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Introduction

Electrical/Optical Measurement The Agilent 81250 ParBERT Measurement Software provides the
Capabilities capability of not only measuring electrical inputs and outputs, it can
also be used to test optical and optoelectrical devices.

For electrical measurements, the threshold is given in Volts.
For optical measurements, the threshold is given in optical power
units (W or dBm).

Because the DUT Output Timing /Jitter Measurement is not related to
the threshold, this measurement provides the capability to use optical
and electrical ports simultaneously.

Measurement Overview The DUT Output Timing/Jitter measurement allows you to set up and
run a bit error rate (BER) and jitter measurement for a device under
test (DUT) with several output ports and terminals. It analyzes the
jitter, separates the random jitter and deterministic jitter components,
and estimates the total jitter.

Timing Measurement Characteristics The sampling point is swept automatically within a 1.5 clock period to
generate a “bathtub” curve. The resulting graph is centered around the
optimum sampling point of the port. In addition, the results are
available in a tabular view. If a clock signal is defined, the software
measures also the data to clock alignment and displays the absolute
delay.

Jitter Measurement Characteristics The jitter is calculated as the derivative of the bit error rate
(dBER/dt). Its peak-to-peak, RMS, and mean values are part of the
result table. The jitter can also be displayed graphically. A dedicated
Gaussian marker allows to investigate the jitter graph in detail and to
measure the contribution of certain sections or jitter peaks to the
overall results.

DUT Output Timing/Jitter Measurement User Guide, May 2005 9)



Introduction

Fast Total Jitter Measurement
Characteristics

General

NOTE

This measurement is an alternative to the standard jitter
measurement. It can be used to measure the total jitter at very low bit
error ratios.

Whereas usual jitter measurements at a BER around 10712 can take
days (due to the huge number of bits that has to be compared for each
measurement point), the Fast Total Jitter measurement can, for
example, determine the total jitter at a BER of 1072 in less than

20 minutes (at a data rate of 10 Gbit/s).

You can set the signal parameters, the values to be displayed and the
output format according to your needs. For each measurement, you
can define several ports with several terminals. For each port, you can
define an individual clock signal.

This document provides the following information:

* For a quick start, read the example session given in “Example of a
DUT Output Timing Measurement” on page 9.

* “Basics of the DUT Output Titming/Jitter Measurement” on page 21
provides detailed information on the prerequisites and the
parameters shown on the result screen.

e “Setting the Properties of a DUT Output Timing Measurement” on
page 47 shows how to specify the input parameters and the
graphical display of the measurement.

It is assumed that you are familiar with the general characteristics and
features of the Agilent 81250 Measurement Software. The general
capabilities and operating principles are documented in the Agilent
81250 ParBERT Measurements Framework User Guide.
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Introduction

The following illustration shows the result of a typical DUT output
timing measurement:

orkspacel - Agilent 81250 Measurements - [DUT Output Timing - Jitter2 =]

File Edit Measurement Control Spstem ‘Window Help

x|
WLl | DUT Output Timing - Jitter2
=- ‘ wiorkspacel 1.00e+0 1 Trace: 55 Paoints Ul = 2500 ng All Errars

1.00e-1
1.00e-2
1.00e-3
1.00e-4

1.00e-5 -
1 00e-5 BEF: Threshaold = 1.000-

1.00e-7 I

Logarithmic
Absolute TsEU

Optimal Sam... Skew Phase Clock Out to
Delay Margin Data Out Min
E & Measurement [&bs. LI [&bs. LI ) (Ahs. LN [&bs. LI

a

Port/Terminal Copied

D 0

B Measurement

For Help, press F1 [ 'S Ready | &% Ready i
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Example of a DUT Output Timing
Measurement

This chapter shows how to set up and use the DUT output timing
measurement.

This requires the following steps:

1. Set up the system with the Agilent 81250 User Software.
See “Setting Up and Connecting the DUT” on page 10.

2. Set up a bit error measurement with the Agilent 81250 User
Software.

See “Preparing the Measurement” on page 11.

3. With the Agilent 81250 Measurement Software, create a new
workspace and measurement and execute the measurement.

See “Executing the DUT Output Timing Measurement” on page 13.

4. Change the measurement properties and the graphical display.

See “Changing the DUT Output Timing Parameters” on page 15.
For this example, we use the following hardware components:
* E4861A 2.7 Gbit/s data generator/analyzer module
* E4862A generator frontend

* E4863A analyzer frontend
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Example of a DUT Qutput Timing Measurement Setting Up and Connecting the DUT

Setting Up and Connecting the
DUT

Use the Agilent 81250 User Software to create a model of the
hardware. For a detailed description of the Agilent 81250 User
Software, refer to the Agilent 81250 ParBERT System User Guide.

1 Create a DUT output port and a DUT input port.

2 Connect the analyzer to the electrical output port and the generator

to the electrical input port.

g8 Agilent 81250 - [Connection Editor]

| File Edit Tool: ‘iew Go Cortrol  Sestern Window  Help i = |
Sele EAlmEE EBE] 22 L s pfEses R
Modules Device Under Test
E48058 Frame1 Slot5 = =
General DUT
Frequency
Clock Source / Reference Input Data Part Area
External [nput
- E Analyzer 1: Data (QUT)
Trigger Output
ClmMeCl }-1—1: Datald
E48614 Frame1 Slot6
CiM2E] L Generator 2: Data | IN)
C1M2C2 4 EP(IHI C1mM2C2 |- =li: Dartano
E48614 F 1 Slat?
- Jame = - Pulze/Clock Port Area
CIM3IC ——————C
CIM3C2 ———— €
| | Sefting: MUI_DEMNO Spstem - DIRA 4 Agilent ©,

NOTE The other analyzer and generator modules shown in the figure are not

required for this example.

3 Using a shielded cable, connect the analyzer physically with the
generator. This cable will be the device under test.
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Preparing the Measurement

Preparing the Measurement

Use the Agilent 81250 User Software to set up a bit error rate (BER)

test:

Example of a DUT Output Timing Measurement

1 Create the test sequence with the Standard Mode Sequence Editor.

We use the same PRBS segment for the generator and the analyzer.

Standard Mode Sequence Editor

Analpzer Synchronization ——
v Enable Spnc.
= Auta. Bit Sync.
¥ Auto. Phase Align,
 duta. Delay Aligh.

Bit Errar Rate Thrashald
| 10°6 - I

Phaze Accuracy

|2EI°'/° |

| 1: Data (2.n)

| 2 Data [2.o0ut)

Segment Type

Segment Type

|PRES =1 |FRES =1
Segment Mame Segment Name

[TEST =1 [TEST E3|
Palpnion/D ata Puolynom /D ata

[ 2154 B3| [ 2154 E3|
[~ PRS Inverted [ PRxS Inverted

PR=S Type PFR4S Type

| Pure PRxS =1 || [Pure PRxS 3

¢ Enable Analyzer Synchronization.

Automatic Bit Synchronization will adjust the sampling point of
the analyzer until the specified bit error rate is met. Automatic

Phase Alignment will finally position the analyzer sampling point at

the optimum.

Automatic Delay Alignment requires that you specify a suitable

analyzer start delay.
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Example of a DUT Qutput Timing Measurement Preparing the Measurement

2 Edit the generator and analyzer properties with the
Parameter Editor.

Parameter Editor

Resaurce: |E'I M4 CZ ["E48614" F1 56] ° i fI I-I

Timing | Output |
| E4862A

Predefined Levels

High Lewel

Low Level

R Ry | Certer Tapmed (2450 Ohrn: - |
o g

|Elut & on C o |

|W & on o of |

Choose suitable voltage levels and switch the generator and
analyzer on.
3 Open the Bit Error Rate window and run the test.

The analyzer is automatically synchronized with the generator and

the bit error rate is zero.

Bit Error Rate - Port 2: Data

| Resetan |

Time Since Start; 00:00:06

Port 2: Data Actual Mumber | Actual Mumber | Actual Bit | Accum. Mumber
T | Ast | 5 of Bits of Errars Error Rate of Bits

1: Datal R | | 4.240000e+008 | 0.000000e-+000 | 0.0000002+000 | 2 550000 +009
1] | ol

Summary | 4.240000e+008 | 0.000000e+000 | 0.000000e+000 | 2. 560000 +009

4 Stop the Bit Error Rate (BER) test in the Agilent 81250 User

Software.
b Save the setting under the name MUI_DEMO.

Once you have saved the setting, you may terminate the Agilent 81250
User Software if you wish to do so.
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Executing the DUT Output Timing
Measurement

Use the Agilent 81250 Measurement Software to set up the DUT
output timing measurement:

1 Start the Agilent 81250 Measurement Software and select the
measurement type DUT Output Timing/Jitter for the system DSRA.

z'-'AgiIenl 81250 Measurements =10] %]
File Edit Measurement System 'window Help |
DEHd|s mR|&|x |[a]|rve

—————"x

LI |

------ B Measurement

Workspace

Hew | Examples |

— Measurement:

j " Electiical

Type: IDUT Output Timing - Jitter
" Optical

MHame: IDUT Output Timing - Jitter2

— Syztems:
Analyzer: I DSRA

Generator: I Same az Analyzer

B2 Measurement I

For Help, press Fi [ | &% Ready 4

NOTE Each time you open the Workspace dialog box, your last settings are displayed.
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2 Select the saved setting MUI_DEMO for the measurement.

