T detection signal, wherein the approximtely 3T period
detector counts the period of 5 the second approximately 3T detection
signal in accordance with the reference clock. As stated above, in the
fourth aspect, the limter provided between the approxi mtely 3T detector
and the approximately 3T period detector detects the first approximtely 3T
even if the 10 3Ts in the preanble are close to each other, and adds a

I|mt5|gné % { apn I mat el 3Tdtet'11ed£eet nal |s,notptutted

dur | ng’ - pPERRESHR @d"C‘S‘&.&& ‘r&ﬂpaeé‘ g R

3T detection nal for mtin rOX|nate 3T period in ornatlon

Thus, noreP 8?’193: x*f’rfﬂﬁ? eP ré? rtﬂerFBﬁn MW caf Be second

out putted Accordl ng to a fifth aspect of the present invention, in the

first aspe@PPTOfd atds deectdion sdigndds Fhengifer for suppressing the

first approximtely 3T detection signal for a predetermined tinme period,

and then out puttith§ approxitmahely3T ;usrind detsictdTcountst the peyhad:ofind

a digital filter for filtering the first approximtely 3T period

i nf or ne® i offhengegendr approxinabelly Hib detedtisn s3gnpdr indacododante onth

wherein the approximtely 3T period detector counts a period of the 25

second appthei retfelreng® ddioekt.i on signal in accordance with the 9

ref erence clock, and the decision unit generates the decision signal

i ndi cating As stated above, in the fourth aspect, the limiter provided
between the approximately 3T detector and the approximately 3T
period detector detects the first approximately 3T even if the

10 3Ts in the preamble are close to each other, and adds a 1imit signal
so that the approximately 3T detection signal is not outputted
during a predetermined period from the trailing edge of the
approximately 3T detection signal for limiting the approximatelly
3T period information. Thus, more correct approximately 3T
15 period information can be outputted.

Accordihg to a fifth aspect of the present invention, in
the first aspect, the apparatus further includes a limiter for
suppressing the first approximately 3T detection signal for a
predetermined time period, and then outputting as a second

20 approximately 3T detection signal; and

a digital filter for filtering the first approximately 3T
period information and generating second approximately 3T period
information, wherein

the approximately 3T period detector counts a period of the

25 second approximately 3T detection signal in accordance with the



t he period of nodulating the digital audio interface signal by conparing
the half clock count value with a predetermned table 5 corresponding to

t he second approxi mately 3T period information. As stated above, in the
fifth aspect, the effects in the above third and fourth aspects can be

si mul t aneously obtained. A sixth aspect of the present invention is
directed a digital audio interface signal denodul ati ng apparatus for adding

10 a prea ddjt al_information to a digital audio signal and
denodul at {T?gge%fi%?lé% %ldfgé&i ()adld]nt erface signal bi-phase- nodul ated for

transm ssion, ang,the apparatus,.includes:. a eggf,datect r for, generating,
whenever detect i eaﬁegggéogfunt:h%QSPSFFEFSa{h? W‘aﬁggngrﬁ?‘F%@tlng
pul se-1ike,edge detection 15 si_gnal and. a latter-half detection_ signal
i ndi cati ng faPeriedafeMBtulAtiRggFhe) dlgirali audie tuterfpee sigpabdevit,
based on a positive edge of a reference clock having a frequency higher
than tw ce CoMpaTingnthevbaif ¢legk runbvalme wiight al predetermivedsbable
signal and not necessarily synchronizing with the digital audio 20
interfate SoFrMspoadimgntoiiaisecandapproximately SThpeyiodhisniommatsigpl i ed
with the edge detection signal, a count value by counting the edge
det ecti on si gnal Asns&eteddahowew ih the fiftheaspect pckhe aefifecats dmttitig a
hal f cl ock count val ue by adding, to a val ue obtained 25 by nultiplying the
count val uebbye2thirif ahtiefbarthraspettsec®t b silfil tarfdaisly icotsamdad ed,
and subtracting 1 fromthe count value if an imediately preceding
latter-half deteatisixth gispedts 68Pkhec€Present invention is directed a
digital audio interface signal demodulating apparatus for adding
10 a preamble and additio;lal information to a digital audio signal
and demodulating a digital audio interface signal bi-phase-
modulated for transmission, and the apparatus includes:
an edge detector for generating, whenever detecting an edge
of the digital audio interface signal, a pulse-like edge detection
15 signal and a latter-half detection signal indicating that the edge
of the digital audio interface signal is present, based on a
positive edge of a reference clock having a frequency higher than
twice a minimum inverse frequency of the digital audio interface
signal and not necessarily synchronizing with the digital audio
20 interface signal;
a count value calculator for obtaining, whenever supplied
with the edge detection signal, a count value by counting the edge
detection signal in accordance with the reference clock, and

calculating a half clock count value by adding, to a value obtained

25 bymultiplying the count value by 2, 1 if the latter-half detection

10



an approxi mately 3T detector for generating a third approximately 3T
detection signal by detecting a value of the half 5 clock count val ue
within a predeternned range; an approxi mately 3T period detector for
counting a period of the third approxinmately 3T detection signal in
accordance with the reference clock, and generates first approximately 3T
period information; 10 a decision unit for deciding a nodul ation

ol t ¢l ook Tt 8k 1?%9?%#%%&%}%{%%3{4 Eﬁf’égfh?‘??%&ﬁéﬁﬁid RBHY ”?ﬁtea:i |
. ; i i nerating a qgeci sion S| ;
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deci sion signal, and generates a preambl e detection signal; and a bi-phase
denodul at orgf or @rr 3%%%&'”&%#6@% Agkecter ctrPugenerading ai giird
audi o signal fromthe decision signal with timng of the preanble detection
signal . 203pproximateldy,3tdefestdon aighal fivkdatesping a vaduedst sbeihails s
carried out on the digital audio interface signal on both of the positive
and negat i $doskgEeoupit wiad ueemditivice aclpaside tamifmedmrangsst;ect i on out put, the

count value is obtained at a half clock of the reference clock. Thus,
nore correct appedxapprekym3tely IIEipentia detedtorpEoiocountingda iperaddr e
nore correct 12 approximately 3T information can be outputted. According

to a sevenolf tispdhird approrimatalyi3dlvdeteetionsignal in accordance with
the reference clock, and generates first approximately 3T period
information;

10 a decision unit for deciding a modulation period of
modulating the digital audio interface signal by comparing the
half clock count value with a predetermined table corresponding
to the first approximately 3T detection signal, and generating
a decision signal;

15 a preamble detector for detecting the preamble based on the
decision signal, and generates a preamble detection signal; and

a bi-phase demodulator for carrying out demodulation, for
output, into the digital audio signal from the decision signal
with timing of the preamble detection signal.

20 As stated above, in the sixth aspect, edge detection is
carried out on the digital audio interface signal on both of the
positive and negative edges of the reference clock, and from a
detection output, the count value is obtained at a half clock of
the reference clock. Thus, more correct approximately 3T

25 detection can be performed, and therefore more correct

11



the first aspect, the apparatus further includes a switching unit for
swtching, anong a plurality 5 of predeterm ned tables corresponding to
the first approximately 3T period information. As stated above, in the
sevent h aspect, the count value output fromthe approxi mately 3T period
detector has an effect to automatically change decision criteria. Thus, it
Is possible 10 to provide a denodul ati ng apparatus applicable to a w de
range of fr e _JAccorging o an .eighth aspect of the present invention,
in the fi rsai%%gsogé'éaftet e %d&éﬁqﬁlﬁ’éﬂcﬁf @W%%f once, twice, and
three tines an inverse of the mnimuiminverse frequency. 15 BRI EF, .
DESCRI PTI ON OF T%@ F geventh gspegtiofiithn RFESemk ABveRtiens jH ure
of a digital audio interface signal denodul ati ng apparatus according to a
first enbodehiTst asReqd <§BRtaARRARAEYD Furkher includega switchipgookit

di agram show ng the structure of an edge detector of FIG 1; FIG 3 is a

ti m ng chaforsgwitehing: i fes Wighals cbeck\eeuni valaesdgmongt 2 lurality
count value calculator of FIG 1; FIG 4 is a timng chart show ng various
si gnal s5 obodr predeternineddihles carregpdhiddagetsd dheafiirat apraximetaly 3T
peri od REPLACEMENT SHEET detector of FIG 1; FIG 5 is a table used for
1T, 2T, an@T3Ppedadoidsiimforynation.

As stated above, in the seventh aspect, the count value
output from the approximately 3T period detector has an effect
to automatically change decision criteria. Thus, it is possible

10 to provide a demodulating apparatus applicable to a wide range
of frequency.

According to an eighth aspect of the present invention, in
the first aspect, the modulation period is any one of once, twice,

and three times an inverse of the minimum inverse frequency.

