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Apparatus for Measuring ‘a Memory Device

EIELD OF THE INVENTION

. This invention concerns a device that measures the
characteristics of signals read out from digital memory
media, such as magnetic disks, optical disks, magnetic
tape, ete.

Signals read out £rcm a digital memory medium do not
match the ideal read-out waveform, éue to the
characteristics of the memory medium, the writing nead and
tha reading head, as well as the read write electrical
circuits. Therefore, bit.errors occur. The causes for the
fact that the signals do not match the ideal waveform are,
for example, intexrsymbol interference due to adjacent bits,
frequency characteristics, noise, distortion, etc.

| The operating conditions required of memory devices
tend to become more and more rigorous, due tc the demand
for increased bit density. In order to oktain reliable
operation under such rigorous conditions, a method is used,
in which synchroncus sampling is used and signal
processing, typified by partial -response maximum-likelihood
{abbreviated below as "PRML"), is used in the subsegquent
stages. '

In order to evaluate the properties of the heads,
media, or electrical circuits used in memory devices that
use PRML, the quality of the read-out signals from the
mémory means is evaluated. In order to evaluate the
charactaristics of the read-cur signals, in addition to the
conventional measurements (pulse width, amplitude,
carxrier/noise ratic), the necessity has arisen of measuring
characteristics such as amplitude margin, non-linear



Signals read out froma digital nmenory nmediumdo not match the | dea
read-out waveform due to the characteristics of the nenory nedi-um
the witing head and the reading head, as well as the read wite electrical
circuits. Therefore, bit errors occur. The causes for the fact that the
signals do not match the ideal waveform“are, for exanple, intersynbol
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conditions, a nethod is used, in which synchronous sanpling is used

and S|gnalcbﬁé@é&ﬁﬁiftﬁﬁﬁnfled by partial -response maxi mrum|i kel i hood
(abbreviated bel ow as "PRWM.") , is used in the subsequent stages .

In order to measure the characteristics of read-out
signals from a memory device, an oscilloscope is frequently
used. The desired characteristic coefficients can be
obtained by calculation from waveforms received by the
oscilloscope. However, the sampling of waveforms by the
oscillosceope is not synchronized with the read-out signals.
Therefore, in measurements using the values of the samples
of the synchronization points, such as the amplitude
margin, NLTS, and S/N ratio, it is necessary to perform
calculations in order to obtain synchronously sampled

. values out of the asynchronously captured wavefcrm. Time is
regquired for these calculations. Morsover, the sampling
period of the oscilloscope must be shoerter than the
sampling period of the read-out sigmals, and this has alsc
placed burdens on the oscilloscope hardware.

In order to solve these problems, dévices have been
made in the prior art that perform synchroncus sampling. If
syanchrongus sampling is performed, two advantages are
cbtained: the advantage ¢f being able tc eliminate the
time-consuming cperation of interpeclating the signals that
have been samplad asynchronously, as described above, and
obtaining the sample values of the synchronization points
by calculation, and the advantage of Siﬂclifying the
hardware by keeping the number of sampling points to the
minimum regquired.

The method used for performing the synchronous
sampling in the apparatus for wmeasuring a memory device is
the zame method as the synchronous extraction methed that
is used in memory devices such as hard disks, optical
disks, etc. This gynchronous extraction method presupposes
that the content of the read-out signals from the memory



In order to evaluate the properties of the heads, nedia, or electrical
circuits used in nenory devices that use PRM., the quality of the read-out
signals fromthe nmenory neans is evaluated. In order to evaluate the
characteristics of the read-out signals,_in addition to the conventi onal
measur enment s (pul se wdth, anpl i tud®, carrier/noise ratio), the
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poi nt shift (abbreviatet, boryw dthe purpose of p"eservz.r'g data that
outstrips the storage capacity of the semiconductor memory
within a computer. There is no information on the data
contained in the read out signal from the disk drive cther
than in the memory device itself. Therefore, the
synéhronous extraction method, as shown by examples kelow,
is used. The same method is also used in the apparatus for
measuring a memory device.

In Fig. 18, the states of the magnetization of the
memory wmeans in which the data are written are shown by 1
or 0. Bach 1 or 0 in Fig. 18 corresponds to a channel bit
of the NRZI format. One channel bit corresponds to one
clock cycle in the writing process.

Fig. 19 shows an example of read-out signals
corresponding to PR4 partial response. With PR4, one
magnetic flux change generates an butput of (1,1). That is,
as shown by the solid curve of Fig. 19, in the magnetic
£flux change from 0 to 1, the upwardly convex output (1,1)
occurs, and in the magnetization reversal from 1 to 0, the
downwardly convex output (-1,-1) occurs. If a sampling
synchronized with this read-out signal is performed, the
gsampling points shown by the dots Al to A8 in Fig. 19
result, In the case of the ideal read-out signals and
sampling, Al=A4=A5=A8=0, A2-A3=1, and A§=A7=-1. Among Al to
A8, the samples that have the phase information for
synchronization are A2, A3; A6, and A7. Moreover, if the
sampling is synchronized, A3-A2=0 and A6-A7=0.

Figs. 20 and 21 show examples of sampling that are not
synchronized. Fig. 20 is an example in which the phase of
the sampling is retarded. At this time, the value of A3-A2
becomes negative. Fig. 21 is an example in which the phase
of the sampling i3 advanced. At this time, the value of A3-
A2 becomes positive. When the sampling is synchronized, as
mentioned above, A3-A2=0. Therefore, since A3-A2 has the



gnal /noise ratio by an auto-correlation nethod, etc. This invention
concerns a device for neasuring these characteristics. In order to
neasure the characteristics of read-out signals froma nenory device, an
oscilloscope is frequently used. The desired characteristic coefficients
can be obtained by cal culation fromwaveforns received by the oscill oscope.
However, the sanpling of waveforns by tHe oscilloscope is not synchronized

with the read-out signals, Therefore, in neasuregengs usi ng %he éﬁlues of
the sanpl es of the syncHPbnFBR&: MaEPIGAISs, a0 PRIAT+FKe %#:pF BuRRARE gi n,
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peri od of tphaseciinfaoemepdorust be shorter than the sanpling period of the

read-out signals, and this has al so placed burdens or. the oscilloscope
har dwar e. . .
With reference to A6 and A7, in the same manner, AS-A7

is the phase information. If the phase information obtained
in this manner is fed back to the phass feed-back circuit,
which controls the c¢lock of the sampling signals,
synchronized sampling can be realized.

Fig. 22 shows an example of EPR4. In the case of EPR4,
the BM4-A2 and A6-A8 of Fig. 22 become the phase
information. Figs. 23, 24, and 25 show examples of PR
(1,1). Fig. 23 is the case of ideal read-out signals and
sampling; Al=A7=A8=0, A2=A&6=1, and A3=A4=A5=2. Figs. 24 and
25 are examples of unsynchronized sampling, in the same
manner as in Figs. 20 and 21. From what has been said

"above, the fact that A6-A2 is the phase informaticn can be
explained in the same manner as in the case of PR4. In the
case of PR (1,1), L-A2 ¢can be another representative of the
vhase information.

If the samples with phase information can be
identified, a method for obtaining phase information is
established, as described above. The problem is how to
judge which samples among the samples cobtained for every
clock time have the phase information. Befors discussing
the method of judgment of the prior art, the arrangement of
the prior art will be discussed.

Fig. 26 shows the basic arrangement of the synchronous
sampling of the prior art. The read-out signal 10 from the
remory medium is applied to an A/D converter 11. The A/D
convertar 11 samples the read-out signal 10 from the memory
medium according to the clock signal from ths clock
gaenerating part 15, i.e., the sampling signal. The output
of the A/D converter 11 is often equalized by equalizer 12,



In order to solve these problens, devices have been nmade in the prior art
t hat perform synchronous sanpling. If synchronous sanpling is perforned,
two advantages are obtained: the advantage of being able to elimnate the
ti me-consum ng operation of interpolating the signals that have been
sanpl ed asynchronously, as described abOve, and obtaining the sanple
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thod that __is_ used in
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extracti on sefikaednr esupposes that the content of the read-out signals
fromthe memory The output of equalizer 12 is applied to the logical
proéessing part 17 and selection part 13. Logical
processing part 17 discriminates the samples with phase
information (in the case of PR4, A2, A3, A6, and A7) from
the sample train by logical processing. When the samples
with phase information have been discriminated, selection
means 13 sends the ocutput of equalizer 12, i.e., the values
of the samples, to feed-back processing part 14. Fead-back
processing part 14 transforms these sample values into
signals controlling clock generating part 15 (in the case
of PR4, analog signals corresponding to A3-A2 and A6-A7),
and contxols the frequency of clock of the clock generating
part 1S5S. The clock generating part 15 is ordinarily
constructed by a voltage-controlled oscillator. In this
N manner, A/D converting part 11, egualizexr 12, selectioen -
parte 13, feed-back processing part 14, and clock generating
part 15 form a phase feed-back circuit, and sampling that
is synchronized to the xead-ocut signal is performed by
feed-back control.

