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Thank you for purchasing the YOKOGAWA TA520 Time Interval Analyzer.

This User’'s Manual contains useful information about the precautions, functions, and
operating procedures of the instrument. To ensure correct use, please read this manual
thoroughly before operation.

Keep this manual in a safe place for quick reference in the event a question arises.

The following manual is also provided in addition to this manual.

Manual Name Manual No. Description
TA520 GP-IB Interface IM704310-12E Describes the communication
User’s Manual functions of the GP-IB interface.

The contents of this manual are subject to change without prior notice as a result of
continuing improvements to the instrument’s performance and functions. The figures
given in this manual may differ from the actual screen.

Every effort has been made in the preparation of this manual to ensure the accuracy of
its contents. However, should you have any questions or find any errors, please contact
your nearest YOKOGAWA dealer as listed on the back cover of this manual.

Copying or reproducing all or any part of the contents of this manual without
YOKOGAWA's permission is strictly prohibited.

MS-DOS is a registered trademark of Microsoft Corporation.
Other product names are trademarks or registered trademarks of their respective
holders.

1st Edition: April 1999
2nd Edition: November 1999

All Rights Reserved, Copyright © 1999 Yokogawa Electric Corporation
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Checking the Contents of the Package

Main Unit

Unpack the box and check the contents before operating the instrument. If some of the
contents are not correct or missing or if there is physical damage, contact the dealer
from which you purchased them.

Check that the model name and suffix code given on the name plate match those on the
order.

MODEL
SUFFIX
[\[eX
YOKOGAWA 4  Made in Japan

MODEL (Type Name)
704310

SUFFIX (Suffix code)

Suffix Code Description
Power voltage -1 100-120 VAC
-5 200-240 VAC
Power cord -D UL/CSA Standards Power Cord (Part No.: ALOO6WD)
[Maximum Rated Voltage: 125 V, Maximum Rated Current:
7A]
-F VDE Standard Power Cord (Part No.: ALOO9WD)
[Maximum Rated Voltage: 250 V, Maximum Rated Current:
10 A]
-Q BS Standard Power Cord (Part No.: A1054WD)
[Maximum Rated Voltage: 250 V, Maximum Rated Current:
10 A]
-R SAA Standard Power Cord (Part No.: A1024WD)
[Maximum Rated Voltage: 240 V, Maximum Rated Current:
10 A]
Optional specifications /C8 Internal hard disk + SCSI
/F1 Inter-symbolic interference analysis function

NO. (Instrument No.)
When contacting the dealer from which you purchased the instrument, please quote the
instrument No.

Note

We recommend you keep the packing box. The box is useful when you need to transport the
instrument.
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Checking the Contents of the Package

Standard Accessories
The following standard accessories are supplied with the instrument.

Part Name Part Number Quantity Notes
1. Power cord See page 2 1 See page 2
2. Rubber feet A9088ZM 1 A set of two pieces
3. Printer roll chart B9850NX 1 Thermalsensible paper
Total length: 30 m
4. User's Manual IM 704310-01E 1 User Manual (this manual)
5. User’'s Manual IM 704310-12E 1 GP-IB Interface User’s Manual
6. Spare fuse for the power A1436EF 1 Spare, attach to fuse holder of the
supply main unit
1. Power cord (one of the following power cords
is supplied according to the instrument's suffix codes)
UL/CSA standard VDE standard BS standard SAA standard
A1006WD A1009WD A1054WD A1024WD

Optional Accessories (sold separately)

R
The following optional accessories are sold separately.
For information and ordering, contact your dealer.
Part Name Part No. Sales Unit Notes
BNC cable 366924 1 BNC-BNC, Length: 1 m
BNC cable 366925 1 BNC-BNC, Length: 2 m
Rack mount kit 751533-E6 1 For EIA single mount
Rack mount kit 751534-E6 1 For EIA dual mount
Rack mount kit 751533-J6 1 For JIS single mount
Rack mount kit 751534-J6 1 For JIS dual mount
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Safety Precautions

This instrument is an IEC safety class | instrument (provided with terminal for protective
grounding).

The following general safety precautions must be observed during all phases of
operation. If the instrument is used in a manner not specified in this manual, the
protection provided by the instrument may be impaired. YOKOGAWA Electric
Corporation assumes no liability for the customer’s failure to comply with these
requirements.

The following symbols are used on this instrument.

A “Handle with care.” To avoid injury, death of personnel or damage to the
instrument, the operator must refer to the explanation in the User’s Manual or
Service Manual.

Alternating current
ON (power)

OFF (power)

ON (power) state

prO—2¢

OFF (power) state
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Safety Precautions

Make sure to comply with the following safety precautions. Not complying might
result in injury, death of personnel, or cause damage to the instrument.

WARNING
Power Supply

Ensure that the source voltage matches the voltage of the power supply before
turning ON the power.

