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INFORMATION RECORDING/REPRODUCING 
METHOD AND APPARATUS USING EPRML 
CONNECTION PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a signal processing 
System for a magnetic disk device, an optical disk device or 
the like, and more particularly to a Signal processing method 
and apparatus Suitable for the reduction in power consump 
tion of a circuit or LSI. 

0002 Recently, a partial response maximum likelihood 
(hereinafter abbreviated to PRML) decoding system is put 
into practice as a high-efficiency Signal processing System in 
a magnetic disk device. The high-efficiency Signal proceSS 
ing System means a System which can realize a desired data 
error rate at a low S/N. 

0003 FIG. 17 shows an example of the construction of 
a general magnetic disk device using a PRML Signal pro 
cessing System. The original data is Supplied to an encoder 
7 for error correction code (ECC) through an interface 
circuit 8 so that it is added with redundant data necessary for 
error correction. Next, the original data added with redun 
dant data is Subjected by a data modulator 6 to modulation 
necessary for the PRML system and is recorded on a 
magnetic disk 3 by a magnetic head 4 through a recording/ 
reproducing amplifier 5. A signal reproduced from the 
magnetic disk is passed through the recording/reproducing 
amplifier 5 and then PRML-processed by a data demodula 
tor 71. The demodulated data is error-corrected by a decoder 
2 for error correction code and is thereafter converted 
through the interface circuit 8 into the original data. With 
Such a recording? reproducing process, the reproduction of a 
low SIN signal is performed. An extended PRML (EPRML) 
system, an extended EPRML (EEPRML) system, a TREL 
LIS demodulation System and So forth are investigated as 
Signal processing Systems which make the reproduction of a 
lower-S/N signal possible. 
0004. On the other hand, the concept of data demodula 
tion with connection code positioned as a Super-ordinate 
concept of the Signal processing System has been proposed. 
A known example includes “Producing Soft-Decision Infor 
mation at the Output of a Class-IV Partial Response Viterbi 
Detector”, International Conference on Communications 
91 Conference Record, Volume 2 of 3. This known system 
is constructed to perform the demodulation of data by 
combining two Signal processing Systems as shown in FIG. 
18. First, the data demodulator 71 is used at an initial stage 
to perform the demodulation of data and the extraction of 
information which gives the reliability of that data. The 
result of data demodulation at the initial Stage is Supplied to 
the next stage formed by the decoder 2 for error correction 
code which performs the decoding of data at a high effi 
ciency by utilizing the data reliability information. Thus, a 
connection code Scheme utilizing the data reliability infor 
mation with the coupling thereof with the error correction 
code decoding System being hitherto taken into consider 
ation is investigated as an effective System for realizing the 
high-efficiency Signal processing System. 
0005. In the signal processing system suitable for the 
implementation of high efficiency and the data demodulating 
System using the connection code, as mentioned above, 
high-efficiency data demodulation is attained but an opera 
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tion processing for performing data demodulation is expo 
nentially complicated. In general, a Signal processing circuit 
having a low data discriminating capability (for example, 
the PRML system) is simple in data discriminating method 
and Small in both circuit Scale and power consumption 
whereas a Signal processing circuit having a high data 
discriminating capability (for example, the EPRML system 
or the TRELLIS system) is complicated in circuit and large 
in power consumption. Accordingly, a Signal processing LSI 
for performing the data demodulation of a low-S/N signal 
has an increase in Scale of an operating circuit and an 
increase in power consumption thereof. The increase in 
power consumption results in a Substantial hindrance to the 
realization of a signal processing LSI. 

SUMMARY OF THE INVENTION 

0006 An object of the present invention is to realize a 
data demodulating System Suppressing an increase in power 
consumption which results in the largest hindrance to the 
LSI implementation of a high-efficiency signal processing 
System. More particularly, an object of the present invention 
is to realize a data demodulating method and System which 
can operate a high-efficiency Signal processing System Such 
as an EPRML system, a TRELLIS system or the like with a 
power consumption approximately equivalent to that in the 
PRML system. 

0007. In the present invention, the barometer of a data 
reliability proposed by a connection code Scheme is utilized 
in respect to the reduction of a power consumption, thereby 
making it possible to remarkably reduce the power con 
Sumption of a signal processing circuit with a high-effi 
ciency decoding performance being kept. Basically, this is 
realized by combining a first Signal processing circuit having 
a lower data discriminating capability and a Second Signal 
processing circuit having a higher data discriminating capa 
bility, providing a reliability detecting circuit for extracting 
a data reliability at the time of data discrimination by the first 
Signal processing circuit, and operating the Second signal 
processing circuit adaptively in accordance with the 
extracted reliability. 
0008. In a data discriminating process of the present 
invention, the first Signal processing circuit having a lower 
data discriminating capability is operated while the Second 
Signal processing circuit having a higher data discriminating 
capability is operated, as required. The reliability detecting 
circuit detects the deterioration in reliability of data dis 
crimination by the first Signal processing circuit and the 
Second Signal processing circuit Starts and completes its data 
discriminating operation on the basis of the result of detec 
tion by the reliability detecting circuit. 
0009. In the present invention, the second signal process 
ing circuit demodulates data for which the data discriminat 
ing performance of the first signal processing circuit is 
insufficient. Therefore, the Overall data reproducing perfor 
mance is approximately represented by the data discrimi 
nating performance of the Second Signal processing circuit. 
Regarding a power consumption, on the other hand, the 
operating period of the Second signal processing circuit 
having a large power consumption is limited to only a 
required time. Therefore, the power consumption of the 
overall data demodulator is approximately determined by 
the first Signal processing circuit. 
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0.010 The above object of the present invention is 
achieved by the data demodulating System mentioned above. 

0011. According to the present invention, a remarkable 
reduction in power consumption of a Signal processing 
circuit with a high-efficiency decoding performance kept is 
made possible by effectively utilizing the barometer of a data 
reliability proposed by a connection code Scheme. 

0012. A specific effect will be estimated in regard to a 
data demodulating System in which a Switching is made 
between a PRML system and an EPRML system. In the case 
where a code error rate is about 10" which may be regarded 
as the lower limit of a code error rate usually allowed in a 
magnetic disk device, the rate of a likelihood difference Ank 
falling within this setting range comes to about 10. 
Namely, the activation of EPRML only one time for 1000 
bits suffices. When an EPRML processing circuit is activated 
once, the processing is performed for a period of about 50 
bits. The operation rate of the EPRML processing circuit 
results in about /100 and a power consumption is correspond 
ingly reduced. 

0013 As compared with the PRML system, the EPRML 
System has an estimated improvement of S/N equal to or 
greater than about 2 dB in the case where the ratio of the half 
band width of the reversal of regenerative isolated magne 
tization of a magnetic recording device to the half band 
width of a record Signal is about 2.5 falling within a range 
in which the device is put into practice. Accordingly, when 
the above processing is performed, the effect of improve 
ment of S/N equal to or greater than 2 dB as compared with 
the PRML System approximately equivalent to a decoding 
system based on the EPRML system can be achieved with 
a power consumption which is approximately equal to that 
in the PRML system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a block diagram showing an embodiment 
of a data demodulating circuit of the present invention; 

0015 FIGS. 2A and 2B show PRML and EPRML trellis 
diagrams, 

0016 FIG. 3 shows the details of the PRML trellis 
diagram; 

0017 FIGS. 4A and 4B show examples of detection of 
data reliability information; 

0018 FIG. 5 shows the classification of data reliability 
information detecting equations, 

0019 FIG. 6 shows a reliability detection range for the 
distribution of PRML likelihood differences in the present 
invention; 