In Fig. 26, logical processing part 17 performs a
method in respect of a memory device, such as a hard disk,
wherein the values sampled successively are successively
judged and selected . Various methods have been devised for :
performing this Jjudgment, but they may be generally
classified into two types.

The first method is one in which, when a series of
sample values satisfy certain conditions, they are taken as
samples with phase information. Fig. 27 shows one example
of this method. If the difference between the current
sample A2 and the previous sample Al is above a certain
value k (e.g., 0.6, etc.) (A2-Alsk), the difference A3-A2



3 nmediumis not known. External nenory devices, typified by

[err], have the purpose of preserving.data that outstrips the storage
capacity of the sem conductor nenory within a conputer. There is no

i nformati on on the data contained in the read out signal fromthe disk
drive other .than in the nenory device igself. Therefore, the synchronous
extraction nethod, as shown by exanples below, is used. The sane nethod is
al so used i Mréteappthat grefoantremewlaha arndochedmexte. sample A3 is

ha phase information.

_Fig. 28 is an example of EPR4; in this wmathod, the
samples with phase information are selected by using as a
condition, the fact that two samples that are one sample
apart (in this case, A2 and A4} are within a certain
desired range (e.g., froem 0.6 to 1.4). In this case, A4-A2
becomes the phase information.

In the second method, a decodar is used as the logical
processing part 17. An example of this method is shown in
Fig. 29. Decoder 19 decodes the channel bits out of the
sampled values and the decoded channel bits are used fox

. selacting the samples with phase information by selection
part 13. If the decoded channel bits show a transition from
0 to 1, then the corrasponding saumpled valuas A2 and A3 are
presumed to be the samples with phase information.

The prior art described above is a technology that is

used in the memory device itself; the same kind of

" technelogy is also used in the measurement apparatus for
evaluating memory devices.

Problems That This Invention Seeks to Solve

- Since the measurement apparatus evaluates memory
devices, it is necessary for it to be able to make correct
measurements on signals even under more rigorous cconditions
than the memory devices. For example, in the selection
method of the prior art, shown in Fig. 27, one considers
the case in which the phase of the sampling is advanced and
noise has been superimposed on it, as in Fig. 20. Because

' of the noise added at the point A2, the value that should
have be2n A2 originally has become A2'; in this case, the
condition AZ'-Alsk is not satisfied, but the condition A3-
A2'>k can be sacisfied. In such a case, in the prior art,
A4-A3 is output as the phase information.



In Fig. 18, the states of the .magnetization of the nenory nmeans in which
the data are witten are shown by 1 or 0. Each 1 or O in Fig. 18
corresponds to a channel bit of the NRZI format. One channel bit
corresponds to one clock cycle in the witing process. Fig. 19 shows
an exanpl e of read-out signals corresposading to PR4 partial response. Wth
PR4, one nmagnetic flux change generates an output of (1,1) . That is, as

shown by the solrﬂgcur:ma dk Rg. ekdmple t BE nwlg@et-ia(seflim oltdroje them O to
1, the upwardl COnV.ex tput (1.1 urs [
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poi nts sho - d Och8rhBeFig. 19 result. In the case of the
i deal readvgﬁ?asf.’%ﬁa gégﬁ%g%rrpéﬁﬁ%, Al=A4=AS=A8=0, A2=A3=1, and A6=A7=-1.

Anmong Al to A8, the sanples that have the phase information for
synchroni zati on afechQ ndBse Ahatiid Addeibieorhe, safplée Kamd 1@ iis

synchroni ZefbwAgnoA&gg ?QQCQ‘E‘SQJ‘E "the fact that noise can be reduced
by averaging), the phase error due to the noise is also
averaged out by the integrating efFect of the phase fased-
back circuit. Therefore, it does not have a large effect on
the measurement. Eowever, in cases in which wrong samples
(in this case, A4 and A3) are selected and the phase
information A4d-A3 is output, the noise cannot be averaged
out and causes a large phase error, which causes a

measursment error.

In the case of usiﬁg a decoder, also, the decoded
- valre contains errors, due to the effect of noise, ete., as
indicated in PFig. 31. 'Wrcng samples are selected by
selection signals given f£rom erroneously deccded signals.
In the case of Fig. 31, the samplas with rhase information
are judged wrongly to be A4 and A3. Therefore, the output
of feed-back processing part 14 is also erroneous, and a
correct phase feed-back doces not operate. The errcnecus
phase feed-back leads to an errcneous operation of the
phase feed-back circuit, and this causes bit slip, etc.
Even if we do not assume that the result becomes as severe
as a bit slip, the read-out sigznal is not sampled at timing
that was originally supoosed to ke used. Therefore, it
cannct be said that the measuremsnt was correctly
 conducted.

It is not permissible that the quality o©f the
measurements by a measurement apparatus depend on the
quality of the read out signal that is being measured.

~ However, in prior art measurement apparatus, as discussed
“above, the quality of the read-cut signal affects the
quality of the synchronous sampling of the measurement



Figs. 20 and 21 show exanples of sanpling that are not synchronized. Fig.
20 is an exanple in which the phase of the sanpling is retarded. At this
time, the value of A3-A2 becones negative. Fig. 21 is an exanple in which
t he phase of the sanpling is advanced. At this tine, the value of A3- A2
becones positive. Wien the sanpling is $nchroni zed, as nenti oned above,

A3- A2=0. Therefore, since A3-A2 has the ] )
4 .apparatus. Therefore, errors are contained in the

measurement values, even if the result is not so pcor that
weasurement becomes impossible.

. i,

_ " In the prior art, samples with phase information were
selected using the information from the read-out signal

" £from the memory device. In this invention, the measurement
apparatus is provided with a test signal recording means
that stores the same signals as the test signals that were
written onto the memory device; the logical processing part
‘logically prcceases the signals of this test signal
recording part and generates a selection signal train that
selects the samples with phase information. Since the
signals written onto the memory device correspend one-to-
one with the signals of the test signal recording part, the
samples that have phase information in the sample train
(made by sampling the read-out signals) can be accurately
judged.

In the prior art, the arrangement was such that it was
easily affected by ncise, etc., included in the read-out
signals from the memory device. This inveation can
discriminate the samples with phase information without
making mistakes, even with read-out signals that have been
greatly affected by noise, etc. As a2 result, correct phase
information is obtained, ancé stability of the phase feed-

back_circuit is achieved. Therefore, correct measurement
can be performed.

BRIEF DESCRIPTION OF THE NRAWINGS

Fig. 1: Drawing showing a first embodiment of this
invention.

Fig. 2: Drawing showing a second embodiment of this
invention. ' :



of the magnitude and polarity of the phase difference, A3-A2 wll hereafter
be called the "phase information", and A3 and A2 will be called "sanples

wi th phase information." Wth reference to A6 and A7, in the sane
manner, A6-A7 is the phase information. If the phase information obtained
in this manner is fed back to the phase feed-back circuit, which controls
the clock of +the sanpling signals.f%ynchronized sanpling can be

real i zed. 1 g. 22 shows, an exanple of EPR4. 1n the case of 4, the
Ad- A2 and A6- A8 19% 932 : 22835%%% ?ﬁgﬂgﬂasa i‘ﬁ%ﬁrﬁﬂ%ﬁ%'&g?&?@, and
25 show exanmvemntmiforPR (1,1). Fig. 23 is the case of ideal read-out signals
and sanpling; Al=A7=A8=0, A2=A6=1, and A3=A4=A5=2. Figs. 24 and 25 are
exanpl es of unsynchroni zed sanpling, in the same manner as in Figs. 20 and
21. From what haFigen4sai dDxsonog tskowing tdmt exempej of h&hghakest

infornationé¥§h;§§, read-out signals, and sampling points of a PR4 -
signal.

Fig. 5: Drawing showing a selection signal train that
selects the samples of a PR4 signal.

Fig. 6 Drawing showing an example of the read-out
gignal, and sampling points of an EPR4 signal.

Fig. 7 Drawing showing a selection sigmnal train that
selects samples of an EPR4 signal.

Fig. 8: Drawing sﬁowing a fourth embodiment of this
invention.

Fig 9: Drawing showing an example of a read-out
signal of the fourth embodiment of this invention. '

Fig. 10: Drawing shcwing a selection signal train
that selects the samples of the read-out signal of Fig. 9.

Fig. 11: Drawing shewing a selection signal train
that selects the samples of a PR4 read-out signal.

Fig. 12: Drawing showing a selection signal train !
that selects the samples of a PR (1,1) read-out signal.

Fig. 13: Drawing showing a fifth embodiment of this
invention.

Fig. 14: Drawing showing a sixth embodiment of this
invention.

Fig. 15: Drawing showing an example of the test



explained in the sanme manner as in the case of PR4. In the case of PR
(1,1), 1-A2 can be another representative of the chase information.