Power Cord and Plug

To prevent an electric shock or fire, be sure to use the power cord supplied by
YOKOGAWA. The main power plug must be plugged into an outlet with a
protective grounding terminal. Do not invalidate protection by using an extension
cord without protective grounding.

Protective Grounding

Make sure to connect the protective grounding to prevent electric shock before
turning ON the power.

Necessity of Protective Grounding

Never cut off the internal or external protective grounding wire or disconnect the
wiring of the protective grounding terminal. Doing so poses a potential shock
hazard.

Defect of Protective Grounding and Fuse

Do not operate the instrument when the protective grounding or the fuse might be
defective. Also, make sure to check them before operation.

Fuse

To avoid fire, only use a fuse that has a rating (voltage, current, and type) that is
specified by the instrument. When replacing a fuse, turn OFF the power switch
and unplug the power cord. Never short the fuse holder.

Do Not Operate in Explosive Atmosphere

Do not operate the instrument in the presence of flammable liquids or vapors.
Operation of any electrical instrument in such an environment constitutes a safety
hazard.

Do Not Remove Covers

Some areas inside the instrument have high voltages. Do not remove the cover if
the power supply is connected. The cover should be removed by YOKOGAWA's
qualified personnel only.

External Connection

Connect the protective grounding before connecting to the item under
measurement or control unit.
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Structure of the Manual

This User’s Manual consists of the following 15 chapters and an index.

Chapter 1  Functions
Describes the measurement principles and functions of the instrument. Operating
procedures are not given in this chapter. However, reading this chapter will help you
understand the operating procedures given in the chapters that follow.
Chapter 2 Names and Uses of Parts
Describes the names and uses of each part of the instrument. For keys, references are
given to sections (or pages) in the manual where operating procedures are explained.
Chapter 3  Before Starting Measurements
Describes precautions on use, how to install the instrument, how to connect the power
supply, turn ON/OFF the power switch, connect a probe, and set the date and time.
Chapter 4  Basic Operations
Describes how to start/stop the measurement acquisition of input signals, enter values
using the numerical keys, and operate the rotary knob.
Chapter 5  Setting the Sampling Mode and Measurement Functions
Describes how to set the sampling mode and measurement function (item).
Chapter 6  Setting the Acquisition Conditions of the Measurement Input Signal
Describes how to set the acquisition conditions of the measurement input signal such as
input coupling, input impedance, trigger mode, trigger level, gate, sampling size,
sampling interval, arming source, slope, delay, and inhibit.B
Chapter 7 Displaying the Measured/Calculated Results in the Time Stamp Mode
Describes how to configure the displays such as histograms, time variations, lists,
statistics, and panorama.
Chapter 8  Displaying the Measured/Calculated Results in the Hardware

Histogram Mode
Describes how to configure the displays such as histograms, lists, statistics, multi-
windows, panoramas, and histogram sum.
Chapter 9 Using the Inter-symbolic Interference Analysis Function (Option)
Describes how to use the inter-symbolic interference analysis function.
Chapter 10  Storing/Recalling Setup Information from the Internal Memory
Describes how to store and recall setup information from the internal memory and how to
change the setup.
Chapter 11  Saving and Loading Data and Connecting to a PC
Describes how to save and load data such as setup information and measured/
calculated results from the floppy disk, internal hard disk (option), and external SCSI
devices and how to format disks and delete data.
Chapter 12  Outputting Screen Images
Describes how to output screen images to the internal printer, the floppy disk, the internal
hard disk (option), and to an external SCSI device.
Chapter 13  Using Other Functions
Describes how to initialize the settings, calibrate the instrument, output monitor signals,
confirm current conditions, adjust the brightness of the LCD, and other such operations.
Chapter 14  Troubleshooting and Maintenance
Describes the possible causes of problems and their appropriate corrective measures.
Describes the messages that are displayed on the screen. Describes how to log errors,
perform self-tests, adjust the time base, carry out performance tests, and replace fuses.
Chapter 15 Specifications
Describes the specifications of the instrument.
Index
Gives an index.

vi
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Conventions Used in this Manual

Unit

k Denotes 1000. Example: 100kHz

K Denotes 1024. Example: 720KB (Storage capacity of floppy disks)
Symbols

The following symbols are used in this manual.

Affixed to the instrument. Indicates danger to personnel or
instrument and the operator must refer to the User’s Manual. The
symbol is used in the User’s Manual to indicate the reference.

W/ =IN[[\[efll Describes precautions that should be observed to prevent injury or

death to the user.

CAUTION Describes precautions that should be observed to prevent minor or
moderate injury, or damage to the instrument.

Note Provides important information for the proper operation of the
instrument.

Symbols used on pages in which operating procedures are given.
In chapters 3 through 13, on pages where operating procedures are given, the following
symbols are used to classify a description.

Procedure Describes the keys used during operation and the operating
procedures. In some cases, you may not have to follow the steps
in the order they are given.

