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Introduction

Jitter Generation software generates jittered output T1 E1 signal with the user-selected frequency

and amplitude

Jitter Measurement allows one to accurately measure jitter associated with an incoming T1 E1

signals

Pulse Mask Compliance developed to determine if the pulse shape fits within a “pulse mask” as
specified by standards ITU G.703 and ANSI T1.102-1993

Jitter Measurement, Pulse Mask Compliance (XX012) is available as a part of T1 E1 analyzer basic

applications



What is Jitter?

Jitter Measurement

Jitter is the difference between the actual time of arrival of a clock pulse and its theoretical arrival time

Sources of Jitter

Aging of clock and data recovery circuits

Thermal and loading effects

Doppler shifts

Multiplexing / De-multiplexing from higher bit rate data streams



Jitter Measurement

e Jitter: Small amplitude and fast variations in time instants of clock pulses with frequency of variations above
10 Hz

* Wander: Larger amplitude and slow variations in time instants of clock pulses with frequency of variations
below 10 Hz

* Drift: Very slow variations in a clock signal (below 1 Hz)

* Frequency Offset or Deviation: A permanent or steady-state difference in clock rates. It will eventually result

in either frame slips (bit insertions or deletions) or in loss of synchronization of network elements

0 GL

Communications



Jitter Concept

= E1 =2.048 Mbps
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Jitter Concept (Contd.)
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Input Jitter and Wander Tolerance (2048Kbit/s)
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Input Jitter and Wander Tolerance (2048kbit/s)
Specification

Frequency Requirements
F(Hz) (pk-to-pk phase amplitude)
12u<f <4.88m 18 ps
488m<f <10m 0.088f -1 s
10m<f <1.67 8.8us
1.67<f <20 15f-1ps
20 <f <2.4 k (Note1) 1.5 Ul
24 k<f <18k (Note1) 3.6 x 103 f-1 Ul
18 k <f <100 k (Note1) 0.2 Ul
Notel: For 2048 kbit/s interface the frequency specified as 93 Hz and 70 Hz
Note2: 1 Ul = 488 ns

oG

Communications



oaGL

Communications

Input Jitter Tolerance

1Ul

0.2 Ul

10000 UI . , . :
E 1 [l 1 1]
@ i i i i
3 : : : :
3100001 | .. ... . .. . .
x“ 1 ] 1 1
@ : : : :
§ 138 UI , : , .
2 100UING---r----" - Accepliable Range - - - -
: I I 1
S 28U : : :
E ounfaaiiiii NG SREEE L
g i
£
Q
-
S
@
=
B

0.1 ul

1Hz 10Hz 100Hz

Sinewave Jitter Frequency

A. Jitter Tolerance Template for DT

1kHz 10kHz 100

kHz

10000 UI , . X )
: i 1 ] 1
M 1 ] ] 1
8 : ! : :
S1000U1 f----- A e R Ly
x' 1 : 1 1
- : ‘ . :
% 138Uy L L L
g 100 UI ! ' ':
= I Minimum
E‘ 28Ul Tolerance Level
2 1oul S EEEEL EINNY TSRS R ECEREE
@
E
—
@  AUIf----- SE= S OHE SR, Gy SO SS
g 0.4 Ull - - - Minimum Lév_el to, ! _ .0
@ Re—Synchrqnlze D.2UI -
& 0.1Ul : : - :

1Hz 10Hz 100Hz 1kHz 10kHz 100
kHz

Sinewave Jitter Frequency

B. Jitter Tolerance Template for Synchronizers

10



Jitter Generation
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Introduction

* When the signal traverses a network, the jitter generated by the DUT becomes the input jitter to the next part
of the network

* If this jitter is amplified, it can exceed the jitter tolerance of the subsequent DUT

* Generate jittered output T1 E1 signal with the user-selected frequency and amplitude in compliance with
standards such as G.823

Jitter T1E1l
Generator Port #1

Jitter T1/E1
Analyzer Port #2
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Main Features

Generates intrinsic jitter without any error as per G.823 standards

Generates user-defined jitter value against an input jitter tolerance mask to test DUTs

capability to tolerate large amounts of generated jitter

In conjunction with ‘Jitter Measurement’ application, allows jitter analysis at the system output

by displaying the peak-to-peak jitter value for a given frequency

Evaluate the jitter in real-time on either a tick-by-tick or a cumulative basis

13



Specification of Jitter Tolerance Mask for T1

GR-499 Cat 1

10Hz -5 Ul

500Hz -5 UI

8KHz — 0.1 Ul

40KHz - 0.1 Ul

GR-499 Cat 2

10Hz - 10 Ul

193Hz - 10 Ul

6.43KHz - 0.3 Ul

40KHz - 0.3 UI

AT&T Pub 62411 (Dec. 90)

1Hz - 138 Ul

4.9HZ - 28 UI

300Hz — 28 UI

10KHz - 0.4 UI

100KHz - 0.4 UI
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Specification of Jitter Tolerance Mask for ET

