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Presentation Outline

* Sync Measurements
* Phase and Frequency
* Analysis: MTIE, TDEV, ADEV, Phase Noise
* Accuracy vs. Stability

* Packet Measurements
* TIE vs. PDV
* Equipment: Packet Probe
* Analysis: Packet Selection, PDF, CDF
e Two-way Analysis

* TimeMonitor Software
* TimeMonitor Overview
* TimeMonitor Analyzer
* TimeMonitor Measurement
* TimeMonitor PDV
* Using TimeMonitor Analyzer for Packet Data
* Integration/Test Automation: TimeMonitor Analyzer “Command Line”
* Integration/Test Automation: TimeMonitor Analyzer “DLL”
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Sync Measurements

@ MICROCHIP



Stable vs.
Unstable
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Frequency

E =8 cycles
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Frequency = E/T

If T =8 usec, F = 8cycles/8E-6sec =1 MHz

.

Vi

Frequency = the number of cycles per second

Ideal frequency source generates a pure sine wave
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TIE Measurements

1. Timestamps

B R $-F-------- o-J--------- é--1-- Threshold
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TIE Measurements Using a Reference Signal
at the Same Frequency

A time interval counter is used to time threshold crossings

of a signal very precisely. This process is unaffected by
amplitude modulation.

S S i T IS O S o S

Signal - —F --

Ft - - Threshold
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Timestamps: 1 MHz signal

Perfect

mathematical 0 ps 1 s 2 US 3 Us
reference

(constant carrier)

Sigilal 0 us 1.00L pus  1.997 ps  3.005 us
measurement
¢dev (time)/TIE 0 nsec - 1 nsec + 3 nsec - 5 nsec
¢dev (degrees)  0° - 0.36° +1.08° -1.8°
¢dev (Ul) 0 Ul - 0.000 Ul  +0.003 Ul - 0.005 UI
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Phase Modulation Sighal Model

v(t)=a(t)- sm( (t))
Ht) =g -t + e(t)
H(ti) = oo - tj +O(tj) = n; - 27

Phase deviation or TIE

O(tj) =N 27T — @y -tj = 0o - (Nj - Ty — tj)

Reference /

frequency




Phase vs. Time

Phase deviation (TIE) is the difference
between these two curves
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Data Signal Phase vs. Time

Clock
1 2 3 4 5 b 7

Data
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Sync Measurement Analysis

1. Sync equipment measurements (lab) and
2. Sync interface measurements (network)

* For synchronization measurements, the
measurement analysis used primarily is:
* Phase (TIE)

Frequency (fractional frequency offset)

* Frequency accuracy

MTIE

TDEV

* MTIE and TDEV analysis shows comparison to ANSI, Telcordia, ETSI, & ITU-T requirements

All are derived
from phase

3. Oscillator measurements
* For oscillators:

e ADEV
 Phase noise

 Tempco (temperature coefficient of frequency)
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Analysis from Phase: Jitter & Wander

Signal with jitter and wander present

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time. Fs=31.48 Hz; Fo=2.0480000 MHz: 01/16/98;10:58:04

No filter
400
nse
80.0
nsec/div
-480
nsec 0.000 10.0 minutes/div 2259
hours h
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Analysis from Phase: Jitter

Jitter: Filter out low-frequency components with high-pass filter
Jitter = 740 nsec peak-to-peak = 1.52 UI peak-to-peak (E1)

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time: Fs=31.48 Hz: F0o=2.0480000 MHz: 01/16/98:10:58:04
Jitter: high-pass filter applied

400
nsec

100
nsecidiv

-600

0.000 .
nsec 10.0 minutes/div 2.259
hours hours
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Analysis from Phase: Wander

Wander: Filter out high-frequency components with low-pass filter

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time.: Fs=31.48 Hz: F0=2.0480000 MHz: 01/16/98:10:58:04
Wander: low-pass filter applied

60.0
nsec

200
nsecidiv

-100
nsec

16

0.000
hours

10.0 minutes/div

2.2b9
hours
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Analysis from Phase: Frequency

* Recall the relationship between frequency and
phase: A
0=—
dt
* Important point: Frequency is the slope in the
phase plot

— Frequency :...Z.ZIZI........IZZIZZIZZIﬁjIZZIZZIZZIZZIEZIZ.Z
O.I'-fset present e s A B S S — ————

S Tt S R No offset: ideal
5 | phase plot (flat)

Fry——

uuuuu
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Analysis from Phase: Frequency

Timestamps(us ):0 1.001 1.997 3.005 4.002 4.999 6.003
¢ dev (ns): 0 -1 +3 -5 -2 +1 +3

Phase deviation slope
Addev = AN-T,— At = (AN - f, At)/ f, l

fdev = f-f, =AN/At—f, = (AN -f,At)/ At = Apdev- f./ At

ffoff = fdev/f,

For example, take the average fdev over the first 3 cycles:
Frequency Deviation = - 5nsec - 10Hz/3.005usec = -1.7 kHz

Fractional Frequency Offset = -1.7 kHz/1MHz = -1.7 parts per thousand

@ MICROCHIP



19

Frequency

F Frequency: F = E/T (number of cycles/time)
F, Nominal frequency: F,
FDEV Frequency deviation: FDEV = F - F,

FFO Fractional frequency offset: FFO = FDEV/ F,= (F - Fy)/ F,

Example: E =1 000 000; T = 0.999 999 997 500 sec

F = E/T = 1000000/0.9999999975 = 1.000 000 002 500 MHz
F,= 1 MHz

FDEV = F- F,= 2.5 mHz

FFO = FDEV/ Fy = 2.5 - 10 = 2.5 PPB +—
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Analysis from Phase: Frequency

— -8.97-10°4

e 1.5E-9

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
Least sguare fit fractional frequency D"sel ws. time: N=100: 111 8507 19:44:26
55U holdover 4 days

1.3E-11

| 1.2 E-11

1. 0E-12
Fdiv

-1.0E-12

Symmetricom TimeMonitor Analyzer tfile=demo_holdower.pai n]

ractional frequency offset: Owverlap phase ave raging: A=200: N=11056: Fs—32 26 mHz: Fo=2.048 MHz: 1/1f
SSU holdover 4 daps

1.3E-11

1.2 E-11

1. 0E-12
Fdiw

-1.0E-12

Frequency Accuracy

_ d_¢ slope/linear: frequency offset
dt curvature/quadratic: frequency drift

Point-by-point

Segmented LSF

Sliding Window Averaging
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Frequency Offset and Drift

nsecidiv

21
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hours
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0o 10 MS
p-p

2.5us
p-p

500 ns
p-p

Original oscillator phase
measurement (0.7ppm frequency
offset)

Frequency offset removed
(quadratic shape shows linear
frequency drift of 0.2 ppb/day)

Frequency drift removed (shows
residual phase movement)
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Frequency Accuracy and Stability

Quartz, Rubidium, and Cesium

Quartz: Frequency offset=6.4E-08; Frequency Drift=2.3E-11/day; 02/27/98; 16:54:58
Rubidium; Frequency offset=1.7E-11; Frequency Drift=2_0E-12{day; 05{05/02; 19:22:26
Cesium; Frequency offset=6.6E-13; Frequency Drift=3.3E-18/day; 11/12/99; 07:02:04

5.7
msec

--------------- i 1
: : : : : : : 1 : : : usec

Phase
Deviation

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

; ; ; ; ; ; ; ; ; ; 60
S SO R I i I i S — S =

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.0

2'000 2.00 hours{div 1.000
ays days
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Analysis from Phase: Phase Power Spectral Density

25 time interval analyzer
Frequency Modulation

10 kHz
component
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Allan Variance

5

/|

t (usec)

Phase dev (nsec)
o

-5 :
Allan Variance Is a measurement of frequency stability used for
characterizing oscillators.