0020 FIGS. 7A and 7B show examples of transition in 
the PRML trellis diagram; 

0021 FIG. 8 is a timing chart of the data demodulating 
circuit of the present invention; 

0022 FIG. 9 shows an example of the construction of a 
data reliability detecting circuit in PRML; 

0023 FIG. 10 is a timing chart of the operation of the 
data reliability detecting circuit shown in FIG. 9; 
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0024 FIG. 11 shows an example of the construction of 
another data reliability detecting circuit in PRML: 
0025 FIG. 12 shows an example of the construction of 
an EPRML processing circuit; 
0026 FIG. 13 is a block diagram showing another 
embodiment of the data demodulating circuit of the present 
invention; 
0027 FIG. 14 shows an example of another construction 
which embodies the present invention; 
0028 FIG. 15 shows an example of a further construc 
tion which embodies the present invention; 
0029 FIG. 16 shows an embodiment of a magnetic 
recording/reproducing apparatus using the present inven 
tion; 
0030 FIG. 17 is a diagram showing the concept of a data 
demodulating method in a general magnetic disk device or 
the like, and 
0031 FIG. 18 is a diagram showing the concept of a data 
demodulating method using a connection code. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032. A data demodulating system based on the splice or 
combination of a PRML system and an EPRML system, as 
an embodiment of the present invention, will now be 
described in detail with data of a 8/9GCR (Group Coded 
Recording) (0, 4/4) code taken as an example. 
0033. Before showing the details of a data demodulating 
circuit, the principle of operation of each of the PRML and 
EPRML systems and a method for extracting data reliability 
information will be described in detail. As well known, the 
operation of each of a PRML Signal processing System and 
an EPRML Signal processing System can be explained using 
a trellis diagram. FIGS. 2A and 2B show the trellis dia 
grams of both the Systems. In the figure, reference Symbolak 
represents an input signal to PRML or EPRML at an instant 
of time k. Herein, reference numeral 32 denotes a State and 
numeral 31 denotes a State transition. The upper and lower 
sides of a label (ak/rk) indicate input and output signal 
values, respectively. 
0034). A State of each Signal processing System is deter 
mined by the previous input signal Series. In the case of the 
PRML system, the present signal level is influenced by only 
an input Signal ak-2 preceding the present Signal by two time 
slots. Therefore, the number of states S is 2. Provided that a 
State at time k is represented by Sik, the State Sik is 
represented by Sik= (ak-2 lak(1, 0)). In the case of the 
EPRML system, the present signal level is influenced by the 
previous signals extending three time slots. Therefore, a 
State at time k is represented by Sik ((ak-3, ak-2, ak-1) ak(1, 
0)) and the number of states is 8. 
0035) The basic operation of the PRML system will be 
described. State transitions originating from a plurality of 
States at time k-2 converges into a certain Specified State at 
time k. For these State transitions, the Second power of a 
difference between an output signal indicated in the lower 
Side of each label and an input Signal is called a branch 
metric. Also, the accumulated value of branch metrics for 
each State up to the present instant of time is called a path 
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metric. Only that State transition among State transitions 
converging into the certain Specified State at the instant of 
time k in which the Sum of a path metric up to time k-2 and 
a branch metric corresponding to each State transition takes 
the Smallest value, is selected as a state transition (or path) 
which satisfies the maximum likelihood (or highest prob 
ability) condition. 
0.036 The above process is divided into the following 
StepS. Namely, a path metric and a branch metric are added 
(Add). Next, the values of addition for respective states are 
compared (Compare) to Select a State transition which 
provides the minimum value (Select). This series of opera 
tions is abbreviated to ACS. The maximum likelihood 
decoding is a method in which the ACS operation is repeated 
for each instant of time and each State So that data is decided 
at a point of time when paths ultimately converges into one 
on the trellis diagram. 
0037. An example of ACS for PRML will be described in 
detail by use of FIG. 3. A path metric and a branch metric 
at time kare denoted by PMn(k) and BMnm(k), respectively. 
The suffix represents a state. PMn(k) is given by the fol 
lowing equations: 

0038 where a min () function gives the minimum value 
in an argument. 
0.039 Such an operation is repeated and an ultimately 
Surviving path (or Survival path) gives the maximum like 
lihood data. 

0040 Though the EPRML system has the number of 
States (or 8) increased as compared with that (or 2) in the 
PRML system, the basic operation and data demodulating 
method for EPRML system are the same as those for PRML 
System. 

0041) Next, description will be made of a method for 
extraction of data reliability information which is a key 
Subject of the present invention. At any instant of time k, the 
reliability RLB(k) of a selected path is obtained in accor 
dance with a procedure which will be mentioned hereinbe 
low. The reliability herein referred to indicates the degree of 
matching of decided data with the original data. For the 
convenience of explanation, the manner of determination of 
the reliability RLB(k) will be described in detail by use of 
trellis diagrams for PRML system shown in FIGS. 4A and 
4B by way of example. 

0.042 A difference signal of each state transition at each 
instant of time and each state (that is, likelihood difference 
Signal) is defined by 

0.043 where an abso function gives the absolute value of 
an argument and the value of k in the parenthesis () 
represents an instant of time. 

0044) In FIG. 4A, it is assumed that a state transition 
from a State 1 is generated at time k0 and a State transition 
from a State “0” is generated at time k12. In this case, it 
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should be noted that a likelihood function corresponding to 
a new State transition Starts from time k4. Likelihood func 
tions at times k0 and k2 are calculated from path branches 
before time k0. 

0045 A1(k4) at time k4 is determined from a metric 
difference of a signal through a path of S{k0, k2, k4}{1, 1, 
1} or S{k0, k2, k4}= {1, 0, 1}. Also, AO(k4) is determined 
from a metric difference of a signal through a path of S{k0, 
k2, k4}= {1, 1, 0} or S{k0, k2, k4 = {1, 0, 0}. Similarly, 
A1(k14) is determined from a metric difference of a signal 
through a path of S{k0, k2, k4, . . . k14}= {1, 1,. . . , 1, 1} 
or S{k0, k2, k4, ..., k14}= {1, 0,..., 0, 1}. A0(k14) is 
determined from a metric difference of a signal through a 
path of S{k0, k2, k4,..., k14}= {1, 1,..., 1, 0} or S{k0, 
k2, k4, ..., k14}= {1, 0, . . . .0, 0}. In the shown example, 
since a branch from a state “0” is selected at time k12, 
AO(k2), . . . , A0(k12) are selected as difference signals. In 
the figure, it is assumed that the dotted line is not Selected. 
0046. In FIG. 4B, it is assumed that a state transition 
from a State “1” is generated at time k0 and a State transition 
is generated for a receive signal at time k2 immediately after 
time k0. In this case, too, the likelihood function is similarly 
determined. Namely, A1(k4) at time k4 is determined from 
a metric difference of a signal through a path of Sk0, k2, 
k4}= {1, 1, 1} or S{k0, k2, k4}= {1, 0, 1}. Also, A0(k4) is 
determined from a metric difference of a signal through a 
path of S{k0, k2, k4}= {1, 1, 0} or S{k0, k2, k4}= {1, 0, 0}. 
0047. In FIG. 5, operational equations giving those like 
lihood differences An(k) are classified. In the PRML signal 
processing System, Since each of a start end and a terminal 
end involves two States, four combinations in total are 
yielded. A likelihood function immediately after a path 
branch, that is, in an initial State is given by the following 
equation: 

0048. With this taken as the initial state, a reliability 
RLB(k) each time a receive signal is inputted to the PRML 
Signal processing circuit is given by Such a repetitive form 
as shown by the following equation: 

0049. It is meant that as the value of PLB(k) is smaller, 
the possibility of selection of a correct path is higher. When 
the reliability is deteriorated, the value of RLB(k) 
approaches a limit value /2. It is understood from equation 
(6) that RLB(k) is substantially determined by a larger value 
of PL(k). Also, it is understood from equation (5) that PL(k) 
is determined by An(k). Accordingly, data reliability infor 
mation, that is, the reliability of Selection of a correct path 
on the trellis diagram is approximately determined by the 
minimum value of An(k). Namely, it is meant that as two 
path metric differences are closer to each other, the reliabil 
ity of a Selected path is lower. 