15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the structure of a digital
audio interface signal demodulating apparatus according to a
first embodiment of the present invention:
20 FIG. 2 is a block diagram showing the structure of an edge

detector of FIG. 1;
FIG. 3 is a timing chart showing various signals observed
in the edge detector and a count value calculator of FIG. 1;
FIG. 4 is a timing chart showing various signals observed

25 in an approximately 3T detector and an approximately 3T period
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NnT decision unit of FIG 1; FIG 6 is a block diagram show ng the structure
of a digital 5 audio interface signal denodul ati ng apparatus according to a
second enbodi nent of the present invention; FIG 7 is a block diagram

showi ng the structure of a digital audio-interface signal denodul ating
apparatus according to a third enbodi nent of the present invention; 10

FIG 8 is a block diagram show ng the structure of a digital audio

i nterface gignal denmpd ti apparatus according to a fourth enbodi nent of
t he presenaegﬁg REi gﬁgkge Qg is a bl ock di agram showi ng the structure of a

digital audio interface_ signal denodu] ati ng apparatus._ according to_a 15
fifth enbodi nentF8€-t Relprastahle Heed ifor ¥ G200 and 3Ty 9 AT &1 ng

outlines of digital audio interface standards; FIG 11 is a block diagram
showi ng t hBTsflegésipr Bpif €6n¥F&Gti dmal digital audio interface signal
denpdul ating 20 apparatus; and FIG 12 is a timng chart show ng various
si gnal s observedFI&.® disg bdlockudiagram shiowiagtheAtrigtning ofi adigigalat us
showmn in FIG 11. 25 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
13 Bescaufid finterfiasea sigmal cdemeiulalfing dpparates daccondingate a
si gnal denodul ati ng apparatus according to the present invention. As
descri bed sbovad ehbofimeaft ofnthst peeseatt Anvehtéon;
FIG. 7 is a block diagram showing the structure of a digital
audio interface signal demodulating apparatus according to a
third embodiment of the present invention;
10 FIG. 8 is a block diagram showing the structure of a digital
audio interface signal demodulating apparatus according to a
fourth embodiment of the present invention;
FIG. 9 is a block diagram showing the structure of a digital
audio interface signal demodulating apparatus according to a
15 fifth embodiment of the present invention;
FIG. 10 is a diagram indicating outlines of digital audio
interface standards;
FIG. 11 is a block diagram showing the structure of a
conventional digital audio interface signal demodulating
20 apparatus; and
FIG. 12 is a timing chart showing various signals observed

in a digital audio interface signal demodulating apparatus shown

in FIG. 11.

25 BEST MODE FOR CARRYING OUT THE INVENTION
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the above problems caused by the analog PLL circuit by 5 constructing a
digital audio interface signal denpdul ating apparatus in full digital. For
full digitalization, however, new problens nay possibly arise as descri bed
below. First, to ensure control accuracy, the frequency of a reference
clock should be set higher than that in a case where 10 an analog PLL is
used. As a result, such high frequency causes an increase in power

consunption, and |5 hi gh- speed.prqcess for supporti %%_q%gg_ L
frequency, there f%?:lr#&r%§§siafnjgf% o_%%sg P%éﬁ-c Ifiﬂnt‘f%’-?frm‘g ,aoﬁ{] r g @%‘H‘%tls
a signal havin freguency. 15 thin a predeterm ned_range with respec
to the f redﬂéﬁ?&fa&e ?ﬁgn?ifde?“@w%qm ?‘P%ﬁEP@Pér%?C?BdHé thegpresent
plurality of digital audio interface signals of varying frequencies,
required | STYSMGOR-n ASAfscribef akever, the prgssnt inventdorriente SARxs
havi ng varying frequencies corresponding to the frequencies of_the_20
signal's tothe deReyel apreblemasceprsrd y byt hdheppanaieg bBbbnesitoupt exoyand
the cost is increased. An object of the present invention is to provide a
di gi t al 5 augeasitrustiage 8i gdgiteédmaudioi g tenface usighal memeiikating
problems that may arise due to full digitization and solves 25 problems
uni que to appemadmuisi tm&uldi digitahudifor Sukl fdics telgnaltildh, howevedy mdw ng
apparatus having an analog PLL. (First Enbodinent) Wth reference to FIGS.
1, 2, 3 angréblémscmagepoasiblyl arise as described below.
First, to ensure control accuracy, the frequency of a
reference clock should be set higher than that in a case where
10 an analog PLL is used. As a result, such high frequency causes
an increase in power consumption, and requires a high-speed
processforsupportinghighfrequency,therebyincreasingprocess
cost.
Furthermore, only receivable is a signal having a frequency
15 within a predetermined range with respect to the frequency of the
reference clock. Therefore, to demodulate a plurality of digital
audio interface signals of varying frequencies, required is using,
in a switching manner, a plurality of reference clocks having
varying frequencies corresponding to the frequencies of the
20 signals to be demodulated. Consequently, the apparatus becomes
complex and the cost is increased.
An object of the present invention is to provide a digital
audio interface signal demodulating apparatus that prevents

problems that may arise due to full digitization and solves

25 problems unique to a conventional digital audio interface signal

14



a digital audio interface signal denodul ati ng apparatus DDApl 5 according
to a first enbodi ment of the present invention. As shown in FIG 1, the
digital audio interface signal denodul ating apparatus DDApl includes an
edge detector 1, a count value calculator 2, an approxinately 3T detector
3, an approximately 3T period detector 4, an nT decision unit 5, a 10
preanbl e detector 6, and a bi-phase denodul ator 7. The edge detector 1

out puts a =14 ctiaon signal Sed .whe er detecting the edge
of gn inpu%@’%éilé%%é\%d%%@%?a& se&\‘ae‘l’ iadhzﬁr:aét?aq % le]g gn a positive eldge
of a refer e ¢l .C d al so outputs a latter-ha etection signa
Sfd 15 inggﬁﬁFﬁhgﬁﬁﬁgﬁnkﬁ&Bedge of a 8igital audi o interface signal Sda
has been found in the latter half of the reference clock Src. The count

val ue cal cul at or W3 tBohREeTeRAENEQFIEHe bdFfe ForBé) fondesghibPedcbelew is

i nputted, the nunber of intervals between the edge detection signals Sed
based on t Be digidady anddiopdmtexnface) signaloesiodulat s apparatizs RRApL
value Cei. Furthernore, the count value calculator 2 outputs a half clock
count val uacserdiag e a Fdnst epbmidiswnly ofulthep presprthe mdgetiod er val
count value Cei by 2, and adding 1 to the multiplication result if the

latter-hal f deteési shosingrial FXG. i 5, | thet deditall auvativadintegfhotb signal
therefromif the imediately preceding latter-half detection 15 16

si gnal Sf ddemodojlattting. agbarapes ®DAPL ehylddedairceige @eEOGHGSE 1 WABHMUEE
the edge value calculator 2, an approximately 3T detector 3, an
approximately 3T period detector 4, an nT decision unit 5, a

10 preamble detector 6, and a bi-phase demodulator 7.

The edge detector 1 outputs a pulse-like edge detection
signal Sed whenever detecting the edge of an inputted digital
audio interface signal Sdai based on a positive edge of a reference
clock Src, and also outputs a latter-half detection signal Sfd

15 1indicating that the edge of a digital audio interface signal Sda
has been found in the latter half of the reference clock Src.

The count value calculator 2 counts, whenever the edge
detection signal Sed is inputted, the number of intervals between
the edge detection signals Sed based on the reference clock Src,

20 and obtains an edge interval count value Cei. Furthermore, the
count value calculator 2 outputs a half clock count value Shc
having a value obtained by multiplying the edge interval count
value Cei by 2, and adding 1 to the multiplication result if the

latter-half detection signal Sfd is inputted and subtracting 1

25 therefrom if the immediately preceding latter-half detection

15



detection signal Sed is inputted, the nunber of intervals between the edge
detection signals Sed based on the reference clock Src, 5 and obtains the
edge interval count value-Cei (not shown) and, if the count value is within
predet erm ned range val ues, detects the interval as approximately 3T and
out puts an approximately 3T detection signal S3T. Note that this
predeterm ned val ues are so determned as to be optinmal through experinent

based on t hav ntiqned .10 standards, manufacturing precision, and
al so noi segl%ﬁﬂ‘aa ssﬁ{lserﬁsssﬁwtg)tﬁdn’. The approximately 3T period detection 4

counts the periog of the approximately 3T detection signal S3T supplied by
t he approxi mat el &@TaHBF8§£@P%§lVO3'Bb‘¥%F?FW ab SR tat UP?“S‘YGFnFEPv%FFQQS

count val ue C3ta,. and_outguts it as approximately 3T period information
| 3T. Based d§tagtdampigrpdded dgninpy stthesuppbes Phintprvadgrbe twgern
calculator 2 and the approximately 3T period information I3T supplied
by the appit®€ sfigel Jebachion ignalks Sed based, on thhenFeferenicencliock Src,
deci des the presence or absence of a pulse boundary of T multiplied by n (n
i s an a%bi angr pbitaisgethe eddeginteaval aodati sabuesCgba(nst shskintptanmd, a
deci ded pulse width nT. Note that, in the present enbodi nent, a boundary
bet ween 1T iZnthéTcaumit aradimendsarwi tiei mgaeditexniintd aatgdechliads 2Metdbts
conpliance with the above stated standards for digital audio 17
i nterface thgnahterval as approximately 3T and outputs an approximately 3T

detection signal S3T. Note that this predetermined values are

so determined as to be optimal through experiment based on

10 accomplishment standards, manufacturing precision, and also

noise in a transmission path.

The approximately 3T period detection 4 counts the period
of the approximately 3T detection signal S3T supplied by the
approximately 3T detector 3 to obtain an approximately 3T interval

15 count value C3ta, and outputs it as approximately 3T period
information I3T.