Difference in slope = AW W2 W1 => AVAR =3 <(AW )

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
Root Allan Yariance: Owverlapping Samples, Fo=1.000 Hz: Fs—58 80 mH=z: =7/12 30 P~ 2 P~
a nge I n HP 531324 Test: 20 58503A. Samples: 15400 Gate: 15 s: Ref chl: TIITlme Data l:lnly; TI 17)2,
1T.0E-10 p=c= EEEFEE R B SRR e i e e e, S
1.0E-11
ADEYV Plot:
Ot.

1.0E-14 100.0 1_000 10_.00 100_0
sec ksec ksec ksec



Analysis from Phase: MTIE/TDEV

x A
N-n+1| n+j-1 n+j_—1 e
MTIE(S) = max {max(xi) - mln(xi)}
j=1 i=j i=j |- T_(N_N)p >| "
MTIE is a peak detector - ()A{
MTIE detects frequency offset
'
IIIIIIIIIIIIIIIIIIII_T

T
- * t 1 t
o, (r)=TDEV(z) = \/%<{%Zn:xi+2n —Z%ixi+n+%ixi}2>

i=1 i=1 i=1

TDEV is a highly averaged “rms” type of calculation
TDEV shows white, flicker, random walk noise processes
TDEV does not show frequency offset

MTIE and TDEV analysis allows comparison to ATIS, Telcordia, ETSI, & ITU-T requirements
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Stability and Accuracy

Precise but
not accurate

Mot accurate and
not precise

Accurate but
not precise

Accurate and
precise

eV

ittty | T 1S FFO

Time

Stable but
not accurate

Time
Not stable and
not accurate

Time
Accurate

(on the average)
but not stable

Time
Stable and
accurate

The Allan Variance family of analysis metrics is concerned with

the characterization of stability

Diagram from “Time Domain Representation of Oscillator

Performance”, Marc A. Weiss, Ph.D. NIST
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Systematics and Stochastics

= Systematics
* Frequency offset
* Frequency drift
* Environmentals (temperature, humidity, pressure, etc.)

= When systematics are removed, what remains is noise
(stochastic processes). Five major noise types:

* WPM (white phase modulation) T A T

« FPM (flicker phase modulation) B e e

* RWPM =WFM (random walk PM = white FM) e

* FFM (flicker frequency modulation) =T m

* RWFM (random walk frequency modulation) T
o R

*ADEV slope: -1.0 (WPM); -1.0 (FPM); -0.5 (RWPM); O (FFM); 0.5 (RWFM)
*MDEV slope: -1.5 (WPM); -1.0 (FPM); -0.5 (RWPM); 0 (FFM); 0.5 (RWFM)
*TDEV slope: -0.5 (WPM); 0 (FPM); 0.5 (RWPM); 1.0 (FFM); 1.5 (RWFM)
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Oscillator Testing

Tempco

F&T vs. time ™ e

28

Tempco

Symmetricom TimeMonitor Analyzer [file=T aitien TWEAMCSANF_Part #3 2013-03-06_11_temperature_txt]
Tempco plot; 2013/03/07 21:11:16

Time Freq: Samples: 161977

D?EDB?D degC ramp up/down

15 days

* 22 cycles
60 ppb p-p
I - T wl over 70° C

Symmetricom TimeM onitor Analyzer [fle=T aitien TWEAMCSAMF_Part ##3 2013-03-06_11_temperature. txt]
Fractional frequency offset; Fz=125.0 mHz: Fo=10.00 MHz: 2013/03/07 21:11:16
Time Freq: Samples: 21596; Start: 140382
0 to 70 degC ramp up/down
3.0E-8 T T T T T T T T T T T 70 deg C

= Frequency

6. 0E-9

= Temperature

-3.0E-8 0 deg C

2.000
days

400 hours/div

0.000
days
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& ADEV

ise

29-14_40_31

[ ]
2013_01_

Eas-,

(file

172972013 2:47:06 PM

les: 8562

Phase No

Symmetricom TimeMonitor Analyzer
TSC 5120A phase noise plot:
Sampl

FPP5SD [dBc/Hz]:

Oscillator Test

ISe
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Packet Measurements
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“TIE” vs. “PDV”

“TIE” vs “PDV”
e Traditional TDM synchronization measurements: signal edges are timestamped
producing a sequence of samples (“circuit-switched network”)

* Packet timing measurements: packet departure/arrival times are sampled and packet
delay sequences are formed (“packet-switched network”)

* Both require (1) PRC/GPS; (2) Precision HW timestamping; (3) PC + SW

Measurement equipment:
e TIE: Counters, TIA’s, Test-sets, BITS, SSU, GPS receivers
 PDV: IEEE 1588 probes, NTP probes, network probes

TIE measurements are still important in a packet world:
* Needed for the characterization of packet servo slaves such as IEEE 1588 slave devices
* There are still oscillators and synchronization interfaces to characterize

*  “TIE” measurement/analysis background important to the understanding of “PDV”
measurement/analysis

* Many of the tools can be applied to either “TIE” or “PDV” data such as TDEV or spectral analysis

* But there are new tools and new approaches to be applied to “PDV” with some of the traditional “TIE”
tools less effective for “PDV” analysis
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TIE Measurements: Network vs. Equipment

Symmetricom TimeMonitor Analyzer

e

A g P Network
AV w%mﬁ\ """ MWWW}J """"""" \ / """"""" \HM’* """"" { TIE

hhhhh

nsec

. ALY N
\N“A el \WV\M\ e Equipment
| rJ A __\/“/ T I E

{

2.00 hoursidiv
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PDV Measurements: Network vs. Equipment

Symmetricom TimeM onitor Analpzer
Phasze deviation in units of time; Fz=499.4 mHz. Fo=10.000000 MHz; 2006/08/30 17:07:10
Tahiti Phase; Samples: 49036; UUID: 000055010004 ; Initial phase offset: 134730 uzec

FOO
usec

Network
PDV

50.0
usec/div

1.136
days

100 :
usec g:a':g“ 2.00 hours/div

Symmetricom TimebMonitor Analvzer; 20101 0/04; 22:30:40
80 ns r r T i i i

40 ns

0Ons

Equipment
PDV

-40 ns

-80 ns
0.0 days 400 hours/div 1.714 days
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Frequency Signal “TIE” vs. “PDV”

* “TIE” (Single Point Measurement)

* Measurements are made at a single point — a single piece of equipment in a single
location - a phase detector with reference - is needed

S e E e 2

O us

PSR ol ol

w
(9]

“PDV” (Dual Point Measurement)

1.001 ps

1.997 ps

3.005 ps

Sync Measurement Software

* Measurements are constructed from packets time-stamped at two points —in general
two pieces of equipment, each with a reference, at two different locations — are

needed

Timestamp A

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

991204496
980521740
006829496
996147084
022454496
011771820

Timestamp B

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

GPS GPS

991389744
980352932
007014512
995977932
022639568
011602932

PDV Measurement

and Analysis Software
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Time Signal “Physical” vs. “Packet”

« “1 PPS” (Single Point Measurement)

* Measurements are made at a single point — a single piece of equipment in a single
location - a phase detector with reference - is needed

Os

PSR ol ol

w
(o)}

1.000 000 001 s

1.999 999 997 s

3.000 000 005 s

“Packet” (Dual Point Measurement)

* Measurements are constructed from packets time-stamped at two points —in general
two pieces of equipment, each with a reference, at two different locations — are

needed

Timestamp A

1286231440.
1286231441.
1286231441.
1286231442.
1286231442.
1286231443.

