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ABSTRACT OF THE DISCLOSURE

A common reference signal is applied from the same
reference signal generating portion to a reference
signal input terminal of a signal under test generator
and a reference signal input terminal of a sampling
signal generator circuit. A sampling frequency 1s set
to the sampling signal generator circuit such that a
desired delay time can be obtained relevant to a phase
of a signal under test. 1In the sampling signal
generator circuit, the sampling signal having a cycle
that corresponds to the sampling frequency 1s generated
based on the common reference signal and the sampling
frequency. A repetition cycle of the signal under test
and a repetition cycle of the sampling signal are set
based on a cycle of the common reference signal so that
the repetition cycle of the sampling signal can be set
independently of the repetition cycle of the signal

under test.
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TITLE OF THE INVENTION
WAVEFORM MEASURING METHOD AND APPARATUS
BACKGROUND OF THE INVENTION

The present invention relates to a waveform
measuring method and apparatus. More particularly,
the present invention relates to a waveform measuring
method and apparatus for obtaining a signal waveform
of a signal under test having an arbitrary repetition
cycle outputted from a signal under test generator as
a test object.

In general, a signal under test generator for
generating an electrical signal, an optical signal or
the like each having an arbitrary repetition cycle
incorporates a reference signal oscillator for
generating a reference signal that has a reference
frequency "fs" and a waveform pattern generating
portion for generating a waveform pattern of a signal
waveform.

In such a signal under test generator, a reference
signal outputted from the reference signal generator
is employed so as to generate a repetition frequency
signal that has a specified repetition frequency "fa".
In addition, this repetition frequency signal and
a waveform pattern outputted from the waveform pattern
generating portion are employed so as to generate
an electrical signal or an optical signal each having

an arbitrary repetition cycle "Ta".
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The electrical signal and optical signal each
having an arbitrary repetition cycle Ta outputted
from such a signal under test generator are generally
incorporated in an information communication system,
and, for example, are employed as test signals of a
variety of communication devices including an optical
transmission cable.

Therefore, i1t 1s required to measure character-
istics of the electrical signal or optical signal
outputted from the signal under test generator in
detail prior to testing a variety of communication
devices containing the optical transmission cable
incorporated in the information communication system.

One of the characteristic measurements of the
electrical signal or optical signal 1s a signal
waveform measurement.

Conventionally, there is proposed a variety of
measuring techniques for measuring a signal waveform
of a signal under test such as the electrical signal,
optical signal or the like each having this arbitrary
repetition cycle Ta.

However, in the case where the repetition cycle
Ta of the signal under test, i.e., the repetition
frequency "fa" is a high frequency signal that exceeds
10 GHz, the signal waveform of such a signal under test

cannot be directly observed on a display screen such

as oscilloscope. Thus, the selection range of the
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waveform measuring technique itself is limited.

A typical technique of measuring a signal waveform
of a signal under test of which the repetition
frequency "fa" exceeds 10 GHz will be described with
reference to FIGS. 7A, 7B, and 7C.

As shown 1in FIGS. 7A and 7B, a signal under test
"a" having a repetition cycle Ta (for example,
repetition frequency "fa"=10 GHz) is sampled by
a sampling signal "b" having a cycle Tb (for example,
repetition frequency "£fb"=999.9 MHz) longer than the
repetition cycle Ta of this signal under test "a".

In this case, a mutual relationship between the
repetition periods Ta and Tb is adjusted, whereby the
sampling position of a sampling signal "b" in the
signal waveform in the repetition cycle Ta of the
signal under test "a" 1s shifted by a differential
time AT together with an elapse of time, as shown in
FIGS. 7A and 7B, and 1s provided so as to be delayed
as AT, 2AT, 3AT, 4AT, 5AT, 6AT -

Therefore, a signal under test "c¢" after sampled
by this sampling signal "b" is obtained as discrete
waveform in which a pulse shaped waveform is generated
at a position synchronized with the sampling signal
"b", as shown in FIG. 7C.

Then, the enveloped waveform of each pulse shaped

waveform 1s obtained as a signal waveform "d" extended

in a time axis direction of the signal under test "a".
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A waveform measuring apparatus for measuring
a signal waveform "d" of the signal under test "a" 1s
configured as shown in FIG. 8, for example, based on
the principle of the sampling technigque shown 1in
FIGS. 7A, 7B, and 7C.

The signal under test "a" having the repetition
frequency "fa" (repetition cycle Ta) 1s 1nputted to
a sampling circuit 1 and a frequency divider 2.

The frequency divider 2 delivers to a phase
comparator 3 an output signal obtained by frequency
dividing the repetition frequency "fa" of the signal
under test "a" into 1l/n.

A voltage control oscillator (VCO) 4 functions as
a phase locked loop (PLL) for generating a signal that
has a frequency (fa/n) of 1/n (n: positive integer) of
the repetition frequency "fa" so as to feed the signal
back to the phase comparator 3.

The phase comparator 3 configuring the phase
locked loop (PLL) detects a phase difference between
a phase of an output signal of the voltage control
oscillator (VCO) 4 and an output of the frequency
divider 2, and delivers a phase difference signal to
the voltage control oscillator (VCO) 4.

A phase of an output signal from the voltage
control oscillator (VCO) 4 is synchronized with a phase
of the signal under test "a" by means of this phase

locked loop (PLL).
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A frequency (fa/n) of an output signal having
a frequency (fa /n) outputted from the voltage control
oscillator (VCO) 4 is converted into a frequency of
(fa/n) - Af by means of a next stationary frequency
divider 5a and a stationary multiplier 5b, and the
converted frequency is inputted to a sampling signal
generator circuit 6.

Here, the sampling signal generator circuit 6
applies to the sampling circuit 1 a repetition
frequency (fb) as shown in formula (1) synchronized
with an inputted output signal and a sampling signal
"b" having a repetition cycle (Tb).

fb=(fa/n) - Af - (1)

Tb=(nTa) + AT -+ (2)

However, a relationship between Af and AT is

shown in formula (3)

ANf/AT=fas/ns -+ (3)

Then, the sampling circuit 1 samples the inputted
signal under test "a" by means of the sampling signal
"b" inputted from the sampling signal generator circuilt
6, thereby delivering the sampled signal under test "c"
to a next signal processing/waveform display portion 7.

This signal processing/waveform display portion 7
calculates an enveloped waveform of the inputted signal
under test "c" after sampled, and a scale of a time
axis of this enveloped waveform is converted into

a scale of the original signal under test "a", whereby
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the signal waveform "d" of the original signal under
test "a" 1s outputted to be displayed.

In this case, a magnification ratio of the signal
under test "a" of the measured, enveloped waveform to
the signal waveform "d" is obtained as (fa/nAf).

In the case where the signal under test "a" 1is
an optical signal instead of an electrical signal,
this optical signal is applied to the frequency divider
2 after converted into an electrical signal.

In addition, in the case where the signal under
test "a" 1s an optical signal instead of an electrical
signal, an electro-absorption modulator, for example,
1s employed instead of the sampling circuit 1.

This electro-absorption modulator is applied a
pulse shaped electric field that is a sampling signal,
thereby making it possible to sample the pulse shaped
signal under test "a" that is an optical signal that is
inputted to the electro-adsorption modulator.

Then, the signal under test "c¢" that is the
thus sampled optical signal 1s delivered to a signal
processing/waveform display portion 7 after converted
into an electrical signal.

However, a conventional waveform measuring
apparatus employing a sampling technique shown in
FIG. 8 has the following problems to be solved.

That 1s, an output signal from a multiplier 5b for

generating a sampling signal "b" that has a repetition

W I e AR SERAP § ST MLV (S Ry T



10

15

20

25

CA 02356406 2001-08-30

frequency fb (fa/n) - Af outputted from the sampling
signal generator circulit 6 1s produced by means of a
phase locked loop (PLL) circulit composed of a frequency
divider 2 for frequency dividing the signal under test
"a", a phase comparator 3, and a voltage control
oscillator (VCO) 4.