Explanation  Describes the details of the settings and the restrictions that exist
with the operating procedure. A detailed description of the function
is not provided in this section. See chapter 1 for a detailed
description of the functions.
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Chapter 1 Functions

1.1 System Configuration and Block Diagram

=

System Configuration
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Remote control
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1.1 System Configuration and Block Diagram

Signal Flow

A signal that is input to the input terminal (Ach/Bch) is converted to a low-impedance
signal by the input amplifier (Input AMP). It is then passed to the comparator where it is
converted to a binary signal. The signal from the input amplifier is also output as a
monitor signal (MONITOR OUT(A)/MONITOR OUT(B)).

The signal multiplexer selects the measurement signal according to the specified
measurement function (item) and outputs the fractional sections according to the
measurement clock as fractional pulses. The fractional pulse width is measured with 25-
ps resolution by the time/voltage converter (T/V Converter) and sent to the data
generator where the measured data are generated.

The TA520 has eight data generator systems that generate data alternately. The
acquisition controller controls the overall acquisition process including the external
arming signal or inhibit signal.

In the time stamp mode, both the measured values and time stamp data (elapsed time)
are acquired in the acquisition memory. In the hardware histogram mode, however, only
the frequencies of occurrence of each measured value are acquired in the acquisition
memory. The acquired data are read by the CPU via the memory controller, at which
point the data are used in statistical calculations or displayed on the LCD.

Either the signal from the internal crystal oscillator (compensated against temperature
drift) or an external reference signal (signal from the REFERENCE IN terminal) can be
used as the reference signal. In either case, the signal is passed through a 10-MHz
band-pass filter and output as a reference clock output. The measurement clock uses
the frequency multiples of this reference clock.

1-2
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1.2 Measurement Principle

Measurement Principle

Time shorter than the period of the reference clock is called fractional time. In general,
since the signal being measured and the measurement clock are not synchronized,
fractional time exists at both the beginning and the end of measurements. This
instrument generates a “fractional pulse” which is a pulse signal amounting to the sum of
the fractional time and one cycle of the reference clock.

If the pulse width of the signal being measured, the period of the measurement clock,
and the times of the fractional pulses are taken to be T, to, Ta, and Ty, respectively, T can
be broken into two terms: integer multiple of the measurement clock, N-to, and the time
of the fractional pulses, Ta, Th.

T=Neto+(Ta—Tn)

This instrument converts the time (Ta, Tp) of the fractional pulse that it generated at the
beginning and end of the measurement to voltage values, which are then converted to
digital values using an 8-bit A/D converter.

In this way, the instrument is able to measure the time of the fractional pulse at 25-ps
time resolution per 1 LSB. T is determined by substituting the measured times of the
fractional pulses into the variables T, and Ty, of the above equation.

r : ]
Signal to be measured ! to —
1 2 d N
Reference clock J_l—[ J_|—|_|—
Ta Tb
Fractional pulse
Time-voltage conversion T T
AVa =k-Ty AVp=k-Tp
. .
A/D conversion A/D conversion

T =N-to + (Ta—Tb)
k: A/D conversion factor

IM 704310-01E
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1.3 Sampling Mode

Sampling Mode

=See 5.1 for the operating procedures =

There are two sampling modes, time stamp mode and hardware histogram mode. The
sampling method (data acquisition method), the display format after measurements, and
methods of analysis and calculation vary depending on the sampling mode. For details
on the display format, see section 1.7 “Displaying the Measured/Calculated Results.”

Time stamp mode

The measured values and their time stamps* are acquired in the acquisition memory and

are handled as time-series data. The maximum sampling size (maximum number of

data points that can be acquired) is 512,000 points. There are four types of display

formats: histogram, list (measured values and time stamps), time variation, and statistics.

* The time elapsed from the point the arming occurred to the point the measurement of
one sample ended is called a time stamp.

Hardware histogram mode

The measured values and the frequencies of occurrence of those values are acquired in
the acquisition memory. The maximum sampling size (maximum number of data points
that can be acquired) is 10° points. There are three display formats: histogram, list
(measured values and frequencies of occurrence), and statistics.

The differences between the time stamp mode (T.S.) and hardware histogram
mode (H.H.)

T.S. H.H.
Histogram display Yes Yes
List display Yes Yes
Time variation Yes No
Statistics display Yes Yes
Multi-window function No*! Yes
Maximum sampling size 512,000 10°
Longest sampling time 320 s*? 3200 s

*1  When using the ISI (inter-symbolic interference analysis function) in the T.S. mode, the multi-
window function is used.
*2 320 s when the sampling interval is set to [0 pus], 3200 s when it is set to anything else.
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1.4 Measurement Functions (Measurement Iltems)

Period =See 5.2 for the operating procedures =
Measures the pulse interval (time between rising edges or falling edges) of the input
signal. Either rising edge or falling edge can be selected. Channel A or B can be
selected for the measurement.