0050. On the basis of the above-mentioned data reliabil 
ity information, a data reliability information detecting 
circuit 24 shown in FIG. 1 performs an operation based on 
the values of two path metric differences An(k) shown by 
equations (3) and (4). 
0051 First, reference will be made to the range of dis 
tribution of An(k). In the case where a receive signal through 
a recording/reproducing path is affected by noises, the 
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receive signal takes any value of (1, -1, 0) as shown by the 
trellis diagram shown in FIG. 2A and the polarity of a 
receive signal rk at the time of State change is determined. 
Therefore, the value of An(k) comes to 1 or 0 from decision 
equations shown in FIG. 5. 

0.052 On the other hand, in the case where Gaussian 
noises are Superimposed in the recording/reproducing path, 
a receive signal (ri, rk) assumes a Gaussian distribution 
centering around {1, 0, -1} and hence the value of An(k) 
takes a Gaussian distribution centering around 1 or 0. 
0053 Aschematic diagram of the distribution of An(k) is 
shown in FIG. 6. In the figure, AO represents a likelihood 
difference of a state “0” and A1 represents a likelihood 
difference of a state “1”. The shown distribution means that 
in the case where An(k) to be 0 in itself becomes larger than 
0.5 due to the influence of noises, a decision error occurs in 
the PRML process. On the other hand, in the case where 
An(k) to be 1 in itself becomes Smaller than 0.5 due to the 
influence of noises, there similarly results in that a decision 
error occurs in the PRML process. Accordingly, a data 
portion distributed in the vicinity of An(k)=0.5 has a higher 
decoding error and the rate of occurrence of a decoding error 
is exponentially decreased as An(k) gets near 1 or 0. Thus, 
a threshold having a certain range centering around An(k)= 
0.5 can be set so that the reliability of data is regarded as 
being low in the case where the value of An(k) falls within 
the threshold Setting range. Namely, data included in the 
Setting range has a high possibility that it involves a code 
error. However, it should be noted that data included in the 
Setting range has not only erroneous data with code error but 
also correct data in itself and the amount of correct data is 
larger than that of erroneous data. 
0.054 Though the above-mentioned data reliability 
extracting method has been shown in conjunction with the 
PRML system, it is needless to say that the same holds for 
another Signal processing System. 

0055) Other methods will be shown as barometers which 
give the data reliability. First, there will be shown a method 
for giving the data reliability by detecting the unconver 
gence of Survival paths. 
0056. In general, the original data is coded in order to 
converge Survival paths of a data demodulating circuit in a 
fixed period of time. The explanation will be made in 
conjunction with an example in which the coding is made in 
the 8/9GCR (0, m/h) (m=4, h=4) shown in the present 
embodiment. “GCR' is an abbreviation of Group Coded 
Recording. Here, m represents the maximum number (or run 
length) of continuous bits of 1 or 0 after encoding and h 
represents the maximum number of continuous 1's or 0's 
when bits after encoding are seen every two bits. 
0057 The states of survival paths in the PRML system 
using the (0, 4/4) code are shown in FIGS. 7A and 7B. In 
the case where the S/N of a receive Signal is Satisfactory, 
Survival paths on the trellis diagram converge into one path 
one time at intervals of 11 bits at the maximum (k0 to k10) 
by an interleaving proceSS in which the operation is per 
formed every three bits of receive data, as shown in FIG. 
7A. Therefore, the path memory length of the PRML 
demodulating circuit is limited to 10 bits. (Since the opera 
tion is performed in an interleaved manner, the path memory 
length of each PRML demodulating circuit is 5 bits.) 
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0058. On the other hand, consider the case where a state 
transition as shown in FIG. 7B is assumed at time k12 due 
to noises So that an error is generated as for demodulation 
data. Since the State transition at time k12 is not generated, 
the path memory length is short at and after time k14. 
Though any data is erroneous as for demodulation data, it is 
shown that a data reliability can also be realized by detecting 
the unconvergence of Survival paths as the data reliability. 
Such a data reliability detecting method makes it possible to 
generate a data reliability quickly as compared with the 
above-mentioned method using path metric differences. 
0059 For example, in the above-mentioned method using 
path metric differences, a demodulation error in the maxi 
mum bit period of times k0 to k21 having two settled trellis 
transitions at opposite ends in the (0, 4/4) code is detected 
at time k22. On the other hand, in the method using the path 
memory length, the demodulation error is detectable at time 
k14. As a result, it is possible to reduce the circuit Scale of 
delay circuits 23 and 27 (which will be mentioned later on) 
and to Shorten the delay of processing for demodulation 
data. 

0060 Next, a method of detecting data having no match 
ing with a coding rule will be shown as another barometer 
for giving the data reliability will be shown. In the 8/9GCR 
code, 9-bit data is assigned to 8-bit input data. Though a bit 
series of 9 bits includes 512 kinds of representable combi 
nations, 256 kinds matching with the coding rule are 
Selected from among the 512 kinds to perform the encoding. 
On the other hand, in a decoder for decoding data, 9-bit data 
demodulated by a data demodulating circuit is converted 
into 8-bit decode data. The detection of the erroneousness of 
data demodulated by the data demodulating circuit is 
effected by detecting the absence of the demodulation data 
of the data demodulating circuit in the 9-bit data Series 
determined by the encoder for the 8-bit input data. Thus, an 
abnormality in data Series at the time of encoding can also 
be given as a data reliability. 
0061 The plurality of barometers for data reliability as 
mentioned above may be operated independently or in 
combination. 

0062) An embodiment of a data demodulating circuit 
using the above-mentioned data reliability is shown in FIG. 
1. A receive signal of the data demodulating circuit includes 
the addition of transmit data (or original data) transmitted 
from a host computer (not shown) and noises mixed as the 
result of the passing through a recording/reproducing path of 
a magnetic disk, a reproducing amplifier or the like. In the 
data demodulating circuit, this receive signal is divided into 
two series one of which is supplied to a PRML processing 
circuit 22 and the other of which is supplied to an EPRML 
processing circuit 26 through the delay circuit 23 which has 
a proper length or delay and a (1+D) circuit 25 which 
performs signal conversion. 
0063. The delay circuit 23 is provided for absorbing a 
data delay caused by the PRML processing circuit 22 and a 
detection delay of the data reliability information detecting 
circuit 24. The detection delay of the data reliability infor 
mation detecting circuit 24 corresponds to that time delay 
depending upon the receive signal which is caused because 
the reliability of a Selected path is provided at an instant of 
time when the above-mentioned data reliability information 
converges into one Survival path. For example, in the case of 
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added by the adder circuit 14, the comparison in magnitude 
between the results of addition is made, and path metrics 
PM1(k) and PMO(k) newly updated in accordance with the 
results of selection are outputted. A path memory 19 deter 
mines a Survival path from Signals obtained through the 
processing of the outputs of the compare and Select circuit 
15.1 and 15.2 by a state change detecting circuit 16 to 
generate demodulation data. 
0077. The data reliability information detecting circuit 24 
gives the reliability of demodulation data by virtue of a 
reliability which is formed by the compare and select 
circuits 15.3 and 15.4, setting circuits 18.1 and 18.2, the state 
change detecting circuit 16 and a multiplexer 17.1 and uses 
the likelihood differences of two states and a reliability 
which is formed by a path memory overflow detecting 
circuit 20 and indicates that the path memory length is larger 
than the predetermined value. The compare and Select 
circuits 15.3 and 15.4 are used for judging whether or not the 
two likelihood differences fall within a threshold indicated 
by a register 21, and the likelihood differences of two states 
are outputted as a first reliability by the setting circuits 18.1 
and 18.2, the State change detecting circuit 16 and the 
multiplexer 17.1. 