Based on the half clock count value Shc supplied by the count
value calculator 2 and the approximately 3T period
information I3T supplied by the approximately 3T period detector

20 4, the nT decision unit 5 decides the presence or absence of a
pulse boundary of T multiplied by n (n is an arbitrary integer),
and generates a decision signal Sj indicating a decided pulse
width nT. Note that, in the present embodiment, a boundary

between 1T and 2T and a boundary between 2T and 3T are decided

25 1in compliance with the above stated standards for digital audio
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The preanbl e detector 6 detects, based on the decision signal S supplied
by the nT decision unit 5, one of a sequence conposed of 3T, 1T, 1T and 3T,
a sequence conposed of 3T, 3T, 1T, 5 and 1T, and a sequence conposed of
3T, 2T, 1T and 2T, and outputs the detected one as a preanble signal Spa.
The bi - phase denodul ator 7 outputs, based on the decision signal S
supplied by the nT decision unit 5, "0" if the digital audio interface
signal Sdal_|s %T after the tinme when the preanble signal Spa 10 supplied
by t he preéﬂ%ﬁﬁ ﬂg?eﬁigPa Speconmes "L", the bi-phase denmodul ator 7, and

outputs "1" if the sequen o osed of successive 1T and 1T, faqr qbt.ai ning
derodul ati on dat 'eFR Fﬂ@?’ﬁﬁr grg%f’ﬁ O Gpﬁg%?‘iﬁ-ﬁm %‘F‘gro’? ggﬁa%ﬁ"éf"é’@di 0
data fromthe obtained denodul ati on data to output the digital audio 15

si gnal Sdasigpad SHasuPRbiedily dhe ndl derisieonnyris $y RRRME AFEISHSS od
I's shorter than half of the m ninmuminverse period (1T) of the digital

audi o i nt ecpmpeseflg@k3TSdAr, 1Rand 3T.aa seqience compafacthef BT ghl. fan
twice the mnimuminverse frequency of the 20 digital audio interface

si gnal 55daandalfli, &rsbadseguence memgsssed lof 3¥nc2lF orliTzendi 21, tand dudipudis
audi o interface signal Sdai. For exanple, a clock of 16.9344MHz can be
used. Wt hthef detactetioohtGas?2a geeambledsdgntli Spdetail is the operation
of the edge detector 1. The edge detector 1 includes 25 a flip-flop 1 01,
a flip-flop 1_02The Bi+phdse®mendifulatdrt iToutputbpPbdsed, o rthéRedigivn

1 05, and an XOR el enent 1 06.

signal Sj supplied by the nT decision unit 5, "0" if the digital
audio interface signal Sdai is 2T after the time when the preamble

10 detection signal Sp supplied by the preamble detector 6 becomes
"L"”, the bi-phase demodulator 7, and outputs “1" if the sequence
composed of successive 1T and 1T, for obtaining demodulation data.
Furthermore, the bi-phase demodulator 7 separates audio data from
the obtained demodulation data to output the digital audio

15 signal Sda.

Note that the reference clock Src has a frequency whose
period is shorter than half of the minimum inverse period (1T)
of the digital audio interface signal Sdai, that is, an arbitrary
frequency higher than twice the minimum inverse frequency of the

20 digital audio interface signal Sdai, and also does not necessarily
synchronize with the digital audio interface signal Sdai. For
example, a clock of 16.9344MHz can be used.

With reference to FIG. 2, described next in detail is the
operation of the edge detector 1. The edge detector 1 includes

25 a flip-flop 1 01, a flip-flop 1_02, a flip-flop 1_03, a flip-
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The flip-flop 1_01 extracts a signal fromthe digital audio interface
signal Sdai based on the positive edge of the reference clock Src, and
outputs the resultant signal as a first-order 5 positive edge signal ql.
The flip-flop 1_03 extracts a signal fromthe first-order positive edge
signal gl supplied by the flip-flop 1_01 based on the positive edge of the
reference clock Src, and outputs the resultant signal as a second-order

positive edge signal g2. The .t1ip-flo 2 extract si gha

from the dggf’?ah—ggdi gn; ﬁg’gr F&S«E‘eE‘FgﬂaP Sdgfldbgg‘eéegneﬁﬁg'e %gztﬂ%\?é edge of
the reference clock Src, and outputs the resultant signal as, a, 0-order,
negative edge siEﬂﬁlf]ri'tﬁlflﬂﬂa1#9&&*?%"&5@451'%??51&:‘8&gpﬁcikght%f&‘ﬂglofrom
the 15 O0-order negative edge signal ngO supplied by the flip-flop 1 02
based on { KRLEBEERCR RLERRL SHR1 ROsER (R SREC T EXVERATnAT Tt FREeTERSe
resultant signal as a 0O-order positive edge signal ngl. The XOR el enent
1_05 XORs checki frr-oaadr quigiutisythelgresubrnt g3ignppl asdabfizisd ~oxders | op
1 01 and the second-order 20 positive edge signal g2 supplied by the
flip-flop poB3tiwmadedgepsaignahbeqgilesul tant signal as the edge detection
signal Sed. The XOR element 1_06 XORs the first positive edge signal ql
suppl i ed by the TheptlippfloPll 0B exitradte designal t£yem erdge firgtalondsr
supplied by the flip-flop 1_04, and outputs the 25 resultant signal as the
| atter-hal podetegbi 8ag6i sghabidh sbpplield by tRéEEFEDSSE16p al L6 1 THE et

shown in FIG 3, described
the positive edge of the reference clock Src, and outputs the
resultant signal as a second-order positive edge signal g2.
10 The £1lip-flop 1_02 extracts a signal from the digital audio
interface signal Sdai based on the negative edge of the reference
clock Src, and outputs the resultant signal as a 0-order negative
edge signal nqo0.
The flip-flop 1_04 further extracts a signal from the
15 O-order negative edge signal nqg0 supplied by the £flip-flop 1_02
based on the positive edge of the reference clock Src, and outputs
the resultant signal as a 0O-order positive edge signal nql.
The XOR element 1_05 XORs the first-order positive edge
signal gl supplied by the flip-flop 1_01 and the second-order
20 positive edge signal g2 supplied by the flip-flop 1_03, and
outputs the resultant signal as the edge detection signal Sed.
The XOR element 1_06 XORs the first positive edge signal gl
supplied by the flip-flop 1_01 and the 0-order positive edge
signal nql supplied by the flip-flop 1_04, and outputs the

25 resultant signal as the latter-half detection signal S£d.
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next is the operation of the edge detector 1 in detail. First, the
reference clock Src, which is a pulse signal having a predeterm ned period
as shown in the drawing, is supplied to the 5 edge detector 1 and the count
value calculator 2. In the drawing, the digital audio interface signal Sdai
havi ng hi gh-1evel portions and | ow | evel portions as showmn in A, B, C D,
and E is supplied to the edge detector 1. These portions are hereinafter

respectively ref as_ a hi gh-Jl.evel orti.on I

portion, a high- ﬁigg %‘5‘?‘1‘1’%% lé%-qgeAB ) ?)%?Yné%‘ ﬁ&édwja ﬁ%ﬁ:x{ig\/& E
portion. The hi h | evel rtlon h ul f. appr.oxjjrat Hc
(6Hcp or 6PEEF § E%%rﬂ%%F%ﬂ-oéll?f-lf ggeoaef;ﬁﬁgf’ﬁfg 1{:4 . %Jlésq
counted simnl arI y, the lowlevel B portion has a pulse 15 w dth of

appr oxi nat Ehe Zgfenancei ghorkySree pirichnifaP aPBLFse SHMMAL oraving a
approximately 6Hc, the lowlevel D portion has a pulse width o

appr oxi mat pr;adeﬂermanedtmrm@raa showngEipokhe siravwing, gl seppiiadgio the
approximately 12Hc. Note that the pulse width is not necessarily an

i ntegra nefgepfetettorelwadfihtbe cthentavhlukeockl2tlaftorhe.ref erence cl ock.
successive In the edge detector 1, the first-order positive edge signal ql

extracted fromtiha dhegi Gahwangdi othet difgdtalsagdib Idterfaced sdgniale Sdai
positive edge of the reference clock Src rises in accordance with the

positive eHgoifl hign+PéesE HuricldiK ahiclownlle?ol PoryiSidiis dieshbgh 1gvas)
during a successive-three-clock period 19 20
B, C, D, and E is supplied to the edge detector 1. These portions
are hereinafter respectively referred to as ahigh-level A portion,
10 a low-level B portion, a high-level C portion, a low-level D
portion, and a high-level E portion.