If the sanples. with phase information can be identified, a nethod
for obtaining phase information is established, as described above. The
problemis how to judge which sanples ampng the sanpl es obtained for every
clock tine have the phase information. Before discussing the nmethod of

j udgment ofgidwealsi 6f Bhé, sikehaenbodenent of théspineenadtnwi |l be

di scussed. Fig. 26 shows the basic arrangenent of the synchronous
sanpling of the prior art. The read-out signal 10 fromthe nenory nmediumis
applied to an A/Bigontért ePrRwinthshywingnvkes t eeventhaapbedimeatr ©£d- out
signal 10 feRput DevaRERLY ,Medi um according to the clock signal fromthe

cl ock generating part 15, i.e., the sanpling signal. The out put
. Pig. 17: Drawing showing an eighth embodiment of this
inventicn.
Fig. 18: Drawing showing an example of the recorded

state of the memory medium.

Fig. 19:
signals corresponding to

Drawing showing an example of read-out

the PR4 mode.

Fig. 20: Drawing showing an example of read-out

signals corresponding tc

Pig. 21:
signals corresponding to

Drawing

Fig. 22: Drawing

signals corresponding to

Fig. 23: Drawing
signals corresponding to

Fig. 24:
signals corresponding to

Drawing
Fig. 25: Drawing
signals corresponding to

Fig. 26:
art.

the PR{ mode.

showing an example
the PR4 mode.

showing an example
the EPR4 mode.

showing an example
the PR (1,1) mode.

showing an example
the PR (1,1) mocde.

showing an example

-the PR (1,1) mode.

Drawing showing a first example

of read-out

of read-out
read-out
of read-out
of

read-out

of the prior

Fig. 27 Drawing showing a method cf selecting samples

with phase information.



of the A/D converter 11 is often equalized by equalizer 12,
The nmeasurenent of the characteristic coefficients of [err]

signal is perfornmed by signal-processing the output of A/D converter 11 or
t he out put of equalizer 12. In Fig. 26, however, this signal processing

part is omtted. The out put of eqqﬂ!izer 12 is applied to the | ogical
processing part 7 and selection part 13. Logi cal processing part

1
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with phase information.

Fig. 29: Drawing:shcwimg a second example cf tha
prier art.

Fig. 30: Drawing showing an example of rnoise
superimposed on a sample point.

Fig. 31: Drawing showing an example of noise
superimposed on a sample point.

Explanation of Sywbols

10: Read-out signal
11: A/D converter
12: Egqualizer
13: Selecticn part
14: Feed-back procsssing part
15: Clock generating part
16: Test signal recording part
17: Logical processing part
18: Analog equalizer
19: Deccder
20: Divide-by-N counter
21: Switch
22: Switch
23: D/A converter
24: D/A converter
25: Differential amplifier
26: Integrator
~ 27: latch
28; Latch
29: First logical processing part
30: Second logical processing part
31: Third legical processing part
32: Fourth logical processing part
33: Datector



the sanple train by |ogical processing. Wen the sanples w th phase

I nformati on have been discrimnated, selection neans 13 sends the output of
equalizer 12, i.e., the values of the sanples, to feed-back processing part
14. Feed-back processing part 14 transfornms these sanple values into
signals controlling clock generating pagd 15 (in the case of PR4, anal og
signal s corresponding to A3-A2 and A6-A7), and controls the frequency of

cl ock of the cl ogk:gesetigkhng part 15. The clock generating part 15 is
ordinarily constégcte bg % voltage controlled oscillator. In this manner,
A/ D converting p allzer sel ection part 13, f eed-back
processi ng part 34 aS&lcbhck generatlng part 15 form a phase feed-back

circuit, and sa bi.ng S r ed to the read-out signal is
[%E: tcal s%'& c%'@:'rz

perforned by fe - bac In Fig. 26, |ogical processing part
17 performs a ne@fdd Fﬁgﬂ€§&e@FQﬁe%§Hﬂﬁnﬁ%FQRéﬁ such as a hard di sk,
wherein the val ues sanpl ed successively are succeSS|ver -

TATTY £ T & TN

Fig. 1 is a drawing that shows a first embodiment of
this invention. In Fig. 1, the constituent elements that
have the same functions as in the prior axt, as shown in
Fig. 25, are given the same reference numbers. In Fig. 1,
the test signal recording part 16 stores the same signals
as the test signals that were written oato the memory
device. The logical processing part 17 discriminates the
signals with phase informaticn by logically processing the
-signals of test signal recording part 16, and generates a
selection signal train that selects the samples.

Fig. 2 is a drawing that shows the second embodiment
of this invention. The arrangement of Fig. 2 has an
equalizer that is placed in the stage before A/D convertor
11. This equalizer 18 is an analog equalizer. Except for
this point, Fig. 2 is the same as the example of Fig. 1,
and the example of Fig. 1 will be discussed below.

In Fig. 1, A/D converter 11 samples read-out signals
10 from the memory medium and converts them tc a sample
train. This sample train is egualized by egualizer 12 and
applied to selection part 13. Logical processing part 17
logically processes che tegt signals that are read out from
test signal recording part 16, taking into account the fact

that there is an equalizer hetween the A/D and selection
part 13.

In order to simplify the axplanation, the case in
which no egualization preocessing is performed, will be
discussed below. Since the presence or absence of the



judged and sel ected . Various nethods have been devised for performng
this judgnent, but they nmay be generally classified into two types.

The first nethod is one in which, when a series of sanple val ues satisfy
certain conditions, they are taken as sanples with phase information. Fig.
27 shows one exanple of this nmethod. I{3the difference between the current
sanple A2 and the previous sanple Al is above a certain value k (e.g., 0.6,

etc.) (A2- Apalalliziehe id hber eateréd-£38 this invention, cases in which
equalization processing is not performed may be used.

The selection signal train produced by the legical
‘processing performed by logical processing part 17 contrels
selection part 13; part of the sample train from equalizer
12 is selected and sent to feed-back processing part 14.
Feed-back processing part 14 processes the selected samples
for feed-back purposes and cént:rols clock generating part
15. Clock generating part 15 oxdinarily has a voltage-
controlled oscillator as its constituent element. The
difference from the prior art is that the signals
contreolling selection part 13 are made from the signals
stored in test signal recording part 16.

Furthermore, logical processing part 17 generates,
. beforehand or c¢oncurrently, a selection signal train that
selects the samples that have phase information from the
test signal train of test signal recording part 16. This
‘selecticn signal train should be stored in test signal
reccrding part 16 when the logical processing is done
‘beforehand. When this memory device begins the read-out
from the memory medium, selection part 13 is controlled by
means of logical processing part 17. The timiag of the
actions of equalizer 12, selection part 13, test signal
reccrding part 16, and logical processing part 17 is
controlled by the signals of cleck generating part 15,.but
this is not shown in the figure.

Fig. 3 shows the third embodiment of this invention.

The third embodiment is an example of the case in which the
test signals are repeated signals. Like the first
embodiment shown in Fig. 1, the samples with phase’
information are selected from the sample train sampled by

~ A/D converter 11 by the switches 21 and 22. In Fig. 3, the
constituent elements are shown in more detail than in Fig.
1; switches 21 and 22 correspond to selection part 13 of
Fig. 1. The parts corresponding to feed-back treatment part



bet ween the present sanple A2 and the next sanple A3 is t he phase
I nformati on. Fig. 28 is an exanple of EPR4; in this nethod, the
sanples with phase information are selected by using as a condition, the
fact that two sanples that are one sanple apart (in this case, A2 and A4)
are wthin a certain desired range (e.gqq4 fromO0.6 to 1.4). In this case
Ad- A2 becones the phase information. In the second nethod, a decoder

is used as ifegkogigal ERGETHAOP Mardodverdfing xpapte »3 thils 24pt lthe i s

shown in Fig,.29. Decoder 19.deco th ang ' u t sanpl ed

val ues and &ﬁ§§8§888£8gcﬁ%ﬁﬁ%$1%¥ggiaﬁgﬁhggﬁ %§#e§¥%§8gi%go%%e g%hgres with

phase information by selection part 13. If the decoded channel bits show a

transition fromg,Lo lanLRER 1Re) LALLESPOPi Gigs SHBY ehvaldies 232 g A3 are
converted to analog signals by D/A converters 23 or 24. The
outputs of the two D/A converters are applied to
differential amplifier 25, and a signal proportional to the
difference is applied to integrator 26. The output of
integrator 26 controls clock generating part 1S.

In the ¢ase in which the test sigmal train is a train
of known repeated signals, test signal recording paxt 16 of
_the kind shown in Fig. 1 may be absent. In the case in
' which the signals repeat every N clock times, the clock
signals are counted by a divide-by-N (i.e., N-ary) counter
20, the counting signals axe logically processed by a
logical processing circuit 38, and they control switches 21
and 22.

The following is an example of the method of selecting
the samples with phase information from the sample trainm.
As the test signals that are written onto the memory medium
of the memory device,  a repeated signral of the typical PR4
preamble signal (in NR2I format, 001100110011} is chosen.
Fig. 4 shows typical test signals, read-out signals, and
sampling points.