0078. The path memory overflow detecting circuit 20 
counts an interval from the generation of a State transition to 
the reconvergence of Survival paths. So that an overflow pulse 
OVF is generated and outputted as a second reliability in the 
case where the count Value exceeds a predetermined con 
stant value (5 in the present embodiment). 
007.9 The EPRML activation signal EPRON is generated 
as a signal produced by a logical Sum of the overflow pulse 
OVF and an output of the multiplexer 17.1 and serves as a 
signal for activating the EPRML processing circuit. The 
Switching control Signal SW is a control Signal of a fixed 
period generated by a Switching control Signal generating 
circuit 17.3 which is triggered by a version of the EPRML 
activation signal EPRON delayed in a delay circuit 17.2 by 
a data demodulation time of the EPRML processing circuit 
26. The value of the register 21 is freely set from the exterior 
by a microcomputer. 

0080. The timing of operation of the PRML processing 
circuit 22 and the data reliability information detecting 
circuit 24 of FIG. 9 mentioned above will be described in 
detail by use of FIG. 10. A waveform shown in (a) of FIG. 
10 represents an input signal to the PRML processing circuit 
22. The receive signal of the PRML processing circuit 
assumes a waveform including three values of (+1, 0, -1), as 
shown in (a) of FIG. 10. This waveform shows an example 
in which a signal amplitude at time 9 to indicate the polarity 
of +1 in itself is deteriorated due to the influence of noises 
or the like whereas a signal amplitude at time 6 rises to a 
positive polarity. In the case where the results of judgement 
by the compare and select circuits 15.3 and 15.4 for likeli 
hood differences exist in the threshold Setting range, a signal 
indicating the deterioration of the reliability is generated as 
a first reliability, as shown in (b) and (c) of FIG. 10. These 
Signals cause the Setting circuits 18.1 and 18.2 to generate 
setting signals as shown in (d) and (c) of FIG. 10. Further, 
when a path is Settled by the State change detecting circuit 
16 (see (f) of FIG. 10), the output signals of the setting 
circuits 18.1 and 18.2 are latched in accordance with the 
state of the path so that an EPRML activation signal as 
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shown at time 15 in (g) of FIG. 10 is generated if the latched 
Signal has a high level. A Switching control signal SW (not 
shown) is generated for a fixed period of time on the basis 
of the EPRML activation signal, as shown in the foregoing. 
0081. On the other hand, in the case where a signal 
amplitude of +1 at time 21 is deteriorated due to the 
influence of noises or the like, as shown in FIG. 10, an 
overflow pulse OVF is generated and outputted as a signal 
representative of a Second reliability at time 21, that is, at an 
instant of time when a path memory length of the PRML (for 
example, five samples) is exceeded from a State transition 
generated at time 15. Like the reliability information using 
the likelihood differences, the overflow pulse OVF is out 
putted as an EPRML activation signal EPRON which in turn 
generates a Switching control Signal SW for a fixed period of 
time. 

0082 FIG. 11 shows another embodiment of the PRML 
processing circuit 22 and the data reliability information 
detecting circuit 24. The present embodiment corresponds to 
an example of the construction in the case where the PRML 
processing circuit 22 is Simplified as compared with that 
shown in FIG. 9. Like the case of FIG. 9, it is assumed that 
a data reliability is given by use of the likelihood differences 
of two states of the PRML processing circuit and informa 
tion indicating that a path memory length is larger than a 
predetermined value. The construction of the PRML pro 
cessing circuit 22 is simpler than that shown in FIG. 9 but 
the basic operation thereof is the same. A memory circuit 50 
Stores a receive signal in the case where a reset Signal is 
generated. The memory circuit 50 corresponds to a path 
metric value. operating circuits 51, 52 and 53 perform the 
addition of the path metric value and a branch metric value 
and the generation of a likelihood difference at each State. 
Comparators 54 and 55 perform a path selection based on 
the likelihood difference and generate a reset signal to a path 
memory counter 56 and So forth and a Set Signal to a path 
memory 19. The data reliability information detecting cir 
cuit 24 receives the results of operation by the operators 52 
and 53 as basic information of likelihood differences from 
the PRML processing circuit 22 to obtain information of a 
data reliability. The likelihood difference of each state is 
obtained by Selecting the results of operation of the opera 
tors 52 and 53 by use of multiplexers 57 on the basis of sel 
Signals. Thereafter, an operation processing based on equa 
tions (3) and (4) is performed by absolute value circuits 58 
and comparator circuits 59. The comparator circuit 59 
compares a numeric value of a register 21 and the likelihood 
differences of two States to generate a signal which is turned 
on when a condition is satisfied. Setting circuits 60 detect the 
likelihood differences of two States in a detection period 
from the generation of a path branch. Multiplexers 61 selects 
which of the likelihood differences of two states should be 
outputted as a reliability. As a result, a first reliability for an 
EPRML activation signal is generated. 
0083. On the other hand, a path memory overflow detect 
ing circuit 20 is a circuit for judging whether or not the path 
memory counter 56 is over a path memory length. In the case 
where the path memory counter 56 is over 5, the path 
memory overflow detecting circuit 20 generates an overflow 
pulse OVF to obtain a second reliability. As in the foregoing 
embodiment, the EPRML activation signal EPRON is a 
signal produced by a logical sum of the overflow pulse OVF 
and an output of the multiplexer 61 and Serves as an 
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activation signal for the EPRML processing circuit. A 
Switching control Signal SW is a control Signal generated in 
a fixed period of time by a Switching control Signal gener 
ating circuit 17.3 which is triggered by a version of the 
EPRML activation signal EPRON delayed in a delay circuit 
17.2 by a data demodulating time of the EPRML processing 
circuit 26. The Switching control signal SW operates to 
replace demodulation data of the fixed period by demodu 
lation data of the EPRML processing circuit 26. 
0084 Even with the construction of the PRML process 
ing circuit other than those shown in the foregoing embodi 
ments, a data reliability can be generated easily by the 
above-mentioned method. 

0085) Next, an embodiment of the EPRML processing 
circuit 26 will be shown in FIG. 12 and the construction 
thereof will be described. The EPRML processing circuit 26 
is composed of a branch metric generating Section 30, an 
ACS circuit 31 and a path memory 32 and has a circuit 
construction based on the EPRML trellis diagram shown in 
FIG. 2B. The branch metric generating section 30 provides 
the branch metric of a State transition generated from each 
state of the EPRML trellis diagram. The ACS 31 performs 
the addition of path metrics BMO(k-1) to BM7(k-1) of eight 
States and branch metric values at a present instant of time, 
comparison and Selection to generate a path metric value for 
a path having the highest probability. The path memory 32 
performs the generation of decode data on the basis of the 
result of comparison for each State. In order to control the 
whole of the EPRML processing circuit 26 by an EPRML 
activation signal EPRON, the initial values of path metrics 
PMOto PM7 are controlled. After the generation of an 
EPRML activation signal EPRON pulse, the initial values of 
path metrics BMO(k-1) to BM7(k-1) are given by a path 
metric initializing circuit 33. The path metric initializing 
circuit 33 makes only one of eight reset Signals active on the 
basis of PRML demodulation data corresponding to the 
timing of generation of the EPRML activation signal. This 
reset Signal is a path metric initializing Signal which makes 
only one of the path metric values of eight States Smaller 
than the other path metric values. With this reset Signal, a 
path metric value at the time of activation of the EPRML 
processing circuit is started from one of the eight States 
having the highest probability and the Subsequent data 
demodulation becomes possible with the matchability in 
data demodulation with the PRML processing circuit being 
kept. 