The high-level A portion has a pulse width of approximately
6Hc (6Hcp or 6Hcf) as counted by a half clock of the reference
clock. As counted similarly, the low-level B portion has a pulse

15 width of approximately 7Hc, the high-level C portion has a pulse
width of approximately 6Hc, the low-level D portion has a pulse
width o approximately 7Hc, and the high-level E portion has a pulse
with of approximately 12Hc. Note that the pulse width is not
necessarily an integral multiple of the width of the half clock

20 of the reference clock. successive

In the edge detector 1, the first-order positive edge
signal gl extracted from the digital audio interface signal Sdai
based on the positive edge of the reference clock Src rises in
accordance with the positive edge of the reference clock Src, and

25 stays at the high level during a successive-three-clock period
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of the reference clock Src while the digital audio interface signal Sdai is
at the high level. At the clock's |eading edge appearing next to successive
three clocks of the reference clock Scr, the digital audio interface signal
Sdai is at the |low level, and therefore the 5 first-order positive edge
signal gl becones at the low level Simlarly, the O-order negative edge
signal nqO extracted fromthe digital audio interface signal Sdai based on

i gnal nal e ARRFRGS SR s B R heg hek, 218ide IS e Hpfertae ne
0 It d f .th f l ock Src, and the second-order positive
cdge s gnal® BT SR 18, PFaEbEARLeBIeKELs | [AF Cheidh Lot oheAhing Sa88 e

on the positive edge of the reference clock Src respectively have the
wavef or s AEDEn AT k| BPPEAriRg MesterthapteRe(Saits obhe ] gagritelld amiie ned
by XORing the 15 first-order positive edge signal gl and the O-order
positive edfdedifges si@gnals Sabuis cat Whenleowe lgvgily alandudiherefiosrd de
signal Sdai is changed in the latter-half portion of the reference clock
Src (wi?hi Alxrsti-erdesr posididien@dge iddignall e besfomeane@et diheckidir Qevelich
as an edge between the |lowlevel B portion and 20 the high-level C
portion, aSisdjerigtwtbe Ohertieghnégative edgeéi signall ide dovrdeved from
portion. In the count value calculator 2, froman edge interval count val ue
Cei of the thegiigibtal audiosigterf&ed signadl Seapased ohhthd Abyatibaldage
detection signal ‘Sfd, and the imediately preceding 25 detection signal
p(t-1) of bifethdgfefdrdive Glvtke8reqdend ¥-rtdéd positive edge signal nql

re-extracted from the 0-order negative edge signal nq0 with the
10 positive edge of the reference clock Src, and the second-order
positive edge signal g2 further extracted from the first-order
edge signal gl based on the positive edge of the reference clock
Src respectively have the waveforms as shown in FIG. 3.
The latter-half detection signal Sfd obtained by XORing the
15 first-order positive edge signal ql and the 0-order positive edge
signal nql is outputted, wﬁen the digital audio interface
signal Sdai is changed in the latter-half portion of the reference
clock Src (within a time corresponding to Hcf of the reference
clock Src), such as an edge between the low-level B portion and
20 the high-level C portion, an edge between the high-level C portion
and the low-level D portion.
In the count value calculator 2, from an edge interval count
value Cei of the edge detection signal Sed, a value p(t) of the
latter-half detection signal Sfd, and the immediately preceding

25 detection signal p(t-1) of the edge of the counted edge detection
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signal Sed, a half clock count value N(t) is given by the follow ng
equation (1), where t is a tine when changes in the edge detection signal

Sed and the digital audio interface signal Sdai are detected. 5 N(t)
= -p(t-1) + 2 X Cei + p(t) ... (1) Note that p(t) is a signal indicating
that a change occurs in the digital audio interface signal Sdai in the
latter-hal f portion between the edges of the count clock. The

concept in é_hl ) #l%: I S, Now. bri eé i b mﬁl'e&i) ?ﬁ: efqg
at the | at &P ﬁl& ‘ﬁ ao g’ %e%o?lh%v blé g?ftlﬁs EEV yt ?y pﬁe%‘
clock at the tlme O{/Ja ul at i ol t% he actual nge
than the e§gEatiPn, 4v'ai'ﬁje e e éaﬁgﬁﬁ Jdbﬁ&&r% d[eﬁ:@c%l%n
| atter-hal f portion bet Ween 15 _the edges one sanpling before the
cal cul ati of19PRat SAhnand h&hee JightfHal apdigndntertacs, siEnatgedpit &%el
count value Cei. First, the edge interval count value is doubled and, by
usi ng p(t)deteckedri ne of cal cul ating the edge interval count val ue Cei and
p(t - 1) imrediately before the edge detected by the edge 20 detection
signal $ed, N(t)N{&)cal epl(atad ba2e& @ei e piove equation (1). Note that
p(t - 1) and P(t) are 1 or 0. Therefore, for the high-level A portion of
the reference clock Src, the edge intetyYal count value Cei is 3. Also,
since the latter-half detection 25 signal Sfd does not rise, the val ue of
N(t) is 6. 21 Note that p(t) is a signal indicating that a change occurs
in the digital audio interface signal Sdai in the latter-half
portion between the edges of the count clock.
10 The concept in this equation (1) is now briefly described.
If the edge appears at the latter-half portion between the edges
of the immediately preceding clock at the time of calculation,
that means the actual signal is longer than the edge interval count
value Cei. If the edge appears in the latter-half portion between
15 the edges one sampling before the calculation, that means the real
signal is shorter than the edge interval count value Cei.
First, the edge interval count value is doubled and, by
using p(t) at the time of calculating the edge interval count value
Cei and p(t -~ 1) immediately before the edge detected by the edge
20 detection signal Sed, N(t) is calculated based on the above
equation (1).
Note that p(t -~ 1) and P(t) are 1 or 0. Therefore, for the
high-level A portion of the reference clock Src, the edge interval

count value Cei is 3. Also, since the latter-half detection

25 signal Sfd does not rise, the value of N(t) is 6.

21



22 For the low1level B portion of the reference clock Src, the edge

I nterval count value Cei is 3. Also, since the latter-half detection signal
Sfd rises, the value of N(t) is 7. For the high-level C portion of the
reference clock Src, 5 the edge interval count value Cei is 3. Since the

| ater-half detection signal Sfd has continuously risen, the value of N(t)
Is 6. For the lowlevel D portion, the value of N(t) is 7. high level E

Then, for the po&lio t.he val u f ﬁ%él i%H% 10 These val ues of
N(t) are outputted %ﬁlt%"]geo‘{ﬁa[ g\/%‘P Lo I%QFO"Fe%e%%n‘t"hé’ll?ﬁkf SEPeckhe
count values, Sh¢. Wth reference to FIG 4, described next is the operation
of the appPEEeERERTVaT CRYREvALue Sod iRc3 apPlBa nEiBre the Jattrrthakit or
4. 15 First, as shown in FIG 4(a), the preanble signal is any one
of three t@sdection siomad SA4 rdeesy Iheemadaie qfaMldh dof BT, 1T, 1T, and
3T, a preanble PAm having a periodic pattern of 3T, 3T, 1T, and 1T, and a
preanbl e PAwW haviFeg &hgchightdepelt 6rpovtiGit, o2 Tthd Trefewkede &lbck Src,
Supplied with any of inputs of the preanbles PA having the above periodic
patterns, tthe sdgeointerwial s8dudtt value GeduipuBs tSicnced prioilEt iy~ Al f
detection signal S3T, when the edge interval count value Cei having the
width of tldeteetiion sfigapir 8fanhasl yoRfinasusiipwhisenl| e vdlle oif Nt pnd
4(d). 25 The approximately 3T detector 3 predeterm nes an
is 6.

For the low-level D portion, the value of N(t) is 7.

Then, for the low-level D portion, the value of N(t) is 12.

10 These values of N(t) are outputted from the count value
calculator 2 as the half clock count values Shc.

With reference to FIG. 4, described next is the operation
of the approximately 3T detector 3 and the approximately 3T period
detector 4.

15 First, as shown in FIG. 4(a), the preamble signal is any
one of three types: a preamble PAb having a periodic pattern of
3T, 1T, 1T, and 3T, a preamble PAm having a periodic pattern of
3T, 3T, 1T, and 1T, and a preamble PAw having a periodic pattern
of 3T, 2T, 1T, and 2T.

20 Supplied with any of inputs of the preambles PA having the
above periodic patterns, the approximately 3T detector 3 outputs
the approximately 3T detection signal S3T, when the edge interval
count value Cei having the width of the period of approximately

3T, as shown in FIGS. 4(b), 4(c), and 4(d).

25 The approximately 3T detector 3 predetermines an
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approximately 3T interval count value C3ta having a width of the period of
approximately 3T with respect to the edge interval counter value Cei of the
edge detection signal Sed, and if the count value C3Ta falls within the
range, outputs the 5 approximately 3T detection signal S3T. The
approximately 3T period detector 4 outputs the approxi mately 3T period

I nformation | 3T obtained by counting the interval between |eadi ng edges of

the approximately 3T detegct.iqn_signal  S3T, A efe C FI G
5 show ng SPRESTLPaRet ST LRt Baunt yafde Gara palimd A HHE R %, he
decision unit, k5 te that  FI 5( I s, .an nT decisjon_table T3k en the
sanpl i ng f?@ﬁﬁ%ﬁc@gi?PQEQH}WaSE&YFI Wﬁﬁ% F??EﬁFETL%eEﬁgiﬁﬁgﬁaBP eFYR-when
the sanpling frequency is 44.1 kHz/ 48kHz, 15 Based on the count
val ue C3TaCeRRtRE WabhexFeht@f yther edge getegtiamisighakfed handr ide s on
unit 5 refers to either the nT decision table T3k or the nT decision table
T4k to deceaanthe vgdweodi3fapatfiakks aswithinT the 3Tangsl oueptiPytehe the
decision signal §. 20 Note that, for deciding to use which of the
nT deciSssi oappubkimaBelyoBTt deteatpbnngifnadubd®y 32kHz of the digital audio
interface signal Sdai or the nT decision table T4k for a set of 44.1kHz and
48kHz, swi t chi ngThearspprmtimdiely 3T upedibdr detéchabl y4 usiutputse the
decision table T3k and the nT decision 25 table T4k. 23

approximately 3T period information I3T obtained by counting the

interval between leading edges of the approximately 3T detection
signal S3T.