For the moment, there is no need to change the other parameters
and options.

DUT Output Timing - Jitter2 Properties

3 In the Properties dialog, click OK.

4 In the tool bar, click the Run button to load the parameters to the
firmware and execute the measurement.
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Changing the DUT QOutput Timing Parameters Example of a DUT Output Timing Measurement

The measurement software runs the measurement and displays the
results. The following illustration shows the bathtub curve of the
measured bit error rate and—in the tabular view—the calculated
results for the Optimal Sampling Delay, the Skew and the Phase

Margin.
F.IDUT Output Timing - Jitter?
100e+n 1 Trace 53 Points I =2500ns All Errors
T
1 0081
1.008-2
1.00e-3
1 00e-4
100es | ]
1.00e-E BER Threshold = 1.000e-6
1.00e-T l L L L L | L L L T. l
Logarthmic _q g L) 036 L -1z o1zu 0.3 LI 0E0 LI
Relative -DAEU -0.24 U oooul 024U 045U o7zul
_ _ Optimal Sam... Phase Clock Out 1:'
Port/Terminal Show | Color | Copied Delay Skew Margin Data Out M
[E Measurement (Rel. Ul (Rel. LN (Rel. Ul (Re
(2] Data 0.000 Ul 0000 Ul 09340 =no clt
C[21] Data || 0.000 Ui 0.000 LI 0,934 Ll <o che
-
4 JLa | T R »

On this screen, you can modify the graphical display of the results to
improve the result evaluation.

Changing the DUT Output Timing
Parameters

After a measurement has been run, you can change the measurement
parameters:

* Some of the modifications will change the result display without
rerunning the measurement. For examples, refer to “Changing the
Graphical Display of the Results” on page 16.

* Some of the modifications require to repeat the measurement. For
an example, refer to “Changing the Measurement Parameters” on
page 20.

The following sections show some typical modifications of the
measurement and the graphical display of the results.

DUT Output Timing/Jitter Measurement User Guide, May 2005 15



Example of a DUT Qutput Timing Measurement

Changing the DUT Qutput Timing Parameters

The original graph of the measurement looks as follows:

ADUT Output Timing - Jitter2

100e+0 1 Trace: 55 Points Ul = 2500 nz Al Errors
T
1.00e-1
1.008-2
1.00e-3
1.00e-4
1.00e-5 | ]
1 00&-B BER Thresholg = 1.000e-6
1.00e-7 I I T. |
Logarithmic o go Ll 5 L o1z o1zu 5 LI o600 U
Felative - 024U ol U 045U oF2u
. . Optimal Sam... Phase Clock Out 1;'
Port/Terminal Show | Color | Copied Detay Skew Margin Data Out K
[=] Meazurement (Rel. L) (Rel. LN [Rel. LN (Re
2] Data 0.000 LI 0000 08340 =no cle
L [21] DataD | | 0.000 U 0.000 LI 0834U|  =nock
¥
& sl | 3

Changing the Graphical Display of the

Results

You can modify the graphical display of the results at any time without

rerunning the measurement to analyze the results with different

criteria.

The measurement software allows you to modify the graphical output

in two ways

* You can set the parameters on the View page of the Properties

dialog.

* You can change the graphical display via the measurement’s context

menu at any time when the results are available (refer to How to

Change Measurement Properties after Running in the Framework
User Guide).
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Measured Points

Changing the DUT Output Timing Parameters

Example of a DUT Output Timing Measurement

If you want to see the points that have actually been measured, choose

View Options - Show Measured Points from the context menu.

F.IDUT Output Timing - Jitter?

Markers

Display Options - Show Markers).

F.IDUT Dutput Timing -

100e+n 1 Trace 53 Points I =2500ns All Errors
[ T
1.008-1
1.00e-2
1.00e-3
1.00e-4
10085 | i
1 00&-E BER Threshalg = 1 .000e-6
1.00e-7 I L L L L | L L L T. | L
Logarithmic _ggg L) 036U -odzu oAz ul 036 Ul 060 L
Relative 043U -0.24 Ul 0.00 Ul 024Ul 045Ul 072Ul
_ _ Optimal Sam... Phase Clock Out I;l
Port/Terminal Show | Color | Copied Delay Skew Margin Data Out M
= Meazurement (Fel. L) (Rel. LN (Rel. LIl (Re
(2] Data 0.000 LI 0.000 I 0.834 LI <o che
L [21] Datad || 0.000 LI £.000 LI 08340 =nock
-
4] 2l | :
To analyze the results, you can switch on markers (context menu

100e+0 1 Trace 107 Points Ul = 2500 nz All Errors
§— T | I UL UL S | — e
1 -1 ol
1.00e-2 :
1 00e-3 .
1 .00e-4 Markers Time BER
1005 Lowar Lot 0470l 573400
-------------------------------- ower Left: -0, JE4e-§ |[----
100s-6  |BER Threshol = 1.0002-5 Detts: ngroul 3.2408-1
1.00e-7 | L . . . l ] L I [ ] .
Logarithmic g gL 036U - 2Ul ul
Relative 045 U 024 U ] 024U 0720
_ _ Optimal Sam... Phase Clock Out I;I
PortTerminal Show | Color | Copied Delay Skew Margin Data Out M
= Meazurement [Rel. L) [Rel. LN (Rel. L) (Re
2] Datar 0.0000 0.000u 08330 =no ol
L (21 Datad || 0.000 LI £.000 LI 08330 =nock
-
Kl U | KN — >
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Example of a DUT Output Timing Measurement Changing the DUT Qutput Timing Parameters

Zoom To view details of the results, you can zoom an area of the graph
(context menu Display Options - Show Zoom Graph).

ADUT Output Timing - Jitter2

1.00e+n 1 Trace: 107 Paints Ul=2.3500ns All Errors
1.00e-1 e :E —_
1 00e-2 T - T T == —
1.00s-3 -
1 00e-4
100e-5 | ]
1 00e-6 BER Thresholll = 1.000e-6
1 .00e-7 L L L L L L L L L T. |
Logarithmic _q g0 1) 036 LI Az oAz Ul oag U 0Ea U
Relative 0AE L 024 Ul ooaul 0240 045 Ul aTzu
Port/Terminal Show | Color | Copied I(])eplt;;nal R Skew :HT::?“ g:::':)?nuﬂil
[=] Meazurement (Rel. Ll (Rel. U [Rel. LI (Re
2] Data 0,000 Ul 0,000 Ll 0833 =no clr
L [21] DataD | | 0.000 U 0.000 LI 08330|  =nock
=
4] 12 | KN — v

Exporting result data

If you want to use the measurement results with other applications,
you can export the data to a file via Measurement - Export Result
Data.

The contents of the resulting file looks as follows:

Date:,03/12/01 12:38:46 PM
Version:,B.16.010306

Type:,DUT Output Timing - Jitter
UI:,2.5000E-009

[2:1] DataoO,,,,
Delay,BER(All),Compared Bits,Errors(All),

.604310E-009,5.
.729310E-009,4.
.854310E-009,4.
.979310E-009,5.
.104310E-009,4.
.121552E-009,5.

B W W W W

000440E-001,1.
999920E-001,1.
999470E-001,1.
000070E-001,1.
999690E-001,1.
000010E-001,1.

000000E+006,5.
000000E+006,4.
000000E+006,4.
000000E+006,5.
000000E+006,4.
000000E+006,5.

000440E+005,
999920E+005,
999470E+005,
000070E+005,
999690E+005,
000010E+005,

18

This file can be imported into a Microsoft Excel sheet, for example. For
more information, refer to How to Export Measurement Results in the
MUI Framework User Guide.
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Changing the DUT Output Timing Parameters

Changing the Display Units

XX Microzoft Excel - Export.txt
ﬁ Datei Bearbeiten Ansicht Einflgen Format Extras Daten Fenster 7 -|ﬁ'|i|

DEHSRY BRI v A& = A2 &

Arial -0 - 55

al =] =| Date:
A B [ [ | D | E | j

1 |Date: TR
| 2 “ersion:  B.16.010306
| 3 | Type: DUT Qutput Timing - Jitter
Rk 2 50E-05
| 5 |
| 6 |[2:1] Datal
| 7 |Delay BER{AID Compared Bits Errors(All)
| B | 3.60E-09 0.500044 1.00E+06 5.00E+15
| 9 | 3.73E-09 0499932 1.00E+HIB 5.00E+HIS
| 10 | 3.585E-09 0499947 1.00E+6 5.00E+HI5
| 11| 3.58E-0% 0.500007 1.00E+06 5.00E+)5 -
[4 [ 4 » [pExport § Tabelez f Tabeled / 1+ Llj_l
Bereit 1 1 FEE

If desired, you can:

Settings - Linear Scale)

and

View Settings - Seconds).