0.086 A path metric initializing method for EPRML pro 
cessing circuit other than the construction in the above 
mentioned embodiment includes a method in which the path 
metric value is initialized by an EPRML receive signal. This 
can be realized by removing the path metric initializing 
circuit 33 shown in FIG. 12 and merely connecting the 
EPRML activation signal to a path metric value initializing 
Signal of each State, which will has no need of illustration. 
With this construction, the path metric values of the respec 
tive States are all initialized as the same value and the path 
metric value of each state at the time of input of an EPRML 
activation signal is determined by an EPRML receive signal 
before the EPRML activation signal is inputted. In the case 
of the (0, 4/4) code, this is realized by increasing the delay 
time of the delay circuit 23 (see FIG. 1) by 10 samples. 
According to the path metric initializing method in the 
present embodiment, the path metric initializing circuit can 
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be simplified with the realization of reduction in circuit Scale 
and reduction in power consumption but an EPRML receive 
Signal of 20h.+1) samples at the maximum in the case of (0, 
m/h) code is required prior to the EPRML activation signal. 
This means an increase in delay time of the delay circuit 23. 
AS a result, the circuit Scale and the power consumption of 
the delay circuit 23 are increased. Accordingly, the circuit 
Scale and the power consumption of the whole of the data 
demodulating circuit are determined by the reduction in 
circuit Scale of the initializing circuit and the increase in 
delay time of the delay circuit, that is, by coding. 

0087 Next, an embodiment of giving a data reliability on 
the basis of demodulation data which does not exist in (or 
match with) a coding rule will be shown in FIG. 13 and the 
construction thereof will be described. The basic construc 
tion of the present embodiment is a construction in which a 
mis-code detecting circuit 35 is added to the data demodu 
lating circuit shown in FIG. 1. The mis-code detecting 
circuit 35 performs the comparison with a code table on the 
basis of demodulation data of a PRML processing circuit 22 
or performs a So-called decoding proceSS and turns a mis 
code detection Signal on in the case where a data Series 
existing in no code table is detected. EPRML activation 
signal EPRON turn-on conditions of a data reliability infor 
mation detecting circuit 24 include the mis-code detection 
signal in addition to reliability information of the likelihood 
differences of two states of the PRML processing circuit 22 
and the detection of a path memory overflow. 

0088. In the case where mis-code is detected by the 
mis-code detecting circuit 35, an EPRML processing circuit 
26 performs the demodulation of data on the basis of an 
EPRML receive signal in a period of time indicated by the 
EPRML activation signal. Further, a multiplexer 28 per 
forms a processing for replacement of demodulation data of 
the PRML processing circuit 22 by demodulation data of the 
EPRML processing circuit 26 corresponding thereto. As 
shown in the foregoing, the above-mentioned data demodu 
lating circuit can also be constructed by using the coding 
rule as the data reliability. 

0089 FIG. 14 shows another embodiment of the data 
demodulating circuit of the present invention. Demodulation 
data generated from a data demodulator 1.1 and reliability 
information for the demodulation data are Supplied to a 
plurality of data demodulators 1.2, 1.3 and 1.4 in the next 
Stage to control the operations of these demodulators by data 
reliability information having different thresholds for data 
reliability. The outputs of the data demodulators 1.2, 1.3 and 
1.4 are selected by a multiplexer 28 at any time. With Such 
a construction, it becomes possible to use a high-efficiency 
data demodulator with large circuit Scale and power con 
Sumption more properly in accordance with its capability. 
The number of data demodulators in the next Stage can be Set 
arbitrarily. Also, the reliability information is generated on 
the basis of a likelihood difference. The data discriminating 
capabilities of the data demodulators may be different, the 
Same or partially different. 

0090 FIG. 15 shows a further embodiment of the data 
demodulating circuit of the present invention. Data demodu 
lators 1.1, 1.2 and 1.3 have different data discriminating 
capabilities and each data demodulator outputs demodula 
tion data and reliability information for the demodulation 
data. Each of multiplexers 36 and 28 receives a data 
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demodulator Selection Signal provided by a decision circuit 
37 to Select and output one corresponding information. The 
multiplexer 36 Selects the corresponding reliability informa 
tion and outputs it to the decision circuit 37. The multiplexer 
28 Selects demodulation data of the corresponding data 
demodulator and outputs it as demodulation data of the 
demodulating circuit. The decision circuit 37 decides a 
receive Signal demodulating performance on the basis of 
reliability information of a data demodulator which is being 
used at the present time. For example, in the case where the 
data demodulator 1.1 is being used, the reliability informa 
tion of the data demodulator 1.1 is transmitted to the 
decision circuit 37 through the multiplexer 36. In the case 
where it is decided that the reliability information is remark 
ably deteriorated, the decision circuit 37 performs data 
demodulation using a data demodulator having a higher data 
demodulating or discriminating capability. For example, the 
data demodulator 1.2 is Selected to perform a data demodu 
lation processing. The decision circuit 37 may be a dedicated 
hardware or a Software controlled by a microcomputer. In 
the case where the control is made by the Software, an 
example of the construction of reliability information as the 
output of the multiplexer 36 and selection information for 
the multiplexers 36 and 28 may be given in a register whose 
information can be controlled by the Software. According to 
the present embodiment, an effect Similar to those in the 
foregoing embodiments can be obtained and it becomes 
possible to use a data demodulator with high data discrimi 
nating capability but with large power consumption because 
of its complicated circuit construction more properly in 
accordance with its capability. The number of data demodu 
lators can be set arbitrarily. The reliability information is 
generated on the basis of a likelihood difference. 
0.091 FIG. 16 shows an embodiment of a magnetic 
recording/reproducing apparatus using the data demodulat 
ing circuit of the present invention. The communication of 
data between an external device Such as a personal computer 
and the magnetic recording? reproducing apparatus is per 
formed through a controller 102 in the magnetic recording/ 
reproducing apparatus. First, explanation will be made of the 
case where data from the external device is to be recorded. 
When a data recording instruction is received, an instruction 
for movement of a recording/reproducing head 106 to a 
position (or track) to be Subjected to recording is issued from 
the controller 102 to a servo control circuit 103. After the 
completion of movement of the recording/ reproducing 
head, recording data is recorded onto a recording medium 
107 through a recording data processing circuit 104, an R/W 
amplifier 105 and the recording/ reproducing head 106. 
0092. The recording data processing circuit 104 is com 
posed of an encoder 111, a synthesizer 112, a precoder 113 
and a recording correction circuit 114. The encoder 111 
Subjects recording data to a coding process following a 
coding rule, for example, 8/9GCR (0, 4/4) code conversion. 
The encoded data Series is delivered in accordance with a 
recording bit period of the synthesizer 112. The precoder 113 
makes the code conversion of the data Series again in order 
to give a fixed restraint condition to the data Series. The 
recording correction circuit 114 removes the non-linearity of 
a recording process peculiar to magnetic recording. The 
recording proceSS is performed through the above operation. 
0093. Next, a data reproducing operation will be 
described. When a data reproducing instruction is received, 
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an instruction for movement of the recording/ reproducing 
head 106 to a data-recorded position (or track) is issued from 
the controller 102 to the servo control circuit 103. After the 
completion of movement of the recording/reproducing head, 
a signal recorded on the recording medium 107 is inputted 
to a data demodulating circuit 108 through the recording/ 
reproducing head 106 and the R/W amplifier 105. Demodu 
lation data demodulated by the data demodulating circuit 
108 is outputted to the controller 102 which in turn transfers 
the data to the external device after checking the validity of 
data. 