When the written signal changes from 0 to 1, the read-
out signal becomes upwardly ceonvex, and when the written b
signal changes from 1 to O, the read-out signal becomes
downwardly c¢onvex. Cl1 te €9 in 'Fig. 4 represent
synchronized sampling points. In the case of Fig. 4, C2-Ci,
C3-C4, C6-C5, C7-C8 become the phase information. Using the
fact that the written signals are az described above, the
selection of phase information is performed by the
selection sigmal train shown as D+ and D- in Fig. 5.

That is, C2 and C3 is selected when D+ becomes 1, and



presuned to be the sanples with phase information. The prior art

descri bed above is a technology that is used in the nenory device itself;
the sane kind of technology is also used in the neasurenent apparatus for
eval uati ng nenory devi ces. Probl ens That This invention Seeks to Sol ve
Si nce the neasurenent apparatus evaluatﬁg'nennry devices, it is necessary
for it to be able to make correct neasuré€nents on signals even under nore r

gorous COﬂdI.Jprl%té@n%;hgﬁ QPLH éﬁ@ﬁc§7 bgggmgéafpl@he'QﬁﬁgieﬁehﬁEh'on

net hod of th one consi ders e“case I n which
t he phase<ﬁPQ$mﬁbﬁmpPhﬁgelQniaruﬁééanaﬁé gsted Ry BrPsupdMRB0o3ER on

it, as in FigenAdrc88CRYSanaliokNeiBakie addeyfmtcddvaPodnt 282, ahlietral ue

that shoul d samples with negative phase information selected by the D-
.timing are converted to analog signals by D/A converter 24.
Differential amplifiexr 25 amplifies the difference of D/A
converters 23 and 24, and a signal corresponding to -
Cl+C2+C3-C4 is fed back to clock generating part 15. The
‘same is true for ¢35 and after. In this way, the negative
feed-back of the phase feed-back circuit works, and the

"desired synchronous sampling can be rsalized.

D+ and D- can be generxatad easily by the method of
logically processing the ccunt output of an N-ary counter
20 by logical processing circuit 38.

The case of EPR4 will be explained as another example
of a repeated test signal. Figs. 6 and 7 are the same kinds
of drawings as Figs. 4 and 5. In the case of EPR4, E3 and
E4 contain positive phase informatien, and Ei1 and E6
contain negative phase information. Therefore, the F+.and
P- of Fig. 7 corraspond to the positive and negative phase
information, respectively., The same is true for F7 and
after. Although not explained in the figure,
synchronization can also be performed for the repeated
signals corresponding to EEPR4, etc.

Fig. 8 shows the fourth embodiment of this invention.
The fourth embodiment is one that can be applied to any '
test signals one wishes. In the same manner as in the first
-embodiment, read-out signal 10 from the memory madium is
sampled by'A/D converter 11 and equalized by equalizer 12,
if necessaxy.

Fig. 8 shows the written signal in the NRZI format,
its read-out signal, and the samples (G te G12). The test
signals stored in test gignal recorcing part 16 are
logically processed by first iogical processing part 29 and



have been A2 originally has beconme A2'; in this case, the condition
A2' -Al>k is not satisfied, but the condition A3- A2'>k can be satisfi
such a case, in the prior art, A4-A3 is output as the phase informati
7 Fig. 30 is an exanple of the case in which the sanpling phase
advanced. Since A4-A3 is a negative value which neans that the phase
del ayed, the correct phase feed-back ddés not operate. _

"a selection signal train that discriminates the samples
with positive phase information is generated. Similarly,
second logical processing part 30 produces a selection
signal train that discriminates the samples with negative
phase information. E+ ia Fig. 10 is an example of a
selection signal train that discriminates positive phase
information, and H- is an example of a selection signal
trainp that discriminates negative phase informaticen. These
selection signal train H+ and H- contreol latches 27 and 28
and select the samples with phase information.

In this example, the samples with positive phase
information are the samples with a timing of 1 when the
written signal changes from 0 to 1 and the samples with a
timing of 1 when it changes from 1 to 0. The first logical
processing part 29 can easily generate the H+ selection
signal train by processing the test signal train. The H-
gselection signal train heccmes 1 at the timing of 0 when
the written signal changes from 0 to 1 and the timing of 0
when it changes from 1 to 0. Therefore, H- can be generated
by the same methed as H+.

Due to the selection signal train H+ and H-, only the
samples with positive or negative phase information are
selected and latched by latches 27 and 28. The output
signals of latches 27 and 28 are converted to analog
gignals by D/A converters 23 and 24, respectively, and the
difference is taken by differential amplifier 25. The
output of differential amplifier 25 is fed kack to clock
generating part 15 by means of integratoxr 26.

In the case of the selaction signal train shown in

Fig. 10, the samples with positive phase information

selected at G3 control the feed-back circuit until the next

positive phase information G4. In contrast, the samples

ith negative phase infcrmatioﬁ selected at G2 control the

feed-back circuit up to G5. In this example, the weights of
the individual samples are not uniform.

ed.
on.

S
S



If the noise that is added to the sanples A2 and A3 is | ow enough (because
of the fact that noise can be reduced by averaging), the phase error due to
the noise is also averaged out by the integrating effect of the phase feed-
back circuit. Therefore, it does not have a |arge effect on the

measur enent. However, in cases in which wong sanples (in this case, A4 and
A3) are selected and the phase informatidn A4-A3 is output, the noise
cannot be averaged out and causes a | arge phase error, which causes a
neasurement errorfig. 13 showsheanaexamplesiing whirkofbe, @It hdTBecoded

val ue contai B rogs, adufifﬂatEﬁb‘éﬁ'ﬁ‘éthfﬁﬂ%ﬁﬁs ehtentddnl.Ndtcatpd in

Fig. 31. Waon es are selected by selection signals ﬁ%yen fro

Sa
erroneousl y egbadgmant . syitiches 38 and/ g oy PASS Safpres W‘Fgr] phase
i nformati on g#kd UgHEErMReABhY dirdity AY 1GR3 cfdDs epektod, hearndit phe Of

e back Do 3 v S5, AL 8LE RO LPNESE)
discussed in the prior art, if first signal processing part
29 and second signal processing part 30 generate the
selection signal train as described below, {(s=e Figs. 11,
12), they can be applied to tha fourth embodiment.

Fig. 11 shows a selection signal train that selects
samples with phase information in the case of PRi, which
was shown in the examples of Figs. 19 through 21. In this
case, since the samples with positive phase information are
A3 and AS, the selection signal train becomes as shown by
B+. Similarly, the negative selection signal train becomes
B-. In the case of PR (1;1), shown in the examples of Figs.
23 to 25, B+ and B-, shown in Fig. 12, are the selection
signal train. '

Fig. 15 is an example of read-out signals in the case
in which the signals for phase synchronization signal, .
mark, and pseudo-random signals of the phass feed-back
circuit have been written onto the memory medium.

As the sixth embodiment of this inventicn, Fig. 14
shows an embodiment of this kind of test signal. Switch 34
is connected in such a way that the signal of third 1ogica1
processing part 31 is applied to selection part 13 until
detector 33 detects the mark. The phase synchronization
signal is a repeated signal with a short pericd; samples
with phase information are selected by third logical
processing part 31. As a result, the phase cf the clock
signal is synchronized with the resad-out signal. After
this, when detector 33 detects the mark, switch 34 is
switched so that the signal of fourth logical processing
part 32 is applied to selection part 13.



phase feed-back | eads to an erroneous operation of the phase feed-back
circuit, and this causes bit slip, etc. Even if we do not assune that the
result becones as severe as a bit slip, the read-out signal is not sanpled
at timng that was originally supposed to be used. Therefore, it cannot be
said that the neasurenent was correctlyjgonduct ed. It is not

perm ssible that the quality of the neasurenents by a nmeasurenent apparatus
depend on the quapjtynefsine ﬁﬁﬁf&x@l&s ilugr&mie tthalsti embodimeritysdordth

qual ity of tHeTeal, BFOSRRRIPGar PRt T RATIISES! CRECEIRERPSROLS

sanpling of &éPeseisonrsignil train tha* selects the samples with phase
information from the test signal train of the test signal
recording part. When switch 34 is switched to the side of
fouith logical processing part 32, fourth logical
processing part 32 controls selection part 13 by this
salection signal traln.

Since, in repeated signals such as the synchronization
signals, it is not necessary to know the first point of the
signal, synchronization can be performed by a method such
as that of the third embodiment, but for signals that do
not repeat, such as pseudo-random signals, the operation
does not proceed properly unless the start timing is given
correctly. Therefore, it is necessary to communicate the
starting point of the signal to fourth logical processing
part 32 by means of detecting the mark by detector 33.

Fig., 15 shows the seventh embodiment of this
invention. The seventh embodiment, like the sixth example,
is also an emwbodiment for any type of signal, such as a
pseudo-random test signal. Moreover, the constituent
slements in this example are shown more concretely than the
sixth embodiment of Fig. 14. In the sixth embodiment, the
selection signal, with respect to the phase synchronization
signal of the phase feed-back c¢ircuit, is obtained from
test signal recording part 16 and the third logical
processing part. In contrast, in the seventh embodiment, as .
in the third embodiment, the clock signal is counted by N-
ary counter 20 and the count signal is logically processed
by logical processing circuit 38; by this method, the
selaction with respect to the synchronization signal is
controlled. The arrangement after latches 28 and 29 is the
same as in the fourth embodiment.