Example of a DUT Output Timing Measurement

e Switch from logarithmic to linear display (context menu View

* Change the timebase from unit intervals to seconds (context menu

RJ Jitter H=]
g.00enn 1 Trace: 207 Paints Ul =2.000 ng Al Errors
5 .S0e-001 ' . '
sofeont | I
45000t |00 0TI ST TTTTTTTTTTTTTTTToTTT T
4.00e-00 '
3.50e-00 '
3 00e-001 .
2 50e-001 .
2 00e-001 ;
1.50e-00 !
1.00e00 f- Ty e
5.00e002 | X
0.00e+000 LEER Th:eshold% 1.000e-006 | | | | | | |
Linear 050U 030U 040U oAU 0.30 Ul 0.50 Ul 070Ul
Relstive 060 LI 040Ul 020 Ul 0.00 U1 0.20 Ul 0.40U 0.60 L1
Port/Terminal Show | Color | Copied (D)eplt;;‘nal Bl Skew :‘TTZ?H :]::I'::I:)Loﬁmhl:I:;I
E Meazuremernt [Rel. L) [Rel. L [Rel. LD (Rel.
(51 [2] Giga 0l oul 0.969 LI 2na clon
[ 21 Datan oul oul 0.969 LI =na clo
[ [4] PatriotB oul 0,292 Ul 062 Ul =no clon
[ (4:1] Datan O 04520 0.146 LI 0.924 | =no clon
- O 044 LI 0146 LI 0.901 Ul 2ni clon
>
|1 U | KN — 2
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Example of a DUT Output Timing Measurement Changing the DUT Qutput Timing Parameters

Changing the Measurement Parameters

The settings on the System, Ports and Parameters pages affect the
measurement results and changes on these pages require to repeat the
measurement.

Changing the Measurement If the resolution is not high enough, change the parameter Resolution
Resolution on the Parameters page of the Properties dialog from 0.01 to 0.005
and run the measurement again.

The resulting graph shows 107 instead of 55 measured points.

ADUT Output Timing - Jitter2
1.00e+n 1 Trace: 107 Paints Ul=2.3500ns All Errors
| T

1.00e-1
1.00e-2
1.00e-3
1.00e-4
1.00e-5 | ]
1 O0e-B BER Thresholl = 1.000e-6

1.00e-7 | .T L L . | L . . T. |

Logarithmic o gn L) 036 L 01z nizul 036U o0
Relative - - oul 024U 043 Ul oFzuU
- - Optimal Sam... Phaze Clock Out 1;'
Port/Terminal Show | Color | Copied Delay Skew Margin Data Out M
[=] heasurement (Rel. Ul (Rel. U (Rel. LN (Re
E112] Data 0.000 Ul 0.000 Ul 0933 U <no ol
L[z 1] Data0 | 0.000 Ul 0.000 LI 0933 I e
-
4] pllel | :
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Basics of the DUT OQutput
Timing/Jitter Measurement

In this chapter you find the following information:

* For the prerequisites to be met to run the measurement, refer to
“Prerequisites for Output Timing Measurements” on page 21.

* For the definitions of the measurement results, refer to “DUT
Output Timing/Jitter Measurement Results” on page 22.

* For an introduction to the Fast Total Jitter measurement, refer to
“Explanation of the Fast Total Jitter Measurement” on page 31.

Prerequisites for Qutput Timing
Measurements

In order to perform DUT output timing measurements, the following
prerequisites have to be met in addition to the global ones
(see Prerequisites in the Framework User Guide):

* The analyzers must be synchronized to the incoming data stream

— either manually (specify a valid start delay)

or

— by automatic analyzer sampling point adjustment (Automatic Bit
Synchronization or Automatic Delay Alignment).

e If automatic analyzer sampling point adjustment is used, the phase
verniers of the analyzers have to be in zero position.
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Basics of the DUT Output Timing/ Jitter Measurement DUT Output Timing/Jitter Measurement Results

DUT Output Timing/ Jitter
Measurement Results

The ParBERT measurement software performs a measurement and
returns the results in a graphical and in a tabular form. The following
sections provide the definitions of measured parameters, of timing
unit parameters, and of markers.

The following figure shows a typical result display of an output timing
measurement.

Marker

®.DUT Dutput Timing - Jitterd }—="Definitions

1 Trace: 55 Points Ul =2.500 ns

1.00e-1
1.00e-2
1.00e-3
1.00e-4
1.00e-5
Timing Unit 1.00e-6

o ftFirmic 1.56 LI 1.80 U1 204 Ul 228U 2521
Definitions Mol 182U 216U

- E—
Port.Terminal Show | Color | Coj WS‘(BW Phase
0 Margin

0.000Ul 0,930 U= clock= Numerical

k| Results

The graph shows either the bath tub curve as illustrated in the figure
above, or, if selected, the jitter distribution vs. time.

4] I

NOTE Under certain circumstances, some numerical results are not
available. This is indicated by <invalid>, <not applicable>, or <no
clock> in the numerical results table below the measurement graphic.

* <nvalid> indicates that the value could not be calculated. This is
the case, for example, for phase margin, when the BER threshold is
set to high values and does not intersect with the bathtub curve.

* <not applicable> indicates that the value could be calculated,
however is not shown because quality criteria are not met. This is
the case, for example, for RJ/DJ results, when the r*2 value of one
or both edges is <0.75. Even though RJ/DJ values can be calculated

in this case, they are not shown because confidence in the results is
too low.
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* <no clock> indicates that certain values can only be calculated when
a clock terminal is defined. Refer to “How to Set Up a Clock
Terminal for a Port” on page 52 for details.

For details see:

* “Explanation of the Graphical Displays” on page 23

* “Explanation of the Numerical Results” on page 25

* “Explanation of the Fast Total Jitter Measurement” on page 30
* “Timing Unit Definitions” on page 36

* “Marker Definitions” on page 39

Explanation of the Graphical Displays
The standard measurement provides two views of the results:
* The BER graph

* The jitter histogram

These views are described in the following sections. The Fast Total
Jitter measurement has its own display (see “Explanation of the Fast
Total Jitter Measurement” on page 30).

The Bit Error Rate Graph
The BER graph (the “bathtub”) shows the BER vs. the sampling delay.
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The BER graph can be viewed in either linear or logarithmic view. The
logarithmic view is shown in the figure above.

The Jitter Histogram

The jitter histogram can be enabled from the View tab of the
Properties dialog. The DUT output timing/jitter measurement
calculates the jitter histogram as the linear derivative of the measured
bit error rate (jitter = dBER/dt).
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NOTE

Because the right-hand slope of the tub does not provide additional
information on the jitter, the measurement’s graphical jitter display
shows only the portion at the left-hand side of the optimum sampling
point.

The jitter histogram allows you to inspect the jitter components
visually:

¢ Random Jitter (RJ)
* Deterministic Jitter (DJ)
* Estimated Total Jitter (TJ)

“Jitter Measurement Results” on page 28 describes how these
components are calculated.

A Gaussian marker is available in this view to help analyze the jitter
components. See “The Gaussian Marker” on page 42 for details.
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Explanation of the Numerical Results

The measurement provides numerical results for:

* Output timing parameters

» Jitter parameters

* Fast total jitter measurement parameters

Output Timing Measurement Results

The output timing measurement parameters are defined in the

following table.

NOTE The output timing measurement results are related to the BER
threshold. They change when you change the BER threshold.

Parameter

Description

Terminal

Port

Optimum Sample

The average of the left (A;) and right (B;)

The average of the maximum left (Amax) and min-

Point Delay bathtub/BER threshold intersections. imum right (Bmin) bathtub/BER threshold inter-
sections of all terminals in the port.
Note: The average optimum sample point of all terminals in a port is not the same value as the op-
timum sample point of the port.
Skew The time difference between its optimum The time difference between the maximum and

sample point and the average of the optimum
sample points of all terminals in the port.

Note: The sum (and thus, the average) of all ter
ue as the skew of a port.

the minimum optimum sample point of all termi-
nals in the port.

minal skews in a port is zero, and not the same val-

Phase Margin

The period of time where the bit error rate is
lower than the BER threshold.

The period of time where the bit error rate of all
its terminals are lower than the BER threshold.

Min Clock Out to
Data Out

The time difference between the left
bathtub/BER threshold intersection (A;) and
the clock edge.

The time difference between the maximum of all
left bathtub/BER threshold intersections in the
port and the clock edge.

Max Clock Out to
Data Out

The time difference between the right
bathtub/BER threshold intersection (B;) and
the clock edge.

The time difference between the maximum of all
right bathtub/BER threshold intersections in the

port and the clock edge.

The following illustration shows an example for one port with three

terminals.

NOTE This graphical view is not available in the measurement software.
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4 BER (linear/log scale)

BER threshold

Clk (pos. edge)

DUT Output Timing/Jitter Measurement Results

The following table explains the parameters displayed in the

numerical view and the calculation algorithms:

Optimal Sample Min Clock Out | Max Clock Out
Result Point Delay Skew Phase Margin | to Data Out to Data Qut
Port 123 (A3 +B1)/2 1/2-((/-\3+B3)—(/-\1 +B1)) B1-A3 A3 -Clk B1-Clk

(Bjmin + Ajmax)/2 1/,:((A; + Bjymax— (A + B)min) | Bjmin—Ajmax | Ajmax — Clk B;min — Clk
Terminal 1 [ (A1 +B1)/2 Av—(A1+B1)/2 B1-A1 A1-Clk B1-Clk
Terminal 2 | (A2 + B2)/2 Av-— (A2 +B2)/2 B2 -A2 A2 —Clk B2 - Clk
Terminal 3 | (A3 +B3)/2 Av— (A3 +B3)/2 B3-A3 A3-Clk B3 - Clk
Clock

26

For the definitions you have to consider the following:

* The A; and B; values are the left and right intersections of the
bathtub curves with the BER threshold. Obviously, they change with
the BER threshold, so all values that have A; or B, in their definition
change with the BER threshold.