0094. The data demodulating circuit 108 is composed of 
an AGC circuit 121 for making the amplitude of a repro 
duced waveform from the head constant, a band elimination 
filter (LPF) 122 for eliminating noises outside of a signal 
band, an AD converter 123 for Sampling the reproduced 
Signal, an equalizer (EQ) 124 for eliminating interference 
between codes from the reproduced waveform, a phase 
synchronizing (or PLL) circuit 125 for determining the 
timing of Sampling by the AD converter 123, a data demodu 
lating circuit 1 according to the present invention, and a 
decoder 127 for performing a process for decoding of 
demodulation data. 

0095. A microcomputer 101 performs a processing for 
the whole of the apparatus inclusive of the controller 102 
and the data demodulating circuit 108 by software. In the 
shown example, the microcomputer 101 performs the detec 
tion of the result of detection by a code contravention 
detecting circuit 128 (which will be mentioned later on), the 
detection of a likelihood difference of a PRML processing 
circuit 22, the Setting of a register 21 for giving a decision 
threshold of a data reliability information detecting circuit 
24, and so forth. 

0096 Basically, the data demodulating circuit 1 can be 
constructed by the data demodulating circuit in all the data 
demodulating circuits of the foregoing embodiments and the 
operation is the same as that mentioned in the foregoing. The 
code contravention detecting circuit 128 in the present 
embodiment detects the input of demodulation data having 
no matching with the coding rule when the process for 
decoding of demodulation data is performed by the decoder 
127. An output of the code contravention detecting circuit 
128 is delivered to a register 21 or as in interruption signal 
to the microcomputer 101. 

0097. In the present embodiment, there is shown a con 
struction in which the likelihood differences of two states of 
a PRML processing circuit 22 are detectable by the micro 
computer 101. The microcomputer 101 may use the code 
contravention detecting circuit or the likelihood differences 
of two states of the PRML processing circuit 22 to perform 
a processing which include, for example, the change of a 
Setting value of the register 21 for changing a decision 
threshold of a data reliability information detecting circuit 
24 or the Switching in process to a data demodulating circuit 
(not shown) having a higher data demodulating capability. 
Further, it is also possible to change the data demodulating 
capability by utilizing those reliability information to change 
the filter coefficients of the LPF 122 and the equalizer 124 
or the various characteristics of the AGC 121 and the PLL 
125. According to the embodiment mentioned above, a 
magnetic recording/reproducing apparatus having a high 
data demodulating capability in Spite of a low power con 
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Sumption is constructed. Also, the power consumption of a 
recording/reproducing control LSI formed by the LSI con 
figuration of the recording data processing circuit 104 and 
the data demodulating circuit 108 can be made low by using 
the present invention. 
0098. In the present invention, the PRML and EPRML 
processing circuits 22 and 23 are disclosed as the first and 
Second data demodulators, respectively. However, the kinds 
of the first and Second data demodulators are not limited to 
the disclosed examples. 
0099 So far as a relationship between the data discrimi 
nating capability of the first data demodulator and the data 
discriminating capability of the Second data demodulator 
have a relationship is Such that the latter is higher than the 
former, any combination of two of a PRML data demodu 
lator, an EPRML data demodulator, an EEPRM data 
demodulator and TRELLIS data demodulator is possible. If 
the above relationship is Satisfied, other data demodulators 
may be used. 
0100. The present invention is not limited to the disclosed 
embodiments and includes any modifications which are 
included by the spirit of claims. 

1. An information recording/reproducing method in an 
information recording/reproducing apparatus including a 
plurality of data demodulators which perform the data 
demodulation of an input Signal, the method comprising: 

a step of generating operation control information from at 
least one of reliability information for error information 
and/or demodulation data generated by a first data 
demodulator which is one of Said plurality of data 
demodulators, and 

a step of controlling the operation of a Second data 
demodulator on the basis of Said operation control 
information, Said Second data demodulator being one of 
Said plurality of data demodulators other than Said first 
data demodulator. 

2. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of generating Said operation 
control information includes a step of generating Said opera 
tion control information on the basis of a likelihood differ 
ence at the time of data demodulation. 

3. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of generating Said operation 
control information includes a step of generating Said opera 
tion control information on the basis of a plurality of 
Survival paths which exist in a predetermined time. 

4. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of generating Said operation 
control information includes a step of generating Said opera 
tion control information on the basis of a predetermined 
value of the run length of Said demodulation data. 

5. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of generating Said operation 
control information includes a step of generating Said opera 
tion control information on the basis of whether or not the 
result of code demodulation performed on the basis of Said 
demodulation data matches with a predetermined code. 

6. An information recording/reproducing method accord 
ing to claim 1, further comprising a step of replacing 
demodulation data of said first data demodulator by 
demodulation data of Said Second data demodulator on the 
basis of Said operation control information. 
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7. An information recording/reproducing method accord 
ing to claim 1, further comprising a step of replacing 
demodulation data of said first data demodulator by 
demodulation data of Said Second data demodulator for a 
data decision period from the instant of time of generation 
of a plurality of Survival paths of said first data demodulator 
to an instant of time when one Survival path is Selected 
again, the replacement being performed on the basis of the 
reliability information of demodulation data generated in 
Said data decision period. 

8. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of controlling the operation 
of Said Second data demodulator includes a step of Setting an 
initial State of Said Second data demodulator on the basis of 
Said operation control information. 

9. An information recording/reproducing method accord 
ing to claim 1, wherein the Step of controlling the operation 
of Said Second data demodulator includes a step of Setting an 
initial State of Said Second data demodulator by use of 
demodulation data generated by Said first data demodulator 
before the generation of Said reliability information. 

10. An information recording/reproducing method 
according to claim 1, further comprising a step of converting 
Said input Signal into a Signal adapted for data demodulation 
by Said Second data demodulator. 

11. An information recording/reproducing method in an 
information recording/reproducing apparatus including a 
plurality of data demodulators which have different data 
discriminating capabilities for an input Signal, the method 
comprising: 

a step of generating operation control information from at 
least one of reliability information for error information 
and/or demodulation data generated by a first data 
demodulator of Said plurality of data demodulators 
which has a lower data discriminating capability; and 

a step of controlling the operation of a Second data 
demodulator on the basis of Said operation control 
information, Said Second data demodulator being one of 
Said plurality of data demodulators which has a higher 
data discriminating capability. 

12. An information recording/reproducing method 
according to claim 11, wherein the Step of generating Said 
operation control information includes a step of generating 
Said operation control information on the basis of a likeli 
hood difference at the time of data demodulation. 

13. An information recording/reproducing method 
according to claim 11, wherein the Step of generating Said 
operation control information includes a step of generating 
Said operation control information on the basis of a plurality 
of Survival paths which exist in a predetermined time. 

14. An information recording/reproducing method 
according to claim 11, wherein the Step of generating Said 
operation control information includes a step of generating 
Said operation control information on the basis of a prede 
termined value of the run length of Said demodulation data. 

15. An information recording/reproducing method 
according to claim 11, wherein the Step of generating Said 
operation control information includes a step of generating 
Said operation control information on the basis of whether or 
not the result of code demodulation performed on the basis 
of Said demodulation data matches with a predetermined 
code. 
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16. An information recording/reproducing method 
according to claim 11, further comprising a step of replacing 
demodulation data of said first data demodulator by 
demodulation data of Said Second data demodulator on the 
basis of Said operation control information. 

17. An information recording/reproducing method 
according to claim 11, further comprising a step of replacing 
demodulation data of said first data demodulator by 
demodulation data of Said Second data demodulator for a 
data decision period from the instant of time of generation 
of a plurality of Survival paths of said first data demodulator 
to an instant of time when one Survival path is Selected 
again, the replacement being performed on the basis of the 
reliability information of demodulation data generated in 
Said data decision period. 