10 With reference to FIG. 5 showing a decision table, described
next is the operation of the nT decision unit 5. Note that
FIG. 5(a) is an nT decision table T3k when the sampling frequency
is 32kHz, and FIG. 5(b) is an nT decision table T4k when the
sampling frequency is 44.1 kHz/48kHz.

15 Based on the count value C3Ta of the approximately 3T period
information I3T, the nT decision unit 5 refers to either the nT
decision table T3k or the nT decision table T4k to decide the
periodic pattern as 1T, 2T, or 3T, and outputs the decision signal
Sj.

20 Note that, for deciding to use which of the nT decision
table T3k for the sampling frequency 32kHz of the digital audio
interface signal Sdai or the nT decision table T4k for a set of
44.1kHz and 48kHz, switching means (not shown) is used for
switchably using the nT decision table T3k and the nT decision

25 table T4k.
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Based on the decision signal Sj, the preanble detection circuit 6 detects
one of three types of pattern: the preanble PAb's periodic pattern of 3T,
1T, 1T, and 3T, the preanble PAm s periodic pattern of 3T, 3T, 1T, and 1T,
and the preanble PAW s 5 periodic pattern of 3T, 2T, 1T, and 2T; and

out puts the preanble detection signal Spa. The preanble detection circuit 6
stores four decision si gnal s §. That is, si nce each preanble PA is
conposed of four_t S eri,od,unit, four (‘.I si,on signa Sj tQ be
stored, 10 respeg#gg 9nd§F‘8cfiFﬁésf"ﬂg §FrSPFt1u d ot (?né"%?mllb qu:ﬁ’ ec
period unit., If _anx gne of the abgve three patterns is detecth "H'

out put t ed. C28CBiLtsbofetRELEi gReaPt atlFeei TYReT 28 %?EF%Fnde:l q‘rpd?ﬁaﬂ?ele
trailing edge of "H' of the preanbl e detection S|dqnal SPa is a ,

bi - phase- nBAR- FoReTHed4c RAttern of53T. 1T. Hhe and gRasEhafrRARte PAR' S
outputs, fromthe trailing edge of the preanble detection signal Spa, "0"
if 2T, andrewipdis patternsofcdTsi ¥B, 13T arrrd 11T Rndtihe mraanbie PAwW's
denodul ati on data. Fromthe denodul ation data, audio data is separated, and
out put t®d pertibdidi pattérauwii 3% gRal 1'Bdaan@@T; and o@tpdbscth@epresﬂmhﬂa

in the present enbodi nent, edge detection is carried out on the digital

audi o i nt edbgeetibgnalighddi Spla.both positive and negative edges of the
ref erence clock signal Src. Froma detection output, the count value at the

hal f clock of thgheeipiicainile! dskeSELon Schbtained Stere€oufbuyalderidfidb
deci ded as either one of 1T, 2T, or 3T by the period of the 24
signals Sj. That is, since each preamble PA is composed of four
types of period unit, four decision signals S;j have to be stored,
10 respectively detecting the amplitude of one of four types of
period unit. If any one of the above three patterns is detected,
"H" is outputted. 28 bits of the digital audio interface signal
Sdai from the trailing edge of "H" of the preamble detection
signal SPa is a bi-phdse-mark—modulated portion.
15 The bi-phase demodulator 7 outputs, from the trailing edge
of the preamble detection signal Spa, "0" if 2T, and outputs "1"
if successive 1T and 1T, thereby obtaining demodulation data.
From the demodulation data, audio data is separated, and outputted
as the digital audio signal Sda.
20 As described above, 1in the present embodiment, edge
detection is carried out on the digital audio interface signal
Sdai at both positive and negative edges of the reference clock
signal Src. From a detection output, the count value at the half
clock of the reference clock Src is obtained. The count value

25 is decided as either one of 1T, 2T, or 3T by the period of the
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approximately 3T. Thus, the digital audio interface signal Sdai can be
denodul ated at the reference clock Src having a relatively | ow frequency
and not necessarily synchronizing with the inputted digital audio interface
signal Sdai w thout using any analog PLL 5 circuit. Al so, the period of the
approximately 3T is nmeasured, and decided fromthe tables as either one of

I T, 2T, or 3T that is suitable for the period. Thus, it is possible to

realize a digital di o J teﬁéhce i gn %H%ﬁ%i t | e
cven 1o o GPHECRIRBEELY HH.quehey Ehe W afEdR QU TR RRPRER SRa R RAY C
to FIG 6, described . gL |t.al audio interface sigpal .denpdul.ati.n
bopar at us. SeEdeRgotstated §hahe EtrReRCetL ST SHOBARLNR R SR YAy
digital audio interface signal denodul ati ng apparatus DDAp2 according to
the presenio¥EregrRFhBRE Rk neresseridy Fenahrenizing wikhy the ipputted ¢ o
audio interface signal denodul ating apparatus DDApl shown in FIG 1, and
i ncl udes addggtadlavdie dntenfage spapalddabatiiaut NeingpanXiaRatey PLE
period detector 4 and the nT decision unit 5. The digital filter 8 is
provi ded foirouitinikisa: dille pRrigdoofxthatapyrefipatebyl 3Thiis measpred3Ts
even if the approximately 3T period information |I3T outputted fromthe
appr oxi mat ah§l gecideddEtemtihe Adksldd ast edttbheérbpner o5NEDUS2TiecteactIDrehate to
noi se or other factors. In other words, the digital filter 8 carries out
di gital 25isfstuitablg Hort theaperdadatTus 3hpds posgiblierdic areadlike a
supplied 25

digital audio interface signal demodulating apparatus adaptable

even to a wide range of frequency.

10 (Second Embodiment)

With reference to FIG. 6, described is a digital audio
interface signal demodulating apparatus according to a second
embodiment of the present invention. A digital audio interface
signal demodulating apparatus DDAp2 according to the present

15 embodiment has the structure similar to that in the digital audio
interface signal demodulating apparatus DDApl shown in FIG. 1,
and includes a digital filter 8 newly provided between the
approximately 3T period detector 4 and the nT decision unit 5.

The digital filter 8 is provided for obtaining stable

20 approximately 3T period information 1I3Ts even 1if the
approximately 3T period information I3T outputted from the
approximately period detector 4 is fluctuated by erroneous
detection due to noise or other factors.

In other words, the digital filter 8 carries out digital

25 filtering on the approximately 3T period information I3T supplied
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by the approxi mately 3T period detector 4, and outputs the stable
approximately 3T period information |13Ts. Also, a digital filter
coefficient is appropriately selected. Thus, for slow fluctuations
of the approximately 3T period information I3T, the 5 stable approxi mately
3T period information |3Ts capable of following the fluctuation is
outputted, thereby correctly deciding the period as either one of 1T, 2T,

o D el T B, i BBl o ©

I nformation I3Ts t he boundarx getmeen 1T ang qg the b undﬁ ¥é§§}me n
2T and 3T PBPTAXiMALRIYSE PoFiod iptormation, I3 o 189 dactighhe ters
the decision signal §. As such, in the present enbodinent, with the
digital 15CopfEisiept t A spRPrOPXigtelvmSeLeFrdheri o&DUSfor AOS o Lo¥Ts
can be obtained even if the apprOX|qateI{ 3T period information |3T
out put t ed Bjuctvaippnsxeintthe appropimatelyc3®@esiiod informatianct3Py the
erroneous detection due to noise or other factors. Furthernore, the
appr oxigrat stablé Epprakimdtmlpt BOn pe¥iod ahnfornatieh ol 3k Capabmat iaghs
of the approximately 3T period information |3T. Therefore, the nT decision
unit 5 canfotllvethby tieei dludtmgteiiorndiss eutpettede ofhdrieby? T.coambcXlly
(Third Enbodiment) Wth reference to FIG 7, described is a digital audio
25 interfagecidgngl tHenpdutiot ag appheat vheaoFondi,N@m,0o0x BH.rd 26
Supplied with the half clock count value Shc, the nT
decision unit 5 decides, based on the value of the stable
10 approximately 3T period information I3Ts, the boundary between
1T and 2T and the boundary between 2T and 3T for deciding 1T, 2T,
and 3T, and outputs the decision result as the decision signal
Sj.
As such, in the present embodiment, with the digital
15 filter 8, the stable approximately 3T period information I3Ts can
be obtained even if the approximately 3T period information I3T
outputted by the approximately 3T period detector 4 is fluctuated
by erroneous detection due to noise or other factors. Furthermore,
the approximately 3T period information I3Ts can follow slow
20 fluctuations of the approximately 3T period information I3T.
Therefore, the nT decision unit 5 can correctly decide the period
as either one of 1T, 2T, and 3T.
(Third Embodiment)