Example (rising slope is selected)
CHAl 4 . . ‘
CHB
Time Interval =See 5.3 for the operating procedures =
Measures the time between the edge of the input signal of channel A and the first edge

of the input signal of channel B. For the various combinations of slopes, see section 5.3
“Setting the Time Interval Measurement.”

Measured, Measured . Measured
<~ > > >

Example (Both channels A and B: rise) Example (Channel A: both rise and fall, channel B: rise)
AfB 1t AlB I
Measured Measured Measured Measured Measured

CHA J l CHA T ‘L
CHB —| Y Y CHB —| Y Y I_

Pulse Width =See 5.4 for the operating procedures =
Measures the time of the positive side (between the rising edge and falling edge) or the
negative side (between the falling edge and the rising edge) of the input signal. For the
various patterns of polarities, see section 5.4 “Setting the Pulse Width Measurement.”
Channel A or B can be selected for the measurement.

Example (positive: rising to falling)

H—I Measured Measured . Measured , Measured
B ] B ] - -

oy LT LT L TL

IM 704310-01E 1-5



1.5 Acquisition Conditions for the Input Signal
Being Measured

Measurement Block
The TA520 repeats the process of making measurements, processing data, and
displaying the result. The “measurement block” refers to the smallest unit of
measurement that is handled in one cycle of the process. If the number of samples
(number of data points) acquired in one cycle of the process is N, then “one
measurement block” refers to measuring, processing, and displaying N samples of data.
As shown in the examples below, each sample (S1, S2, S3, to SN) in the measurement
block is measured for the corresponding sampling pulse (P1, P2, P3, to PN) that occurs
according to the specified sampling interval (see the section on sampling interval given
later).

When the period of the input signal is longer than the sampling interval
Preparation

1 bLock for measurement 1 bllgck
Data processing,\ ’
‘ Measurement block N display ‘ Measurement block
[ T [
mputsignal [ 1 [ 1T L SO L T LT LT
| Y Y, W ~ \ /\ N /
S1 S2 S3 SN S1 S2 S3
L A T P L A S
Samplin SN - e TP
PG ) LTSI eeeeeeeeeeeeeeeees LT
P1 P2 P3 P4 P2 P3 P4
Sampling interval
When the period of the input signal is shorter than the sampling interval
Preparation
1 block for measurement 1 b/l\ock
4 \ !
Data processing,
‘ Measurement block N display ‘ Measurement block
[ T [
nputsignal _ JUUUUUUUUULULSSUUUUY --eoeeereeeeeeeees ULy
L L L L L L L (-] -
S1 S22 S3 sS4 SN S1 S2 S3 sS4
A H A4 & 4 A A4
Samplin ! ! 4 / ! ! / ’ /
mpling | N S [ ]
P P1 P4 PN PL P2 P3 P4

P2 P3
=< sampling interval
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1.5 Acquisition Conditions for the Input Signal Being Measured

Block Sampling =See 6.3 for the operating procedures =

External arming

The single measurement block explained above can be repeated N times. Repetitively
measuring “one measurement block” N times is called block sampling.

In block sampling, data processing and display are done after measuring all N blocks of
data. Also, in block sampling, you can set a pause time, defined as the period of time
between block measurements.

The display and analysis of data that has been block sampled varies depending on the
sampling mode as follows.

During the time stamp mode

The list and time variation for each measurement block can be displayed and statistical
calculations can be performed.

The maximum selectable block size (number of repetitions: N) is 100.

During the hardware histogram mode

An histogram of all measurement blocks can be displayed and statistical calculations can
be performed on them. Lists and statistical calculations on each block are not allowed.
The maximum selectable block size (number of repetitions: N) is 1000.

The relationship between the pause time and arming during block sampling is shown
below.

For Arming: Ext/with arming delay, pause time: OFF
Arming delay Arming delay

1st block : : 2nd block

Input signal J_\_I_\_I_\_I_LJ_\_I_\_I_\_I_\_I_\_I_\_I_\_I_\_I_LJ_\_I_\_I_\_I_

| Y - NN
S1 S2 S3 S1 S2 S3
Measurement start Measurement start

For Arming: Ext/no arming delay, pause time: enabled

Arming delay Arming delay
External arming [
1st block . Pausetime . . 2nd block

mputsignal L1 LML L LML L L T L L

S1 S2 S3 § S1 S2 S3
Measurement start Measurement start

For Arming: Auto, pause time: OFF
1st block : 2nd block . 3rd block

Input signal
NN N N N N N N,
S1 S2 S3 S1 Ss2 S3 Ss1 S2 S3

For Arming: Auto, pause time: enabled
1st block Pause timeg . 2nd block  Pause timg ; 3rd block

Input signal

- NN [ N N Y S
S1 S2 S3 i 81 Ss2 S3 ¢ 81 S2 S3

IM 704310-01E
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1.5 Acquisition Conditions for the Input Signal Being Measured

Gate

Sampling Interval

=See 6.1 for the operating procedures =

You can specify the size of a measurement block in terms of the number of events or the
gate time. Measurement is carried out for the number of events or over the time when
the gate is open. There are three types of gates.