18. An information recording/reproducing method 
according to claim 11, wherein the Step of controlling the 
operation of Said Second data demodulator includes a step of 
Setting an initial State of Said Second data demodulator on the 
basis of Said operation control information. 

19. An information recording/reproducing method 
according to claim 11, wherein the Step of controlling the 
operation of Said Second data demodulator includes a step of 
Setting an initial State of Said Second data demodulator by 
use of demodulation data generated by Said first data 
demodulator before the generation of said reliability infor 
mation. 

20. An information recording/reproducing method 
according to claim 11, further comprising a step of convert 
ing Said input signal into a signal adapted for data demodu 
lation by Said Second data demodulator. 

21. An information recording/reproducing method in an 
information recording/reproducing apparatus including a 
plurality of data demodulators which perform the data 
demodulation of an input Signal, the method comprising: 

a step of generating first demodulation data and reliability 
information of Said first demodulation data by a data 
demodulator in a first stage of Said plurality of data 
demodulators, 

a step of Supplying Said first demodulation data and Said 
reliability information of said first demodulation data to 
the data demodulators in the next stage; 

a step of controlling the operations of the data demodu 
lators in Said next stage on the basis of control infor 
mation having different thresholds for said reliability 
information of Said first demodulation data; and 

a step of Selecting Second demodulation data from the 
data demodulators in Said next Stage. 

22. An information recording/reproducing method 
according to claim 21, wherein the Step of generating Said 
reliability information includes a Step of generating Said 
reliability information on the basis of a likelihood difference 
at the time of data demodulation. 

23. An information recording/reproducing method in an 
information recording/reproducing apparatus including a 
plurality of data demodulators which perform the data 
demodulation of an input Signal, the method comprising: 

a step of Supplying Said input signal to Said plurality of 
data demodulators, Said plurality of data demodulators 
having different data discriminating capabilities, 
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a Step of deciding a demodulation performance from 
reliability information for demodulation data generated 
by a first data demodulator which is one of said 
plurality of data demodulators, 

a step of controlling the operations of the others of Said 
plurality of data demodulators on the basis of the result 
of decision; and 

a step of Selecting outputs of Said plurality of data 
demodulators on the basis of Said result of decision. 

24. An information recording/reproducing method 
according to claim 23, wherein Said reliability information is 
generated on the basis of a likelihood difference at the time 
of data demodulation. 

25. An information recording/reproducing apparatus com 
prising: 

a plurality of data demodulators each of which performs 
the data demodulation of an input Signal; 

means for generating operation control information from 
at least one of reliability information for error infor 
mation and/or demodulation data generated by a first 
data demodulator which is any one of Said plurality of 
data demodulators, and 

means for controlling the operation of a Second data 
demodulator on the basis of Said operation control 
information, Said Second data demodulator being one of 
Said plurality of data demodulators other than Said first 
data demodulator. 

26. An information recording/reproducing apparatus 
according to claim 25, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of a likeli 
hood difference at the time of data demodulation. 

27. An information recording/reproducing apparatus 
according to claim 25, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of a plurality 
of Survival paths which exist in a predetermined time. 

28. An information recording/reproducing apparatus 
according to claim 25, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of a prede 
termined value of the run length of Said demodulation data. 

29. An information recording/reproducing apparatus 
according to claim 25, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of whether or 
not the result of code demodulation performed on the basis 
of Said demodulation data matches with a predetermined 
code. 

30. An information recording/reproducing apparatus 
according to claim 25, further comprising means for replac 
ing demodulation data of Said first data demodulator by 
demodulation data of Said Second data demodulator on the 
basis of Said operation control information. 

31. An information recording/reproducing apparatus 
according to claim 25, further comprising means for replac 
ing demodulation data of Said first data demodulator by 
demodulation data of Said Second data demodulator for a 
data decision period from the instant of time of generation 
of a plurality of Survival paths of said first data demodulator 
to an instant of time when one Survival path is Selected 
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again, the replacement being performed on the basis of the 
reliability information of demodulation data generated in 
Said data decision period. 

32. An information recording/reproducing apparatus 
according to claim 25, wherein the means for controlling the 
operation of Said Second data demodulator includes means 
for Setting an initial State of Said Second data demodulator on 
the basis of Said operation control information. 

33. An information recording/reproducing apparatus 
according to claim 25, wherein the means for controlling the 
operation of Said Second data demodulator includes means 
for Setting an initial State of Said Second data demodulator by 
use of demodulation data generated by Said first data 
demodulator before the generation of said reliability infor 
mation. 

34. An information recording/reproducing apparatus 
according to claim 25, further comprising means for con 
trolling from the exterior a decision range of the reliability 
information of the demodulation data generated by Said first 
data demodulator. 

35. An information recording/reproducing apparatus 
according to claim 25, wherein the means for controlling 
Said decision range from the exterior includes a register for 
Setting Said decision range. 

36. An information recording/reproducing apparatus 
according to claim 25, further comprising means for con 
Verting Said input Signal into a signal adapted for data 
demodulation by Said Second data demodulator. 

37. An information recording/reproducing apparatus 
according to claim 25, wherein the combination of Said first 
and Second data demodulators includes any combination of 
a PRML data demodulator, an EPRML data demodulator, an 
EEPRML data demodulator and a TRELLIS data demodul 
lator. 

38. An information recording/reproducing apparatus com 
prising: 

a plurality of data demodulators which perform the data 
demodulation of an input Signal and have different data 
discriminating capabilities, 

means for generating operation control information from 
at least one of reliability information for error infor 
mation and/or demodulation data generated by a first 
data demodulator of Said plurality of data demodulators 
which has a lower data discriminating capability; and 

means for controlling the operation of a Second data 
demodulator on the basis of Said operation control 
information, Said Second data demodulator being one of 
Said plurality of data demodulators which has a data 
discriminating capability higher than that of Said first 
data demodulator. 

39. An information recording/reproducing apparatus 
according to claim 38, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of a likeli 
hood difference at the time of data demodulation. 

40. An information recording/reproducing apparatus 
according to claim 38, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of a plurality 
of Survival paths which exist in a predetermined time. 

41. An information recording/reproducing apparatus 
according to claim 38, wherein the means for generating Said 
operation control information includes means for generating 
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Said operation control information on the basis of a prede 
termined value of the run length of Said demodulation data. 

42. An information recording/reproducing apparatus 
according to claim 38, wherein the means for generating Said 
operation control information includes means for generating 
Said operation control information on the basis of whether or 
not the result of code demodulation performed on the basis 
of Said demodulation data matches with a predetermined 
code. 

43. An information recording/reproducing apparatus 
according to claim 38, further comprising means for replac 
ing demodulation data of Said first data demodulator by 
demodulation data of Said Second data demodulator on the 
basis of Said operation control information. 

44. An information recording/reproducing apparatus 
according to claim 38, further comprising means for replac 
ing demodulation data of Said first data demodulator by 
demodulation data of Said Second data demodulator for a 
data decision period from the instant of time of generation 
of a plurality of Survival paths of said first data demodulator 
to an instant of time when one Survival path is Selected 
again, the replacement being performed on the basis of the 
reliability information of demodulation data generated in 
Said data decision period. 

45. An information recording/reproducing apparatus 
according to claim 38, wherein the means for controlling the 
operation of Said Second data demodulator includes means 
for Setting an initial State of Said Second data demodulator on 
the basis of Said operation control information. 

46. An information recording/reproducing apparatus 
according to claim 38, wherein the means for controlling the 
operation of Said Second data demodulator includes means 
for Setting an initial State of Said Second data demodulator by 
use of demodulation data generated by Said first data 
demodulator before the generation of said reliability infor 
mation. 