With reference to FIG. 7, described is a digital audio

25 interface signal demodulating apparatus according to a third
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enbodi nent of the present invention. A digital audio interface signal
denodul ati ng apparatus DDAp3 according to the present enbodi nent has the
structure simlar to that in the digital audio interface signal
denodul ati ng apparatus DDApl shown in FIG 1, 5 and includes a limter 9
new y provi ded between the approximately 3T detector 3 and the

approxi mately 3T period detector 4. Wth reference to the above descri bed

FIG 4, descrihed belowjs the operation.af the, limter.9. For the eanbl e
P, the pEPPBGIIeRE, Db Fhp RaRART, doypRtipn . TA qfl £31 undl AN HAH
cl ose to each other as shown in FIG Therefore, . the _approxi mtely 3T

b).
det ecti on SigRatl Semadulading &PR%Q:G}%;DQ%:’ aPHFBXAiRge e RRasaittor

3. To correctly obtain the approximately 3T detection signal S3TL

al so i n t hegbeddmenishandhie phructresginilay bo thag i dhe dhgitpkiandig
detects the first 15 approximately 3T in the approximately 3T detection

si gnal S3Tisgegifiace signad dppednrlatispyappatatust BPARl shewndie BIGi m &
signal so as not to output the approxinmately 3T detection signal for a
predet €5 m and inctudes ialinibertheewly prowided dediweemethe @ppaoreknE e 3T
detection signal S3T, thereby Iimting the 20 approxi mately 3T detection

si gnal S3T3andeteicitolt i3nand rohiec appirioximatielyoxdTyiertiyod Bedwotndat on. si gnal
S3TL. Then, the approximtely 3T period detector 4 counts the period of the

correct approxi ngtiehy réEedenee! iten thiedadlove3 Hestiild® ¥y, t41e dddbrtied
for obtaining a count value, and outputs 25 it as the approximately 3T

period inf peidw 8 tRd opePREISGH OF tthe?Aimiter 9. For the preamble PAb,

the periodic pattern becomes as 3T, 1T, 1T, and 3T, and 3Ts are

10 close to each other as shown in FIG. 4(b). Therefore, the

approximately 3T detection signal S3T is detected twice by the

approximately 3T detector 3. To correctly obtain the

approximately 3T detection signal S3TL also in this case, as shown

in FIGS. 4(b), 4(c), and 4(d), the limiter 9 detects the first

15 approximately 3T in the approximately 3T detection signal S3T

supplied by the approximately 3T detector 3, and adds a limit

signal so as not to output the abproximately 3T detection signal

for a predetermined time period from the trailing edge of the

approximately 3T detection signal S3T, thereby limiting the

20 approximately 3T detection signal S3T and outputting a more

correct approximately 3T detection signal S3TL.

Then, the approximately 3T period detector 4 counts the

period of the correct approximately 3T detection signal S3TL

supplied by the limiter 9 for obtaining a count value, and outputs

25 it as the approximately 3T period information I3T. Supplied with
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the half clock count value Shc, the nT decision unit 5 decides, with the
val ue of the stable approximtely 3T period information |3T, the boundary
bet ween 1T and 2T and the boundary between 2T and 3T for deciding 1T, 2T,
and 3T, and outputs the 5 decision result as the decision signal §. As
such, in the present enbodinent, the limter 9 is inserted between the
approxi mately 3T detector 3 and the approximately 3T period detector 4.

Even if 3Tg, of Le P | h,oLh g .
appr oxi mat Eh BHIF CHESE et 15T ¢ tReCRE "aphiELon Mk Yeriden- (e
i mately. 3T tecti [ | t tputted f h t 1.
et o froMihe PR | AT URig S TR ABHRBL? raPBPRORIREST!| O < AARAOGaT

for limting the approximately 3T detection signal S3T. Wth nore correct
appr oxi mat épfozmpagdoncdi3dn thehounstamy bsitwesadlT @nd 2T apd, the Rowwlarst
approximately 3T period information |3T can be outputted. (Fourth
Enbodi ment pevwegnr @fcpafcdTt foF| @2cdingstT; b, mnd IB, anfd gutputs dhe
i nterface signal denodul ati ng apparatus according to a fourth 20
enbodi nent decishienpresuiit asvdhe decisdod gilignlala®di.o i nterface signal
denodul ati ng apparatus DDAp4 according to the present enbodi nent has the
structure of a casbigwh,oninf thee pliepdrif embodiment;f ahe slimbter 9 is
dermodul ating apparatus DDAp2 shown in FIG 6 and the digital audio
i nterface ghgealitedenpetivéénhnrmppappiroximbedy253Ts@atedtord| & and2&he
approximately 3T period detector 4. Even if 3Ts of the preamble
PA are close to each other, the first approximately 3T is detected,
10 and the limit signal is added so that the approximately 3T
detection signal is not outputted for the predetermined period
from the trailing edge of the approximately 3T detection signal
S3T for limiting the approximately 3T detection signal S3T. With
more correct approximately 3T detection signal S3TL obtained,
15 further more correct approximately 3T period information I3T can
be outputted.
(Fourth Embodiment)
With reference to FIG. 8, described next is a digital audio
interface signal demodulating apparatus according to a fourth
20 embodiment of the present invention. A digital audio interface
signal demodulating apparatus DDAp4 according to the present
embodiment has the structure of a combination of the digital audio
interface signal demodulating apparatus DDAp2 shown in FIG. 6 and
the digital audio interface signal demodulating apparatus DDAp3

25 shown in FIG. 7.
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In other words, the digital audio interface signal denodul ati ng apparat us
DDAp4 has a structure simlar to that of the digital audio interface signal
denodul ati ng apparatus DDApl, and includes the limter 9 newy provided
between the 5 approximately 3T detector 3 and the approximately 3T period
detector 4, and also the digital filter 8 newy provi ded between the
approxi mately 3T period detector 4 and the nT decision unit 5. Wth

reference to FIGE ,&gscr|bed bel is,the,o0 erat ii% Ji:ﬁhe diiiﬁ%
audi o interface Pgﬁ% |nﬂﬂﬁ%ﬁ|n3%§ppgig%ﬁég o7 3% Sé%q %s
t he appr oxi_ mat T detection si 3T su I|e t he, r oxi el
Hotecror saanaauiatinganoparates Bikes has A SErge Hj-% S TRRCES 1 TRat dnal
for the 15 predetermned tine erlod from _the trailing edge of the
appr oxi mat e Gtk audde sn’gﬁafaeswswmledpmpépla’p‘ansﬁm&ams PRARIeen
detected for limng the ap OX|nater 3T detection signal S3T, and outputs
the nore c@ﬂﬂec@nﬁgﬂﬂéﬁlnﬁ |y13mlaerec9|oneyﬂghaprsyigedzobetween.Sd$54|ed
with the correct approxinmately 3T detection signal S3TL by the limter 9,
t he app oxapprekimatepjyr idjtl destectar 3 eandntthe happroximatébyedl fperiod
obtaining a count value, and outputs it as the approxi mtely 3T period
I nf or mat i odekBEtorhe, diml tadlsof théadidii el riidtent8 newly grdvided ihetwemn 25
outputting the stable approximately 3T period information |13Ts 29
the approximately 3T period detector 4 and the nT decision unit
5 L
With reference to FIG. 4, described below is the operation
10 of the digital audio interface signal demodulating apparatus
DDAp4.

The limiter 9 limits the approximately 3T detection
signal S3T supplied by the approximately 3T detector 3 and, as
shown in FIGS. 4(b), (c), and (d), adds the limit signal for the

15 predetermined time period from the trailing edge of the
approximately 3T detection signal S3T whose first approximate 3T
has been detected for 1iming the approximately 3T detection signal
S3T, and outputs the more correct approximately 3T detection
signal S3TL.

20 ~ Supplied with the correct approximately 3T detection
signal S3TL by the 1limiter 9, the approximately 3T period detector
4 counts the period thereof for obtaining a count value, and
outputs it as the approximately 3T period information I3T.

The digital filter 8 carries out digital filtering for

25 outputting the stable approximately 3T period information I3Ts
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30 even if the approximately 3T period information 13T is fluctuated by
erroneous detection of the approximately 3T detection signal S3T due to

noi se or other factors. The approxinmately 3T period information |3Ts can
follow slow fluctuations of the 5 approximtely 3T period information |3T,
and therefore the nT decision unit 5 can correctly decides the width of the
period (1T, 2T, and 3T). (Fifth Enbodi nent) Wth reference to FIG 9,

described is a digital audio 10 i rface . sjgnal denmodul.ating..appar.at
ccoording Eueh §4 Hhe enBttiindtety Yo kep et Pmat iRt s G kA
i nterface signal denodul ating apparatus DDApS according.to the present
enbodi nent P¥s €FRPPEPUS N ‘l%‘i‘%'c’{ff?‘b ©F t kBeqi IPPEPXIMAF J'Ynt%JFf éﬁeé:esqfdr%
denodul ating apparatus DDApl shown in FIG 1, except that 15 the

appr oxi nat §ignat §8Tedugrta naise ar;edhery fartagpr oxI MBI FRIE AT of
the reference clock Src 3T detector 3R, and the edge detection signal Sed-
suppl i ed t periedapgnformaticn BITsecant doldowdaalan oflactuatiopsl odd the h a
hal f the approximtely 3T count value Shc is supplied. 20 The

appr oxisrat eppréXximatedyo3T3Repried dnfloymadiennIi3ds, and thegefoate tthe T
val ue of the half clock count value Shc, a count val ue having the w dth of
appr oxi mat degisionAsnit sesah icondedtlsy devhiiiegathewilth éflthe perhod (iw,
predet erm ned range, an approxinmately 3T detection signal S3Ta is

out putted, 2whi ahd 3T™Rre 25 correct than the approxi mately 3T detection
signal S3T for-the

(Fifth Embodiment)
With referencé to FIG. 9, described is a digital audio

10 interface signal demodulating apparatus according to a fifth
embodiment of the present invention. A digital audio interface
signal demodulating apparatus DDAp5 according to the present
embodiment is similar in structure to the digital audio interface
signal demodulating apparatus DDApl shown in FIG. 1, except that

15 the approximately 3T detector 3 is replaced by an approximately
3T detector 3R, and the reference clock Src and the edge detection
signal Sed supplied to the approximately 3T detector 3, in stead
of the approximately 3T detector 3, a half clock count value Shc
is supplied.