Until detactor 33 detects the mark, switches 35 and 36
are connected so that the selecticon signal train from



apparatus. Therefore, errors are contained in . the neasurenent val ues,
even if the result is not so poor that neasurenent becones inpossible.
SUMVARY OF THE | NVENTI ON In the prior art, sanples with phase

i nformati on were sel ected using the information fromthe read-out signal
fromthe nenory device. In this inventkgg, t he neasurenent apparatus is
provided with a test signal recording ans that stores the sane signals as

br ocesst ng %ﬁisﬁ%“?%’ﬁ%%%%ééﬁé%%wgﬁgﬁ@%? R el onaree
28, a phase-lockad loop is formed. When the detector 33
detects a mark, switches 35 and 36 are switchad so that the
signals from first logical processing part 28 and second
logical processing part 30 are applied to latches 27 and
28, and synchronous coperation with respect to the pseudo-
random signals begins. The generaticn of the selection
. signal train and the phase control with respect to the
psendo-random signals are the same as the methed shown in
the fifth embodiment.

In the third, fourth, fifth, and seventh embodiments,
examples are shewn in which two D/A converters, positive
and negative paths, are provided. Fig. 17 shecws an example,
as the eighth embodiment, in which there is one common D/A
converter 23. The eighth embodiment will be explained in
comparigon with the fourth embodiment.

In the fourth embodiment, the dJdifference in the
outputs of ¢the twoe D/A converters is obtained by
differential amplifier 25 of the analog signals. In the
eighth embodiment, the difference in the cutputs of latches
27 and 28 is obtained by logical subtractor 37 at the stage
before D/A converter 23, '

In this invention, as explainaed above, samples with
phase informaticn are selected by using a selection signal
train produced from signals that corraspond one-to-one with
test signals written onto a memory device. Therefore, !
accurate phase information can be obtained even with
sigrals that include large quantities ¢f noise. Therefore,
correct synchronous sampling can be performed, and correct
measurements can be obtained, so that this invencion has
practical advantages. Moreover, re-synchronized sampling,
which is necessary in cases in which oscilloscopes are
uged, is not used in this invention; therafore, it also has
the effect of increasing the measurement speed.



recording part and generates a selection signal train that selects the
sanples with phase information. Since the signals witten onto the nenory
device correspond one-to- one with the signals of the test signal recording
part, the sanples that have .phase information in the sanple train (mde by

sanpling the read-out signals) can be accurately judged. In the
prior art, the arrangenent was such that it was easily affected by noise,
etc., "included in the read-out signals fgom the nenory device. This

invention can discrimnate the sanples wth phase information w thout

meki ng m st akes, eﬁﬁBo%hQnEgaQ‘FOHh:L%' dRekacibal navwe veeen stial |a%03.‘fa‘ ect ed
by noise, etc. As a result, correcé ph as |nfor %I on_i s _obtain an
stability of PRE Bfiade rRel- Lhmike It@UItt § SMeERPLY e 2TFARRENS &”l%ect

measurenent cgghle PREpeEERd. of BRINE mﬂémn@aﬂmmﬂm&m the
arrangement are permitted, if desired, as long as the
concept of the invention is not lost.



Flg——%———EmauLng_shQMLng a first enbodi ment of this invention.

awl ng showi ng a second enbodi nent of this invention.

] Hlllﬂl i HIH i

g showing a third enbodi nent of this
21

CLAIMS

1. A synchrconous sampling apparatus, comprising:

conversicn means for sanpling signals read out
from a memory medium;

a sampling signal generator for contrxrolling said
conversion means;

memory means f£cer storing signals written into
the memory medium;

means for logically processing the signals
recorded on the memory means;

salection means for selecting samples with phase
information from a sample train cbtained by a
sampling acticn of said conversion means; and

wherein the selection mearns is controlled by
ocutput sigmals from said means for logically
processing; and

wherein the éamples with phase information are
fed back from said selection means to control
the sampling signal generator, and sampling is
thereky achieved that is synchronized with the
signals read out from the memory medium.

2. An apparatus which measures desixed characteristics
of a memory dsvice by using a sample train, comprising:

means for sampling signals read ou: from the
memory device to produce said sample train;

a sampling signal generator for controlling said
means for sampling;



I nventi on. Fig. 4: Drawi ng showi ng an exanple of the test signals,

read- o npling points of a PR4 signal. Fig. 5:
DraW| n Hﬂlﬁlﬁg‘lﬂ”ﬂﬂ? ion signal train that selects the sanples of a PR4

r awi ng show ng an exanpl e of the read-out signal
and sanpllng poi nts of an EPR4 signal. 22 Fig. 7 Drawi ng show ng a

sel ection signal train that selects sanples of an EPR4 signal
election means coupled tc said means for

sampling for selectively outputting desired
samples from the sample train; and

wherein samples selected by the selection means
are fed back tc the sampling signal generator
and control a frequency of the sampling signal
8¢ as tc cause said means for sampling to
perform sampling that is synchronized to signals
read cut from the memory device;

and furthexr comprising:

a test signal recording means that records a

test signal <t{rain written into the memory
device;

logical processing means foi logically
processing the test signal train read from the
test signal recording means and for applying
said test signal train that has been logically
processed, to said selection means; and

wherein the selecticn means selectively outputs
sample signals in accord with phase information
from the test signal train that has been
logically processed; and '

wherein the sampling signal generator is
contrxolled by application of the sample signals
fxom said selection means, to synchronize
signals sampled £from said menory device to
signals read out from the test signal recording
means.

3. An apparatus for measuring characteristics of a
memory device by use of a sample train, comprising:



Fi gw a fourth enbodi nent of this invention. Fig
Drawi ng show ng an exanple of a read-out signal of the fourth

eﬁboi enti on. Fig. 10; Drawing showi ng a sel ection
Si gn ’mnmm"mm m cts the sanples of the read-out signal of Fig. 9.
:© Dkawt ng showi ng a selection signal train that selects the sanples

of a PR4 read- out signal. Fig. 12: Drawi ng showi ng a sel ection
signal train that selects t he sanples og3a PR (1,1) read-out signal.

means for sampling signals read out from the
memory device to produce said sample train;

a sampling signal generator coupled to said
means Lor sampling;

selection wmeans for selectively outputting
desired samples with phase information Irom the
sample train; and

wherein samples selected by the selection means
are fed back to the sampling signal generator to
control a frequency of a sampling signal
generated thereby, so as to perferm sampling
that is synchronized to signals read out from
the memory device; '

and further comprising:

- frequency-dividing counting means for dividing .
and counting the frequency of the sampling
signal;

logical processing  means for logically
processing a count output from the frequency-
dividing counting means; and

wherein the selection means selectively outputs
the samples with phase information £from the

- sample train under control of said logical
processing means; and

wherein the sampling signal generator is
controlled by using the samples with phase
information and sampling is'performed that is
synchronized to signals read cut from the memory
device.



Fig. 13; Drawm ng showing a fifth enbodi ment of this invention. Fig.

14 Iﬂl ' ' si xth enbodi nent of this invention. Fig. 15:
Dr awi mwﬂ"\' Im,:mmarrpl e of the test signals of the sixth
IS

enbodi*neft bf & *Nnventi on.
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4. An appavatiis for measuring a imemory device in
accordance with Claim 2, wherzin the phase irnformation is
obtained by using the fact that the signals read out from
the memory device have a partial response.

's. an apparatus for measuring a menory device in

accordance with Claim 3, wherein the phase irnformation is

. obtained by using the fact that the signals read cut from
the memory device have a partial response.

§. An apparatus for measuring a memory device in
accordance with Claim 2, wherein, before the memory device
is read, the logical processing means logically processes
the test signal train that is rscorded in the test signal
recording means and produces a selection signal train, and

while the memory. device is zread, the logical
processing means selects the samplas with phase information
from the sample train by using the selecticn signal train.

7. An apparatus for measuring a wmemory device in
-accordance with Claim 6, wherein the logical processing
means processes and separates the tast signal train
recorded on the test signal recording means into a first
selection signal train, which discriminates samples with
positive phase information. and a seccnd selection signal
train, which discriminates samples with negative phase
information, and emplcys a selection signal train to
control the selection means.

8. An apparatus for measuring a memory device in
accoxdance with Claim 2, 3, 6, or 7, wherein the test
signal train that ig written into the memory dJevice
includes a signal for phase synchrenization of the sampling
~signal generator, a test signal train that measures
properties of the memory device, and a mark signal between
the signal for phase synchronization and the test éignal
train; and



F|g

g the seventh enbodi nent of this invention.

- Drawin ng an ei ghth enbodi ment of this invention.
F| g H’II"IHHIHHIEHLHH! ng an exanple of the recorded state of the nenory

medi u Drawi ng showi ng an exanpl e of read-out signals
corresponding to the PR4 node. Fig. 20: Drawi ng show ng an exanpl e
of read-out signals corresponding to the PR4 node.