Event gate

Each sample is called an event. For example, measurement of one period is equivalent
to one event. Up to 512,000 events during time stamp mode, and up to 10° events
during the hardware histogram mode can be set as long as the time is within the
maximum sampling time (see page 1-4) since arming (see next page).

Time gate
Up to 10 s of gate time can be set as long as the maximum sampling size of each
sampling mode is not exceeded.

External gate
The external arming input terminal (see next page) is used to control the gate. The gate
can be open for up to the longest allowed sampling time (see page 1-4) as long as the
maximum sampling size of each sampling mode is not exceeded. You can also select
which polarity, positive or negative, to use in opening the gate.

Gate is open

] I

1 Measurement block

External gate

[ S S,

N N N
S1 S2 S3

Start of measurement

Input signal

=See 6.2 for the operating procedures =

The sampling interval is the interval at which data samples are acquired.

Samples are acquired continuously at the specified interval. However, samples cannot
be acquired continuously if the period of the input signal is shorter than 23 ns.

The operation varies depending on the sampling mode.

During time stamp mode

The TA520 generates sampling pulses (see the measurement block section described
earlier) at the sampling interval. After the sampling pulse, when the input signal meets
the trigger condition (trigger level, slope, etc.), a measurement is made. The available
sampling intervals are O us and 1 us to 1 s. When 0 ps is selected, the data are sampled
at approximately 23 ns intervals.

During hardware histogram mode
The sampling interval is fixed to approximately 23 ns and cannot be changed.

1-8
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1.5 Acquisition Conditions for the Input Signal Being Measured

Arming =See 6.4 for the operating procedures =
Arming is the trigger that starts the measurement of a measurement block. There are
two types of arming: auto arming in which the measurement starts when the START key
is pressed or the START command is issued, and external arming in which the
measurement starts when an external signal is received.

Auto arming
Arming is activated automatically after the START key is pressed or the START
command is issued. In this case, the arming source is an internal signal.

External arming

After the measurement is started, arming is activated by applying a signal to the external
arming input terminal. In this case, the arming source is an external signal. You can
select whether the rising or falling edge is used to activate the arming. The following
signal levels (arming levels) are available: TTL (1.4 V), TTL/10 (0.14 V), and O V.

Start of measurement Arming
| e
block
Arming Delay =See 6.4 for the operating procedures =

When using external arming, you can delay the start of the measurement by a certain
amount of time or number of events after an arming occurs.
There are two types of arming delays.

Time delay
The measurement starts after being delayed for the specified time (up to 1 s).

Event delay
The measurement starts after being delayed for the specified number of events (up to
1000000).
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1.5 Acquisition Conditions for the Input Signal Being Measured

Inhibit =See 6.5 for the operating procedures =
You can inhibit measurements by applying a signal to the INHIBIT input terminal. This is
possible even while the gate is open or during measurement after arming activation. You
can inhibit measurements for time periods as long as the longest allowed sampling time
(see page 1-4).
You can select whether the positive or negative polarity of the signal will be used to
inhibit the measurement. The following signal levels (inhibit) are available: TTL (1.4 V),
TTL/10 (0.14 V), and O V.
The following examples show some of the relationships between the inhibit signal and
gating/arming.

Relation between the inhibit signal and gating

Mesurement is inhibited.
Inhibit signal

Gate is open. i
Gate L

i i :Not measurgd;

b
Input signal J

: : -~

N
ST s2 s3 . sS4 S5
i Start of measurement {Measurement is resumed.

Not counted as an
event during inhibition
of measurement.

Relation between the inhibit signal and gating/external arming

Mesurement is inhibited.
Inhibit signal

Gate is open.

Gate | L

External arming

:Not measured:
-~

Input signal _l_\_l_\_l_\_l__l_l_\_I_LJ_\_I_\_I_

M o e
i S1 S2 S3 Y S5
§Start of measurement §Measurement is resumed.

Not counted as an
event during inhibition
of measurement.

Relation between the inhibit signal and gating/external arming/arming delay

Mesurement is inhibited.
Inhibit signal

Gate is open.
Gate |_

Arming delay

External arming

:Not measured.,
>

Input signal | |_| |_,

N N N N S
S1 S2 S3 iS4 S5
Start of measurement iMeasurement

Not counted as an 1S resumed.

event during inhibition
of measurement.
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1.5 Acquisition Conditions for the Input Signal Being Measured

Input Coupling =See 6.6 for the operating procedures =
When you want to measure just the amplitude (AC component) of an input signal or a
signal riding on top of a certain DC voltage, measurements can be facilitated if the DC
component is removed from the signal. In other cases, you may want to measure both
the AC and DC components of the input signal. In these cases, an appropriate input
coupling is applied to the signal when entering the input amplifier. The following types of
input coupling are available:

AC

The signal is input through a capacitor. This setting is used to remove the DC
component from the input signal in order to measure just the amplitude of a signal or a
signal riding on top of a certain DC voltage.