ITU-T G.823

20Hz - 1.5UlI

2.4KHz - 1.5UlI

18KHz - 0.2UlI

100KHz - 0.2UlI

P
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Jitter Tolerance Mask

e Jitter tolerance mask is defined as per the standard to create a benchmark for the generated jitter
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Jitter Generated Value

Il Jitter Generation Graph Dialog - Untitled - Untitled

Jitter is generated based on user defined frequency and amplitudes
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Verifying Jitter through BER Tester

* Generates frame errors and bipolar violation alarms due to the applied data transition jitter
* This can be verified using Monitor T1 E1 Line Status and Bit Error Rate (BER) Tester applications

Enhanced BERT Untitled _|o] x|
File Actions Yew ‘Windows Help
J » | v X | 7 |
O caati =lol
Tu
Graph Duration |1 min 'I Clear Hide Legend
gesulI: T1/E1 Alarms
3|
o Ca'? #2 0618/2013-18:04:08 Giraph Start - [05/18/2013-18:08:09) Graph End - [05/18/201318:03:09) 05/15/ ARESEE | Al Poats | #1 | 2 #3 #4 |
ﬁ Sync Loss il - w [ o
Card 1| Card 2 HODE3 wiolstion o " w > w
EesulI: Carrier Loss oW L o W o’
ot d[iia Frame Errce b1 - [ » w
o TeeChart Riesmote w o - w” L
Dristant MF w o - w* L
Result alS w o’ w” o w
Graph
O Cad#id s =8 88 LU L) TI1/E1 Statistics
T wn
= 5 Frequency (Hz) 2047995 e 204756 00 -
Fesult & a EE BB E B ® = ER Levwed {dEdsx]) -0.058 s===, -0.205 s====
Graph BPY Errors o o 4202 o
@ &l Cards TR Errors 1] V] 1435 L1}
Result | Frames Errors ] n 2401 [}
Transmit Unacer Fun o L1} L1} (1]
Recahe Cnogr Run Qo o L1} 1]
15:08:10 18:08:20 18:08:30 180840 18:08:50 18:09:00 =Bk Frame Clock Ship. ..
U LT Ref bo Irternal 1478163]... njall SS572Je07 (Y
¥ B LOGIC_ERRCR ¥ B BPY ¥ B FRAME_ERROR I Crogs Ref bo Recovened n'a na nia nfa
Reef to Externsl nja nja nfa nia
Eeady ’_
Graph
Trvwolke Gragph I

oaGL

Communications



Jitter Measurement
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Main Features

Easy, accurate, visual pulse shape and jitter measurement for T1 E1 signals
Provides an option to select T1 or E1 port for monitoring and the frequency range of interest
Supports ‘One-Shot Capture’ and ‘Repeated Capture’ options for jitter measurement

CSV files are generated for further analysis using spreadsheet — one containing the raw clock
counts, and raw jitter counts, the other file containing the FFT data which can be used within a

data analysis tool to plot the jitter frequency spectrum

Graphs generated can be saved to a file, zoomed-in/zoomed-out, printed, and more

20
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Peak-to-Peak Jitter Value in Stats Tab

* Peak-to-peak jitter amplitude value is computed as the highest cumulative jitter value minus the lowest
cumulative jitter value

M Jitter Measurement - E1 Port #1 - - -1Of x|
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Peak-to-Peak Jitter Value in Spectrum Tab

* Peak-to-peak jitter amplitude value is displayed for the corresponding frequency
* The peak-to-peak jitter is displayed as a function of jitter frequency

Il Jitter Measurement - E1 Port #1 T

: _iojx
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Time Series

* Displays the captured jitter values on either a cumulative or tick-by-tick basis
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Raw Clock Page

* It displays raw reference clock values in integer format

* The reference clock value for each nominal clock tick is read and recorded

Communications

itter Measurement - T1 Port #1 .dﬂlﬁl

Stats | Time Sevies | Spectrum  Faws Clock. | Raww Jites |
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®
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Raw Jitter Page
clock)

* It displays the number of reference clock ticks for each successive tick of the clock under test (the nominal

* The tick values are displayed in decimal format. Read the values from left to right

B Jitter Measurement - T1 Port #1

Stots | Tine Seves | Specinen | RawClock  Raw Jiter |
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WCS Jitter Measurement

* Monitor Jitter ranges and perform Jitter measurement through simple commands with Windows Client-Server
application