883338640
506929352
883338640
506929352
883338640
506929352

Timestamp B

1286231440.
1286231441.
1286231441.
1286231442.
1286231442.
1286231443.

883338796
506929500
883338796
506929500
883338796
506929516

|

I ‘ Time Interval
| c—

|

|

|

1 PPS

Measurement
Software

UTC

% PRTC Probe

A B \ PDV
GigE Measurement
= S0ftware
<:EE§E§;:>
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Grandmaster Test PPS and Packet Probe

Physical 1PPS signal measurement and packet signal
tested with probe match

Microsemi TimeMonitor Analyzer
Phaze deviation in units of time; Fz=499.8 mHz: Fo=1.0000000 Hz
1 [blue): HP 531324; Test: 4474; 1538 Master; 1PP5S: 2 [red]): TP5000 Probe:

60.0

ngec

10.0
nzec/div .
-80.0 : - . . ! ! ! : . :
niec g'eggu 400 hours/div L.ETSJI
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Packet Probe

Network PDV Measurement

PTP/NTP Equipment Characterization

GPS

PTP GM/TC/BC
NTP server
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Packet Probe (G.8260 View)

Network PDV Measurement

Network j PT t >

PDV

R Time or frequency reference
PT Packet timestamper

Packet Equipment Characterization

Packet
Timing Signal
Equipment
Interface : T
v t
+< > 2(0) Packet Timing Signal
. Time Error
R  Time or frequency reference
39 PT Packet timestamper
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“PDV” Measurement Setup Options

Passive Probe Active Probe
(1) Hub or Ethernet Tap (1) No Hub or Ethernet Tap Needed
(2) |IEEE 1588 Slave (2) No IEEE 1588 Slave Needed
(3) Collection at Both Nodes (3) Collection at Probe Node Only

PDV Measurement
and Analysis Software

{4 14
* “PDV
* |deal setup - two packet timestampers with GPS reference so absolute latency can be

measured as well as PDV over small to large areas
* Alternative setup (lab) — frequency (or GPS) locked single shelf with two packet

timestampers
* Alternative setup (field) — frequency locked packet timestampers — PDV but not

latency can be measured
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“TIE” and “PDV”

In most packet network measurement setups, both “TIE” and “PDV”
are measured at the same time

GPS
1588 Probe |
GPS Y e
1588
Granaster @/ 1588 Slave GPS
= : DV
Measurement Elor ‘
Software &

y Probe

Network
Sync Measurement
Emulator
Software
v ly: Networl 103/
1.5ms
X S 1] Live
- il il i+
f h\“ ‘\ { H% } HIHH _m\ ] - \_\ | -I 1 . | ; NetWOI’k
O IS S s S B |
TimeMonitor Analyzer; Network Emulator; 2009/07/21; 23:33:10
1.5ms |
o i b | Network
CETETC T NTTRL o A Emulator
T LT | -1 N -
0.0 sl
0.0 2.0 hours/div 1.03
days days
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PTP and NTP Probes

Either PTP or NTP packets can be used for probing.
* In some circumstances, one or the other might be more suitable.
« For example, NTP is useful for probing over the public internet
because of NAT (network address translation) challenges.

GPS GPS

1588 Grandmaster

1588 Probe PTP

1300813107.495103764 1300813107.495103788 POV
1300813107.510904500 1300813107.510904528 (R
1300813107.620103764 1300813107.620103788 Snfaarn

1300813107.635904520 1300813107.635904528
1300813107.745103764 1300813107.745103788

el e B oo |

GP3

NTP

NTF Frobe

POV
Iafeet BeELINEITHE Y]
Spfwarn

,D1335140,190A968D,D1335140,190AA710,D1335140,190AD026,D1335140, 190ADBF2
,D1335140,1D0ASEBO,D1335140, 1D0AA755,D1335140, 1D0AD004,D1335140, 1IDOADBCF
,D1335140,210A%EBO,D1335140,210AA710,D1335140,210AD026,D1335140, 210ADBAD
,D1335140,250A%EBO0,D1335140,250AA710,D1335140, 250ACFBF, D1335140, 250ADB46
,D1335140,290A%EBO,D1335140,290AA710,D1335140,290AD026,D1335140, 290ADBAD

Zzzz2z
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“TIE” Analysis vs. “PDV” Analysis

“TIE” ‘PDV”
Analysis (G.810) Analysis (G.8260)
e Phase (TIE) e Phase (PDV)
e Frequency accuracy e Histogram/PDF*,CDF**,statistics
e Dynamic frequency e Dynamic statistics
e MTIE e MATIE/MAFE
e TDEV e TDEV/minTDEV/bandTDEV

e Two-way metrics: minOffset etc.

» The importance of raw TIE/PDV:

= Basis for frequency/statistical/MTIE/TDEV analysis
= Timeline (degraded performance during times of high traffic?)
= Measurement verification (jumps? offsets?)

* PDF= probability density function

*x CDF = cumulative distribution function @
43 @Mlcnocmp



Stability Metrics

* Traditional Clock Metrics

 ADEV, TDEV, MTIE
* Traditionally applied to oscillators, synchronization interfaces
e Also applied to lab packet equipment measurements GI\/I, BC

* Frequency Transport Packet Metrics

* minTDEV, MAFE, MATIE

* Applied to one-way packet delay data

* FPP/FPR/FPC (floor packet percent/rate/count) Packet
Networks

* Time Transport Packet Metricy

* minOffset or combine one-way (FPP, MAFE, etc.)
* Applied to two-way packet delay data
* Assesses link asymmetry
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Stability metrics for PDV

=  Packet Selection Processes

1) Pre-processed: packet selection step prior to calculation

= Example: TDEV(PDVmin) where PDVmin is a new sequence based on
minimum searches on the original PDV sequence

2) Integrated: packet selection integrated into calculation
=  Example: minTDEV(PDV)

= Packet Selection Methods

*  Minimum: Xm.n(i)—minlx Jfor i<=j<=i+n-1)
e Percentile: X't mean ZXH.
¢ Band Xband _ mean z XJ+|

(K1)

. ZW(nK“)TP) #(n.i) £ [1 for [w(nK +i)—a(n)|<s
) Cluster. K(neo) == ¢(n,|)={ 0 otherwise

(K-1)

> 60D
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Packet Selection Windows

=  Windows ! 2 3

* Non-overlapping windows
(next window starts at prior |
window stop)

 Skip-overlapping windows
(windows overlap but starting
points skip over N samples) T

* Overlapping windows 123
(windows slide sample by
sample)

 Packet Selection Approaches (e.g. selecting fastest packets)
— Select X% fastest packets (e.g. 2%)
— Select N fastest packets (e.g. 10 fastest packets in a window)

— Select all packets faster than Y (e.g. all packets faster than 150us)
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G.8260 Appendix | Metrics

Packet
Time Error

/ Sequence

x(t

e

Entire PDV
population

Packet
Selection

Selected-Packet

Entire PDV
population

Packet

Time Error
Sequence

Time Error
Sequence
7
x'(t) Stability
—_
Selected subset Metric Estimated
with common achievable
delay properties performance

Stability metric
with packet

Estimated achievable
performance

selection

x(t) Packet

Selection

x"( t)