Input terminal |

DC
The signal is input directly to the amplifier. This setting is used when measuring both the
AC and DC components of a signal.

Input terminal
O

Input Impedance  =See 6.6 for the operating procedures =
To reduce attenuation and distortion of the measurement signal, the input impedance of
CHA and CHB of the instrument can be selected so that it matches the output
impedance of the signal source. The available settings are 50 Q and 1 MQ.
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1.5 Acquisition Conditions for the Input Signal Being Measured

Trigger Mode/Trigger Level =See 6.6 for the operating procedures =
When measuring one sample, you can select the level at which the measurement is to
be carried out (trigger condition). The level at which to activate the trigger is called the
trigger level.

Manual trigger
The trigger level is set to the value that is specified using the rotary knob or the
numerical keys.

Single auto trigger

Taking the maximum and minimum values of the input signal during the first
measurement block to be 100% and 0%, respectively, the trigger level is set to the
specified percentage level. The trigger level for all following blocks is set to this level.

Repeat auto trigger

Taking the maximum and minimum values of the input signal during the first
measurement block to be 100% and 0%, respectively, the trigger level is set to the
specified percentage level. Unlike single trigger, the trigger level is reset for each
measurement block.

When the [Level] is set to 50% using single auto trigger

Detect max./min. values 1st measurement block
Max. value (100%) —---f--- -~

50% level ~  --------y-iniggerievel --p---------mm oo oo gl s oo oE oo o p oo

Min. value (0%) —— """ ~"—----"b—-----

Trigger activated

Reference Signal 1/0 =See 6.7 for the operating procedures =
Reference input
The instrument has an internal reference clock used for making measurements.
However, a 10-MHz external signal can be applied to the REFERENCE IN terminal on
the rear panel and can be used as the reference clock instead.

Reference output

The internal reference clock signal or the externally applied reference clock signal is
passed through a 10-MHz band-pass filter and is continuously output from the
REFERENCE OUT terminal.
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1.6 Analysis and Calculation

Readout Function

=See 7.8 and 8.9 for the operating procedures =
X1, X2, and Y markers can be displayed for histogram displays (see section 1.7). X1,
X2, Y1, and Y2 markers can be displayed for time variation displays (see section 1.7).
The coordinates of the cross points of these markers and the histogram and time
variation graphs can be read. In addition, statistical calculation can be performed
independently over the area enclosed by the markers (see next section).

For histogram displays
The values shown on the bottom of the graph represent the following:
X1: X coordinate (measured value) of the X1 marker

V1: Y coordinate (frequency of occurrence X1) of the X1 marker
X2: X coordinate (measured value) of the X2 marker

V2: Y coordinate (frequency of occurrence X2) of the X2 marker
AX:  X2-X1 Num:

Histogran

1e3

X1 marker

X2 marker

~— Y marker

—750ps R
X1: 499.700ns X2: 500.300ns AX: 600ps

ui: 3 uz: 3 Nun: 10000

- J
Vo

Readout values

For time variation displays

The values shown on the bottom of the graph represent the following:
X1: X coordinate (time stamp) of the X1 marker

V1: Y coordinate (measured value) of the X1 marker

X2: X coordinate (time stamp) of the X2 marker

V2: Y coordinate (measured value) of the X2 marker

AX: X2-X1 AV: [V2-V1|

Y1: Y coordinate (measured value) of the Y1 marker

Y2: Y coordinate (measured value) of the Y2 marker

AY: |Y2-Y1|
X1 marker X2 marker

TineVariation

+Z50ps N\ /

e LT

i ~— Y1 marker

200, 000N:

9.6us +60us
X1: 11.5us XZ: 47.5us 4X: 36.08us T.Num: 171
U1: 500.075ns UZ: 500.050ns 4v: 0.825ns
¥1: 499.875ns ¥Z: 500.100ns 4Y: 225ps

4
- ~

Readout values

Note

Number of samples used in the statistical calculation

T.Num: Number of samples used in the statistical calculation

« The Y marker on the histogram display is used to set the area for performing statistical

calculations.

« During time variation display, if there are multiple data points at the marker position, the
average value is displayed. If there is no data at the marker position, an asterisk (*) is

displayed.

IM 704310-01E
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1.6 Analysis and Calculation

Statistical Calculatio

n =See 7.6 and 8.7 for the operating procedures =
You can set the area on which to calculate statistics, the constant T, and the parameters
to be calculated.

Select the area to be used in the statistical calculations

Select whether to calculate the statistics over the entire window or the area enclosed by
the markers.

If the time variation is displayed on data that was block sampled in the time stamp
mode, you can also select the [Block] on which to calculate the statistics.

If you are using the multi-window or auto window function, the statistics are calculated
over the area enclosed by markers for each window.