That is, the sampling signal "b" 1s produced by
processing the signal under test "a" targeted to be
measured, and thus, such sampling signal "b" 1s always
phase synchronized with the signal under test "a".

Therefore, a generated quantity of jitter in
the signal waveform "d" of the signal under test "a"
displayed at the signal processing/waveform display
portion 7 1s restricted, and thus, the measurement
precision of the signal waveform "d" of the signal
under test "a" 1s 1improved.

However, the repetition frequency "fb" of the
sampling signal "b" is expressed by a function of the
repetition frequency "fa" of the signal under test "a",
as is evident from formulas (1) and (3) described
previously.

This fact means that the repetition frequency "fb"
of the sampling signal "b" cannot be arbitrarily set
independently of the repetition frequency "fa" of the
signal under test "a" when a frequency dividing rate

and a frequency multiplied rate are fixed.

That is, when the repetition frequency "fa" of the
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signal under test "a" changes, the time resolution,
l.e., measurement precision of the signal waveform "d"
of the measured signal under test "a" automatically
changes.

Therefore, i1n this waveform measuring apparatus,
that the signal waveform "d" of the signal under test
"a" cannot be measured with an arbitrary time
resolution.

In addition, there is a problem that the selection
range of the repetition frequency "fb" of the sampling
signal "b" 1is greatly limited due to the specification
characteristics or the like of each of the frequency
dividers 2 and 5a.

BRIEF SUMMARY OF THE INVENTION

The present invention has been made in order to
solve the foregoing problem. It is an object of the
present invention to provide a waveform measuring
method and apparatus capable of arbitrarily setting
a frequency of a sampling signal for sampling a signal
under test outputted from a signal under test generator
targeted for testing independently of a repetition
frequency of a signal under test while a sampling
signal is always phase synchronized with a signal under
test by generating a repetition cycle of a signal under
test and a cycle of a sampling signal by means of

a common reference signal, and capable of improving

measurement precision of a signal waveform of a signal
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under test while a generated quantity of jitter is
restricted, and capable of measuring the signal
waveform with arbitrary resolution precision.

In order to achieve the foregoing object,
according to a first aspect of the present invention,
there 1s provided a waveform measuring method for
generating a sampling signal that has a cycle longer
than a repetition cycle of a signal under test
outputted from a signal under test generator from
a sampling signal generator circuit, sampling the
signal under test by means of the sampling signal, and
obtaining an enveloped waveform of the signal under
test, the waveform measuring method comprising the
steps of:

applying a common reference signal from the same
reference signal generating portion to a reference
signal input terminal of the signal under test
generator and a reference signal input terminal of
a sampling signal generator circuit:

setting to the sampling signal generator circuit

a sampling frequency such that a desired delay time can

be obtained relevant to a phase of the signal under

test; and

generating the sampling signal having a cycle that

corresponds to the sampling frequency based on the
common reference signal and the sampling frequency in

the sampling signal generator circuit,

A A LI R TN (IR £ b - e e .
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set 1ndependently of the repetition cycle of the signal
under test.

In this way, in the waveform measuring method,
in the case where a reference signal oscillator for
generating a reference signal that has a reference
frequency employed for generating a repetition
frequency of a signal under test is not provided in
a signal generator targeted for testing, the signal
generator outputting a signal under test of which
a signal waveform is measured, an externally applied
reference signal is employed to the reference signal
input terminal.

Then, a common reference signal outputted from a
reference signal oscillator provided at the outside of
a signal under test generator is supplied to sampling
signal generating means and a signal generator.

Therefore, in this case, the sampling signal and
signal under test always maintain a phase synchronized
state.

Moreover, the sampling signal is obtained by
processing a reference signal instead of processing
a signal under test.

Hence, with a simple configuration, a repetition
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frequency of a sampling signal for sampling a signal
under test can be arbitrarily set independently of

a repetition frequency of a signal under test, and

a phase synchronization with a signal under test

is always obtained. Thus, Jjitter generation 1is
restricted.

In addition, in such a waveform measuring method,
in the case where a reference signal oscillator for
generating a reference signal that has a reference
frequency employed for generating a repetition
frequency of a signal under test is provided in
a signal generator targeted for testing, the signal
generator outputting a signal under test of which
a signal waveform is measured, a sampling signal 1s
generated by employing a reference signal outputted
from a reference signal oscillator provided in a signal
generator targeted for testing, contrary to the above
description.

Therefore, in this case, the signal under test and
sampling signal are generated by employing a common
reference signal outputted from the same reference
signal oscillator, thus making it possible to achieve
the same advantageous effect as the above described
case.

In order to achieve the foregoing object,

according to a second aspect of the present invention,

there is provided a waveform measuring apparatus having
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a sampling signal generator circuit for generating
a sampling signal that has a cycle longer than a
repetition cycle of a signal under test outputted from
a signal under test generator; a sampling portion for
sampling the signal under test by means of a sampling
signal from the sampling signal generator circuit; and
a data processing portion for obtaining an enveloped
waveform of the signal under test sampled by means of
the sampling portion, thereby obtaining a signal
waveform of the signal under test, the measuring
apparatus comprising:

a reference signal generating portion for applying
a common reference signal to a reference signal input
terminal of the signal under test generator and
a reference signal input terminal of the sampling
signal generator circuit: and

a sampling frequency setting portion for setting
to the sampling signal generator circuit a sampling
frequency such that a desired delay time can be
obtained relevant to a phase of the signal under test,

wherein, in the sampling signal generator
circuit, when the sampling signal having a cycle that
corresponds to the sampling frequency is generated
based on the common reference signal and the sampling
frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal

are set based on a cycle of the common reference signal

f =vamarty .."‘M“IJ)OM-—A--- e
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so that the repetition cycle of the sampling signal can
be set independently of the repetition cycle of the
signal under test.

In the thus configured waveform measuring
apparatus, a reference signal oscillator for generating
a reference signal that has a reference frequency
employed for generating a repetition frequency of a
signal under test is not provided in a signal generator
targeted for testing, the signal generator outputting
a signal under test of which a signal waveform 1is
measured, and a reference signal externally applied to
a reference signal input terminal of a signal generator
targeted for testing 1s employed.

Then, a common signal outputted from the same
reference signal oscillator provided at the waveform
measuring apparatus is applied to sampling signal
generating means and a signal under test generator.

Therefore, a sampling signal and a signal under
test always maintains a phase synchronized state.

Moreover, a sampling signal is obtained by
processing a reference signal instead of processing
a signal under test.

Hence, with a simple configuration, a repetition
frequency of a sampling signal for sampling a signal
under test can be arbitrarily set i1ndependent of
a repetition frequency of a signal under test.

In addition, a phase synchronization is always obtained
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relative to a signal under test, and thus, jitter
generation is restricted.

In addition, in order to achieve the foregoing
object, according to a third aspect of the present
invention, there is provided a waveform measuring
apparatus 1n accordance with the second aspect, further
comprising a frequency measuring portion for measuring
a repetition frequency of the signal under test, based
on the reference signal output from the reference
signal oscillator, wherein the measurement value of the
repetition frequency of the signal under test measured
by means of the frequency measuring portion is assigned
to the sampling frequency setting portion.

In addition, in order to achieve the foregoing
object, according to a fourth aspect of the present
invention, there is provided a waveform measuring
apparatus in accordance with the second aspect, the
waveform measuring apparatus further comprising:

a power divider for, when the signal under test is

a photo detector for converting into a signal
under test of an electrical signal a signal under test
that i1s one of the optical signals divided by the power
divider: and

a frequency measuring portion for measuring

a repetition frequency of a signal under test converted

et Ve SV M 1Y r AETHMRE AT RS TTR TR 4 AT TE O e L 4 ¥ e - .
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into an electrical signal by means of the photo
detector, based on the reference signal output from the
reference signal oscillator,

wherein the measurement value of the repetition
frequency of the signal under test measured by means of
the frequency measuring portion is assigned to the
sampling frequency setting portion.