* Av is the average, calculated as Av = (A1+A2+A3+B1+B2+B3)/6

¢ The sum of all terminal skews is zero.

* A Port row shows the overall values for the related port.

DUT Output Timing/Jitter Measurement User Guide, May 2005



DUT Qutput Timing/Jitter Measurement Results Basics of the DUT Output Timing/ Jitter Measurement

Jitter Measurement Results

The jitter measurement parameters are defined in the following table.

NOTE All jitter measurement parameters (except the Total Jitter RMS and
Total Jitter Mean) change with the BER threshold.

Jitter values are only defined for terminals, not for ports.

Parameter Description

Total Jitter RMS The average of the left and right jitter histogram root mean squared values.

Total Jitter Peak- | Peak to peak value for total jitter. Calculated as the pulse period (unit interval) minus the phase
Peak margin.

Total Jitter Mean | Mean value for total jitter. Calculated as the weighted average of the left edge jitter histogram.

Random Jitter The total jitter component with Gaussian distribution. After transforming a contiguous range of
RMS measured points into Q space and performing a linear regression, it is calculated as the mean of
the sigmas of the two straight lines.The contiguous range is limited by the the BER Threshold
and the Min. BER for RJ/DJ Separation threshold.

Deterministic Jitter| The total jitter component with non-Gaussian distribution. After transforming a contiguous
range of measured points into Q space and performing a linear regression, it is calculated as the
period minus the difference between the means of the two straight lines.

Estimated Total A forecast of the expected jitter for very low bit error rates. After extrapolating the measured
Jitter BER curves, it is calculated as the period minus the expected width of the eye opening.
R*2 value The R*2 values are calculated for both slopes of the bathtub curve. They are a measure of how

well the transformed points between BER Threshold and Min. BER for RJ/DJ Separation fit to
the linear regression. They have to be greater than 0.75 for the RJ, DJ, and estimated TJ values
to be applicable.

No. of points This is the number of points that has been measured between the BER Threshold and the Min.
BER for RJ/DJ Separation threshold. It is displayed for both slopes. This number has to be
greater than 2 for the RJ, DJ, and estimated TJ values to be applicable.

How RJ/DJ Separation Works

To understand the RJ and DJ results, it is helpful to first understand
how the software generates the results:

1 The bathtub curve is measured.
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2 All measurement points that have BER between the BER Threshold
and Minimum BER for RJ/DJ Separation are transformed into
Q-space.

The Q-factor describes the signal-to-noise ratio at the decision
circuit. It is described under Explanation of the Q-Factor Results in
the Output Level Measurement Guide.

3 Linear regression is performed for both the left and right edges.
4 The mean and sigma are calculated for both lines:
— RJ is calculated as the mean of the two sigmas.

— DJ is calculated as the period minus the difference of the two

means.
5 The Estimated Total Jitter is calculated:

— Linear regression is used to extrapolate the bathtub curve to
lower BER values.

— The intersections of the resulting lines with the Residual BER for
RJ/DJ Separation are located.

— The eye opening is calculated.
The Estimated Total Jitter is the period minus the width of the eye
opening.

The illustration below shows a jitter curve where both RJ and DJ are
present. It also shows how the Total Jitter peak-to-peak and Total
Jitter RMS are calculated.
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Calculating the Estimated Total Jitter

The Estimated Total Jitter allows you to predict the jitter expected for
very low bit error rates that would take a long time to measure. It is
obtained by extrapolating the measured BER curves.

The TJ is estimated by extending the BER curves (based on the points
detected between the BER Threshold and the Minimum BER for
RJ/DJ Separation) to the Residual BER for RJ/DJ Separation level.
The estimated TJ is the period minus the width of the measured eye.
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NOTE The following graphic is not available from the measurement software.
It is inserted here to show how the TJ period is calculated.
Extrapolated Bathtub (log scale)
I T — — — = — - BERThreshold
‘; | Min. BER for RJ/DJ
| ‘J Separation
Residual BER for
-O{G 0‘.4‘ -0‘.2 6 O.‘2 .O.‘4 O.‘B 0.8 EStimated TJ

delay adjust [ui]

Explanation of the Fast Total Jitter
Measurement

The Fast Total Jitter measurement is an optimized method to
determine the total jitter for devices that generate a very low error
density (BER well below 10719).

To measure (not estimate) the total jitter for a device with a BER of
107'2 with conventional methods, one usually needs to compare more
than 10'2 bits for each sample point. To measure a full eye opening
this way with appropriate timely resolution takes time (maybe days or
weeks, depending on the data rate), and the probability of seeing one

012

or no error in 1 bits is not higher than 37 percent.

If one would compare 10'3 bits for the same device, the probability of
seeing ten errors is even lower (12 %), but the probability of observing

no error is almost zero.

The Fast Total Jitter measurement implements a method that reduces
the measurement time considerably and provides a higher accuracy. It
is based on statistical and probability calculations.

The measurement can be enabled from the Parameters tab of the
Properties dialog.
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Basics of the Fast Total Jitter Measurement

The method was presented at the DesignCon 2005 and is described in
"Total Jitter Measurement at Low Probability Levels, using
Optimized BERT Scan Method”, included as “56989-2933EN.pdf”.

We will not go into the details but provide an introduction.

The Uncertainty Band

Quite often, we do not need to measure the exact BER, but can stop
the measurement if we are sure that the BER is above or below a
threshold. In a jitter tolerance test, for example, we need just to assure
that the device under test operates with a BER better than let us say
10_12; whether the true BER is 1.1 x 10713 or 2.7 x 10~1? is irrelevant.

To abort the measurement for a single point and proceed to the next,
we need two limits that tell us whether the BER is above or below the
given threshold.

These limits have been calculated from the error probability density
functions applicable to BER measurements. The equations were solved
for a level of confidence of 95 %. The calculations have led to the
following table:

~N oo o BN =

95% confidence level lower limits, BER > 10'2 | 95% confidence level upper limits, BER < 10712
Min number of errors| Max number of compared | Max number of errors | Min number of compared
bits (x 10'2) bits (x 10'2)
0.05129 0 2.996
0.3554 1 4744
0.8117 2 6.296
1.366 3 7.754
1.970 4 9.154
2.613 5 10.51
3.285 6 11.84

The BER threshold of 10712 and hence the setting of the multiplication
factor to 1012 is just an example—by changing the exponent, the table
applies analog to other thresholds.

The following figure shows a plot of this table.
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BER < 1e-12

Number of transmitted bits (10'%)
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Number of errors

Note that there is a gap where the BER is so close to 10712 that we
cannot decide. For example, if we compared 3 X 10'2 bits and got two
errors (a measured BER of 0.667 x 10_12), we are in the "uncertain"
white area on the graph.

In such a case, we need to transmit more bits until the number of bits
either reaches the upper limit (6.296 x 1012), or until we see more
errors. If the actual BER is very close to 10_12, however, we are unable
to apply a lower or upper limit to the BER, no matter how many bits

we transmit. Whether such a test fails or passes depends entirely on
the application.

The Bracketing Approach

Once we are able to decide for a measured point whether its BER is
above or below the BER threshold, we can determine the total jitter at
the intersection of the BER threshold with the bathtub curve.

Since we are unable to find a single point on the slope where the BER
is exactly 10‘12, we search for an interval that brackets the point at
which the BER is equal to 1072, This is illustrated for the left-hand
slope in the following figure.
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We do not need to know the exact BER values at x+ and x-. It is
sufficient to assure that BER(x-) is greater than 1072 and BER(x+) is
lower than 107!2 at a confidence level of 95 %.

The algorithm then assumes that x, (for the left-hand slope of the
bathtub curve) is in the middle of the bracketing interval. After
repeating the procedure to determine xp (for the right-hand slope), it
calculates the total jitter peak-to-peak like in the standard
timing/jitter measurement.

Measurement Duration

The duration of a Fast Total Jitter measurement depends on:
e the BER threshold

* the bit rate

* the sample delay step size

* the contribution of random jitter

* the contribution of deterministic jitter

Compared to a conservative bathtub measurement, the Fast Total
Jitter measurement can reduce the measurement time by more than a
factor of 40.

Typical test times are approximately 20 minutes at 10 Gbit/s and
slightly more than one hour at 2.5 Gbit/s for a measurement at the
10712 BER threshold with an overall confidence level better than 90%.
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Fast Total Jitter Measurement Result Display

After running the Fast Total Jitter measurement, you can inspect the
results.