Selected-Packet
Time Error
Sequence

FPC, FPR, FPP: Floor Packet Count/Rate/Percent

Bandwidth

y(

Filtered-Packet
Time Error

/ Sequence

g

Filtering

Stability
Metric

G.8260(10)_F1.4

Pre-processed packet selection

Integrated packet selection

Metrics including pre-filtering

PDV metrics studying minimum
floor delay packet population
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Time Transport: Two-way metrics

Packet Time Transport Metrics
MeanPathDelay: r(n) = (%)-[R(nﬂ F(n)]

TwowayTimeError 20~ 5 }RW-Fm]  Ideal F/R: fioor
2 (“lucky” packets: fastest)

pktSelectedMeanPathDelay: r'(n) = Gj [R'(n) + F'(n)]
pktSelectedTwowayTimeError: 7, () = (%) [R'(M)-F'(m)]

min2wayTE: 17, (n) =(%)[Rm(n)— Fm(n)]
. Ideal 2way TE: zero
pct2way TE 17,"(n) = (Ej : [R "(n)-F° (n)] (no asymmetry)

cluster2wayTE ~ 77,°(n) = (%) - [RC (n) - Fc(n)]

. ) . . ps2wayTE statistics: ps2wayTE statistic such as mean,
g;zﬁlipp(g/llzgi C;gifé;?ye{glz earssl:;[)t.epr)spzl\c/)vtayTE{y} plotted standard deviation, median, 95 percentile plotted as a

function of time window tau; min/maxATE
Weighted average: w(n) =[a-F(n)+(@-a)-R(n)] whereo<a<1
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PDV Measurement
and Analysis Software

R,00162;
F,00167;
R,00163;
F,00168;
R,00164;
F,00169;
R,00165;
F,00170;
R,00166;
F,00171;

Packet Delay Sequence

Packet Delay Sequence

1223305830.
1223305830.
1223305830.

1223305830

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

Forward

#Start: 2009/10/06 15:10:30

0.0000,
0.0155,
0.0312,
0.0467,
0.0623,

2.473E-3
2.330E-3
2.273E-3
2.258E-3
2.322E-3

478035356;
488078908;
492882604;
.503473436;
508647148;
519029300;
524413852;
534542972;
540181132;
550229692;

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

474701511
490552012
489969511
505803244
505821031
521302172
521446071
536801164
537115991
552551628

Reverse

Packet

Timestamps

#Start: 2009/10/06 15:10:30

0.0000,
0.0153,
0.0311,
0.0467,
0.0624,

3.334E-3
2.913E-3
2.826E-3
2.968E-3
3.065E-3
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Packet Delay Distribution

Spmmetricom T imebdonitor Sooaaly=oer File—axli__1S88  pdw_tak

Phase dewiation in units of time- Fs—S00 0 mH=- Fo—10 000000 HMH=- 2006706709 0O1-11-06
MLi 15S88 PDW Phase: Samples: Z28561: UUID: O0005SS010016; Initial phase offset: 12 S420 usec
E=Talnl

e

Fo_0O
s eSS ol

T ) | — il S | [ R R
Minimum: 1.904297 usec Mean: 96.71927 usec
Maximum: 275.2441 usec Standard Deviation: 97.34 usec
Peak to Peak: 273.3 usec Population: 28561 Percentage: 100.%

AR AR

50pct: 37.65 us; 90pct: 245.5 us; 95pct: 261.9 us; 99pct: 272.3 us; 99.9pct: 274.5 us
50

Packet
Delay
Sequence

PDF

Statistics

CDF
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Tracked Packet Delay Statistics

i T' il i 2007_09 1 9 -09_39.cap]
Phase de uni of time: F ‘IB BB H F 10 IJDDIJDD MHz 2007/09!19 07 45 DD
XLi 1533 PDV Ph ase Sampl hold: 27.000 uug 801 2F09; Initial phase offsel: 24 1950 usec

250

Raw packet delay appears
relatively static over time

Mean vs. time shows cyclical
ramping more clearly

5 m or 007_09_19--09_39 .
Phase d n of time. Fs=16.66 Hz: Fo—10.000000 MHz: 5( 07103119 07:45:00
Phase Standard Deviation: Ower T A=167. N=50019

260

nsec

U L ) | A R T | Standard deviation vs. time shows
1 B S 15 S | a quick ramp up to a flat peak

500 minutes/div
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Packet Metrics

n n n 2
TDEV o,(r) =TDEV (z) :\/%<{%ZXHZH — 218 X%, .+ xi} >

MINTDEV | o, i (r) =minTDEV (7) = \/

S

X (1 +20) = 2X ., (i +n)+xmm(|)]2> X (i) = min|x; [for(i <= j <=i+n-1)

b
ban dTDEV O-x_band (T) = bandTDEV (T) = \/%<[Xk')and_mean (I + 2n)_ zxtgand_mean (I + n)+ Xt;and_mean (I )]2> Xk’)and_mean (I) = %lejn
j=a
PDV noise type 1. TDEV is bandTDEV(0.0 to 1.0)
w/ packet selection 3. percentileTDEV is bandTDEV(0.0 to B) with B between 0.0 and 1.0
1 n+k-1
MATIE(n7,)=~ max X - —X , n=1,2, .., integer part (N/2)
MATIE ()= max o 20 =x)
MATIE(n7
MAFE MAFE(nz,) = (nz,)
Nz, n+k—1 _ ) wheren =1, 2, ..., integer part (N/2) and where
- MAEE _ nax ;(Xmin (' + n)— Ximin (' X (i)= min[xj [for(i <= j<=i+n-1)
min min MAFE (nz, ) = =
PDV frequency transport performance Nz,
where
FPP FPP(n,W,0) = (WJXFPC(nW 0) x100% for(K-1)<n<N FPC(NW 5) = Zn:¢ (i.6) for (K-1)<n<N
H , ’ j:n—(K—ll): ’ a
PDV phase/frequency delivery
References: (1) ITU-T G.8260 Definitions and terminology for synchronization in packet networks, Appendix |, Feb. 2012

(2) ATIS-0900003.2010 Technical Report: Metrics Characterizing Packet-Based Network Synchronization, Oct. 2010.
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Floor Packet Count/Rate/Percent

FPC(n,\W,0) = Zn:¢,:(j,5) for (K-1)<n<N

j=n—(K-1)

FPR(N,W,5) = W

for (K-1)<n<N

FPP(n,W,5) = (CV_PJ x FPC(n,W, &) x 100 % for (K ~1)<n< N

Floor Packet Calculation:

(1) Find floor

(2) Fix cluster (e.g. 150 us) above floor

(3) Count packets within cluster in successive windows (e.g. 200s)
(4) For FPR, divide by window length

(5) For FPP, divide by window packet total and multiply by 100

Min Max
Example case: FPC Opkt 12800 pkt
(1) 200 second window
(2) 64 pkt/s FPR Opkt/s 64 pkt/s
FPP 0% 100%
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Packet Frequency Transport

G.8261.1

MTIE
A

18
Output Wander He

9us

»

0.05 0.2 32 64 1125 Observation
interval T (S)

where )
FPC(NW,5) = > ¢:(j,6) for (K-1)<n<N
j=n—(K-1)
PDV With window interval W = 200 s and fixed cluster range 6 = 150 us starting at the floor delay,
the network transfer characteristic quantifying the proportion of delivered packets that meet
the delay criterion should satisfy FPP (n, W, 6) = 1%

FPP(n,W,5) = (\TN_PJ x FPC(n,W, &) x 100 % for (K ~1) <n< N

That is, the floor packet percentage must exceed 1%.
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TDEV & minTDEV with Traffic