20 The approximately 3T detector 3R previously determines,
with respect to the value of the half clock count value Shc, a
count value having the width of approximately 3T. As a result,
if the count value N(t) falls within the predetermined range, an
approximately 3T detection signal S3Ta is outputted, which is more

25 correct than the approximately 3T detection signal S3T for the
©ect than the Jpproxs
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31 digital audio interface signal denodul ati ng apparatus DDApl. Then, the
approxi mately 3T period detector 4 counts the period of the approximately
3T detection signal S3Ta supplied by the approximtely 3T detector 3R toO
obtain a value C3Ta, and 5 outputs it as approximately 3T period
information |13T. The nT decision unit 5 determ nes, based on the half clock
count val ue Shc supplied by the count value cal culator 2 and the val ue of

the stable [ ly 4 i od _i.nf or. ion 1.3T .supplied t

appr oxi nat 8@%% pegr?’lhggy d’g’tlg%‘t%r e4,swﬂg%"gffm§%}a}&“9§&3m%ﬁ %P}r and
t he boundary bet i@en 2T.and 3T fqr %eﬁ_i di r.i,g 1T, 2T, and 3T, and out puts the
deci sion result A2°PnetREcPEPERXIMELSLYSST ReTdes, defiectorh & \wauntsfthee
hal f cl ock _count. val ue Shc, approxinateu¥ 3T detection is carried out on
the edge i REEAQY) ofsthe gRRroxdmatedy 3Trdetackinp signaly §BTaf suprlieddy
detection signal Sed, thereby obtaining the nore correct approximately 3T
val ue det eéhPoaPPrgximatein dTlafiactan 3R ¢ ehbainr aevaluepC3Tanatagld) 3T
period information |13T. A specific exanple of each circuit of the above

enbodi nent Qukputsadthesaebproximayedydis3li perdod dndgoamattiomtli3gf.i es t he
scope of claimfor patent. Al so, numerical values exenplarily shown and a
conbi nati on t her bé =T dlewilsicaxamilte5 detemiinés, basddhoaethe 1 EHidipdiO
changes in condition. 25 Furt hernore, each of the above enbodi nents
I S shown wecoblint value Shc supplied by the count value calculator 2 and the
value of the stable approximately 3T period information I3T
supplied by the approximately 3T period detector 4, the boundary
10 between 1T and 2T and the boundary between 2T and 3T for deciding
1T, 2T, and 3T, and outputs the decision result as the decision
signal Sj.
As such, with the value of the half clock count value Shc,
approximately 3T detection is carried out on the edge interval
15 count value Cei of the edge interval of the edge detection
signal Sed, thereby obtaining the more correct approximately 3T
value detection signal S112 to enable output of the correct
approximately 3T period information I3T.
A specific example of each circuit of the above embodiments
20 can be arbitrarily modified as long as it satisfies the scope of
claim for patent.
Also, numerical values exemplarily shown and a combination
thereof are only example, and should be changed according to

changes in condition.

25 Furthermore, each of the above embodiments is shown with
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LSI in mnd, but all or part of the function of each circuit can be al so
| npl emrented on software. As described above, the digital audio interface
si gnal denodul ati ng apparatus of the present invention carries out edge 5
detection on the digital audio interface signal by using both of the
positive and negative edges of the reference clock and, with this output,
obtains the count value at the half clock of the reference clock Al so,

fromthe eg det ect | | ghﬂs di 258 |nt rface Si
bppr oxi e BE S5 TGy bt otk ot of i sifletieR Be e 8RR cuidfus oap
From the val ue_of the _period, a denpdul ati on output is obtained by table
deci si on. ?ﬁu?lsPt1W?1§H§§Fﬁpe°P058£ﬁﬁﬁﬁﬁate only with the reference cl ock
havi ng a IOM/frequency wi t hout using any PLL, and provide a denodul ating
appar at us capabl 8sof3eseaibed Apover gihe digital avdicadaterfage siongdl 5
wi de range of frequency. Also, with analog circuits such as a PLL and LPF
not requi rd@moma@ﬁmmppargbuea:f Sherpresent inventigncarzigs-oubgdaty
digital audio interface signal denodul ati ng apparatus with stable operation
can be 5 ecalletedti2f ONDLIRTAi4L taRPELGAB| 1 Terfaece migrail bynusihgopotiarofhe
applied to digital audio equipnents that denodul ate digital audio interface
signal s, sithe pssitipacind negatitiegetigesantlitthd apfetienyer elogRdamd niwikilscs.
32 '

this output, obtains the count value at the half clock of the

reference clock. Also, from the edge detection in the digital

audio interface signal, the approximately 3T information is

10 detected, andits periodis obtained. From the value of the period,

a demodulation output is obtained by table decision. Thus, it

is possible to demodulate only with the reference clock having

a low frequency without using any PLL, and provide a demodulating

apparatus capable of supporting a digital audio interface signal

15 of a wide range of frequency.

Also, with analog circuits such as a PLL and L.PF not required,
the circuit size can be reduced, and a wide-range-frequency
digital audio interface signal demodulating apparatus with stable
operation can be realized.

20
INDUSTRIAL APPLICABILITY
The present invention can be applied to digital audio

equipments that demodulate digital audio interface signals, such

as compact discs, digital audio tape players, and mini discs.
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CLAI M5 1. A digital audio interface signal denodul ating apparatus
for adding a preanble and additional information to a digital audio signal
and denodul ating a digital audio interface signal - phase- nodul at ed for
transm ssion, said apparatus 5 conprising: edge. dethh—Oﬁ reans—f-or———

generati ng, mhenever detecting an edge of said dlglt e
signal, a pulse-like edge detection signal and a | at rﬂm g E%n
signal indicating that the edge of sai&fﬂﬁtal audi o* | en.f |
present, 10 based on a positive edge o1 a reference clock having a
frequency higher than twice a mninmuminverse frequency of said digital

audio interface signal and not necessarily synchronizing with said digital
audi o interface signal; count value cal cul ati on nmeans for. obtainjng,

whenever 15 supplied W t Mgt led g8 edftEFESCEn aF L IRALouAEMPEI St I
counting the edge detection signal in accordance with said reference clock,
and cal cul appagakunafer Adting upreamble apdaaddhtional dnfexmabinnitead by
mul tiplying the count value by 2, 1 if the latter-half detection signal is
suppl i ed, dhgitabtawdiomiqml anfdr dempAulatdng aadigltdl avudimdaitersiace
preceding latter-half detection signal is supplied; approximtely 3T
det ecti on skgnalf dri-gitieesermuduldieet v ors uppansuissions ai shill gapparadiison
signal, a count value by 33
5 comprising:
edge detection means for generating, whenever detecting an

edge of said digital audio interface signal, a pulse-like edge

detection signal and a latter-half detection signal indicating

that the edge of said digital audio interface signal is present,

10 based on a positive edge of a reference clock having a frequency
higher than twice a minimum inverse frequency of said digital
audio interface signal and not necessarily synchronizing with
said digital audio interface signal:

count value calculation means for obtaining, whenever

15 supplied with said edge detection signal, a count value by
counting the edge detection signal in accordance with said
reference clock, and calculating a half clock count wvalue by
adding, to a value obtained by multiplying the count value by 2,

1 if the latter-half detection signal is supplied, and subtracting

20 1 from the count value if an immediately preceding latter-half

detection signal is supplied;

approximately 3T detection means for obtaining, whenever

supplied with said edge detection signal, a count value by
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counting the edge detection signal in accordance W Thsard-—=25_reference

cl ock, and generating a first approximately 3T drﬂﬂm ! al by
detecting a value of said count value within a p H@BMH& e,
approxi mately 3T period detection neans for countfnget _ of said
first approximately 3T detection signal in 30 accordance with said

reference cl ock, and generates first approximately 3T period information;

i Si degl di ' i.od .of dul ati sai.d digjtal
Sodi o 1t ot g nﬁﬁéb'fﬁ%gﬁp%%??%%%rffﬁsﬁﬁﬁiifcﬁ%&gf‘ésﬁﬁﬁabﬁﬁﬁm‘?gf%l&
] [ [ i rst r oxi mat e
et oot fon dehanends, ookl AhAY SenordriRe Cian st DaRBFoRIBREELY 0T

means for tecting said preanbl e based on said decision signal, and
gener at es %emqb sdgnad; Py fetemlzing ayaige of said)coymiswadupoaithinon

means for carrying out demodul ation, for output, into the digital audio
si gnal frof PHeE minad K8 with timng of said preanbl e detection
.signal. 2. The digital audio interface signal denmodul ating apparatus
according to cl aidPProXimately S&i perdgd detection means fenccaurtingfthest
extracted signal extracted from5 said digital audio interface signal
based on s@eriodX eo€neaisl ofkrs84 approximately 3T detection signal in
30 accordance with said reference clock, and generates first
approximately 3T period information:
decision means for deciding a modulation period of
modulating said digital audio interface s'ignal by comparing said
half clock count value with a predetermined table corresponding
35 to said first approximately 3T detection signal, and generating
a decision signal;
preamble detection means for detecting said preamble based
on said decision signal, and generates a preamble detection
signal; and
40 bi-phase demodulation means for carrying out demodulation,

for output, into the digital audio signal from said decision

signal with timing of said preamble detection signal.