In the example below, the display of measured points was enabled.
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NOTE

Markers / Zoom

Time Scale

Copy and Paste

The result graph shows you the points in time that have been
investigated and whether the actual BER at these points was higher or
lower than the BER threshold specified for the measurement. The grey
area in the middle indicates the uncertainty band (see “Basics of the
Fast Total Jitter Measurement” on page 32).

The test will fail, if the BER floor is not well below the BER threshold
specified for the measurement.

Like for the standard Output Timing measurement, a zoom window
and markers are available that provide additional and detailed
information.

You can also switch between relative and absolute time scale and the
display of unit intervals (UI) or seconds (see “Ttming Unit
Definitions” on page 37).

In addition, it is possible to copy and paste the results. This allows you
to run a new measurement (Fast Total Jitter or standard Output
Timing) and to compare the new results with the previous ones.
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Comments / Rename

Present and copied results of the same kind of measurement can be
displayed simultaneously. Results of different kinds of measurements
can be displayed alternatively.

From the context menu of the numerical result table you can add a
comment to every measurement or port.

Port/Terminal Show | Color | Copied

[E Measurement

(2] Data

F—1z1] Datan O F
[ O
& Weasiren = ~rrame |
4%[2][ Copy
Faste
Clear

B T

Rename Enter

Comments F7?
Clear Copied Data

Properties

N

Copied measurements, ports, and terminals can be renamed to
support easy distinction.

Fast Total Jitter Measurement Results

The Fast Total Jitter measurement result parameters are summarized
in the following table.

Parameter

Description

Phase Margin

Total Jitter Peak-Peak

Total Jitter Uncertainty

Total Jitter BER Threshold

Optimal Sample Point
Delay

For a terminal: The period of time where the bit error rate is lower than the Total
Jitter BER Threshold.

For a port: The period of time where the bit error rates of all port terminals are
lower than the Total Jitter BER Threshold.

Peak-to-peak value of the total jitter. Calculated as the pulse period (unit interval)
minus the Phase Margin at the Total Jitter BER Threshold.

For a port, the Phase Margin of the port is used.

The maximum of the uncertainties of both slopes. Measured as the time between
a point with a BER greater than the specified Total Jitter BER Threshold and the
next point with a BER less than the specified Total Jitter BER Threshold (left
slope) and vice versa (right slope).

For a port: The maximum uncertainty of all terminals.
The BER threshold specified for the measurement.

For a terminal: The average of the left (A;) and right (B;) bathtub/BER threshold
intersections.

For a port: The average of the maximum left (A,,,) and minimum right (B;,)
bathtub/BER threshold intersections of all terminals in the port.
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Time

Unit interval

DUT Output Timing/Jitter Measurement Results

Timing Unit Definitions

The timing unit specifies the timebase for the measurements. It is
possible to switch between the unit interval (UI) or seconds for the
time scale. The timebase is set on the View page of the Properties
dialog box (refer to “How to Specify the Graphical Display” on
page 60).

BER (log scale)

BER threshold A1, A2’ |A3

relative
absolute

relative
absolute

-15ns 0ns +15ns
54.2 ns 55.7ns 57.2ns
-0.75 Ul oul +0.75 Ul
211Ul 21.85 Ul 28.6 Ul

Example

The Unit Interval

Unit interval values are a convenient way to express time values in a
dimensionless form. In order to convert a time value to a unit interval
value, divide it by the pulse period (which is the inverse of the clock
frequency).

At 100 MHz, the pulse period is 1/100 X 10%=1x108s=10 ns; this is
the unit interval (UI). For example, a value—in fact, any parameter that
is specified in time units—of 37 ns is equivalent to

37 ns / 10 ns = 3.7 Ul (express time values are expressed as multiples

of the unit interval).
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Measurements at Different This makes it easy to analyze measurements at different frequencies:
Frequencies If the measured phase margin is 8 ns at 100 MHz (1 UI = 10 ns), and
4 ns at 200 MHz (1 UI = 5 ns): The phase margin is 0.8 UI (or 80% of the
unit interval) in both cases, and it is immediately obvious that it does
not depend on the system frequency.

The same is true for the delay resolution parameter in the DUT output
timing and eye opening measurement: If you specify the delay
resolution as 0.01 UI, the MUI will always measure 150 points across
the bathtub, no matter what system frequency you choose (only if edge
optimization is switched off, of course). However, if you specify the
resolution in time, the number of measured points will change
inversely proportional to the system frequency (doubling the
frequency results in half the number of measured points).

Absolute/Relative Timing

It is best to explain absolute/relative timing via an example. Imagine
an 81250 hardware setup: The signal leaves the generator frontend,
travels through a cable, the DUT, another cable, and finally reaches the
analyzer frontend.

This travel takes some time, and the delay is visible if you use absolute
timing display. So, in absolute timing mode, the timing at the receiver
is expressed relative to the generator timing. This is useful if you are
interested in the amount of delay that is introduced by a DUT, or
similar (using the 81250’s cable deskew feature, you can even
compensate for cable delays).

In the following illustration for the absolute timing, the signal of GigaA
is the original signal and the signals of PatriotB show the delay
introduced by the DUT:
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Sometimes however, you are not really interested in this absolute
delay. In manufacturing for example, engineers work DUT-centered,
that is, they are not interested in the generator/DUT/analyzer system
timing, only DUT timing matters. This is what the relative timing mode
is for: It compensates for all initial delays, and displays all timing
information relative to the optimum sample point of the DUT (or, in
terms of the 81250, the optimum sample point of the port).
In the following illustration for the absolute timing, the signal of GigaA
is the original signal and the signals of PatriotB are displayed relative
to the signal of GigaA:
ADUT1 [=]
All Errors

100e+n 3 Traces: 3585 Poirts

Ul =2500 ns
T

T T
1.00e-1
1.00e-2
1.00e-3
1.00e-4
1.00e-5 |
10026 BER Threshald = 1.0004-5
1.00e-7 I ] ] | ] ] I I | ] ] ] I | I ] )
Logarithmic 40ns  -100ns  -600.00 B -200.00ps 200.00 B £00.00 B 1.00 ns 1.40 Nz 1.80 ns
Relative -1 B0 ns S120n:  -B0000ps  -40000 ps 0.00= 00.00 ps 0000 ps 1.20ns 160ns
_ _ Optimal Sam... Phase Clock Out to | Clock Out I;I
Port/Terminal Show | Color | Copied Delay Skew Margin Data Out Min | Data Out M
E Meazurement [Fel. Time) (Fel. Time) [Rel. Time) (Rel. Time) (Rel. T
[%]—[2] Gigad, 0.000 = 0.000 = 2453 ns =no clocks= =no ch
[ Tiz1)Data0 0.000 = 0.000 = 24530 <no clocks <o ch
H—H] PatriotB 0.000 = 44 370 ps 23580 ns =no clock= =no ch
I—[4:1] Datal -29 689 p= 22435 p=s 245 ns =na clock= =no ch
I—[4:2] Datal 15181 p= -22435ps 2389 ns =no clacks= =no chi
] 2| ! | H 4
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NOTE

If you make use of the auto bit synchronization feature (which is
always the case if independent/asynchronous generator and analyzer
systems are involved), the absolute timing information is not available
anyway. The measurement software will automatically detect if
absolute display is possible or not, and prompt you for action
(absolute display is disabled in this case).

The absolute/relative setting does not affect any result parameter
other than the optimum sampling point. Switching between unit
interval and seconds changes all values that are expressed in a unit of
time (skew, jitter, etc.).

Marker Definitions

Markers make the analysis and tracing of the results more
comfortable. Markers can be switched on or off at any time when
results are available in the graphical view. For the DUT output
timing/jitter measurement, the software provides two types of
markers:

* Two linear markers, if the bath tub curve is present.

See “Linear Markers” on page 41.

* A Gaussian marker, if the jitter distribution is displayed.

See “The Gaussian Marker” on page 42.

Linear Markers

The following illustration shows the definitions for the markers and
the values that can be derived from the marker position.

For more information, refer to How to Change Measurement
Properties after Running in the Framework User Guide.
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BER1 §

BER2 } |

DUT Output Timing/Jitter Measurement Results

____________________ 1 _______] MWarkers Time BER | ____
Upper Right:  3.063 LI 5.454e-1
[BER Thresholdl= 5.210e-6 It Loweer Left: 2071 U 3817e-5 ]
T Delta: 0897 U 5.453e-1
I I L L I L L L I I I: I I I || L I
> >
X1 X2
The following values are displayed for the current marker positions:
Value Description
X1 Sample point delay related to the position of marker 1
X2 Sample point delay related to the position of marker 2
X2 -X1 Delta between the two marker positions
BER1 Bit error rate related to the position of marker 1
BER2 Bit error rate related to the position of marker 2
BER1 - BER2 Delta of the bit error rate between the two marker positions

The markers can be moved via the mouse to keep track of the data.

The Gaussian Marker

A Gaussian marker is available when the jitter graph is displayed. It is

most useful, if deterministic jitter is present. In this case, the jitter

graph shows more than one peak (see also “Calculating the Estimated

Total Jitter” o

The jitter valu
The Gaussian
of individual j

n page 30).

es Mean, RMS, and Peak-Peak refer to the whole jitter.
marker now allows to measure the normal distribution
itter peaks. You can thus determine how parts of the

jitter histogram contribute to the overall jitter values.