When calculating the statistics over an area enclosed by markers
For histogram display For time variation display

X1 marker X2 marker X1 marker X2 marker

- Y1 marker
Y marker -
~ Y2 marker

Calculate statistics over this area

Setting the slope (Calculation Slope) and polarity (Calculation Polarity)

You can specify the slope and polarity for the statistical calculation only for the following
measurement functions.

The statistics can be calculated separately on data having the specified slope or polarity.
« For time interval measurements, when the slope setting is either A{B 1 or A1 B |.

+ For pulse width measurements, when the polarity setting is f-e).

Setting the Constant T

Set the constant T used when calculating the statistical values jitter and MELE. This
value corresponds to the read-out clock when the measured device is an optical disk or
optical disk drive.

You cannot change the value of T when using the auto window function since it is
automatically set.

Statistical calculation parameters

Statistics can be calculated based on the measured values (during time stamp mode) or
histogram (during hardware histogram mode). The results of the statistical calculation
can be displayed on the histogram, statistic, and time variation displays (see section
1.7).

The equations used to calculate some of the statistics vary depending on the sampling
mode. In addition, in the time stamp mode, you can select to calculate the statistics on
the time variation or on the histogram.

During the time stamp mode

The following differences exist between the time variation display and the histogram

display.

Time variation: You can set the area over which to calculate the statistics with the time
stamp and measured value.

Histogram  : You can set the area over which to calculate the statistics with the
measured value (bin) and frequency of occurrence.

1-14
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1.6 Analysis and Calculation

In the following equations, n is the number of samples, Xi is the measured value of
each sample, and Xj (only for histograms) is the class value of each bin of the
histogram.

If the statistics are calculated on the time variation, “T.” is placed in front of the
statistical calculation parameter names.

« Average value
Calculates the average value of the measured values.
1
Average = — 2 X,
n

n
=1

¢ Maximum value
Indicates the maximum measured value.
Maximum = [X]
max

¢ Minimum value
Indicates the minimum measured value.
Minimum = [X ]
min
¢ Peak-to-Peak

Calculates the difference between the maximum and minimum values.
Peak - Peak = Maximum — Minimum

« Standard deviation ( o)
Calculates the standard deviation of the measured values. This indicates the
degree to which the values are spread out from the average value.

n
1
o= \/_Z(Xi — Average) 2
Ni=1
e Flutter ( o/Average)
Measures the flutter. This indicates the spread in the values in terms of a
percentage of the average value.
o

o/Average= — —
Average

% 100 (%)

¢ 0o/T (only for histograms)
Calculates the histogram jitter using the specified constant T. Indicates the spread
of the values in terms of a percentage of the value T.

olIT= TE x 100 (%)

« Effect Length Error, E.L.Error for short (only for histograms)
XcenTer is the center value of the x axis in the window. See section 1.7 for details.
Originally, XcenTer represented the value around which the measured data would
be distributed.
Indicates the offset of the measured average value with respect to XcenTer.

E.L.Error=Average-X .\ rer

¢ Maximum Effect Error, MELE for short (only for histograms)
Indicates the offset of the measured average value with respect to Xcenter in terms

of a percentage of the value T.
_ |Average—X ceyrer |

T

MELE x100(%)
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1.6 Analysis and Calculation

* Median (only for histograms)
Indicates the median of the histogram.
Median= [xi]Median

* Mode (only for histograms)

Indicates the class value with the highest frequency of occurrence (most frequent
value).
Mode= [Xi]Mode

¢ T.(P-P/Average)

Indicates the spread in the Peak-to-Peak values in terms of a percentage of the

average value.

P-P
T.(P-P/Average) = ——x100
Average

* T.RF (only for time variation)
Calculates the average value of T.(P-P/Average) of all blocks that were block
sampled.
N is the total number of blocks. P-Px is the Peak-to-Peak value of each block, and

AVEy is the average value of each block.

1 N
TRF=—
N

AVE

K _x100
k

During the hardware histogram mode

In the equation below, n is the number of bins in the histogram. A bin of a histogram
refers to a bar that indicates the frequency of occurrence on the histogram. Xi is the
class value of each bin of the histogram. Depending on the span setting of the X-axis,
the interval width of each bin becomes 25 ps in which case Xi becomes the measured
value. For details, see section 1.7 “Histogram Display.”

* Average
Calculates the average value of the histogram. Pi is the relative frequency*.

n
Average = 3 X xP,
i=1
* |If the total number of samples on which the statistics are being calculated is N,
and the frequency of occurrence (number of samples) of a certain bin is Ni, then

the relative frequency becomes Pi = Ni/N.