100

usec fZ

10

usec ESSCt

usec -

100

nsec =

10

nsec =

nsec [-

100

psec

100.0
sec

1.000
ksec

10,00
ksec

Lower levels of noise with the application of a MINIMUM selection algorithm
mMIinTDEV at various traffic levels on a switch (0% to 50%) converge

Symmetricom TimeMonitor Analyzer

minTDEY: Ho. Awvg=1; Fo=10.00 MH=z. 200609519 15282320

55

[File=multilayer_switch_40percentSBGEO_txt)

100

useddg

100

_____

TV
i Bl il 11y e

R U

nsede

—=—=—==2====:z==2
_________

___________________

Q\ MICROCHIP



1588 slave performance:
1 PPB offset measured
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Packet Time Transport

“PDV” measurement setup for time transport

‘/—Ideal setup - two packet timestampers with GPS reference so absolute latency
can be measured as well as PDV over small to large areas

/—Alternative setup (lab) — frequency (or GPS) locked single shelf with two packet
timestampers

X—Alternative setup (field) — frequency locked packet timestampers — PDV but
neither latency nor asymmetry can be measured

1588 Grandmaster

1588 Master 1588 Probe

MNetwork
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Time Accuracy and Stability Requirements

1us

e Time Accuracy MTIE soons -
Time Error: <=100ns o e i0: s doks l0ws
Time Interval 100 ns -
Measurement
Software i
G.8272 i)
; T TDEV  wonsf
Time Stability ———
PaC ket Network 1ns6.1§ N 1s 105 WH;OOS mfdooQ .-lbks

LI m |tS MTIE is G.811 with 100 ns maximum

TDEV is G.811 exactly
Deployment Case 1

Network Time Reference C D
(e.g. GNSS Engine) A B i End Application
L ; i Packet E
PRTC[—* T-GM [ ™~ Network TBC [T T-TsC _"@ {I_“
E 5 E End Application '
Time Clock .

Distributed architecture A: Tl me E rror: <= 100ns
(e.g. CPRI)

Deployment Case 2

Intra-site Time sync i/f
Network Time Reference A

. C D .
oo cheBEae) : g C: Time Error: <=1.1ps
|_~PRTC—Er* T-GM i* T-TSC
G . 8271 1 Distributed architecture
(e.g. CPRI)
58
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ePRTC: Enhanced PRTC G.8272.1

ePRTC 100ns} i
| | ! Traceable to UTC |
Time Accuracy MTIE | | | [ M
ePRTC acc. to G.8272.1 ! Erii
Time Error: <=30ns MEEY 100 10000 1E+6 1EL8

1pps
Observation Period (s)

10MHz 100t
Time Stability/TDEV sons| -l

2x10MHz from PRC (Cs)

1ns

100ps

ePRTC Attributes
* Reliability: Immune from local jamming or outages
*Autonomy: Atomic clock sustained timescale with & without GNSS connection

*Coherency: 30ns coordination assures overall PRTC budget
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Time Transport: Two-way packet delay

Forward Packet Delay Sequence
#Start: 2010/03/06 17:15:30

0.0000,
0.1000,
0.2000,
0.3000,
0.4000,
0.5000,

1.47E-6
1.54E-6
1.23E-6
1.40E-6
1.47E-6
1.51E-6

~

Constructing f "andr ~
from f and r with a 3-
sample time window

60

#Start: 2010/03/06 17:15:30
1.47E-6,
1.54E-6,
1.23E-6,
1.40E-6,
1.47E-6,
1.51E-6,

0.0000,
0.1000,
0.2000,
0.3000,
0.4000,
0.5000,

|

1.11E-6
1.09E-6
1.12E-6
1.13E-6
1.22E-6
1.05E-6

!

Reverse Packet Delay Sequence

#Start: 2010/03/06 17:15:30
0.0000, 1.11E-6
0.1000, 1.09E-6
0.2000, 1.12E-6
0.3000, 1.13E-6
0.4000, 1.22E-6
0.5000, 1.05E-6

/

Two-way
Data Set

Time(s) f(us) r(us) f'(us) r’(us)

0.0
0.1
0.2
0.3
0.4
0.5

0.1
0.4

1.47
1.54
1.23
1.40
1.47
1.51

!

1.11
1.09
1.12
1.13
1.22
1.05

1.23 1.09

1.40 1.05

-0.07
-0.18

Minimum Search
Sequence

min2wayTE

7, () =@-[R'<n')—F'(n')]
@Mlcnocmp



Time Transport: Two-way metrics

Forward/Reverse FPP Approaches:
Symmetricom TimeMonitor Analyzer (1) Based On both OnE'Way
Floor Packet Percent; Window=200 s; Range=50.0 us; Floor=-54_3 us; Fmin; T=200 =; A=3200; N=382
13[:‘.]'[[]‘8] Fwd FPP; 2[red] Rev FFP , , , , , , Sequences
..... Forward FPP (2) Based on a single sequence
ARSI DU PO L 1 R l' """"""""""""""" constructed from both one-way
200 . 0\ w ) # sequences (e.g. offset)
e ‘ (ki } 1 ,
VAR Two-way MAFE
M e o ;5:::::::;5:::::::;5:::::::;5:::: (MAFE of minOffset)
ylﬂ Eﬂqﬂg ' ' ' ' 00 h;ms ; divl ' ' ' %10 u1|2 3’&"&'2"‘#'.?31"633'35'1 lF ?uuh{s miz: 2[:]:13309?0422%353%504 123Adwk)
1.06-5 Forward :
S - MAFE "
Comments: 106 S, + Reverse =
(1) Knowledge of asymmetry and s S s e L MR ! MAFE
latency in both directions is critical V0BT '
(2) Offset is a fundamental two-way o
calculation B
(3) Ideal fwd/rev packet: floor Loes |
|deal offset: zero

10.00 100.0 1.000
sec sec ksec
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Time Transport: Two-way metrics

2wayTE pktSelected2wayTE

Microsemi TimeMonitor Analyzer; eNodeB network; 2016/07/12; 17:24:10 Microsemi TimeMonitor Analyzer; eNodeB network; 2016/07/12; 17:24:10

1.0 us

0.5 ps

22.2 ms p-p
378 us mean
908 ns p-p
704 ns mean

OOus::::':":"'
0hr 3hr 6 hr 9hr 12 hr

Selection window = 100s
Selection percentage = 0.5%
Peak-to-peak pktSelected2wayTE = 908 ns
(G.8271.2 draft APTS limit: <1150 ns)

Both 2wayTE and pktSelected2wayTE plots with
minimum set to 0. Mean value from unadjusted data.
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Case Studies: Five Networks

#1 #2 #3 PDV Percentile: 1%

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time: Fs=499.4 mHz: Fo=10.000000 MHz; 2006/08730; 21:07:10

16.0
usec

2.00
usec/div

___________________________________________________________________________________

6.00 hours/div 1.1&3-2

What FPP level could be set to get
at least 1% of the packets?