The distribution of random values is called normal, if it can be

described by the following formula:
_(x=w)°
1 26°
f(x) = e “°
cA2m
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This formula describes a bell-shaped Gauss curve. If | is zero and ¢
varied, you would get the curves illustrated in the figure below:

4
02

1 | |

32 -7 0 7

h
Z2

The height of a normal distribution can be specified in terms of two
parameters: L and ¢. The parameter U is the mean, the parameter ¢ is

the standard deviation.

The Gaussian marker shows such a curve. Position, height, and width
of this curve can be changed with the mouse, and the actual parameter

values are displayed.

You may have measured a bathtub curve like the one shown below:

1.00e+0 1 Trace: 54 Poirts Ll = 5.000 nz All Errors
9§ T
1.00e-1 H
1.00e-2
1.00e-3
1.00e-4
1.00e-5 |- .
1 .00e-5 BER Thieshald = 1.0002-6
1.00e-7 I I T I
Logarithimic 063U -03aL i 5 Ul 0E3 Ul
Relative azsuU
_ _ loutto | Clock outto | Jitter Jitter Jitter -
(R Show | Colar | Copied ||\ vy |Data Out Max | RMS Peak to Peak |Mean
E Meazuremernt [Rel. LI (Rel. L) [Rel. LN (Rel. L)
L ii
~[1:1] Datal ho clocks= =no clock= 0.0za0 o.oFu -0.E00U
—' ] no clock= =no clock= [Ray R | 00330 0509
L1321 Nata 1 mim rdata- e edator- LTl = U Tl = 0 = dlata- ;I
[ i3 kil Y

As the bathtub borders are not uniform (both have two edges), the
linear derivative (the jitter) will show two peaks:
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1.00e+1n 1. Trace: 43 Points Ul = 5.000 ns Al Erraors
1.00e+9
1.00e+5
1.00e+7
1.00e+6
1.00e+5 - .
Logarithimic: 068 U 0B3U 057Ul -0.53 U -0.47 Ul
Relative -0Foul -06Es U -0.60U -0ss U -0.s0u
_ . Outto  |Clock Out to | Jitter Jitter Jitter -
(RRHLEITEL Show | Colar | Copied |\ vy |Data Out Max | RMS Peak to Peak |Mean
E Meazurement (Rel. L) [Rel. LN (Rel. L (Rel. L [Rel. LN
—[1:1] Datal no clock= =no clock= 0.0za Ul ooF U -0z000u0
O no clocks= =no clock= 0013 U 0033 U -0s0a
-l i rletan ~rm atas = datas ~rn datas ~na rlatos ;I
< Jia K0 [ I

If you switch to linear scale and enable the marker, you can see its bell

shape.
1 Trace: 43 Paoints Ul = 5.000 n= Al Errors
T T
4 90e+9
4 Que+g Gaussian Marker “alle
=ler M 055 Ul
350e+3 | Sigma: 0m3au .
2.50e+9 Kappa: 1.410e+0
210e+3
1.40e+3
7.00e+5
i j i J i j i j J j
Lirear 063Ul 063U -aszul 053U 047Ul
Relstive -0Foul -06Es U -0.60U -0ss U -0.s0u
_ . Outto  |Clock Out to | Jitter Jitter Jitter -
(RRHLEITEL Show | Colar | Copied |\ vy |Data Out Max | RMS Peak to Peak |Mean
E Meazurement (Rel. L) [Rel. LN (Rel. L (Rel. L [Rel. LN
—[1:1] Datal no clock= =no clock= 0.0za Ul ooF U -0z000u0
—: ] no clock= =no clock= oz ul 0033 U -0s0a
L1321 Nata 1 i rlator- =re clata- et o ~rum et o e edat o ;I
< Jia K0 [ I

The marker has three handles that can be dragged with the mouse:
e Use the right or left handle to adjust the width.

* Use the middle handle to position the marker on the time scale and
to adjust its height.

You can adjust the marker to your needs.
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1 Trace: 43 Points Ul = 5.000 nz Al Errors
T T
:ggﬁg Gaussian Marker Yalue
e WL 0528 Ul
350+ L Sigma: 0.004 Ul .
2.50e+9 Kappa: 3.549e-1
210e+8
1.40e+3
7 e+
i I I i I I I
Linear 0B U 063U 057U 053U 047Ul
Relative -oFoul - - . -
. . Outto |[Clock Outto | Jitter Jitter Jitter -
e — Show | Color | Copied |y | Data Out Max | RMS Peak to Peak |Mean
B Meazurement [Rel. L (Rel. LI (Rel. Ll (Rel. LN [Rel. L
F[1:1] Datan ho clock= <o clock| 0028 Ul D.o71 Ul -0.:500 L
—: i ] no clock= =no clock= omsul 00330 -0aa0a
LI-21 Tt rl rm Alatae ~rm Aatan- e dlatae =rum rlata- =rimordata- LI
1] [« I 3
The marker readout provides the following information:
Parameter Symbol Meaning
Mu u Mean. The position of the marker center on the time
scale.
Sigma Standard deviation. The RMS value of the marked area.
Kappa Linear scaling factor.
You can hence measure the random jitter distribution of each peak as
well as the distance between the peaks, which means the deterministic
jitter.
You can also use the marker with logarithmic scale. In this case, it
appears as a parabolic curve.
100e+1n 1 Trace: 43 Points = 5000 ns All Errors
li 1
1.00e+3 Gaussian Marker Yalue
M 0528 U
1.00e+8 Sigmea: 0.003 Ul
1 .00e+7 Happa: 3.394e-1
1 e+
100e+5 | ]
Logarithmic ul ul 053U 047Ul
Relative 70U 00 E E
. _ outto | Clock Qutto | Jitter Jitter Jitter =
e ——— Show | Color | Copied (| win  |Data Out Max |RMS Peak to Peak |Mean
[=] Meazurement (Rel. LN (Rel. LI (Rel. L [Rel. U [Rel. LI
[1:1] Datan) ho clocks “no clocks 00za U oa7t U -0.500 L
= : ho clocks <no clocks oz 0 L -0.509 L
L T1-21 Dt o Alatan- e At e e rlat e e orlatas ~rmordatae LI
] < A 1
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Setting the Properties of a DUT
Output Timing Measurement

Before you can run a DUT Output Timing measurement you have to set
the required parameters on the measurement’s property pages:

* “How to Set Up the System to be Used” on page 48

* “How to Select the Ports to be Measured” on page 50

* “How to Specify the Measurement Parameters” on page 54
* “How to Set Pass/Fail Criteria” on page 56

* “How to Specify the Graphical Display” on page 60

When you create a new measurement the Properties dialog box will be
displayed automatically. To change the parameters later on, select the
measurement and choose Measurement - Properties from the menu
bar.

If you change the measurement settings after the measurement has
been run, please note:

* Changes on the View and Pass/Fail pages have only an impact on
the display of the results. There is no need to repeat the
measurement.

* Changes on the System, Ports, and Parameters pages take only
effect if you rerun the measurement. To remind you that the present
results have not been obtained with the modified settings and that
you should repeat the measurement, the result display shows a
yellow bar.
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NOTE

NOTE

48

All time-related entries understand both time and unit interval
notation, regardless of the Ul/time selection made in the View tab of
the Properties dialog box. You can enter 17 s,5 nsor 0.01 UI atany
time. On run, the MUI will automatically convert all entries to time
values, using the current unit interval. So, the Ul is handy if you want
to set values independently from the system frequency.

All voltage-related entries understand 23 mv, 0.01 V, and so forth.

All dimensionless quantities understand decimal notations
(10000000, 0.0003, for example) and scientific/engineering notation
(1e9, 1.7e-3, for example).

How to Set Up the System to be
Used

If you modify the parameters of this page, you have to rerun the
measurement to update the results.

The System page of the Properties dialog box appears automatically if
you have set up a new measurement. The System page shows one or
two systems, depending on your selection when creating the
measurement.

If you have already loaded a setting with the Agilent 81250 User
Software, the name of this setting will be displayed, and it will be used
by default.

If no setting is indicated, or if the name of a different setting than
required is displayed, you have to load one or two settings.

To load a setting:

1 Click the check box belonging to the system.

This activates the setting name field.
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2 Choose a suitable setting from the drop-down list.

DUT Output Timing - Jitter4 Properties

System I Ports | Parametersl F'ass.fFaiII Yigw ICUIDr |

— Load System Settings:

7 DEMO_& DEMOA_SET =
¥ DEMO_B | v[

— Delay Start of:

|DEMO_B x| o [l Seconds

kK I Cancel | Apply | Help |

When you choose a new system setting, it will be downloaded to the
firmware. You have to confirm this action before it will actually be
performed.

NOTE On one system only one setting can be loaded at one time. The Agilent
81250 User Software and the Agilent 81250 Measurement Software
therefore always refer to the same setting. If the Agilent 81250 User
Software is active and you load a different setting from the Agilent
81250 Measurement Software, the Agilent 81250 User Software will
be updated, and vice versa.

If you add or delete ports or terminals or change their connections
with the Agilent 81250 User Software, then the Agilent 81250
Measurement Software will detect such changes when you attempt to
run the measurement.