In addition, in order to achieve the foregoing
object, according to a fifth aspect of the present
invention, there is provided a waveform measuring
apparatus 1n accordance with the second aspect, further
comprising:

a power divider for, when the signal under test is
an optical signal, power dividing the signal under test
that 1s the optical signal in two ways;

a clock recovery for detecting a clock of the
repetition cycle from one signal under test divided by
the power divider, thereby converting the signal under
test that 1s the optical signal into a signal under
test of an electrical signal having the repetition
frequency and outputting the converted electrical
signal; and

a frequency measuring portion for measuring a
repetition frequency of a signal under test converted
into an electrical signal by the clock recovery, based

on the reference signal output from the reference

signal oscillator,
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wherein the measurement value of the repetition
frequency of the signal under test measured by means
Oof the frequency measuring portion is assigned to the
sampling frequency setting portion.

In addition, in order to achieve the foregoing
object, according to a sixth aspect of the present
invention, there is provided a waveform measuring
apparatus 1n accordance with the second aspect, the
waveform measuring apparatus further comprising:

a photo detector for light receiving a signal
under test of an optical signal sampled by means of
a sampling signal of which a signal under test being
the optical signal is inputted from the sampling signal
generator circuit, and converting into a signal under
test of an electrical signal as a signal under test
that is an optical signal after sampled;

an analog/digital converter for converting a
signal under test converted into an electrical signal
by means of the photo detector into a digital signal
under test, thereby delivering the converted digital
signal under test to the data processing portion; and

a display for converting a scale of a time axis of
the enveloped waveform obtained by means of the data
processing portion into a scale of an original signal
under test, and displaying the converted scale as

a signal waveform of the signal under test.

In addition, in order to achieve the foregoing
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object, according to a seventh aspect of the present
invention, there is provided a waveform measuring
apparatus having a sampling portion having a reference
signal oscillator, for sampling a signal under test by
means of a sampling signal having a cycle longer than
a repetition cycle of the signal under test outputted
from a signal under test generator for generating
a signal under test having a repetition cycle set by
employing a reference signal generated by the reference
signal oscillator; and a data processing portion for
obtaining an enveloped waveform of a signal under test
sampled by this sampling portion, thereby obtaining
a signal waveform of the signal under test from this
enveloped waveform, the waveform measuring apparatus
comprising:

a sampling signal generator circuit having
a reference signal input terminal wherein a reference
signal common to a reference signal generated by the
reference signal oscillator of the signal under test
generator 1s applied to the reference signal input
terminal; and

a sampling frequency setting portion for setting
to the sampling signal generator circuit a sampling
frequency such that a desired delay time can be
obtalined relevant to a phase of the signal under test,

wherein, in the sampling signal generator

circuit, when the sampling signal having a cycle that
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corresponds to the sampling frequency is generated
based on the common reference signal and the sampling
trequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal
are set based on a cycle of the common reference signal
so that the repetition cycle of the sampling signal can
be set 1ndependent of the repetition cycle of the
signal under test.

In the thus configured waveform measuring
apparatus, a reference signal oscillator for generating
a reference signal that has a reference frequency
employed for generating a repetition frequency of
a signal under test is provided in a signal generator
targeted for testing, the signal generator outputting
a signal under test of which a signal waveform is
measured by means of the waveform measuring apparatus.

In contrast, in the waveform measuring apparatus,
a reference signal oscillator for generating
a reference signal is not provided.

Then, a sampling signal is generated by employing
a reference signal common to a reference signal
outputted from a reference signal oscillator provided
in a signal generator targeted for testing.

Therefore, the signal under test and sampling
signal are generated by employing a common reference
signal outputted from the same reference signal

oscillator, thus making it possible to achieve the same
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advantageous effect as that according to the second
aspect.

In addition, in order to achieve the foregoing
object, according to an eighth aspect of the present
invention, there is provided a waveform measuring
apparatus in accordance with the seventh aspect,
further comprising a frequency measuring portion for
measuring a repetition frequency of the signal under
test, based on the reference signal output from the
reference signal oscillator, wherein the measurement
value of the repetition frequency of the signal under
test measured by means of the frequency measuring
portion is assigned to the sampling frequency setting
portion.

In addition, in order to achieve the foregoing
object, according to a ninth aspect of the present
invention, there is provided a waveform measuring
apparatus 1in accordance with the seventh aspect,
further comprising:

a power divider for, when the signal under test is
an optical signal, power dividing the signal under test
that 1s the optical signal in two ways;

a photo detector for converting into a signal
under test of an electrical signal a signal under test
that 1s one optical signal divided by means of the
power divider; and

a frequency measuring portion for measuring a
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repetition frequency of a signal under test converted
into an electrical signal by means of the photo
detector, based on the reference signal output from
the reference signal oscillator,

wherein the measurement value of the repetition
frequency of the signal under test measured by means
of the frequency measuring portion is assigned to the
sampling frequency setting portion.

In addition, in order to achieve the foregoing
object, according to a tenth aspect of the present
invention, there is provided a waveform measuring
apparatus 1n accordance with the seventh aspect,
further comprising:

a power divider for, when the signal under test is
an optical signal, power dividing the signal under test
that 1s the optical signal in two ways;

a clock recovery for detecting a clock of a
repetition cycle from one signal under test divided by
the power divider, thereby converting a signal under
test that 1s the optical signal into a signal under
test of an electrical signal having the repetition
frequency and outputting the converted signal; and

a frequency measuring portion for measuring a
repetition frequency of a signal under test converted
into an electrical signal by means of the clock
recovery, based on the reference signal output from

the reference signal oscillator,
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wherein the measurement value of the repetition
frequency of the signal under test measuréd by means
of the frequency measuring portion is assigned to the
sampling fregquency setting portion.

In addition, in order to achieve the foregolng
object, according to an eleventh aspect of the present
invention, there is provided a waveform measuring
apparatus in accordance with the seventh aspect,
further comprising:

a photo detector for, when the signal under test
is an optical signal, and the sampling portion 1is an
electro-absorption modulator, light receiving a signal
under test of an optical signal sampled by means of
a sampling signal of which a signal under test being
the optical signal is inputted from the sampling signal
generator circuit, and converting into a signal under
test of an electrical signal a signal under test that
is an optical signal after sampled;

an analog/digital converter for converting a
signal under test converted into an electrical signal
by means of the photo detector into a digital signal
under test, thereby delivering the converted digital
signal under test to the data processing portion; and

a display for converting a scale of a time axis of
the enveloped waveform obtained by means of the data
processing portion into a scale of an original signal

under test, and displaying a signal waveform of the
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signal under test.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may
be learned by practice of the invention. The objects
and advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
1n and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which a waveform measuring method according to a first
embodiment of the present invention is applied;

FIG. 2 1s a block diagram depicting a schematic
configuration of a signal generator for generating
a signal under test measured by a waveform measuring
method according to the first embodiment of the present
invention;

FIG. 3 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to

which a waveform measuring method according to a second
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embodiment of the present embodiment is applied;

FIG. 4 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which a waveform measuring method according to a third
embodiment of the present invention is applied;

FIGS. 5A, 5B, 5C, and 5D are waveform charts of
a signal under test and a reproduction clock signal
1llustrating an advantageous effect of a clock recovery
incorporated in a waveform measuring apparatus
according to the third embodiment of the present
invention:

FIG. 6 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which a waveform measuring method according to a fourth
embodiment of the present invention is applied;

FIGS. 7A, 7B, and 7C are views each illustrating
principles in which a signal waveform of a conventional
typical signal under test is obtained by employing
a sampling technique; and

FIG. 8 1s a block diagram depicting a schematic
configuration of a conventional waveform measuring
instrument.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the
presently preferred embodiments of the invention as
l1llustrated in the accompanying drawings, in which like

reference numerals designate like or corresponding
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parts.