#4 #5 PDV Percentile: 1%

Symmetricom TimeMonitor Analyzer

Phase deviation in units of time;

Fs=16.00 Hz; Fo=10.000000 MHz; 2013/03/27; 20:03:11

4 [green]): Phase Floor Percentile; Tau=200s; P=1%; A=3200; F=32; H=382; 2013/03/27; 20:03:11; 5 [cyan

84.0

Max 1 Percentile
U.S. Ethernet south 2.04 usec
U.S. Ethernet north 2.60 psec 2 00
Backhaul N America 13.8 psec usec/div [
Eth/SONET 47.8 usec
72.6 psec
63 e (000

2119
hours

2.00 hours/div



Two-way Time Error & Network Asymmetry

Asymmetry in Wireless Backhaul

(Ethernet wireless backhaul asymmetry and IEEE 1588 slave

6.0us

0.5 ps/
div

20 us| - i

2.0 Ust--;

0.5 ps/
div

-1.0 s

64

1PPS under these asymmetrical network cond

Microsemi TimeMonitor Analyzer; Ethernet Wireless Backhaul; 2009/04/28; 11:37:01

o

0.0 hours 22.7 hours

itions)

Min

{TDISP

1588
Slave
1 PPS

vs.GPS
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Case Studies: Network Asymmetry over Fiber

150 km fiber PTP over OTN transport

(2wayTE is 19.1 psec which represents the 38.2 usec difference
between forward and reverse one-way latencies)

Rev:-2Z2.0b6-ms
Microzemi TimeMonitor Analyzer [(hle=0TH_Trafhic-2014_11_19-1ppm_cumulative.twy]
Phaze deviation in units of time; Fs=14.03 mHz; Fo=10.000000 MHz; 2014/11/19 00:51:13
Two-wWay Time Ermor Phase: Samplesz: 49540; Start: 1000; Stop: 50539; Inmitial phase offset: 19.
OTH Baszeline Measurement [traffic added after 20 hourz): MasterUUID: D0BOAEFFFEDZ29249; M:
19.1 T T T T T T T
uzec
8ams
T S S 1 1 S A 11 S S S :
nzec/div ' ' ' ! ' '
19.1 . . . . . . . . : :
0.000 . 40.87
usec days 400 daysz/div days
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Time Transport Measurements

66

Packet time transport measurements require common time scale reference at
both ends of the network being studied (GNSS at both ends is a way to do this)

Asymmetry is everywhere, asymmetry is invisible to the IEEE 1588 protocol, thus
asymmetry has a direct bearing on the ability to transport time precisely

The “offset” calculation is a direct measure of asymmetry

There are two ways to assess time transport: (1) measuring a 1PPS reference at
the node being studied and (2) measuring a packet signal at the node being
studied

Packet metrics for time transport must use both forward and reverse streams
together rather than separately as is the case for frequency transport

Packet metrics for time transport can make use of much of the methodology used
for packet frequency transport metrics
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TimeMonitor
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1. Analyzer

Timelvlonitor 2. Measurement

TimeMonitor: Eight Applications 3. Retrieve

= Microchip TimeMonitor TSC Measurement Software E]lil@ 4 Xl i

B Microchip TimeMonitor Viewer Software E]|§|E]

= Microchip TimeMonitor PDV Measurement Software E]|§|® 5 . Watc h

714 Microchip TimeMonitor Watch Measurement Software E]|§|® 6 P DV
= Microchip TimeMonitor XLi Measurement Software E]|§|® 7 TS
= Microchip TimeMonitor Retrieve E]|§|®
Bm 8. Viewer
L e i | .
— 24 Microchip TimeMonitor Measurement E“El@
¢~ | File Edit Setup Help
— Start = —
(‘ 2% Microchip TimeMonitor Analyzer  Phase Deviation versus time ([file—counter_gps. dat) |._||E|[g|
A —L m File Edit 3Setup Measure Yiew Owerlay Standalone Update Help
Uszer Mame: red]: DODDZ;] . .
File: o Load (violet):00003 Zoom | F offset | Detilt | Ams Dir Scale
o 4 “42'3l33"]200004 Full F drift Stats | Update |[7 3 Clear Save
| (3, L'r T' [T Y A IJ
L L nsec Phase deviation in units of time; Fs=58.80 mHz; Fo=1.0000000 Hz; =7/12/2001 2:37:30 PM=; =7/15/2001 3:22:52 PM=;
E Euit __.| HP53132A; Test: 20: 58503A; Samples: 15400; Gate: 15 s: Ref chl: TI/Time Data Only: TI1->2:
— 30.0 T T
Fix H . nsec E 1
D ecinf ;
C '
- Extr - 1
Cle 200 :
nsec/div 1
Help - ] Fi o '
6.00
nsec/div
Help !
[Help | mee 00 s
hou |
Gate Time: 5 seq 1
Start Time: 1/13/| | -30.0 :
Finish Time: 1/13| | nsec days 6.00 hours/div
Mo filter selected ~
Fo = 1.00000000000000 Hz N = 15400
Mean=62.64334 usec Median=62 65190 usec Stddev=12.97177 nsec
Y min=-28.73668303420 nsec Ymax=29.96344261493 nsec Ymax-Ymin=58.70012564912 nsec 3
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TimeMonitor 5.0

There are eight TimeMonitor software applications:

%1.

69

TimeMonitor Analyzer Software imports and analyzes data from more than 40 sources
a. Test equipment from Agilent, Tektronix, Acterna, Pendulum, etc

b. Microsemi NE (GPS, SSU, BITS) measurement data

c. Counter data via TimeMonitor Measurement

d. Analysis tool for TimePictra and TimeScan NMS Software

e. Packet data: TP5k, Peerstats, Rawstats, XLi IEEE 1588 PDV, Blade PTP PDV, QoSmetrics

TimeMonitor Measurement Software collects data and displays phase (or frequency) using
inexpensive off-the-shelf counters (can collect temperature data simultaneously also)
GPIB/USB/LAN

TimeMonitor Retrieve Software collects performance data from Microsemi NE’s: TS3000,
TS2700, TimeHub, 55400, DCD, RTHC, OT21, SSU-2000, TimeProvider

TimeMonitor XLi Software collects phase or frequency data from the XLi shelf
TimeMonitor Watch Software collects phase data from the SyncWatch Probe

TimeMonitor PDV Software collects packet timing data from the TP5000 Probe (PTP
Ethernet,Multicast,Unicast; NTP)

TimeMonitor TSC Software collects phase noise data from the TSC 5120A (Boulder)

TimeMonitor Viewer Software view TP 4100 monitor measurement files (for more extensive
analysis use TimeMonitor Analyzer for importing these files)
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TimeMonitor Analyzer

T Microchip TimeMonitor, Analyzer,

Fil=  Edit

counter_gps. dat)

=2
=
]
E
=
g
=
;]
2
c
=
5
=
[
=
8
=
(=1

Help

Wiew COwverlay Standalone  Update

p  Measure

Sehy

Save

Scale

Clear

Diir

Update | [:Taad?

Rms
Stats

Detilt

F offzet

F drift

Zoom

Full
Microchip TimeMonitor Analyzer

Fs=

1.0000000 Hz; =7/A12/2001 2:37:30 PM=; *7/15/20001 3:22:52 PW~;

Gate: 15 s:

58 80 mHz; Fo

Phaze deviation in unitz of ime;

HP 53132A:; Test: 20:

Ref chl: TI/Time Data Only: TI1-32:

Samples: 15400;

58503A:;

JE U U |

ittt Tl ity |

e e e

3031
days

0.000
days

30.0

nsec

nsec/div

6.00
-30.0
nsec

6.00 hours/div

= 15400

= 1.00000000000000 Hz N

Mo hilter selected

Fo

1297177 nsec

Stddev

=62.65190 usec
Ymax

Median

62 64934 usec

Mean
Ymin

58.7001 2564912 nsec

-min=

Ymax

2996344261493 nsec

-28.73668303420 nzec
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Using TimeMonitor Analyzer

FILE menu: used to load data (> 40 different data types including counter
data, testset data, GPS, SSU/BITS, NTP and IEEE 1588 packet data) and for

saving data, printing, and modifying data sets

EDIT menu: copy graph for importing into applications such as Word, save
graph to BMP file

SETUP menu: VIEW and DISPLAY setups

VIEW menu: perform various forms of analysis on a data set such as phase,
Allan Deviation, phase power spectral density, histograms, statistics, MTIE,
and TDEV

HELP menu: access help file and readme file, also calculator and notepad
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Using TimeMonitor Analyzer

ZOOM button:

e Used with mouse to zoom in on plots

e FULL button returns to the full plot

* MTIE Zoom and TDEV Zoom used w/phase zooms

F offset button:
* Used with two mouse clicks (on phase plot)
* When SHIFT is held down uses the full data set

F drift button:
e Used with two mouse clicks (on phase plot)
* When SHIFT is held down uses the full data set

DeTilt button:
* Used to remove frequency offset (on phase plot)
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TimeMonitor Analyzer

View

Setup

Setup for viewing data sets; removing offset, removing drift,
filtering, time units, phase units, etc.

r Clock/Camer Frequency

f« User Specified
Frequency: |

" HRemove Offzset

[1.00000000000000 Hz

Remowe Drift [~ Data Clock Recovery

HOTE: The zpecified frequency will be
uzed for ALL calculations.