47. An information recording/reproducing apparatus 
according to claim 38, further comprising means for con 
trolling from the exterior a decision range of the reliability 
information of the demodulation data generated by Said first 
data demodulator. 

48. An information recording/reproducing apparatus 
according to claim 38, wherein the means for controlling 
Said decision range from the exterior includes a register for 
Setting Said decision range. 

49. An information recording/reproducing apparatus 
according to claim 38, further comprising means for con 
Verting Said input Signal into a signal adapted for data 
demodulation by Said Second data demodulator. 

50. An information recording/reproducing apparatus 
according to claim 38, wherein the combination of Said first 
and Second data demodulators includes any combination of 
a PRML data demodulator, an EPRML data demodulator, an 
EEPRML data demodulator and a TRELLIS data demodul 
lator. 

51. An information recording/reproducing apparatus com 
prising: 

first and Second data demodulators which perform the 
data demodulation of an input Signal with different data 
discriminating capabilities, respectively, the data dis 
criminating capability of Said first data demodulator 
being lower than that of Said Second data demodulator; 
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a control circuit connected between Said first and Second 
data demodulators for controlling the operation of Said 
second data demodulator on the basis of reliability 
information of error information and/or demodulation 
data generated by Said first data demodulator; and 

a circuit for Synthesizing demodulation data of Said first 
and Second data demodulators. 

52. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for generating a control signal on the basis of a 
likelihood difference at the time of data demodulation. 

53. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for generating a control signal on the basis of a 
plurality of Survival paths which exist in a predetermined 
time. 

54. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for generating a control signal on the basis of a 
predetermined value of the run length of Said demodulation 
data. 

55. An information recording/reproducing apparatus 
according to claim 51, further comprising a mis-code detect 
ing circuit between Said first data demodulator and Said 
control circuit, Said control circuit including a circuit for 
generating a control Signal on the basis of an output of Said 
mis-code detecting circuit. 

56. An information recording/reproducing apparatus 
according to claim 51, wherein Said circuit for Synthesizing 
the demodulation data includes a multiplexer for Synthesiz 
ing the demodulation data of Said first and Second data 
modulators in accordance with a control Signal from Said 
control circuit. 

57. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for determining a data decision period from the 
instant of time of generation of a plurality of Survival paths 
of Said first data demodulator to an instant of time when one 
Survival path is Selected again, and a circuit for replacing 
demodulation data of said first data demodulator by 
demodulation data of Said Second data demodulator on the 
basis of the reliability information of demodulation data 
generated in Said data decision period. 

58. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for Setting an initial State of Said Second data 
demodulator on the basis of said reliability information of 
the error information and/or the demodulation data. 

59. An information recording/reproducing apparatus 
according to claim 51, wherein Said control circuit includes 
a circuit for Setting an initial State of Said Second data 
demodulator by use of demodulation data generated by Said 
first data demodulator before the generation of said reliabil 
ity information. 

60. An information recording/reproducing apparatus 
according to claim 51, further comprising a register con 
nected to Said control circuit for Setting a decision range of 
said reliability information of the demodulation data. 

61. An information recording/reproducing apparatus 
according to claim 51, further comprising a Signal conver 
Sion circuit for converting Said input signal into a signal 
adapted for Said Second data demodulator. 

62. An information recording/reproducing apparatus 
according to claim 51, further comprising a delay circuit for 
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delaying Said input signal to Supply the delayed input Signal 
to Said Second data demodulator. 

63. An information recording/reproducing apparatus 
according to claim 51, further comprising a delay circuit for 
delaying demodulation data of Said first demodulator. 

64. An information recording/reproducing apparatus 
according to claim 51, wherein the combination of Said first 
and Second data demodulators includes any combination of 
a PRML data demodulator, an EPRML data demodulator, an 
EEPRML data demodulator and a TRELLIS data demodul 
lator. 

65. An information recording/reproducing apparatus com 
prising: 

a first data demodulator for receiving an input signal to 
generate demodulation data and reliability information 
of the demodulation data; 

a plurality of Second data demodulators connected to the 
rear Stage of Said first data demodulator for receiving 
Said demodulation data and Said reliability information 
of the demodulation data; and 

a circuit for Synthesizing demodulation data of Said plu 
rality of Second data demodulators. 

66. An information recording/reproducing apparatus 
according to claim 65, wherein Said plurality of Second data 
demodulators include circuits for deciding Said reliability 
information by different thresholds, respectively. 

67. An information recording/reproducing apparatus com 
prising: 

a plurality of data demodulators which have different data 
discriminating capabilities and receive the Same input 
Signal; 

a first multiplexer connected to Said plurality of data 
demodulators for selecting reliability information for 
demodulation data respectively generated by Said data 
demodulators, 

a decision circuit connected to Said first multiplexer for 
deciding the demodulation performance of a Selected 
data demodulator; and 

a Second multiplexer connected to Said plurality of data 
demodulators for Selecting demodulation data from 
Said plurality of data demodulators in accordance with 
a signal from Said decision circuit. 

68. An information recording/reproducing apparatus 
according to claim 67, wherein Said decision circuit includes 
a circuit for deciding the demodulation performance on the 
basis of a likelihood difference at the time of data demodul 
lation. 

69. An information recording/reproducing apparatus com 
prising: 

a first data demodulator which performs the data demodu 
lation of an input Signal; 

a Second data demodulator which has a data discriminat 
ing capability higher than that of Said first data 
demodulator and performs the data demodulation of 
Said input signal; 

a control circuit for deciding a reliability for demodula 
tion data generated by Said first data demodulator to 
operate Said Second data demodulator having the higher 
data discriminating capability when Said reliability is 
deteriorated; and 
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a circuit for replacing demodulation data of Said first data 
demodulator by demodulation data of Said Second data 
demodulator during a period of time when Said reli 
ability is deteriorated. 

70. An information recording/reproducing apparatus 
according to claim 69, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of a 
likelihood difference. 

71. An information recording/reproducing apparatus 
according to claim 69, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of a run 
length of the demodulation data. 

72. An information recording/reproducing apparatus 
according to claim 69, wherein Said control circuit includes 
a circuit for deciding said reliability on the basis of whether 
or not the demodulation data exists in a predetermined code. 

73. An information recording/reproducing apparatus 
according to claim 69, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of error 
information of the demodulation data. 

74. An information recording/reproducing apparatus 
according to claim 69, wherein Said first data demodulator 
has a power consumption Smaller than that of Said Second 
data demodulator. 

75. An information recording/reproducing apparatus com 
prising: 

a first data demodulator which performs the data demodu 
lation of an input Signal; 

a Second data demodulator which performs the data 
demodulation of Said input signal with a power con 
Sumption larger than that of Said first data demodulator; 
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a control circuit for deciding a reliability for demodula 
tion data generated by Said first data demodulator to 
operate Said Second data demodulator when Said reli 
ability is deteriorated; and 

a circuit for replacing demodulation data of Said first data 
demodulator by demodulation data of Said Second data 
demodulator during a period of time when Said reli 
ability is deteriorated. 

76. An information recording/reproducing apparatus 
according to claim 75, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of a 
likelihood difference. 

77. An information recording/reproducing apparatus 
according to claim 75, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of a run 
length of the demodulation data. 

78. An information recording/reproducing apparatus 
according to claim 75, wherein Said control circuit includes 
a circuit for deciding said reliability on the basis of whether 
or not the demodulation data exists in a predetermined code. 

79. An information recording/reproducing apparatus 
according to claim 75, wherein Said control circuit includes 
a circuit for deciding Said reliability on the basis of error 
information of the demodulation data. 

80. An information recording/reproducing apparatus 
according to claim 75, where Said Second data demodulator 
has a data discriminating capability higher than that of Said 
first data demodulator. 