Hereinafter, preferred embodiments of the present
invention will be described with reference to the
accompanyling drawings.

(First Embodiment)

FIG. 1 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which a waveform measuring method according to a first
embodiment of the present invention is applied.

That 1s, as shown in FIG. 1, a repetition
frequency signal generator 12 and a waveform pattern
generator 13 are provided in a signal under test
generator 11 that is a test target for outputting
a signal under test "a" that is an optical signal.

A reference signal "h" having a 10 MHz reference
ftrequency "fs" (= 10 MHz), for example, is applied
from a reference signal generator 14 incorporated in
a waveform measuring apparatus to a reference signal
input terminal (REFl) of a repetition signal generator
12 1in this signal under test generator 11.

FIG. 2 1s a block diagram depicting an internal
configuration of a signal under test generator 11 in
FIG. 1.

That 1s, as shown in FIG. 2, for example,

a repetition frequency signal generator 12 composed of
a frequency synthesizer multiplies or frequency-divides

a reference signal "h" having a reference frequency
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"fa" (= 10 MHz) applied to the reference signal input
terminal (REF1l), thereby making it possible to generate
a repetition frequency signal "e" having an arbitrary
frequency (repetition frequency "fa").

Specifically, the repetition signal generator 12
multiplies the reference signal "h" by 1000 times,
thereby generating a repetition frequency signal "e"
having a 10 GHz frequency (repetition frequency "fa").

Then, this repetition frequency signal generator
12 delivers the generated repetition frequency signal
'e"” to a short pulse light source 13a of a next
waveform pattern generating portion 13.

This short pulse light source 13a is composed of
a semiconductor laser light source that emits a single
waveform light, for example, generates an optical
signal having a frequency "fa" of the inputted repeti-
tion frequency signal "e", and delivers the signal to
a plurality of PPG (pulse pattern generator) 13b.

A pulse pattern containing preset data to be
transmitted is stored in each PPG (pulse pattern
generator) 13b, respectively, and the inputted optical
signal is modulated by this pulse pattern.

Optical signals containing a variety of data
outputted from each PPG (pulse pattern generator) 13b
are wave-synthesized by means of an optical signal wave
synthesizer 13d, respectively, after being delayed by

a predetermined time so that data is not duplicated
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mutually by means of each delay circuit 13c, thereby
obtaining a signal under test "a" having a repetition
frequency "fa" (repetition cycle Ta).

Therefore, the waveform of data set by each PPG
(pulse pattern generator) 13b is contained in one
repetition cycle Ta in this signal under test "a".

In this way, the signal under test "a" having
a repetition cycle Ta outputted from a signal under
test generator 11 1is incident to an electro-absorption
modulator 15 in FIG. 1.

On the other hand, a reference signal oscillator
14 incorporated in a waveform measuring apparatus
osclllates a reference signal "h" having a 10 MHz
reference frequency "fs" (= 10 MHz), for example,
applies this reference signal "h" to a reference signal
lnput terminal (REFl) of a signal under test generator
11, and applies the signal to a reference signal input
terminal (REF2) of a frequency synthesized signal
generator 17 of a sampling signal generator circuit 16.

Here, the frequency synthesized signal generator
17 1n the sampling signal generator circuit 16 is
composed of a frequency synthesizer as in the
repetition frequency signal generator 12 described
previously, and the reference signal "h" having a
reference frequency "fs" (= 10 MHz) applied to the
reference signal input terminal (REF2) is multiplied

or frequency divided, thereby making it possible to
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generate an arbitrary frequency signal.

Specifically, this frequency synthesized signal
generator 17 generates a sine wave signal having a
frequency "fb" of a repetition frequency of a sampling
signal "b" outputted from a sampling signal generator
clirculit 16.

The repetition frequency "fb" of this sampling
signal "b" is specified from a sampling frequency
setting portion 20 in a control portion 19.

Here, when a relationship between the repetition
frequency "fb" of the sampling signal "b" and the
repetition frequency "fa" of the signal under test "a"
1s verified, if fa=10 GHx and fb=999.9 MHz are
substituted in formula (1) described previously,
formula (1) is met where n=10, Af=0.1 NHz, for
example, from 999.9 MHz=(10 GHz/n) - AFf.

A sine wave signal having a frequency "fb"
outputted from such a frequency synthesized signal
generator 17 1s waveform trimmed into a pulse waveform
shaped sampling signal "b" having a repetition
frequency "fb" (repetition cycle Tb) as shown in
FIG. 7B.

Then, the sampling signal "b" having the
repetition frequency "fb" outputted from the sampling
signal generator circuit 16 is inputted to the
electro-absorption modulator 15.

This electro-absorption modulator 15, as described

Allmsiorge ot
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previously, samples the signal under test "a" of an
incident optical signal by means of a sampling signal
"b" inputted from the sampling signal generator circuit
16, and outputs a signal under test "c¢" of the sampled
optical signal to a photo detector 21.

This photo detector 21 converts a signal under
test "c" of an incident optical signal after sampled
into a signal under test "cl" of an electrical signal.

Then, the signal under test "cl” outputted from
the photo detector 21 is converted into a sampled
digital signal under test "c2" by means of an analog/
digital (A/D) converter 22, and is inputted to a data
processing portion 23.

This data processing portion 23 calculates an
enveloped waveform of the inputted, sampled signal
under test "c2", converts a scale of a time axis of
this enveloped waveform into a scale of an original
signal under test "a" , and outputs and displays
a signal waveform "d" of the signal under test "a" on
a display portion 24.

The signal waveform "d" of the signal under test
"a" displayed on the display portion 24 may be drifted
on the display screen because the repetition frequency
"ta" of the repetition frequency signal "e" generated
by the repetition frequency signal generator 12 and
the repetition frequency "fb" of a sine wave signal

generated by the frequency synthesized signal generator
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17 do not meet formula (1) precisely.

In such a case, a display control portion 25 of
a control portion 19 monitors a signal waveform "d" of
a signal under test "a" displayed on the display
portion 24, and adjusts a scanning (sweeping) start
position of the signal waveform on the display screen
every time so as not generate this drift apparently.
In thus configured waveform measuring instrument
according to the first embodiment, a common reference
signal "h" having a reference frequency "fs" outputted
from the same reference signal oscillator 14 provided
at the waveform measuring apparatus is supplied to a
reference signal input terminal (REF2) of the frequency
synthesized signal generator 17 in the sampling signal
generator circuit 16 and a reference signal input
terminal (REF1l) of the repetition frequency signal
generator 12 1in the signal under test generator 11.
Here, the frequency synthesized signal generator
17 of the sampling signal generator circuit 16 and the
repetition frequency signal generator 12 of the signal
under test generator 11 frequency-divides or multiplies
the reference signal "h", thereby generating a sine
wave signal and repetition frequency signal "e".
Therefore, the sampling signal "b" and signal
under test "a" generated from these sine wave signal
and repetition frequency signal "e" always maintains

a phase synchronized state.
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Moreover, the sampling signal "b" obtains the
reference signal "h" by processing it instead of

obtaining the signal under test "a" by processing it.

Hence, a sampling frequency setting portion 20 of

a control portion 19 can arbitrarily set a repetition
frequency "fb" of a sampling signal "b" for sampling
a signal under test "a" by employing an electro-
absorption modulator 15 independent of a repetition
frequency "fa" of a measurement "a".

As a result, the waveform measuring method and
apparatus according to the first embodiment of the
present invention can measure a signal waveform "d" of
a signal under test "a" with an arbitrary resolution.
In addition, jitter generation is restricted because
a phase synchronization is always obtained relevant
to the signal under test "a", and the measurement
precision of the signal waveform "d" of the signal
under test "a" can be remarkably improved.

(Second Embodiment)

FIG. 3 1s a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which the waveform measuring method according to a

second embodiment of the present invention is applied.