¢ Maximum value

Indicates the maximum class value.
Maximum = [X ]
max

¢ Minimum value
Indicates the minimum class value.
Minimum = [X;] -
¢ Peak-to-Peak

Calculates the difference between the maximum and minimum values.
Peak- Peak = Maximum — Minimum

1-16
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1.6 Analysis and Calculation

Standard deviation ( o)

Calculates the standard deviation of the histogram. This indicates the degree to
which the values are spread out from the average value. Piis the relative
frequency.

n
o= \/Z(Xi — Average) 2 xP,

i=1

Flutter ( o/Average)
Measures the flutter of the histogram. Indicates the spread in the values from the
average value in terms of a percentage of the average value.

o

o/Average= — —
Average

x 100 (%)

olT
Calculates the histogram jitter using the specified constant T. Indicates the spread
in the values in terms of a percentage of the value T.

o/T= TE x 100 (%)

Effect Length Error, E.L.Error for short

XcenTer is the center value of the x axis in the window. See section 1.7 for details.
Originally, XcenTer represented the value around which the measured data would
be distributed.

Indicates the offset of the actually measured average value with respect to

XCENTER-

E.L.Error=Average-X g\ rer

Maximum Effect Length Error, MELE for short
Indicates the offset of the measured average value with respect to XcenTer in
terms of a percentage of the value T.

_ |Average—X ceyrer |

MELE = T x100(%)

Median

Indicates the median of the histogram.

Median= [Xi]Median

Mode

Indicates the class value with the highest frequency of occurrence (most frequent
value).

Mode= [X ]

Mode

1-17



1.7 Displaying the Measured/Calculated Results

Histogram Display =See 7.1 and 8.1 for the operating procedures =
By displaying the histogram (frequency distribution) of the measured data, you can see
the data distribution. You can manually set the X-axis (time) and Y-axis (frequency) of
the histogram. You can also have them set automatically using the auto scale function.
The following items can be set.
« The center value of the X-axis (X Center)
* The X-axis width (X Span)
» The scaling format of the Y-axis (select linear scale or log scale)
e The maximum Y-axis value (Y High)

Frequency distribution

The histogram is displayed according to the settings made for the above values. If a
class has a time span, the average value will be used as the class value. For example, if
the minimum and maximum values in a class are 505 ns and 515 ns, respectively, 510
ns will be treated as the class value. The samples in this class are all considered to
correspond to 510 ns (if the value is read out with the marker, the class value is read
out).

As shown in the diagram below, each value on the X-axis of the instrument represents a
class value or a displacement. The histogram is created by accumulating the number of
samples that fall in each class.

Y-axis Scale (Log scale for this example)

Histogran

Y-axis max. —Ges
value (Y High) 1

One bar ig called a“bin.”

— X-axis span
(X Span)

i

—Il—Class

X-axis center value Right most value

Left most value (Class value at the center, on the X-axis

on the X-axis X Center) (Displacement in the
(Displacement in the positive direction from
negative direction from X center) X center)

Items that can be displayed
Besides the histogram, you can select whether or not to display the marker read-out
values, the statistics, and a panorama window.

Panorama
Panorama window
CEITS Boon
Histogran B Area: Window Calc:FLl
160 Average 499.5650ms
: Hayimum 499.906ns
2 H Hinimun 499.200ns
Peak-Peak  780ps -— i ioti
g B ¢ 110.0ps DlSplayS statistics
drAverage 0.021813%
Polarity:FLl a-T 0.272431%
166 :
11
~7 50 TS S750S
X1: 492 .475ns X2: 507.475ns AaX: 15.866ns .
vtz o uz: 0 Nun: 500 <~ Displays readout values

|
L Histograms displayed with overlap
set to OFF and at half size
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1.7 Displaying the Measured/Calculated Results

List Display =See 7.2 and 8.2 for the operating procedures =
Display a list of the measured data. You can move and display different parts of the list
using the jump function which can move to the top, center, or end of the data or by
specifying the data number. The displayed contents vary depending on the sampling
mode as follows:

During time stamp mode
The time stamp and measured values are listed within the range of the number of events
or time specified for the [gate] (see section 1.5). The specified data number is
highlighted and the time variation waveform corresponding to the data number displays a
dotted line and a <« mark.
When block sampling, each block can be individually listed by specifying the number of
the measurement block.

[ Data number

Time stamp
[ r Measured value

Number TimeStanp Heasured Data
802 141.8 us —5.125 ns
603 141.Z2 us 15.250 ns
604 141.3 us -1.750 ns
805 141.4 us 15.325 ns
806 141.5 us —Z.675 NS

— Highlights the specified data

808 141.8 us —5.825 ns
609 142.0 us 15.860 ns

610 142.1 us 1.675 ns
811 142.3 us 16.650 ns

During hardware histogram mode

The measured values (the class values of the histogram) and the frequencies are listed
within the range of the width of the X-axis (X Span) of the histogram display. The
specified data number is highlighted and the time variation waveform corresponding to
the data number displays a dotted line and a € mark.

When using the multi-window or auto window function, the list is displayed for each
window (3T, 4T, All, etc.).

Data number

Class value
Frequency

Measured