Mozt recent calculation: 1.00000000000000 Hz

D51 ¢ D53  E1 (+ Other
— Phaze Units — Phaze
+ Time o " Dearees ¢ Radians * Remove avg | Retain initial value
. i [" Bemove median {  Retain zhift auto
[ Uz Ll O Initial to zero  ( Midway minfmax
+ Auto [ Daps { Hows { Minutes | Seconds . S
" Final to zero " Minimum to zero
- Frequency [~ Resam q
ple [ Shift
[~ Aweraging Ii I_ [ - "

— Parameters for:

| Frequency

To change parameter value,
double click on parameter
or select Modify.

j_
Modify>> '—

Averaging Type: Tau

Overlap: Dizabled

Tau: 10=

L5F Samples: 100

Drift Samples: 50

Drift Units: Per Day

Time Axis: Linear

Calculation: Fractional Frequency Offzet

" Phase " MTIE " MATIE
* Frequency ° TDEY [ MAFE
COTI COFP O ADEY (O Holdover
[ Spectrum  MDEY [ Histogram
r Filter
Mo Filter -]

Cancel
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TimeMonitor Analyzer

Display Setup

Set up x/y axes, add masks, edit title, etc.

| Display Setup @

Title Label | Titlel | Title2 | Title3 | Titled | DateTime | Font Size: |8 |
Plot Size: |SYGA
[ Plot Color: | J
CE— Environmental Data
Max Time in zec % (750 md
|30.0000 ns Unit/Div: -
ﬂ ¥ 6.0 ns
e . B
Min Time in zec ﬂ
30,0000 Save¥ | _HRecall¥ | B
- ns SaveY | _RecallY | [
4|k
. JJ _ v Bold v Top Label |
Min Time Max Time [ DotsOnly v Plot Label
10.00000 d 13.03131d [~ Thick Plots v Grid Label
: _ [ Show Pointz | Mo Labels li
Time Units I~ Whole Mask [ Plot Only
i+ Auto  Days ( Hours { Minutez [ Seconds [ File Hame v Show X-axis
[ ¥ Lock [ Show Floor li
M aximum Points: |1 000 000 [ —Show Masks
Autoscale ' ETSIPDH
o A e Al [~ ETSI SEC oK
Get Autoscale Values | 7. * Utoscale Always [ ETSISSU I
[~ ETSI PRC
Phaze Digits: [
Get Zoomed Yalues Help Change Maszks g Lemze]
Phaze Unit: [

XY Umi: | |
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TimeMonitor Analyzer

Change Masks

(Hit “Change Masks” button in Display Setup Form)

Change File Names for Masks

To change. click a "Change" button, zelect a file. then
click the OK button.

Mask1 File Mame: G811 .Imt Change View

Mazk? File Mame: G811-1.Imt Change Yiew

Mazk3 File Mame: G8272_Imt Change View

Mazk4 File Mame: G8272-1.Imt Change View
(1] 4 Cancel
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TimeMonitor Analyzer

File Menu

e o == 5
25 Microsemi TimeMonitor Analyzer

Load Data File...

Load Data w/Env File...
Load Counter Data File...
Load Telecom Test Data
Load Equipment Test Data
Load Craft Data

Load GPS Data File

Load SSUJBITS Data
Load Symmetricom Data
Load Octopus/Squid Data
Load Packet Data

Load Other Data

Simulate Data

Maodify Data File

FEM Edit Setup Measure View Standalone Upda

F drift

Detilt

Load Files...
Save File
Setup File
Print Graph

Exit

Load Packet Data 4 Load Probe PDY File. ..

Load Other Data

Simulate Data

»  Load QoE DataFile...
Load Peerstats File. ..
Load Rawstats File...

Madify Data File

Load Fi
Save File
Setup File
Print Graph

vvvvvv

Exit

b Load XLi 1588 PDV File...
Load Two-Way PDY File...
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TimeMonitor Analyzer

Load Counter Data

2% Microsemi TimeMonitor Analyzer

FEN Edit

Load Counter Ciata File. .
Load AMT-20 Daka File, ..
Load 51300 Data File...

i, [.oad Counter. Tl File

[ Set manual reference
[ Set no reference
[ Force one measurement/second

[ Force one meazurement/two seconds

[ Select Start [ Select Stop | Decimate

Total pointz: 15400

Start point: Heset |
Stop point: Reset |

[Ctrl-Alt left click on plot to obtain point number]

o

Decimate:

Setup  View Update Help
Load Daka File. ..

— Reference Calculation

* Mone
I Remove Offzet
" Remoye Dinift

]
-
=
[+1]
)
]

"]

CENC I B B

Remove average phaze
Remove median phase
Set final phaze to zero
Set initial phasze to zero
Retain initial phaze value
Hetain initial shift auto
Set minimum phase to zero

Midway minimum/maximum

I BX]

-

——
—

Glitch threzhold:
Channel 1 cable delay:
Channel 2 cable delay:

|l].l]l]l]l]l] sec
|l].l]l]l]l]l] sec
|l].l]l]l]l]l] sec

E xit
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TimeMonitor Analyzer

View Menu

tor Analyzer  Phase

Cwerlay  Skandalo

Phase

Frequency L
L5F Frequency

Drrift

Delta Phase
Delka Frequency
Tirne Inkerval
Holdower

MTIE
MATIE
MAFE
MDEY
TDEY
ADEY
HOEY
FPSD

FFT

Histagram

Floar Packet
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TimeMonitor Analyzer

Buttons

8% Microsemi TimeMonitor Analyzer  Phase Deviation versus time [file=counter_gps.dat)
File Edit Setup View Update Help

Zoom Full | F offset | F dnft Dehlt Ams | Stats Update | Dir Load Save Scale
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TimeMonitor Analyzer

Time Units

[EETRN . scconds, Minutes,

ri"“‘- Units _ Hours, and Days
+ Auto  Daps | Howrs ' Minutes ' Seconds .
available

* Accessible from
either View Setup or
Display Setup

wm Display Setup

Time Units

|7f;“ Auto 7 Dayz ° Hours " Minutezs | Seconds
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TimeMonitor Analyzer

Phase Units

OIS Voo phase
measurements use

“Unit Time”

(particularly

wander)

Phaze Units

|7fi“ Time ¢ Ul © Degrees ¢ Radians

* Ul (unit interval) is
used for peak-to-
peak jitter
measurements
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TimeMonitor Analyzer

“Load Other Data” Grouping

14 Microchip TimeMonitor Analyzer

Phase Deviation ver

§=8 Edit Zetup Measure

Load Data File...