In FIG. 3, like elements of the waveform measuring

apparatus according to the first embodiment shown in
FIG. 1 are designated by like reference numerals.

A duplicate detailed description is omitted here.
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In this waveform measuring apparatus according to
the second embodiment, a signal under test "a" having
a repetition frequency "fa" outputted from a signal
under test generator 11 is incident intact to an
electro-absorption modulator 15, is divided by a power
divider 26, and is incident to a photo detector 27.

This photo detector 27 converts the signal under
test "a" of the incident optical signal into a signal
under test "al" of the electrical signal, and delivers
the converted signal to a frequency counter 28.

This frequency counter 28 measures a repetition
frequency "fa" of the signal under test "al" of the
inputted electrical signal, and delivers data on
the measured repetition frequency fa to a sampling
frequency setting portion 20 of a control portion 19.

A reference signal "h" 1s 1inputted from
a reference signal oscillator 14 in order to obtain
synchronization between a timing of a clock (waveform)
of the signal under test "al" and a timing of a clock
count.

Then, a sampling frequency setting portion 20a
of the control portion 19 calculates a repetition
frequency "fb" of the sampling signal "b" outputted
from a sampling signal generator circuit 16 by
employing the previously described formula (1) from the
repetition frequency "fa" of the signal under test "a’

inputted from a frequency counter 28.
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That is, when fb=(fa/n) - Af, for example, in
the case where n=10, Af=0.1 MHz, and the measurement
value fa=10 GHz, the repetition frequency "fb" of the
sampling signal "b" is obtained as fb=999.9 MHz.

Then, the sampling frequency setting portion 20
sets the calculated repetition frequency "fb" to a
ftrequency synthesized signal generator 17 of a sampling
signal generator circuit 16.

This frequency synthesized signal generator 17
generates a sine wave signal having a repetition
frequency "fb" and delivers the signal to a next
waveform trimmer circuit 18 by employing a reference
signal "h", like a frequency synthesized signal
generator 17 in the waveform measuring apparatus
according to the first embodiment shown in FIG. 1.

The subsequent operation is identical to that of
the waveform measuring method and apparatus according
to the first embodiment shown in FIG. 1.

In the thus configured waveform measuring method

and apparatus according to the second embodiment, the
repetition frequency "fa" of the signal under test "a"
is measured by a frequency counter 28, based on the
reference signal "h" output from the reference signal
oscillator 14, and a repetition frequency "fb" of

a sampling signal "b" is obtained from this repetition
frequency "fa" and set to the frequency synthesized

signal generator 17. Thus, like the waveform measuring
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method and apparatus according to the first embodiment,
the signal waveform "d" of the signal under test "a"
can be measured with arbitrary resolution precision
with a jitter generation gquantity being restricted.

Further, in this waveform measuring method and
apparatus according to the second embodiment, even 1if
a repetition frequency "fa" of a signal under test "a"
is unknown, the signal waveform "d" of the signal under
test "a" can be correctly measured.

(Third Embodiment)

FIG. 4 is a block diagram depicting a schematic
configuration of a waveform measuring apparatus to
which a waveform measuring method according to a third
embodiment of the present invention is applied.

In FIG. 4, like elements of the waveform measuring
apparatus according to the second embodiment shown 1in
FIG. 3 are designated by like reference numerals.

A duplicate detailed description is omitted here.

In this waveform measuring apparatus according to
the third embodiment, a signal under test "a" having
a repetition frequency "fa" outputted from a signal
under test generator 11 is incident intact to an
electro-absorption modulator 15, is divided by a power
divider 26, and is incident to a clock recovery 29.

This clock recovery 29 detects a start timing of
a repetition cycle "Ta" in a signal under test "a"

that is an incident optical signal, i.e., a clock of
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repetition cycle Ta (frequency "fa"), converts the
signal under test "a" that is the incident optical
signal into a recovery clock signal "g" as shown in
FIG. 5D that 1s an electrical signal having a frequency
"fa" (repetition frequency), and delivers the converted
signal to a next frequency counter 28.

This frequency counter 28 measures a frequency
(repetition frequency "fa") of a recovery clock signal
"g" of an 1inputted electrical signal, and delivers
data on the measured repetition frequency "fa" to
a sampling frequency setting portion 20a of the control
portion 19.

The subsequent operation is identical to that of
the waveform measuring method and apparatus according
to the second embodiment shown in FIG. 3.

In such waveform measuring method and apparatus
according to the third embodiment as well, a repetition
frequency "fa" of a signal under test "a" can be
measured by means of a frequency counter 28, based on
the reference signal "h" output from the reference
signal oscillator 14. Thus, like the waveform
measuring method and apparatus according to the second
embodiment, the signal waveform "d" of the signal under
test "a" can be measured with arbitrary resolution
precision while jitter generation quantity is
restricted.

Further, in the waveform measuring method and
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apparatus according to the third embodiment, a clock of
a repetition cycle Ta (frequency "fa") is detected by
employing a clock recovery 29, and a repetition clock
signal "g" is delivered to a frequency counter 28.
That 1s, like the waveform shown in FIG. 5B and
FIG. 5C, the waveform of the signal under test "a" has
a variety of shapes. Unlike the waveform shown in
FIG. 5A, a clear one peak waveform does not always
exist every repetition cycle Ta (frequency "fa").
Therefore, even if the frequency "fa" (repetition
cycle Ta) of the signal under test "a" having such
waveform 1s repeatedly counted directly by the
trequency counter 28, based on the reference signal "h"
output from the reference signal oscillator 14, a large
number of peak waveforms or a small number of peak
waveforms are counted, and there is a concern for
outputting a mistaken repetition frequency "fa".
Therefore, a clock of the signal under test "a"
1s reproduced by employing a clock recovery 29, and
a recovery clock signal "g" as shown in FIG. 5D is
obtained, whereby, even if the signal under test "a"
has a complicated waveform as shown in FIG. 5B and
FIG. 5C, the repetition frequency "fa" (repetition
cycle Ta) of the signal under test "a" can be detected
with high precision.
(Fourth Embodiment)

FIG. 6 1s a block diagram depicting a schematic
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configuration of a waveform measuring apparatus to
which a waveform measuring method according to a fourth
embodiment of the present invention is applied.

In FIG. 6, like elements of the waveform measuring
apparatus according to the third embodiment shown in
FIG. 4 are designated by like reference numerals.

A duplicate detailed description is omitted here.

The waveform measuring method and apparatus
according to the fourth embodiment is applied in
the case where a reference signal oscillator 14 is
incorporated in a signal under test generator 11, and
a reference signal oscillator 14 is not provided at the
waveform measuring apparatus.

Then, the reference signal oscillator 14
incorporated in the signal under test generator 11
osclllates a reference signal "h" having a reference
frequency "fs", applies this reference signal "h" to
a reference signal input terminal (RER1) of the
repetition frequency signal generator 12 in the signal
under test generator 11, and applies the signal to
a reference signal input terminal (RER2) of the signal
generator 1n the sampling signal generator circuit 16
at the waveform measuring apparatus.

The other configuration is identical to that of
the waveform measuring apparatus according to the third
embodiment shown in FIG. 4.

In such waveform measuring method and apparatus
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according to the fourth embodiment as well, the signal
under test "a" outputted from the signal under test
generator 11 and the sampling signal "b" outputted from
the sampling signal generator circuit 16 completely
maintain a phase synchronized state, and the repetition
frequency "fb" of the sampling signal "b" can be set
independently of the repetition frequency "fa" of the
signal under test "a". This makes it possible to
achieve advantageous effect that is substantially
identical to that of the waveform measuring method and
apparatus according to the third embodiment shown in
FIG. 4.

Further, in the waveform measuring method and
apparatus according to the fourth embodiment, the
reference signal "h" from the signal under test
generator 11 for outputting the signal under test "a"
1s use for generating the sampling signal "b", thus
making 1t possible to simplify a configuration of the
entire waveform measuring apparatus.