28 -

the apparatus for measuring a memory device includes
a detection means for discriminating the mark signals, and
the logical processing means; and

until the detection means detects that the 'memory
device has read out the mark signal, the selection means
selects samples with phase informaticn from the sample
train of the signals for phase synchronization and controls
the sampling signal generator therewith; and

after the detection means detects that the Tenory
device has read out the mark signals, an operation is
activated to select samples with phase information from the
sample train of the test signal train, under the control of
the selection signal train.

9. An apparatus for measuring a memory device in
accordance with Claim 8, wherein the signal for phase
synchronization is a repeated signal with a constant
pattern, and the mark signal has a different pattern from
the signal for phase synchronization. '



Fig. 21: Drawi ng showi ng an exanpl e of read-out S| gnal s correspondl ng* to

t he PR4 node. ~ Fig. 22: Drawi ng show ng an [prerpro=ot—ftasreti
signals corresponding to the EPR4 node. Fi qi TR SHEEIHNSMEB&hV\A ng
an exanpl e of read-out signals corresponding to t PR REPLACEDde.
Fig. 24: Drawi ng showi ng an exanpl e of read-out sStgmars correspordt ng to
the PR (1,1) node. Fig. 25: Drawi ng showi ng an exanpl e of read-out
signals corresponding to the PR (1,1) m3ée.

ABSTRACT

Apparatus for Measuring a Memory Device

In apparatus that measures the characteristics of the
read-ocut signals from memory media, in the prior art, phase
control of the clock signals for synchronized sampling of
the measurement apparatus was performed by using the read-

.out signals. Synchronizaticn discrepancies and inability to
perform synchronizacion were produced due to the quality of
the read-out signals. In the invention, a Logical
processing part generates selecticn signals that contrel
the selection of samples with phase iaformation, for
performing symchronization, £from test signals of a
recording part, which records the same signal train as the
test signal train written onto the memory medium. By the
control of these selection signals, samples with. phase
information for performing synchronization are selected
from the sample train output £rom an A/D converter through
an equalizer; these samples pass through a selection part
and a control clock generating part by means of the
processing of a feed-back processing part. The samples with
phase inforxrmaticn ara f£2d back, and ceorrect phase countrol

- iz performed.
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Fig. 26: Drawng showing a first exanple of the prior art. Fig. 27
Drawi ng show ng a nethod of selecting sanples with phase information.

Fig. 28 Drawi ng showi ng a nethod of sel ecting sanples=w-thophase—m—
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Fig. 29: Drawi ng showing a second exanple of the prior art.

30; Drawing showing an exanple of noise supes=spoc =B =2-Ta1a] e.
poi nt . . Fig. 31 Drawi ng showing an e | HAS 1
superinposed on a sanpl e point. Expl anati o :
Read- out si gnal 11: A/ D converter 1 2: % :
Sel ection part 14: Feed-back proc@éé? ng part 15 d ock generatl ng
part 16: Test signal recording part
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17: Logi cal processing part 18: Anal og equal i zer 19: Decoder

20: Divide-by-N counter 21: Switch = witch 23: DA
converter 24. DI A converter 25: Di ffﬁ%ﬁé i RSBEELTRY 26:
I nt egr at or 27: latch 28. Latch 9: BRI processing
part 30: second | ogical processing part =——==3%—=Hh gagi cal
processi ng part 32: Fourth | ogi cal3f200ocessi ng part 33: Detector
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12 34: Switch . 35 Switch  36: Switch 37: Logical
subtractor 38; Logical processing circuit DETAI 2L N THE
| NVENTI ON Fig. 1 is a drawing that shows af|rtng@gl_ﬂEWS i E
invention. In Fig. 1. the constituent elenents that pave t fuep | ons
as in the prior art, as shown in Fig. 2p/p0are given tre=sane
nunbers. In Fig. 1,
o 1 1 0 0 1 1 0 0
(®s]
ClL C2 C3 C4 C5 C6 C7T C8 C@
D+ 0 1 1 0 0 1 1 0 -
Flss
D-— 1 ¢ © 't 1 o o 1 1
(&6
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the test signal recording part 16 stores the same signals as the test

signals that were witten onto the nmenory device. Thg.lLogi cal processing
part 17 discrimnates the signals with phase infornaj .
processing the signals of test signal recording part
selection signal train that selects the gﬁgﬁles.
that shows the second enbodi nent of this venti on. The arrangeHE'
Fig. 2 has an equalizer that is placed in the stage before A/D convertor

11. This equalizer 18 is an anal og equalizer. Except for this point, Fig. 2
is the sane as the exanple of Fig. 1, and the exanple of Fig. 1 wll be

di scussed bel ow. In Fig. 1, A/D converter 11 sanples read-out signals

10 fromthe memgy npgi upgAng £0 gth his sanple
train is equalized by equalizer rlgg & %ﬁo@peﬁﬁ o%ﬂlgarg é

Logi cal processing part 17 logically processes the test signals that are
read out fFomte@t signall recbrdiOg pgrt IH, tgking into acgoung the fact

F~ 1 0 ¢ 0 0 1 1 0 0 © o 1
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that there is an equalizer between the A/D and sel%
order to sinplify the explanation, the case in whi
processing is perforned, will be discussed bel ow Srie re—presen
absence of the 13 equalizer 1s not
related to this invention, cases in which fgpalization processing i s not
performed may be used. 6/2 :
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The selection signal train produced by the |ogical processing perforned by
| ogi cal processing part 17 controls selection part 13; p 0 e
train fromequalizer 12 is selected and sent to feed- bac!fﬁﬁ@p§a§ﬂngM$aEEN
14. Feed-back processing part 14 processes the selected nanpleaEPDACED _

f eed- back purposes and controls clock geﬂgbatlng part 15.=&
part 15 ordinarily has a voltage- control'led oscillator as its constltuent
el enent. The difference fromthe prior art is that the signals controlling
selection part 13 are nmade fromthe signrals stored in test signal
recording part 16. Furthernore, |ogical processing part 17

gener ates, beforehand or concurrently, a selection signal train that

sel ects the sa Ieth hatl havé thse iGf or@ati 6n fidom the test @ gnal train
of test signal recording part 16. This selection signal train should be
stored in test signal recording part 16 when the |ogical processing is done

Gll GL2
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Gl G2 G3 G4 G5 G6 G7 G8 GY GO Gl Gi2
6.6 1 1 0 0 6 0 1 ¢ 1 o
H- 0 1 0 0 1 0 ¢ 1 0 0 o 1
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bef orehand. Wien this nmenory device begins the read-out fromthe nenory
medi um selection part 13 is controlled by neans of | ogi cal processi ng part
17. The timng of the actions of equalizer 12, sel ectieppatt—t2—ctps eroge
signal recording part 16, and |ogical processing part TH|§s|qm|1tHQBIBE&Nb'
the signals of clock generating part 15, 2 t thisis t shﬂmLAGEDhe
figure. Fig. 3 shows the third er% i ment of t o

third enbodi nent is an exanple of the case in which the test S|gnals are
repeated signals. Like the first enbodinment showmn in Fig. 1, the
sanples wth phase information are selected fromthe sanple train sanpled
by A/D converter 11 by the switches 21 and 22. In Fig. 3, the constituent
el enents are shown in nore detail than in Fig. 1; switches 21 and 22
correspond to sel ectifoh p&2 1A 3f AiqQ. A5 Theepae cargesponding to

f eed- back treatnent part

Bl 0 o0 1 o o 1 o o
A6l
B- 0 1 0o o0 o o0 1 ¢ -
(®12]
Al AZ A3 A4 A5 A8 AT AS
B+ 0o 0 0o 0o 0o 1 ¢ o £rg 12
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14 14 of Fig. 1 are the D/A converting parts 23 and 24, the differenti al

anplifier 25, and the integrator 26 in Fig. 3. The sanples
selected by switches 21 or 22 are converted to freef—=] gnal.s
EET 2R 5

converters 23 or 24. The outputs of the two D/ A conve

differential anplifier 25, and a signal proportional [fo th&kgRfcgpence s
applied to integrator 26. The output of 9/@Pegrat or 26 CONtForS=—ckask
generating part 15. In the case in which the test signal trainis a
train - .
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of known repeated signals, test signal recording part 16 of the kind shown,
in Fig. 1 may be absent. In the case in which the signals repeat every N
clock tinmes, the clock signals are counted by a d|V|de by- N (| e., Nary)
counter 20, the counting signals are logically p ==
processing circuit 38, and they control switches 21“@@&' "HAS BEENTIhe
following is an exanpl e of the nethod of ¥®28ct i t heRERWAPER wi t h| phase
information fromthe sanple train. As the test signals that are wrrtten
onto the menory nmedi um of the nenory device a repeated signal of the

typi cal PR4 preanble signal (in NRZI format, 001100110011) is chosen. Fig.
4 shows typical test signals, read-o si gnal s, and sanpling points.