TIP If you have changed the current setting with the Agilent 81250 User
Software and wish to keep your modifications, save the setting with
the Agilent 81250 User Software before loading a different one. The
Agilent 81250 Measurement Software does not save settings.
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NOTE

How to Select the Ports to be Measured

3 In case of two systems, you can specify a start delay for one of the
systems.

This may be useful, for instance, to allow a PLL or clock recovery
circuit in the DUT to lock onto the incoming data stream.

4 Click Apply to accept the modifications without leaving the
Properties dialog box. Or click OK to accept the modifications and
close the Properties dialog box.

How to Select the Ports to be
Measured

After you have specified the measurement system and the related
system settings, you may wish to exclude one or several DUT output
ports from the measurement.

When you modify the parameters on this page, you have to rerun the
measurement to update the results.
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How to Enable/Disable the Ports to be Measured
1 In the Properties dialog box, select the Ports tab.

DUT Output Timing - Jitterb Properties

Spstem  Ports IParameters Pass.-"FaiII Wigw ICDIDr I

Select Measurement Ports:

Select M t
B Clock Clock Edge

D ataPartl: Hone
[ DataPaor? Miaone

Ok I Cancel | Sply | Help |

The Ports page lists all the output ports of the device under test, as
defined in the loaded setting. In case of two systems, this is the
setting loaded on the analyzing system. By default, all these ports
are enabled and will be measured.

The display is not automatically updated if you change the loaded
setting by means of the Agilent 81250 User Software.

2 Disable the ports that shall not be measured.

For example, in the figure above only DataPort1 will be measured.

3 Click Apply to accept the modifications without leaving the
Properties dialog box. Or click OK to accept the modifications and
close the Properties dialog box.
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How to Set Up a Clock Terminal for a Port
1 In the Properties dialog box, select the Ports tab.

2 Select for each port if any of the terminals carries a clock signal.

DUT Output Timing - Jitter6 Properties

Spstem  Ports IParametersl Pass#FaiIl Wiew |CDIDr |

Select Measurement Ports:

Select Measurement
Ports

Clock | Clock Edge

None bitive
DataPort]  » ERETEES
DataPort2 »  Datal
SE— O
Dataz
Datal

3 Select for each clock signal whether the positive (rising) or negative
(falling) edge is active. For a double pumped clock, you have to
select both.

DUT Output Timing - Jitterb Properties

System  Plorts |Parameters Pass.-"FaiII Wiew ICDIDr I

Select Measurement Ports:

Select Measurement
Ports

Clock Clock Edge

Datad Positive
DataFart2 MNone

Negative

4 Click Apply to accept the modifications without leaving the
Properties dialog box. Or click OK to accept the modifications and
close the Properties dialog box.

NOTE If your DUT requires a clock and you want to characterize the
data/clock relation, consider the following;:

« If the DUT loads/toggles on a positive or negative clock edge, set the
analyzer terminal expected data to “expected zero”.

e If the DUT toggles on both edges (double pumped device), set the
analyzer terminal expected data to a toggle pattern (0101).

* In the measurement software, select the respective clock edge
(“Both” in case of the double pumped device) in the Ports page of
the Properties dialog box.
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* If your setup requires auto-synchronization, make sure that the

clock analyzer does not take part in the synchronization (pause

segment). This can not be done in the Standard Mode Sequence

Editor.

ﬂ Detail Mode Sequence Editor

ChMD

Standard Editor | 1Clock [louw]|2Data [2,0ut]|;0(.. i 3] als
Byne | [Pause | [Eresis |
Block: 1
Length: 128

[ExpEcTEDD || [PRES1S | }

Block: 2 INF
Length: 128

IS[=] E3

The following illustration shows an example with a positive (rising)

clock signal.

Flputs M=l
100e+0 3 Ttaces 453 Points Ll = 2500 nz Al Errars
] T ] T
1.00e-1
[1:1] Datal: 151 points
1.00e-2 Clock Edge = Pozitive
Clock Delay = 2,951 Ul
1.00e-3
1.00e-4
1.00e-5 |- u
1 00e-B BER: Threshald = 1.000e-|
1.00e-7 I L I | | I I L | I L I I | J J I I | J ] ]
Logarithmic 2320 245U 2 B4 LI 280U 296U 3120 Fz2aU 344 U JE0U ITEU
Ahzohite 2241 240U 256U 272U 2Ea0 30400 320U 3360 Faz2U 36U 3840
_ _ Optimal Sam... Phase Clock Out to | Clock Out to Jitter Jit‘ter;l
pottlenminal showjiRcolargiieanied) (s Skew | argin | Data Out Min |Data Out Max  |RMS  |Peak
Bl Measuremert (&b, U0 | (abs. un| (abs. Ly (&b, L) (&b, U | (abs. L)
=[] PatriotE 284501 00151 0.84000 -0.47s 0 04850
—[3:1] Dats0 293501 00030 096011 -0.495 U1 04850 0.016 LI
—[3:2] Datal 28500 -0005 W 0850 -0.47sul 0475 0.7 U
L— (B [1:1] Datal
¥
& 24 [
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NOTE

How to Specify the
Measurement Parameters

The Parameters page of the Properties dialog box allows you to
specify the parameters for a particular sample point and for the
resolution of the sample delay.

When you modify the parameters on this page, you have to re-run the
measurement to update the results.
1 In the Properties dialog, click the Parameters tab.

DUT Output Timing - JitterZ Properkies a. 5[

Systeml Ports  Parameters |F'ass.fFaiI| Wigw | Color I

— Criteria for moving to nest measurement point:

Nurmber of Compared Bits: I1 0ooooo
IV | Hurnber, of Errors: |1, non
—Sample Delay:

Resolution: iD.DDS ul

Optimization;

& Mone
" Edge Resolution

% Fast Total Jitter at BER: |1E-D12

Cancel | Lpply | Help |

In this example, the Fast Total Jitter measurement was enabled.
2 Set the criteria for moving to the next sample point:

— Number of Compared Bits: After this amount of compared bits
the measurement stops for the current measurement point and
moves to the next one.

— Number of Errors: After this amount of errors the measurement
stops for the current measurement point and moves to the next
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NOTE

Setting the Properties of a DUT Qutput Timing Measurement

one. This allows you to speed up the measurement. You can
switch off this option, if only the number of compared bits is

important.

The measurement moves to the next sample point, when the first of
the two criteria is reached.

3 Set the criteria for the sample delay:

— Resolution: Specifies how many sample points are taken within a
unit interval. You have to enter the resolution in Ul or ps, ns, s, ....
The timebase is set on the View page of the Properties dialog box
(refer to “How to Specify the Graphical Display” on page 60).

4 Set the criteria for the optimization:

— Edge Resolution: Turns the edge resolution optimization on or

off. If this option is set to on, the MUI applies a lower resolution
where the signal has no edges to generate a bathtub curve. If this
option is disabled, a fixed step size is used.

The following illustration shows a diagram with default

resolution and no edge resolution optimization:

Flpbutz l=1
100e+0 3 Traces: 453 Points Ul = 2500 nz All Errars
I I T
1.00e-1 E?
1.00e-2
1.00e-3
1.00e-4
1.00e-5 | ]
100e-6 | EER| \\
1.00e-7 | Ml ] | | T Y L |
Logarithmic 2041 228U 252U 27eU 00U 324U 48U 32U
Ahzolte 1.82 U1 216U 240U 264 U 285U 312U 5 Ll 3E0UI
_ _ Optimal Sam... Phase Clock Outto | Clock Oul;l
Port/Terminal Show | Color | Copied Delay Skew Margin Data Out Min | Data Out F
E Meazuremerit Ak LI (&b D) (ks L) [&ks. LD LAk
(51 [2] Gigas 2565 Ul 0.000UI 0.9700Ul =ni clocks =noc
| I—[2:1] Dratal 2a65 U 0.000 osrou =no clock= =MoC
H—H] PatriotB 20451 o.01s U 094001 =no clock= =no ¢
|—[4:1] Datal 28350 0.005 Ui o860 U =no clock= =nac
I—[4:2] Datal 28500 -0.005 LI oasou =no clacks= =Moo
] 3N | H s

The following illustration shows a diagram with high resolution
and edge resolution optimization. For the areas of the diagram
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How to Set Pass/Fail Criteria

with edges more sample points are taken, this results in a much

better display of the signal shape:

FipuTi =]
100e+n 3 Traces: 3585 Poirts Ul =2500 ns All Errors
I T
1.00e-1
1.00e-2
1.00e-3
1.00e-4
100es | ] |
100e-6 | EER|
1.00e-7 ) Ml ) L ] ) | T ) I
Logarithmic 2040 2280 2520 2760 3000 3240 3430 3720
Absolte 1920 246U 240 2640 288 3120 336U 3E0L
_ _ Optimal Sam... Phaze Clock Out to | Clock Out 1;'
PortTerminal Show | Color | Copied Delay Skew Margin Data Out Min | Data Out M
[=] Meazurement (&b, ) (&hs. LI [&hs, LI [Ahs, LI [Aks
E]—[E] Gigad 25620 0.000 LI 0981 Ul =no clock= =no ch
[ T2t Datan 2.562 LI 0.000 LI 0.951 Ul <no clocks <no ch
1 [4] PatrictB 2.944 LI omau 09441l =no clock= =no ch
I—[4:1] Datal 283z2uU o009 08e7 Ul =no clock= =no ch
I—[4:2] Datal 20500 -0.009 0.oss Ul =no clock= «no_cllnll
K| | KN | A

— Fast Total Jitter at BER: This enables or disables the Fast Total
Jitter measurement. If you enable this measurement, enter the

desired BER threshold. For more information refer to

“Explanation of the Fast Total Jitter Measurement” on page 31.