The present invention is not limited to a
configuration of the waveform measuring method and
apparatus according to the above described second,
third, and fourth embodiments.

For example, i1n he waveform measuring method and
apparatus according to the second, third, and fourth
embodiments, the repetition frequency "fa" of the

signal under test "a" measured by the frequency counter
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28 1s automatically set to the sampling frequency
setting portion 20a of the control portion 19.

However, an operator visually reads the
measurement value (repetition frequency "fa" of the
frequency counter 28 so that the operator may set the
measurement value to the sampling frequency setting
portion 20a of the control portion 19 by manual
operation.

Further, in the first to fourth embodiments,
although the signal under test "a" is assumed to be
an optical signal, the signal under test "a" may be
a general electrical signal.

In this case, a sampling circuit 1 applied to

a general electrical signal shown in FIG. 8 is employed

instead of the electro-absorption modulator 15 in the
embodiments, and further, the photo detector 21 is

eliminated.

As has been described above, in the waveform

measuring apparatus according to the present invention,

the repetition cycle of the signal under test and the
repetition cycle of the sampling signal are generated
by means of a common reference signal outputted from
the same reference signal oscillator.

In this manner, in the waveform measuring method
and apparatus according to the present invention,
a repetition frequency of a sampling signal for

sampling a signal under test outputted from a signal
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generator targeted for testing can be arbitrarily set
independently of a repetition frequency of a signal
under test while a sampling signal is always phase
synchronized with a signal under test. Then, the
measurement precision of the signal waveform of

a signal under test is improved while a generated
quantity of jitter is remarkably restricted, and

a signal waveform can be measured with arbitrary

resolution precision.

Therefore, according to the present invention,
there can be provided a waveform measuring method and
apparatus, wherein the repetition cycle of the signal
under test and the cycle of the sampling signal are
generated by a common reference signal, whereby a
frequency of a sampling signal for sampling a signal
under test outputted from a signal generator under test
targeted for testing can be arbitrarily set independ-
ently of a repetition frequency of a signal under test
while a sampling signal is always phase synchronized
with a common reference signal; the measurement
precision of the signal waveform of a signal under test
1s improved while a generated quantity of jitter is
remarkably restricted; and a signal waveform can be
measured with arbitrary resolution precision.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to
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the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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What 1s claimed 1is:

1. A waveform measuring method for generating a sampling signal

-

that has a cycle longer than a repetition cycle of a signal under

test outputted from a signal under test generator from a sampling

signal generator circulit, sampling the signal under test by means

of the sampling signal, and obtaining an enveloped waveform of the
signal under test, thereby obtalning a signal waveform of the
signal under test, comprising the steps of:

applying a common reference signal from a same reference
signal generating portion to a reference signal input terminal of
the signal under test generator and a reference signal input

terminal of a sampling signal generator circult;

setting to the sampling signal generator circuit a sampling
frequency having a repetition frequency specified from a sampling
frequency setting portion such that a desired delay time can be
obtained relevant to a phase of the signal under test; and

generating the sampling'signal having a cycle that
corresponds to the sampling frequency based on the common
reference signal and the sampling frequency in the sampling signal
generator circult and the repetition frequency specified from the
sampling frequency setting portion,

wherein a repetition cycle of the signal under test and a
repetition cycle of the sampling signal are set based on a
repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set arbitrarily and

independently of the repetition cycle of the signal under test.

2. A waveform measuring apparatus having a sampling signal
generator circulit for generating a sampling signal that has a
cycle longer than a repetition cycle of a signal under test
outputted from a signal under test generator; a sampling portion

for sampling the signal under test by means of a sampling signal

from the sampling signal generator circuit; and a data processing

portion for obtalining an enveloped waveform of the signal under

CA 02356406 2005-07-19
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test sampled by means of the sampling portion, thereby obtalining a
signal waveform of the signal under test, the waveform measuring
apparatus comprilsing:

a reference signal generating portion for applying a common
reference signal to a reference signal input terminal of the
signal under test generator and a reference signal input terminal
of the sampling signal generator circuit; and

a sampling freguency setting portion for setting to the

sampling signal generator circuit a sampling frequency such that a
desired delay time can be obtalined relevant to a phase of the
signal under test,

wherein, 1in the sampling signal generator circuit, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the

—

repetition cycle of the sampling signal can be set arbitrarily and

independently of the repetition cycle of the signal under test

thereby specifving repetition frequency of the sampling frequency

from the sampling freguency setting portion.

3. A waveform measuriling apparatus according to claim 2, further
comprising a frequency measuring portion for measuring a
repetition freqguency of the signal under test, based on the
reference signal output from a reference signal oscillator,

whereln a measurement value of the repetition freguency of

the signal under test measured by means of the frequency measuring

portion 1is assigned to the sampling frequency setting portion.

4 . A waveform measuring apparatus according to claim 2, further
comprilising:

a power divider for, when the signal under test is an optical
signal, power dividing the signal under test that 1s the optical

signal into two ways;
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a photo detector for converting a signal under test that is
one of the optical signals divided by the power divider i1nto a
signal under test of an electrical signal; and

a frequency measuring portion for measuring a repetition
frequency of a signal under test converted into an electrical
signal by means of the photo detector, based on the reference
signal output from a reference signal oscillator, wherein a
measurement value of the repetition frequency of the signal under
test measured by means of the frequency measuring portion 1is

assigned to the sampling frequency setting portion.

5. A waveform measuring apparatus according to claim 2, further
comprlising:

a power divider for, when the signal under test is an optical
signal, power dividing the signal under test that is the optical
signal 1n two ways;

a clock recovery for detecting a clock of the repetition
cycle from one signal under test divided by the power divider,
thereby converting the signal under test that is the optical
signal into a signal under test of an electrical signal having the
repetition frequency and outputting a signal under test converted
into an electrical signal by the clock recovery; and

a frequency measuring portion for measuring a repetition
frequency of the signal under test converted into an electrical

signal by the clock recovery, based on the reference signal output

from a reference signal oscillator,
wherein a measurement value of the repetition frequency of
the signal under test measured by means of the frequency measuring

portion 1s assigned to the sampling frequency setting portion.

6. A waveform measuring apparatus according to claim 2, further
comprising:

a photo detector for, when the signal under test is an
optical signal and the sampling portion is an electro-absorption

modulator, light receiving a signal under test of an optical
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signal sampled by means of a sampling signal of which a signal
under test being the optical signal i1s inputted from the sampling
signal generator circuit by the electro-absorption modulator, and
converting into a signal under test of an electrical signal as a
signal under test that 1s an optical signal after sampling;

an analog/digital converter for converting a signal under
test converted into an electrical signal by means of the photo
detector 1nto a digital signal under test, thereby delivering the
converted digital signal under test to the data processing
portion; and

a display for converting a scale of a time axis of the
enveloped waveform obtained by means of the data processing
portion into a scale of an original signal under test, and
displaying the converted scale as a signal waveform of the signal

under test.

7. A waveform measuring apparatus having a sampling portion
having a reference signal oscillator, for sampling a signal under
test by means of a sampling signal having a cycle longer than a
repetition cycle of the signal under test outputted from a signal
under test generator for generating a signal under test having, a

repetition cycle set by employing a reference signal generated by

the reference signal oscillator; and a data processing portion for
obtaining an enveloped waveform of a signal under test sampled by
this sampling portion, thereby obtaining a signal waveform of the
signal under test from this enveloped waveform, the waveform
measuring apparatus comprising:

a sampling signal generator circuilt having a reference signal
input terminal wherein a reference signal common to a reference
signal generated by the reference signal oscillator of the signal
under test generator 1s applied to the reference signal input
terminal; and

a sampling frequency setting portion for setting to the
sampling signal generator circult a sampling frequency such that a

desired delay time can be obtained relevant to a phase of the
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signal under test,

wherein, 1n the sampling signal generator circult, when the
sampling signal having a repetition cycle that corresponds to the
sampling frequency 1s generated based on the common reference
signal and the sampling frequency, the repetition cycle of the

P

signal under test and the repetition cycle of the sampling signal

are set based on a cycle of the common reference signal so that
the repetition cycle of the sampling signal can be set arbitrarily
and 1ndependently of the repetition cycle of the signal under test
thereby specifying a repetition frequency of the sampling

frequency from the sampling frequency setting portion.