2. The digital audio interface signal demodulating
apparatus according to claim 1, wherein
said edge detection means
generates a first extracted signal extracted from

5 saiddigital audio interface signal based on said reference clock,
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generates a first inverse extracted signal extracted fromsaid digital

audio interface signal based on an inverse clock of saj f ock
and further based on said reference clock, and 10 “ ”jl ui ﬂﬂ@@ s said
edge detection signal by detecting an edge of said f c gnal ,

and generates said latter-half detection signal by XORi ng said first
extracted signal and said first inverse extracted signal. 3. The digital

diointerf ' | denodul at i ar at di t laim.1 '
Apparatus further comPPRPRBtonFLRp b nbe arearsrd 1fetel Aperactod | o

approxinmately 5 3T period_information, and generating second approxinately
3T period FEPHrAR] Bhgikadraidicingenréars Wffﬁe]a??§5&grfé? éf‘e%n‘égfﬁed’é&cé‘i on
signal by conparing said half clock count value with a predeterm ned table
cor r espondPfigaisl saferepcomiegihandi furdigr basgd ongaid peferenae cdock,The
digital audio interface signal denodul ati ng apparatus according to claim1,
sai d apparands further conprising: limt neans for suppressing said first
approximately 3T 5 detection signal for a predeterm ned tine period, and
then auwt putting as a seubtpdtappabdiedgeldetEciidrdigmlsignaleteadicimg mm5
sai d approxi mately 3T period detection neans counts the period of said
second appeagenede! ysalild detieeit oextirgetled Nsignal, and generates said
latter-half detection signal by XORing said first extracted

signal and said first inverse extracted signal.

3. The digital audio interface signal demodulating
apparatus according to claim 1, said apparatus further
comprising:

digital filter means for filtering said first approximately

5 3T period information, and generating second approximately 3T
period information, wherein

said decision means generates said decision signal by
comparing said half clock count value with a predetermined table

corresponding to said second approximately 3T period information.

4. The digital audio interface signal demodulating
apparatus according to c¢laim 1, said apparatus further
comprising:

limit means for suppressing said first approximately 3T

5 detection signal for a predetermined time period, and then

outputting as a second approximately 3T detection signal, wherein
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accordance wth said reference clock. 5. The digita L@ 8
si gnal denodul ati ng apparatus according to claiml, s ‘IB m%alﬂﬂ ‘ﬂ“‘t her
* C e 'y T 5

conprising: limt means for suppressing said first ap

detection signal for a predeternmined time period, anfithen outputting as a
second approximately 3T detection signal; and digital filter neans for
filtering said first approximately 3T period information and generati ng

d ' Ly 3T l,od.inf ion, in.10 '
ppr oxi mat el y SToAM ARPRBRURAEB Y in eRdoh et ettt Morney s, e

approximately 3T detectign signal in accordance with said refe

and sai d dBEFdPGn Heafdigefeconds FPRIGEHNALSLY s gnAdeterdrtoR i

i

nce_cl ock,

9PAd Fdti od

of nodul ating said digital audio interface 15 signal by conparing said half
cl ock coungcggrdangie Withysade: aefieredceafil@or respondi ng to sai d second
approximately 3T period information. 6. A digital audio interface
signal denodul ati ng apparatus for adding a preanble and additional

information to a digital audio signal and denodulating a digit

al

audi o

interface 36 Si.gnalChki -gbaseahocuidicedihterfaeesnssgnah, demaiwFt=imeg us
5 conprising: edge detection nmeans for generating, whenever detecting an

edge of saappdratiual addiordimiger ftace cliagmal 1,8 maiske- lappardgs further

comprising:

limit means for suppressing said first approximately 3T

5 detection signal for a predetermined time period,

and then

outputting as a second approximately 3T detection signal; and

digital filter means for filtering said first approximately

3T period information and generating second approximately 3T

period information, wherein

10 said approximately 3T period detection means counts a

15

period of said second approximately 3T detection signal in
accordance with said reference clock, and

said decision means generates the decision signal
indicating the period of modulating said digital audio interface
signal by comparing said half clock count wvalue with a
predetermined table corresponding to said second approximately

3T period information.

6. A digital audio interface signal demodulating
apparatus for adding a preamble and additional information to a

digital audio signal and demodulating a digital audio interface
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detection signal and a latter-half detection signal indj ' ““L“EMF
edge of said digital audio interface signal is present\“‘@ﬁl\“ﬁm ¥
positive edge of a reference clock having a frequency rithhn twice a
m ni mum i nverse frequency of said digital audio interface signal and not

necessarily synchronizing with said digital audio interface signal; count
val ue cal cul ati on neans for obtaining, whenever 15 supplied with said edge

det ecti I, A, t I b ti t he edge detecti ' |, i
accor danceSHEPALs Pt Pis dredheted” Ehn, FarBaPTErngna HEr S BRI
val ue by adding, to a value obtained by nultiplying the count value by 2, 1

if the ? at COMPRAPANG&t ection signal is supplied, and subtracting 20 1 from
the count value if an imedi ately preceding latter-half detection signal is

suppl i ed; appr oxPAfiecdgtentien aeansnt o genastifthe vhengyex ¢ategting an
approxi matel y 3T detection signal by detecting a value of said half clock
count val uedget bEnsai@réieitaki andio sinterface signahpm dUlRR-elikegPqEs i od
detection neans for counting a period of said third approxi mately 3T
detecti on degesalttion stgonallaand av ldt tser-chakf eledraxet dro ek greaid igeticradtiony
first approximately 3T period information; 37 38 deci sion neans for
deci di ng athatuthéiadgeof sdiafdf@itabdddiio npteaitdce gigyablalsliprassdry f ace
signal by conparing said half clock count value with a predetermined table
corresppndpaged on a positive edge of a reference clock having a frequency
higher than twice a minimum inverse frequency of said digital
audio interface signal and not necessarily synchronizing with
said digital audio interface signal;
count value calculation means for obtaining, whenever
15 supplied with said edge detection signal, a count value by
counting the edge detection signal in accordance with said
reference clock, and calculating a half clock count value by
adding, to a value obtained by multiplying the count value by 2,
1 if the latter-half detection signal is supplied, and subtracting
20 1 from the count value if an immediately preceding latter-half
detection signal is supplied;
approximately 3T detection means for generating a third
approximately 3T detection signal by detecting a value of said
half clock count value within a predetermined range:
25 approximately 3T period detection means for counting a
period of said third approximately 3T detection signal in

accordance with said reference clock, and generates first

approximately 3T period information;

37



to said first approximately 3T detection signal, and Tenerat_i n@ﬂa deci si on
%

signal ; preanbl e detection neans for detecting sil““'“&ﬂl‘mt d 35 on
na
M

sai d deci sion signal, and generates a preanble d t and

bi - phase denodul ati on means for carryi ng out denodul &tion," for output, into
the digital audio signal fromsaid decision signal wwth timng of said
preanbl e detection signal. 7. The digital audio interface signal

denodul ati ng appajat.us, according to_claim sai d appar.atys further

conprising: swt HFEANTSPES S&PFch‘??fb’;&%"g aanﬁﬁgu&aﬁllt?rnal peyigd °fj
redeterm ned, tabl es corresponding to said first approxinmately 3T perio

Pnf or maPi ofoditlating sgig sgglﬁﬁﬁi‘%‘dﬂrﬂ éF‘F&E@a?Pgﬁhgn%%MGP&‘PPF&“&pﬁ%Qt us

according to claim1l, wherein the nodul ation period is any one of once,

twi ce, andhadfe&lockesouRt| Rty aigth sapredeterminedy tablef¢erpespynding

REPLACEMENT SHEET
to said first approximately 3T detection signal, and generating

a decision signal:
preamble detection means for detecting said preamble based
35 on said decision signal, and denerates a preamble detection
signal; and
bi-phase demodulation means for carrying out demodulation,
for output, into the digital audio signal from said decision

signal with timing of said preamble detection signal.

7. The digital audio interface signal demodulating
apparatus according to c¢laim 1, said apparatus further
comprising:

switching means for switching, for said half clock count

5 wvalue, among a plurality of predetermined tables corresponding

to said first approximately 3T period information.

8. The digital audio interface signal demodulating
apparatus according to claim 1, wherein
the modulation period is any one of once, twice, and three

times an inverse of said minimum inverse frequency.
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