-'_- Untitled - GLChent "J'!lﬁ
Fila Edt Wew Connect Script Log User Heb

DR "B 4 nNR DL BDGE &g 2
Connected to GL Server on ‘madhusudhan’ -]
get jitter ranges &%
#1.range=96500, 48250, 24125, 12063, 6031, 3016, 1508, 754
#2.range=96500, 48250, 24125, 12063, 6031, 3016, 1508, 754
monitor jitter range 8000 hz #1:
Task 1: Task 1 started
Task 1: Jitter 21[0.000]: obs_intvi=0.1698, ui_mult=128, ui_dur=82301, prec=0.03860, line_freq=1543999.5, freq_oHsel=-0.5000, neg_peak_ui=-3.894,
pos_peak ui=0.03883, peak_peak_vi=9.933
Task 1: Task 1 complete
monitor jitter range 1000 hz #1 24 report events cig "JitterMonitor.ini®;
Task 2: Task 2 started
Task 2: Jitter 21[0.001]: obs_intwvi=1.358, ui_mult=1024, ui_dur=663212, prec=0.03860. line_freq=1544000.0, freq_offset=0, neg_peak_uvi=-10.23,
pos_peak_ui=69.03. peak_peak_ui=79.26
Task 2: Task 2 complete

<]

qet jitter ranges &";

monitor jitter range 8000 hz #1;

monitor jitter range 8000 hz #1 1 report 1 min;

monitor jitter range 1000 hz &1 24 report events clg "JitterMonitor.ini";

Ready verdgl M|
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Pulse Mask
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11 Pulse Mask

* Compares the incoming T1 E1 pulses against the pulse mask display

* For T1 pulses, the x-axis measures time in unit intervals (Ul) and the y-axis measures the normalized

amplitude in volts
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Pulse Level
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High Density Bipolar 3 Zero (HDB3) Coding

* HDB3 code is the encoding technique used over G.703 E1 networks

* Here, a line code in which a logical O is represented by zero volts and a logical 1 is represented by pulses of
alternating polarity. HDB3 prevents more than four “0” bits from being sent consecutively

_ Ii

Picture 2 HDB: Coding




* For E1 pulse, the x-axis measures time in nanoseconds (ns), and the y-axis measures the normalized

amplitude in volts
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E1 Pulse Mask
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E1 Pulse Mask

R 269 ns 1
Z/Ar// 44 = 25)
VvV = 100% é . é L AR RS R AN AR R R
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NOTE - V comresponds to the nominal peak value.
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Digital Interface in 2048 kbits/s

Pulse Shape
(nominally rectangular)

All marks of a valid signal must conform with the mask irrespective
of the sign. The value ‘V’ corresponds to the nominal peak value

pulses at the nominal half amplitude

Pairs in each direction One coaxial pair One symmetrical pair

Test load impedance 75 ohms resistive 120 ohms resistive
Nominal peak voltage of a mark (pulse) 2.37V 3V

Peak voltage of a space (pulse) 0+£0.237V 0£0.3V
Nominal pulse width 244 ns

Ratio of the amplitudes of positive and negative 0.951t0 1.05

pulses at the center of the pulse interval

Ratio of the widths of positive and negative 0.951t0 1.05

oaGL
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WCS Pulse Mask

* Perform Pulse mask compliance testing through Windows Client-Server commands
* Commands supported are Check Pulse mask, Validate pulse, Stop pulse mask validation, etc.

.':. Pulzemask _El.gls - GLCEenE .-.lm&l

Fis [dt Vew Concect Soipt Log Leer  psl .
DFd 8O0 BRHE &1 7

Task B: Task 6 storted 2
Ihealidate pulse will generate the result according to the pulse detected. ie.. PULSE FITS, PULSE DOESN'T FIT,
Cannot Access Pulse Data.

Inform task * “walidate pulse’:

0K

fhvallidate pulse dump will display the data on the screen.

inlamm lask * "“walidale pulse dump';

OF

Task B: POSITIVE PULSE FITS!

“wmil 000 meec:' - not meaninghol in step mode

IMhis command will stop the pulse mask capture

Task 6: POSITIVE PULSE FITSIDUMP: 7F 80 7F 7F 7F 00 TF 80 7F TF TF 80 7F 7F 7F TF 7F 60 TF 7F 7F TF ¥F TF TF
TFTFFF TF TF 7F TF TF 7F TF 7F TF TF 7F TF TF 81 BF A6 BA C4 CF CF O6 C6 €6 ©5 €5 C5 C6 Cb €6 ©5 €5 C5 Ch
CZBICHOFETDTETETETFETE TE TF JE FF TF TE TF FF TF 7F TF TF TE TF 7F TF TF TF IF TE TF 7E TF TF TF
TFTE TE 7E TE TF TF FF IF 7F TF IF TF TF TF 7F TF TF TF TF 7F ¥F 7D GF 58 44 39 37 37 38 39

end lask™;

1] 4

Task B Elapsed time: 1742

Task B: Task & terminated

L2 [ -

{WThe: task will allow 1o un pulse detection,

run task "Wes PulseMaskE 1 :CheckPulseMask 82 continuous;

|lhealidate pulse will generate the result according to the pulse detecied, lLe.. PULSE FITS, PULSE DOESN'T FIT,
Cannol Access Pulse Dala,

inform task * “validate pulse" ;

ihsallidate pulse dump will display the data on the screen.

inform task ® "“validate pulse dump";

wail B000 msec

WiThis command will stop the pulse mask capture

end lask®

Communications
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Thank you
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