Click Apply to accept the modifications without leaving the

Properties dialog box. Or click OK to accept the modifications and

close the Properties dialog box.

How to Set Pass/Fail Criteria

The Pass/Fail page of the Properties dialog box allows you to specify

the criteria to decide whether the DUT passes or fails the test. You can

change pass/fail criteria without rerunning a test. The software

compares the criteria with results of a test.
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NOTE The pass/fail criteria do not control measurement execution. The
measurement run will be completed even if the measurement fails for
one or more of the criteria.

1 In the Properties dialog box, select the Pass/Fail tab. By default, all
criteria are disabled.

DUT Output Timing - JitterZ Properkies i 1'

S_l,lsteml Ports I Parameters Pazs/Fail |\-"iew I Color I

—DUT Output Parameters:

I~ DUT Dutput Pass/Fail Minimum Masimuim
I | Glock Outto Data Out Min [por—
Cloek Ot to Data Dut b az IDLH—
I~ Phiase Margin IDLII—
= Shew IDLII—
I™| Optimel S ample Delay Joul Joul

—DUT Output Parameters;

¥ Jitter Pass/Fail Minirniurn I awirnum

I TotalJiter AMS ffor—
W TatalJitter Peak to Peak IW
W Fast Total Jitter Uncertainty W
I~ Jitter Mean oul Joui

I Random Jitter RM3 [for———
[ Deterministic Jitter IDLII—
[ Estimated Total Jitter IDLII—

Cancel Lpply Help
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2 Click DUT Output Pass/Fail to select the following criteria for the
pass or fail decision:

Criterion

Description

Clock Out to Data Out Min

Clock Out to Data Out Max

Phase Margin

Skew

Optimal Sample Delay (Minimum)

Optimal Sample Delay (Maximum)

This value is compared to the measured Clock Out to Data Out Min at the BER
threshold. If the measurement result is less than the pass/fail value, the result
passes the test. This value is only calculated if a clock signal is defined.

This value is compared to the measured Clock Out to Data Out Max at the BER
threshold. If the measurement result is higher than the pass/fail value, the result
passes the test. This value is only calculated if a clock signal is defined.

This value is compared to the measured Phase Margin at the BER threshold. If the
measurement result is higher than the pass/fail value, the result passes the test.

This value is compared to the absolute Skew at the BER threshold. If the absolute
value of the measurement result is less than the pass/fail value, the result passes
the test.

This value is compared to the measured Optimal Sample Delay. If the measured
optimum sample delay is higher than the minimum optimum sample delay, the re-
sult passes the test.

This value is compared to the measurement result of the Optimal Sample Delay. If
the measured optimum sample delay is less than the maximum optimum sample
delay, the result passes the test.

If the pass/fail value is equal to the measured result, the result fails
the test.

3 Click Jitter Pass/Fail to select the following criteria for the pass or
fail decision:

Criterion

Description

Total Jitter RMS

Total Jitter Peak to Peak

Fast Total Jitter Uncertainty
(Maximum)

Jitter Mean (Minimum and
Maximum)
Random Jitter RMS

Deterministic Jitter

Estimated Total Jitter

This value is compared to the Total Jitter RMS. If it is less than the Total Jitter
RMS, the result passes the test.

This value is compared to the Total Jitter Peak to Peak. If it is less than the Total
Jitter Peak to Peak, the result passes the test.

This value (only applicable to the Fast Total Jitter measurement) is compared to
the measurement result of the Total Jitter Uncertainty. If the measured uncertain-
ty is less than the allowed maximum, the result passes the test.

These values are compared to the Jitter Mean. If it is within the defined range, the
result passes the test.

This value is compared to the Random Jitter RMS. If it is less than the Random
Jitter RMS, the result passes the test.

This value is compared to the Deterministic Jitter. If it is less than the Determinis-
tic Jitter, the result passes the test.

This value is compared to the Estimated Total Jitter. If the measurement’s esti-
mated total jitter is below this value, the result passes the test.
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How to Set Pass/Fail Criteria

Setting the Properties of a DUT Qutput Timing Measurement

Each of the calculated values will be displayed in the tabular view in

red if it fails the related criteria. The port will also turn to red, to

indicate that one of its terminals failed. In addition, the symbol @ is

displayed.

NOTE If the results of a Fast Total Jitter measurement are displayed, only the
appropriate parameters are compared and flagged:

* Phase Margin

* Optimal Sample Delay

Total Jitter Peak to Peak

* Fast Total Jitter Uncertainty

Other pass/fail limits may be enabled but are ignored.

4 Click Apply to accept the modifications without leaving the
Properties dialog box. Or click OK to accept the modifications and

close the Properties dialog box.

The following illustration shows a DUT output timing measurement
that has failed the criterion for the phase margin.
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Setting the Properties of a DUT Output Timing Measurement How to Specify the Graphical Display

How to Specify the Graphical
Display

The View page of the Properties dialog box allows you to modify the
graphical display of the measurement results.

When you modify the parameters on this page, the results will be
updated immediately.

1 In the Properties dialog box, select the View tab.

Tu_TIM Properties

Systeml Parts | F'arametersl Paszs/Fail View |CDIDr |

— Show:
(e
€ litker

—Analyze:
& AllEnors

" Erars if 0z Expected
" Errors if 13 Expected

-~ Calculate Measurement P, ters for:
" DEmors
* BER Threshald IU_UU‘]

Min BER for RJ/DJ Separation |1 E-O05
Residual BER for Estimated T otal Jitter I 1e-12 - l

— Graph:
Timing Llnit: " Unit Interval % Seconds
S ampling Delay: * Relative ] Lbeolute
Scale:  Logarithmic & Linear
Markers: = On o« Off
Measured Paints: & On 0

T able Murnber Format:

Decimal Places: I 3 ~ l
Ok I Cancel | Al | Help |

2 Select the following options for the graphical display:

Option Description

Show

BER versus Sample Delay To display the bit error rate relative to the sample delay.

Jitter To display the jitter (the linear derivative of the hit error rate)
Analyze

All Errors To calculate the BER values from all bits/errors.

Errors if 0s Expected To calculate the BER values if “0” is expected, but “1” received.
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How to Specify the Graphical Display Setting the Properties of a DUT Output Timing Measurement

Option Description

Errors if 1s Expected To calculate the BER values if “1” is expected, but “0” received.
Calculate Measurement Param-

eters for

0 Errors To calculate the parameters for 0 errors.

If this is selected, RJ/DJ separation is not available.

BER Threshold To calculate the parameters for the given BER threshold. This is the
BER level for which output timing numerical values (phase margin,
skew, etc.) are calculated. It is also the upper limit of the BER range for
RJ/DJ separation.

The BER threshold influences some of the parameters of the DUT out-
put timing measurement. You can also drag and drop the horizontal BER
threshold in the graphical display to change this value.

Min BER for RJ/DJ Separation | Lower limit of the BER range for RJ/DJ separation.

Residual BER for Estimated To- | BER level for which the estimated total jitter is calculated. See “Calcu-

tal Jitter lating the Estimated Total Jitter” on page 30 for details on how it used.

Graph

Timing Unit Select Unit Interval or Seconds as time scale.

Sampling Delay Select Relative to choose a timing relative to the optimum sample point;
select Absolute to choose an absolute timing.

Scale Select a Logarithmic or a Linear scale for the graphical display.

Markers To switch the markers for the graphical display On or Off.

Measured Points To switch the display of the measured points On or Off. The MUI uses

linear interpolation for the graph.

Table Number Format

Decimal Places To select the number of Decimal Places to be displayed in the table
view.

3 Click Apply to accept the modifications without leaving the
Properties dialog box. Or click OK to accept the modifications and
close the Properties dialog box.

For examples of the display settings, refer to “Changing the Graphical
Display of the Results” on page 16.
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Setting the Properties of a DUT Output Timing Measurement How to Change the Colors of the Graph

How to Change the Colors of the
Graph

This page of the Properties dialog enables you to customize the colors
of the graphical display.

1 Click the Colors tab.

0OL_02 Properties

Systeml Ports I Parametersl F'ass.-"FaiII Wiew

Properties: Color Set:
IStandard Calars j

LColor Palette:

BERMarkerColor

ForeColor

Edit Custorn Calar.... |

ak I Cancel Apply Help

You can change:
— The background color of the graphs (default is white)
— The color of the BER Threshold indicator (default is red)

— The foreground color of the scales and frame of the graphs
(default is black)

2 If you have made any changes, click Apply.

This updates the measurement window, and you can immediately
check the result.
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