8 . A waveform measuring apparatus according to claim 7, further
comprilsing a fregquency measuring portion for measuring a
repetition frequency of the signal under test, based on the
reference signal output from the reference signal oscillator,
wherein a measurement value of the repetition frequency of
the signal under test measured by means of the fregquency measuring

portion 1s assigned to the sampling frequency setting portion.

0. A waveform measuring apparatus according to claim 7, further
comprising:

a power divider for, when the signal under test is an optical
signal, power dividing the signal under test that is the optical
signal 1in two ways;

a photo detector for converting a signal under test that is
one of the optical signals divided by the power divider into a

signal under test of an electrical signal; and

a frequency measuring portion for measuring a repetition

frequency of a signal under test converted into an electrical

signal by means of the photo detector, based on the reference

signal output from the reference signal oscillator,

whereilin a measurement value of the repetition fregquency of

the signal under test measured by means of the frequency measuring

portion 1s assigned to the sampling freguency setting portion.
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10. A waveform measuring apparatus according to claim 7, further
comprising:

a power divider for, when the signal under test 1s an optical
signal, power dividing the signal under test that is the optical
signal 1n two ways;

a clock recovery for detecting a clock of a repetition cycle
from one signal under test divided by the power divider, thereby
converting a signal under test that 1s the optical signal into a
signal under test of an electrical signal having the repetition
frequency and outputting a signal under test converted 1nto an
electrical signal by the clock recovery; and

a frequency measuring portion for measuring a repetition
frequency of the signal under test converted into an electrical
signal by means of the clock recovery, based on the reference
signal output from the reference signal oscillator,

wherein a measurement value of the repetition fregquency of
the signal under test measured by means of the frequency measuring

portion 1s assigned to the sampling frequency setting portion.

11. A waveform measuring apparatus according to claim 7, further
comprilising:

a photo detector for, when the signal under test i1s an
optical signal light, and the sampling portion 1s an electrical
absorption type modulator, light receiving a signal under test of
an optical signal sampled by means of a sampling signal of which a
signal under test being the optical signal 1is inputted from the
sampling signal generator circult, and converting into a signal
under test of an electrical signal as a signal under test that 1is

an optical signal after sampling;

an analog/digital converter for converting a signal under

test converted i1nto an electrical signal by means of the photo

detector into a digital signal under test, thereby delivering the
converted digital signal under test to the data processing
portion; and

a display for converting a scale of a time axis of the
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enveloped waveform obtalined by means of the data processing
portion into a scale of an original signal under test, and

displaying a signal waveform of the signal under test.

12. A waveform measuring apparatus having a sampling signal
generator cilrcult for generating a sampling signal that has a
cycle longer than a repetition cycle of a signal under test output
from a signal under test generator, a sampling portion for
sampling the signal under test by means of a sampling signal from
the sampling signal generator circult, and a data processing
portion for obtalning an enveloped waveform of the signal under
test sampled by means of the sampling portion, thereby obtaining a
signal waveform of the signal under test, the waveform measuring
apparatus comprising:

a reference signal generating portion for applylng a common
reference signal to a reference signal i1nput terminal of the
signal under test generator and a reference signal i1nput terminal
of the sampling signal generator circuit;

a sampling frequency setting portion for setting to the
sampling signal generator circult a sampling freguency such that a
desired delay time can be obtalned relevant to a phase of the
signal under test; and

a frequency measuring portion for measuring a repetition
frequency of the signal under test, based on the reference signal
output from a reference signal oscillator,

wherein, 1n the sampling signal generator circult, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set i1ndependently
of the repetition cycle of the signal under test, and

whereiln a measurement value of the repetition fregquency of

the signal under test measured by means of the fregquency measuring
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portion 1s assigned to the sampling frequency setting portion.

13. A waveform measuring apparatus having a sampling signal
generator circult for generating a sampling signal that has a

cycle longer than a repetition cycle of a signal under test output

from a signal under test generator, a sampling portion for
sampling the signal under test by means of a sampling signal from
the sampling signal generator circulit, and a data processing

portion for obtalining an enveloped waveform of the signal under
thereby obtaining a

test sampled by means of the sampling portion,
the waveform measuring

signal waveform of the signal under test,

apparatus comprising:
a reference signal generating portion for applyling a common
"~ the

reference signal to a reference signal input terminal o:

signal under test generator and a reference signal input terminal
of the sampling signal generator circuilt;

a sampling frequency setting portion for setting to the

sampling signal generator circuit a sampling frequency such that a

desired delay time can be obtalned relevant to a phase of the

signal under test;
a power divider for, when the signal under test is an optical

signal, power dividing the signal under test that is the optical

signal into two ways;
a photo detector for converting into a signal under test of

an electrical signal a signal under test that is one of the

optical signals divided by the power divider; and
a frequency measuring portion for measuring a repetition

frequency of a signal under test converted into an electrical
based on the reference

signal by means of the photo detector,
signal output from a reference signal oscillator, wherein a

measurement value of the repetition freguency of the signal under
test measured by means of the fregquency measuring portion 1is

assigned to the sampling frequency setting portion,
in the sampling signal generator circuit, when the

whereiln,
sampling signal having a cycle that corresponds to the sampling
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frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set 1ndependently

of the repetition cycle of the signal under test.

14. A waveform measuring apparatus having a sampling signal
generator circult for generating a sampling signal that has a
cycle longer than a repetition cycle of a signal under test output
from a signal under test generator, a sampling portion for
sampling the signal under test by means of a sampling signal from
the sampling signal generator circulit, and a data processing
portion for obtalning an enveloped waveform of the signal under

test sampled by means of the sampling portion, thereby obtalning a

signal waveform of the signal under test, the waveform measuring
apparatus comprising:

a reference signal generating portion for applylng a common
reference signal to a reference signal input terminal of the
signal under test generator and a reference signal input terminal
of the sampling signal generator circuilt;

a sampling frequency setting portion for setting to the
sampling signal generator cilircult a sampling frequency such that a

P

desired delay time can be obtalned relevant to a phase of the

signal under test;

a power divider for, when the signal under test i1s an optical
signal, power dividing the signal under test that i1s the optical
signal in two ways;

a clock recovery for detecting a clock of the repetition
cycle from one signal under test divided by the power divider,
thereby converting the signal under test that 1s the optical
signal into a signal under test of an electrical signal having the
repetition frequency and outputting a signal under test converted
into an electrical signal by the clock recovery; and

a frequency measuring portion for measuring a repetition
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frequency of the signal under test converted into an electrical
signal by the clock recovery, based on the reference signal output
from a reference signal oscillator,

wherein, 1n the sampling signal generator circuilit, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set independently
of the repetition cycle of the signal under test, and

whereiln a measurement value of the repetition frequency of
the signal under test measured by means of the frequency measuring

portion is assigned to the sampling frequency setting portion.