When the witten signal changes from %\]. +he 'eaq? out signal becones

upwar dly convex, and when the W“tte%ké @_pan gs- Trom 1to O, the

read- out signal becones

it
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downwardly convex. Cl to C9 in Fig. 4 represent synchronized
sanpling points. In the case of Fig. 4, C2-Cl, C3-C4, C6-C5, C7-C8 becone
the phase information. Using the fact that the witten si gnals are_as
Ti‘m“d
llwhen

descri bed above, the selection of phase information
selection signal train showmn as D+ and D- in Fig. 5.
C3 is selected when D+ becones 1, and 11/20 Cl |lan
D- becones 1. The sanples with )

\ I NI\
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positive phase information selected by the D+ timng are converted to

anal og signals by D/A converter 23, and the sanples with negative phase
i nformati on selected by the DD timng are converted t :
D/ A converter 24. Differential anplifier 25 anplifies FEEE HASORERN (D A
converters 23 and 24, and a signal correw%di ng to - _
back to clock generating part 15. The sa I's true for CS and after.
this way, the negative feed-back of the phase feed-back circuit works, and
t he desired synchronous sanpling car, hg realized. D+ and D- can be
generated easily by the nethod of |agitall rocessi ng the count output of
an N-ary counter 20 by logical pro jrcult 38, - The case of .
EPR4 will be explained as another e ﬁeat ed test signal. Figs.

6 and 7 are the sane kinds dr aw igs.]{4 and 5. In the case of
EPR4, E3 and ~ i&é s&a{ ' :
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E4 contain positive phase information, and El and E6 contain negative phase
I nformation. Therefore, the F+ and F- of Fig. 7 correspond to the positive
and negative phase information, respectively. The sane |[S. i e
after. Al t hough not expl ai ned in  the fi gure,
can al so be perforned for the repeated silg%s correspopding to ]
Fig. 8 shows the fourth enbodi nent of thi'§ T nvention. The fourth enbodl nent
is one that can be applied to any test signals one wishes. In the sane
manner as in the first embodi ment, reatyout signal 10 fromthe nenory
mediumis sanpled by A/D converter 11 apds by e®qual i zer 12, if
necessary. Fig. 9 shows the wi | p¢et'he NRZI format, its

N .
g
read-out signal, and the sanples (Gl t\éqC%ZQS pst signals stored in
test signal recording part 16 _are \&‘\‘3
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| ogically processed by first |ogical processing part 29 and a
sel ection signal train that discrimnates the sanples with p05|t|ve phase

information is generated. Simlarly, second |ogical pgesessing | 30
produces a sel ection signal tra| n that discrimnates ' Fﬁﬁl@éﬁEE‘Pﬁ
negati ve phase information. in Fig. S an exary |l e omepuweﬁ
signal train that dlscr|n1nates positive ﬁﬁ%se I nf or rEcFST=aneh=tod i

exanple of a selection signal train that discrimnates negative phase |
i nformati on. These

(m20]
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selection signal train H+ and H control |atches 27 and 28 and sel ect the
sanples with phase information. In this exanple, the sanples with
positive phase information are the sanples with a timng of 1 when the
~written signal changes fromO to 1 and the sanples oI o T LI

.1t changes from1l to 0. The first | ogical 5
generate the H+ selection signal train b}s Lthe LEi

The H selection signal train beconmes 1 at the tinming of 0O Wwhen the witten
signal changes fromO0 to 1 and the timing of 0 when it changes from1 to O.
Theref'ore, H can be generated_by the sanme nethod as H+. Due to the
sel ection signal train H+ an , only the sanples with positive or
negative phase |nforgPélo sel ected and | atched by |atches 27 and 28.
The out put S|gng§s o] 7 and 28 are converted to anal og signals by
D/ A converters ivel&3 and the AR

A7

~l62/

(R22)

AT Flz2z
{ 23]
A3 A4 as
A2 . AS
5 AT Fr& 23
A8 - '
Sheet Has Been Replaced —
TR




difference is taken by differential anplifier 25. The output of
differential anplifier 25 is fed back to cl ock generati ng=fart—>3Sl

of integrator 26. In the case of the sel ection siigmils SHEEN HAB®HEEN
Fig. 10, the sanples with positive phase information sellect ed REPLBEERONt r Ol
the feed-back circuit until the next positive phase inf .
contrast, the sanples with negative phasejgpfgor mation selected at &
control the feed-back circuit up to Gb. In this exanple, the weights of the
- individual sanples are not uniform

A3 A4 AS
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A6 AR
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Fig. 13 shows an exanple in which the weights are equal, as_a f flfth
enbodi nent of this invention. In the fifth enbodinenx ------- 36
only pass sanples with phase information during 1 clipcl EﬁﬁN and
the weights are made uniform In the cases of PR4 and i :
in the prior art, if f irst signal procqﬁﬁbgg part 29 and ;
processing part 30 generate the selectiioh“signal trainas descrlbed below
(see Figs. 11, 12), they can be applied to the fourth enbodi nent.

Fig. 11 shows a selection signal train that selects sanples with phase
information in the case of PR4, which was shown in the exanples of Figs. 19
through 21. In this cphse, since the sanples wtl positive phase information
are A3 and A6, the sefection signal train becongs as shown by B+.

Sinilarly, the negatile selection signal @rai
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B- . In the case of PR (1,1), shown in the exanples of Figs. 23 to 25, B+
and B-, shown in Fig. 12, are the selection signal train. Fig. 15 is
an exanpl e of read-out signals in the case in which the signals_LgL,L:.se
synchroni zati on signal, mark, and pseudo- randon13|gnals 0 :
feed-back circuit have been witten onto the nmenory i
si xth enbodi nent of this inventicn, Fig.1842Ghows a \ ReRuC =S
kind of test signal. Switch 34 is connected in such B A_way—tH si gha

of third | ogical processing part 31 is applied to selectlon part 13 until
detector 33 detects the mark. The phase synchronization signal is a
repeated .signal with a sker riaogl; sanples with phase information are

sel ected by third | ogical ing part 31. As a result, the phase of the
cl ock signal is synchriohj t heAgead- out signal. Afger

eihen An> 0: An— An-1>k
Ant+tl — Ac= Phare Tatormotoose
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this, when detector 33 detects the mark, switch 34 is smntched SO that e
signal of fourth |ogical processing part 32 is applied. e T

13. In the same manner as in the first Ry
| ogi cal processing part 32 produces, beforehand, a selacti n AEFG R | et
that selects the sanples with phase information fromt - gnal train

of the test signal recording part. Wien SW/2&h 34 is SMATChed to the side
of fourth 1ogical processing part 32, fourth |ogical processing part
- 32 controls selection part 13 by this
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\\

sel ection signal train. Since, in repeated signals such as the

synchroni zation signals, it is not necessary to know the first p0|nt of the

signal, synchronization can be performed by a nmethod sucl that—_of th
N ﬁ%n*

third enbodi nent, but for signals that do not repeat, sub
signals, the operation does not proceed prope%b unl ess {
given correctly. Therefore, it is necessary t é%hnunlcate the startlng
point of the signal to fourth |ogical processing part 32 by neans of
detecting the mark by detector 33. Fig. 16 shows the seventh

enbodi ment of this invention. The seventh embodinment, |ike the sixth
exanple, is also an enbog‘ne any type of signal, such as a
pseudo-random t est signa 3, the constituent elenents in this
exanpl e are shown no#Aq co than the sixth enbodiment of Fig. 14. In
t he sixth enbodi nments Aignal , with respect to the phase
synchroni zati on si gnal ack circui tAé S obtained from
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ﬁtest"‘i signal recording part 16 and the third | ogical processing paft. In

contrast, in the seventh enbodiment, as in the third enbodi rrent the cl ock

signal is counted by NN ary counter 20 and the. count [ naE ggl |y
4 r|

processed by | ogical processing circuit 38; tion
Wi th respect to the synchronization signal is co 5;IME'N'[E ERpgenment
after latches 28 and 29 is the sane as in the fo "'r,".:.s‘.ﬁE -
Until detector 33 detects the mark, switches 35 4gnq 36 are conne¢ted so
that the selection signal train from 26 APR 1997 .
' . ABSTRACT |

Apparatus for Measuring a Memory Device

In apparatus that measures the characteristics of the
read-out signals from memezy media, in the prior art, phase
control of the clock signals for synchronized sampling of
the measurement apparatus was performed by using the read-

.out signals. Synchronization discrepancies and inability to
perform synchronizacion were preduced Gue to the quality of
the read-out signals. In the invention, a Logical
processing part gererates selecticn signals that contrecl
the selection of samples with phase information,  for
performing synchronization, E£rom test signals of a
recording part, which records the same signal train as the
test signal train written onto the memory medium. By the
control of these salection signals, samples with. phase
information for performing sy'xchronz.zac:.cn a.re selected
from the sample train output £rom an A/D convertexr through
an equalizer; these samples pass through a selection part
and a control clock generating part by means of the
.processing of a feed-back prdéessing part. The samples with

- phase information are f£2d back, and corract phase control
. is performed. '

(Figuré 1)