15. A waveform measuring apparatus having a sampling signal
generator circulit for generating a sampling signal that has a

cycle longer than a repetition cycle of a signal under test output

from a signal under test generator, a sampling portion for
sampling the signal under test by means of a sampling signal from
the sampling signal generator circuit, and a data processing

p=

portion for obtaining an enveloped waveform of the signal under

test sampled by means of the sampling portion, thereby obtaining a
signal waveform of the signal under test, the waveform measuring
apparatus comprising:

a reference signal generating portion for applying a common
reference signal to a reference signal input terminal of the
signal under test generator and a reference signal input terminal
of the sampling signal generator circuilt;

a sampling frequency setting portion for setting to the
sampling signal generator circuilt a sampling frequency such that a
desired delay time can be obtained relevant to a phase of the
signal under test;

a photo detector for, when the signal under test is an

optical signal and the sampling portion is an electro-absorption
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modulator, light receiving a signal under test of an optical
signal sampled by means of a sampling signal of which a signal
under test being the optical signal 1s inputted from the sampling
signal generator circuit by the electro-absorption modulator, and
converting into a signal under test of an electrical signal as a
signal under test that 1s an optical signal after sampling;

an analog/digital converter for converting a signal under
test converted 1nto an electrical signal by means of the photo
detector into a digital signal under test, thereby delivering the
converted digital signal under test to the data processing
portion; and

a display for converting a scale of a time axis of the

enveloped waveform obtained by means of the data processing
portion 1nto a scale of an original signal under test, and
displaying the converted scale as a signal waveform of the signal
under test,

whereln, 1n the sampling signal generator circuit, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set independently

of the repetition cycle of the signal under test.

16. A waveform measuring apparatus having a sampling portion
having a reference signal oscillator, for sampling a signal under
test by means of a sampling signal having a cycle longer than a
repetition cycle of the signal under test output from a signal
under test generator for generating a signal under test having a
repetition cycle set by employing a reference signal generated by
the reference signal oscillator, and a data processing portion for

obtaining an enveloped waveform of a signal under test sampled by

this sampling portion, thereby obtaining a signal waveform of the

signal under test from this enveloped waveform, the waveform
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measuring apparatus comprising:

a sampling signal generator circuit having a reference signal
input terminal wherein a reference signal common to a reference
signal generated by the reference signal oscillator of the signal
under test generator 1s applied to the reference signal 1input
terminal ;

a sampling frequency setting portion for setting to the
sampling signal generator circuilt a sampling frequency such that a
desired delay time can be obtained relevant to a phase of the
si1gnal under test; and

a frequency measuring portion for measuring a repetition
frequency of the signal under test, based on the reference signal
output from the reference signal oscillator;

wherelin, 1n the sampling signal generator circuit, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set independent of
the repetition cycle of the signal under test, and

wherein a measurement value of the repetition frequency of
the signal under test measured by means of the fregquency measuring

portion 1s assigned to the sampling frequency setting portion.

17. A waveform measuring apparatus having a sampling portion

having a reference signal oscillator, for sampling a signal under
test by means of a sampling signal having a cycle longer than a
repetition cycle of the signal under test output from a signal
under test generator for generating a signal under test having a
repetition cycle set by employing a reference signal generated by
the reference signal oscillator, and a data processing portion for
obtaining an enveloped waveform of a signal under test sampled by
this sampling portion, thereby obtaining a signal waveform of the

signal under test from this enveloped waveform, the waveform
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measurlng apparatus comprising:

a sampling signal generator circult having a reference signal

input terminal wherein a reference signal common to a reference

signal generated by the reference signal oscillator of the signal

under test generator 1s applled to the reference signal input
terminal;

a sampling frequency setting portion for setting to the
sampling signal generator circult a sampling fregquency such that a
desired delay time can be obtained relevant to a phase of the
signal under test;

a power divider for, when the signal under test 1s an optical
signal, power dividing the signal under test that 1s the optical
signal 1n two wavys;

a photo detector for converting i1nto a signal under test of
an electrical signal a signal under test that 1s one optical
signal divided by means of the power divider; and

a frequency measuring portion for measuring a repetition
frequency of a signal under test converted into an electrical
signal by means of the photo detector, based on the reference

signal output from the reference signal oscillator,

wherein, 1n the sampling signal generator circult, when the
sampling signal having a cycle that corresponds to the sampling
fregquency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based
on a repetition cycle of the common reference signal so that the
repetition cycle of the sampling signal can be set i1ndependent of
the repetition cycle of the signal under test, and

wherein a measurement value of the repetition freqguency of
the signal under test measured by means of the frequency measuring

portion 1s assigned to the sampling frequency setting portion.
18. A waveform measuring apparatus having a sampling portion

having a reference signal oscillator, for sampling a signal under

test by means of a sampling signal having a cycle longer than a

CA 02356406 2005-07-19



- 54 -

repetition cycle of the signal under test output from a signal
under test generator for generating a signal under test having a
repetition cycle set by employing a reference signal generated by

the reference signal oscillator, and a data processing portion for

obtalning an enveloped waveform of a signal under test sampled by
this sampling portion, thereby obtaining a signal waveform of the
signal under test from this enveloped waveform, the waveform
measuring apparatus comprising:

a sampling signal generator circult having a reference signal
input terminal wherein a reference signal common to a reference

signal generated by the reference signal oscillator of the signal

under test generator 1is applied to the reference signal input
terminal;

a sampling frequency setting portion for setting to the
sampling signal generator circult a sampling freguency such that a
desired delay time can be obtalined relevant to a phase of the
signal under test;

a power divider for, when the signal under test 1s an optical
signal, power dividing the signal under test that 1s the optical
signal 1n two ways;

a clock recovery for detecting a clock of a repetition cycle
from one signal under test divided by the power divider, thereby
converting a signal under test that i1s the optical signal into a
signal under test of an electrical signal having the repetition
freguency and outputting a signal under test converted into an
electrical signal by the clock recovery; and

a frequency measuring portion for measuring a repetition
frequency of the signal under test converted into an electrical
signal by means of the clock recovery, based on the reference

signal output from the reference signal oscillator,

wherein, 1n the sampling signal generator circult, when the

sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under

test and the repetition cycle of the sampling signal are set based
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on a repetition cyvcle of the common reference signal so that the
repetition cycle of the sampling signal can be set independent of
the repetition cvyvcle of the signal under test, and

whereln a measurement value of the repetition frequency of
the signal under test measured by means of the fregquency measuring

portion 1s assigned to the sampling frequency setting portion.

19. A waveform measuring apparatus having a sampling portion

having a reference signal oscillator, for sampling a signal under
test by means of a sampling signal having a cycle longer than a
repetition cycle of the signal under test output from a signal
under test generator for generating a signal under test having a
repetition cycle set by employing a reference signal generated by

the reference signal oscillator, and a data processing portion for

obtaining an enveloped waveform of a signal under test sampled by

this sampling portion, thereby obtaining a signal waveform of the

signal.under test from this enveloped waveform, the waveform
measuring apparatus comprlising:

a sampling signal generator circuit having a reference signal
input terminal wherein a reference signal common to a reference
signal generated by the reference signal oscillator of the signal
under test generator 1s applied to the reference signal i1nput
terminal;

a sampling frequency setting portion for setting to the

sampling signal generator circuit a sampling fregquency such that a

desired delay time can be obtalned relevant to a phase of the
signal under test;

a photo detector for, when the signal under test i1s an
optical signal light, and the sampling portion 1is an electrical
absorption type modulator, light receiving a signal uﬂder test of
an optical signal sampled by means of a sampling signal of which a
signal under test being the optical signal is inputted from the
sampling signal generator circult, and converting into a signal

under test of an electrical signal as a signal under test that 1is

an optical signal after sampling;
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an analog/digital converter for converting a signal under
test converted i1nto an electrical signal by means of the photo
detector 1nto a digital signal under test, thereby delivering the
converted digital signal under test to the data processing
portion; and

a display for converting a scale of a time axis of the
enveloped waveform obtained by means of the data processing
portion 1nto a scale of an original signal under test, and
displaying a signal waveform of the signal under test,

wherein, 1n the sampling signal generator circulit, when the
sampling signal having a cycle that corresponds to the sampling
frequency 1s generated based on the common reference signal and
the sampling frequency, the repetition cycle of the signal under
test and the repetition cycle of the sampling signal are set based

on a repetition cycle of the common reference signal so that the

repetition cycle of the sampling signal can be set independent of

the repetition cycle of the signal under test.

TOR_LAW\ 6083533\1
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