19 ; | ogical processing circuit 38 controls the | f nd a
TGN JBET

phase-| ocked | oop i's forned. Wien the detector 3 M -1 9Wi t ches
35 and 36 are switched so that the signals fromf]rkt |ogical prdcgssing
.part 29 and second | ogical processing part 30 are|appl? 6MAOIWEt ches 27 and

-

28, and synchronous operation with respect to tBabptititéSheedn q08l7s
begi ns. The generation of the selection %i trainand the phase gontrol
with respect to the pseudo-random signal s”are the{sane as.the ne shown
in the fifth enbodi nent. In the third, fourth, fifth, and seventh

enbodi nents, exanples are shown in which two D/A converters, positive and
negative paths, are provided. Fig. 17 shows an exanple, as the eighth
enbodi ment, in which there is one common.D/ A converter 23. The eighth

enbodi ment will be explained in 3
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. performed, and correct nmeasurenents can be obtai ned,
re-synchroni zed

conparison with the fourth enbodi nent.

difference in the outputs of the two D/ A conve

differenti al

anplifier 25 of the analog signals

the dif f erence in the outputs of
"subtractor 37 at the stage before D/ A converter $i sﬂﬂﬁd&h

i nvention, as explained above,
by using a sel ection signal
one-to-one with test signals witten onto a neno
accurate phase information can be obtained even with S|gnals t hat

| arge quantit

. has practi cal

|

i es of noise.

advant ages.

sanpl es ggdh age |i nf or
train produ row1u

| at ches 27 amnd}28 is obiﬁgne

Ther ef or e,

Mor eover,

pbodi ment ,

ererore,

i ncl ude

correct synchronous sanpling can be
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in this invention; therefore, it also has the effe of |ncreaS|ng the

- measur enent speed. 2HMAY 1997Enbolli ment s
of this invention have been shown above, but it is I|n1ted to th
nmet hods, arrangenents, and ot her aspects of thesa&% teShedbdia4 ey po7of
the arrangenent are permtted, if desireqs/fi.7ong as_the

: "' T AL V
whi,ch is necessary in cases in which oscil Ioscope%* EA &@NT SHBT used
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concept: of the invention is not |ost.

1. A synchronous sanpling apparatus, [cb
conversion nmeans for sanpling signals read out npébﬂ&gmg N

CLAI M5

medi um

| REPLACEMENT SHE

i

EN

a sanpling signal generator forleont+etnrg——s

DI'y

Stibstitute sheet - 24 M4

y 1997

4/17

C4

FIG.4
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conversi on neans; menory nmeans for st ofy

<—Writtien into
. the nenory nmedium means for |ogicall E .EEI;i gnal s
"~ recorded on the nenory neans; selectio ans ftor sel dct]i ng
. sanples with phase information froma s Izémwtaired by a
. sanpling action of said conversion neans; and - Substitte s { 2dVigige1 997
sel ection neans is controlled by out putrs ~from-sa&i ¢ neans
for logically processi ng; and wherein the sanplies with
phase information are fed backS/OWsai d selectiron neans to

contr ol

E1 E2 E3' E4 E5 E6 E7 EB8 E9 E10 E11 E12

Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12



t he éaﬁpling signal generator, and sanpling is tHhereby— nieved
that is sychronized with the si gnal s reﬂﬂﬂﬂdﬂﬁ%ﬂﬂﬁﬁﬁhﬂ nor y
medi um 2. An apparatus which neasures des ics of a
menory devi ce by using a sanple train, conprisin : s for

sanpling signals read out fromthe ay el 397 d
sanpl e train; a sanpling S|8fl1 -pene I hg said
means for sanpling;
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22, el ecti on means coupled to said neans REP“Afim@E’"
for selectively outputting desired Ife f
. train; and wherei n sanpl es sel ected by jt he

~are fed back to the sanmpling signa
+ frequency of the sanpling signal

sanpling to performsanpling that is syn hrbﬁ[zed to S|gnals
read out fromthe nenory device; a79/1q7ther-tunp1|>rng '
l Mﬂlﬂn.

Al A2 A3 A4 A5 A6 A7 AB

B+ 0 o 1 0 0 1 0 O

FIG.11

Al A2 A3 A4 A5 A6 A7 A8

B+ o0 0o o0 o0 0 1 0 ©



a test, signa

written into the nmenory

means f or
t he

test signa

sel ecti on neans;

out puts _
from the test
processed; and

10

READ

OUT SIGNAL

recordi ng neans that records a REPLAQEMEQQW&HEE rain
devi ce; IoglcaT procelssi ng
| ogically processi ng the tebt 26 “xﬁai read from
test signal recording neans and for applyi sai d
train that has been logically upsti 1897
and wher ei 11% sele‘tlon neans sel ectj vely
sanple signhals in ac d th phase 1 ntormation
signal train _;nat has been | ogically
wher EES t epsanpling signal generator is
ne
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controlled by application of the sanple signals RE}LACFMEN"PS
sélection neans, to synchronize " si gnal Spsanpl-ed-tr
menory device to signal s read out fromtheitest si gha
means. 3. An apparatus for measuring charactefi 26 MAYO199Z,
device by use of a sanple train, conprising: Substitute sheet - 24
23 | 9/17 | —
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means -for sanpling signals read out fromthe , ,,ﬂ . pL oduce

said sanple train; a sanpling signal generat o"
means for sanpling; sel ection nmeans for sel eqti ,
desired sanples with phase information fromthe ¢ | ie b jand
wherei n sanpl es sel ected by the sel ecti on neansSubstifa byt 1987
sanpling signal generator to control a frequefc S-EtfF et Bi gnal
generated thereby, so as to performsarql/gg IS synchronl zpd to
signals read out from t he nenory {C and further con g:
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frequency-dividing counting nmeans for dividing and...counting the
frequency of the sanpling si gnal ; | od RER A.ﬁNﬂﬁ@pSﬂ@@T nmeans
for | ogically processi ng a count output frdmgRe SRRy
di vidi ng counting neans; and wherein the sellegti gn nmeans selleg¢tively
out put s the sanples with phase information Sujostitu@SHAY: BSUlayt 1997
under control of said | ogical pgof?éfghg e fhetein the
sanpling signal generator is contfoll'ed b W th
phase information and sanpling i¢.pesfofmed t nized to
signals read out fromthe nenory Zzcel o
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FE ACEMENT

24, "+ 4. An apparatus for neasuring a nenory d

Cl'aim 2, wherein the phase information is obtaingdfby using the '
. PREMAY WH5ppnke. |

rcordance with

the signals read out from the nmenory device hav
5. An apparatus for neasuring a nenory device in}a
wherein the phase information is obtained by usi

signals read out. fromthe nenory dey'Q:;{'fT?ve F~art
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6. An apparatus for neasuring a nenory device "F
wherein, before the menory device is read, the |

|l ogically processes the test signal train that i
signal recording nmeans and produces a sel ection si!
while the menory. device is read, the |ogical Sutst
sanples with phase information fronlthe sanple tya

S

?ecorded in tHe

: e
sehectlon

signal train. 7. An apparatuslﬁ? asurln - dévice gnq
accordance with Claim6, wherein th ogi cal processing neans procegges and
separates the test signal train recorded on the test signal recor means

into a first selection signal train, which discrimnates sanpl es mﬁth.
positive phase infornatigﬁ, d a second sel ection signal train, which
di scrim nates sanples w i phase i nformati on, and enpl oys a
selection signal train | the | ection nmea
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8., An-apparatus for neasuring a nenory device in ac Wrs)gIM=Ng ot
3, 6, olrop7, wherein the testgsi gnal t?/ai n that is fREY m‘ﬁﬁ:}gh”‘i
menory devi ce includes a signal for phase synchroni §agion of the safmpling
signal generator, a test signal train that neasures pi(;o B MAE 1997 t he
menory device, and a mark signal between the Si&ﬁlﬁ%‘ti*f.l sg

synchroni zati on and the test signal train; and S
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the apparatus for measuring a nenory device i”iﬁﬁif (Imcionm means for

discrimnating the mark signals, and the | ogi ga¥: ggg@@@fﬁ@ﬂﬁéﬂts; and

until the detection neans detects that the nerorjy device has fegad out the

mark signal, the selection neans sel ects sanplie§ wptgy i hf @r mati on
%' vhmﬁumggag§£0

~fromthe sanple train of the signals for phas ych987Y ol s
- the sanpling signal generator theremﬁthlfizﬂh after—the? d¢t ecti on
nmeans detects that the nenory device ha adfout the mark signpls, an
operation is activated to select sanples with phase informatiron fromthe
sanple train of the test signal train, under the control of the selection
signal train. 9. An apparatus for neasuring a nenory device in

T
-<-IZ
SAe| =
<
1ot %
2
o
e
Y
Z
o
o
| oo
72 A
M ©
~ (5 N
Y N
U 3 )
)
3 2 L
2 2a.
o
88<\
n o] «
-~ u_ﬂ: -
a
\ \ et

CLOCK
GENERATIN
PART




accordance with Claim8, wherein the signal forg

tionis a
repeated signal with a constant pattern, and tHh Fie s QEISW

different pattern fromthe signal for phase syrcfronl zat i on.
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