Load Data wiEny File. .,
Load Counker Data File. ..
Load Telecom Test Data
Load Equipment Tesk Data
Load Craft Data

Load GPS Data File

Load S5U)BITS Data
Load Symmetricom Data
Load Ockopus)Sguid Data
Load Packet Data

Load Other Data

Simulate Data
Modify Data File

Save Daka for Export, ..
Load Files...

Save File

Setup File

Format File

Print Graph

Ezxit

View Owerlay Standalone  Update He

| Bms

Dir

L Statz | Update

[ Load:

pPrZET

mme; Fz=58.80 mHz; Fo=1.000000
D3A; Samples: 15400; Gate: 15

Load SinglefCual Column File, .
Load Date Phase/Freq File, ..
Load MID Phase Freq File. ..
Load Unix Phase/Freq File, ..

R T —

P —

R il e
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Using TimeMonitor Analyzer

Help File/User Guide (>500 pages!)

E? TimeMonitor Analyzer

SH L6 =
Hide Mest Back Frint  Options
LContents ] Index ] ﬁearch] Getting Started —
= |[Q) Getting Started Introduction
|ntroduction
[£] Product description Symmetricom TimeMonitor Analyzer Software Help File: The
+ @ M?St EOMMON messUrement analysis Symmetricom Time Monitor Analyzer Software is a multi-vendor analysis
: g ?;Sﬁnﬁzzlrgz;EZitcurSWkethard tool with the capability of using data collected by synchronization and
+ @ Operation packet timing measurement equipment. The synchronization
= @ Loading Measurement D ata Files measurement equipment includes time interval analyzers, counters,
+ @ Loading/Saving/Printing atomic oscillator measurement equipment and dedicated telecom test-
+ @ Instrument Setup... sets from several vendors, as well as Symmetricom BITS, 55U, and GPS

+ @ Measure Setup...
+ @ View Setup...
+ @ Dizplay Setup...

receiver equipment. Packet timing data analysis from the Symmetricom
TimeAnalyzer, IEEE 1588 PTP packet timestamps, NTP packet

7 @ Special Setups timestamps, and QoE (QoSmetrics) packet latency measurements is
+ @ Standalone among the capabilities available in the software. Supported equipment
+ @ Modity Data Fils includes:

+ @ Sirmulate

+ @ Update

+ @ Understanding the Measurements and Wiews
+ @ Errar Meszages and Troubleshooting

+ @ Specifications

HP/Agilent E1725 Time Interval Analyzer
HP/Agilent 53131A/531324A Universal Counter
Stanford Research SR620 Universal Time Interval Counter
Fluke PMBa680B/6681 Timer/Counter
Pendulum CNT-90/91 Counter

Racal 199171992 Counter

Tektronix 51300

Acterna/WWG ANT-20

. Agilent OmniBER

10. Pendulum WM-10/WM-11

11. Anritsu MP1570A

LY T < RN T R O S R S
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TimeMonitor Analyzer

Measurement Overlay

 Measurements which can be overlaid:
* Phase Deviation
* Fractional Frequency Offset
« ADEV/MDEV
* MTIE
* TDEV
e Scatter (eg. Tempco)
* TimeStats
* Histogram
* FPP

e Useful for comparing measurements such as:
¢ Simultaneously made measurements

* Successive measurements made on the same signal
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TimeMonitor Analyzer

Preparing Overlay Measurements

2% Microsemi TimeMonitor, Analyzer  Phase Deviation
Fil=  Edit

Setup Measure  Wiew PRENEMS Standalone  Update

Save Data far Overlay, ..

Zoom Full F offset | | n
Phase Owverlay = in| Save Phase Data E@@

Symmetricom TimeMonitor Arﬁ
Phase deviation in units of tim  Freg Overlay 1|
Two-Way Fwd PDV Phase: 5  MTIE Overlay )
MATIE Crverlay Save Az Plot Humber: 1

900 MAFE Crverlay
uzec TDEY Overlay
ADEY Crverlay
""""""" MOEY O".-'Eﬂa';.-' - ,.I]K\ [:ar“:EI |
PFISD O'v'ErlEl';.-' PP

Generic COverlay

Scatter Cverlay
Timestats Cverlay
Histogram Overlay
Cumnulative Cverlay
| I P Floor Packet Oreerlay L

| I | ' '
o | ol . 1 1
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TimeMonitor Analyzer

Viewing Overlay Measurements

2% Microsemi TimeMonitor Analyzer  Phase Deviation ver = Plot Phase Overlay g@@

File Edit Setup Measure iew Number of Plots- |1_
Zoom | F offset | Detilt
Full F drift < , Lelect Plots |
Microsemi TimeMonitor Anal_!lz; Freq Owerlay ' Color
Phase devioion i units o UB( T Oy " Manochuome
MATIE Crverlay 1 SetCelnes J
1.17 : MAFE Creerlay T —— — —
msec E TOEY Cverlay _———— [~ Plot Temperature
""""" || ADEY Overlay [ " Plot Humidity
' MDEY Crverlay
__________ ,:, . BRSO Overlay | _ . [~ Plot Oven Cument & ublract
________ i 1| Genetic overlay | [ Beverse Plotting Help
| Scatker Owverlay
-1----- --J--  TimeStats Owverlay --- Monochrome Label Space: |1
90.0 _ _ ‘ _ 1 H|5t|:|gra.m Crverlay B Cancel |
usecsdiv Curmulative Cwerlay
”ﬂ 4 I Floor Packet Creerlay
- e r———r——r---
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TimeMonitor Analyzer

Example Overlay Measurements

Phasze deviation versus time

0.0
nsec
--------------------------------------------------------------------

____________________________________________________________________

- ! . g ' = h
10.0 . M A |
et | AL o A, R
———————————————————————————————————————————————————————————————————————————————
50,0 -
nsec Eﬂfg 3.00 hours/div ﬁ:iﬂ"
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TimeMonitor Analyzer

Example Histogram Overlay
BEE

=, Save Histogram Data

Multiplier:

Offset:

OK

[~ Mommalize

Cancel

88

Symmetricom TimeMonitor Analpzer

[File=network_with_latency_changesz03.txt]

Phasze Deviation Histogram; F:=63.99 Hz; Fo=10.00 MHz; 2009/11/06; 10:55:06

1k

100 |-

10

100

10m

usec
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TimeMonitor Analyzer

% Microsemi TimeMonitor Analyzer

Save Data for Export
FEW Edit Setup Measure VYiew
Load Data File...
Load Data w/Env File...
Load Counter Data File. ..
Load Telecom Test Data

Load Equipment Test Data Save Data for Export
Load Craft Data
Load GPS Data File i+ Single column " Anue playback
Load SSUJBITS Data " Dual column " Calnex playback
Load Symmetricom Data — " Datefphaze "~ Stable32 data
Load Octopus/Squid Data —— ~ MJD/phase ~ Unix/phase
Load Packet Data
H [ Format
Load Other Data
Multiplier: [
Simulate Data
Modify Data File » .
0K Cancel
Save Data for Overlay... Bt

Save Data for Export...

Load Files...

Save File X
Setup File »

Print Graph B
Exit
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TimeMonitor Analyzer

Modify Single Column File

(Ctrl-Alt mouse click useful for finding points for “extract”)

= Modify Single Column File

5% Microsemi TimeMonitor, Analyzer  Phase Deviatig

| R data pointz keeping only

Decimate .
|' every Nth point

5=8 Edit 3Setup Measure View Owerlay Standalone  Updal

Extract a section of data forming a

Ll:lad Daka F“E!. o Hms Dil Extack | new file
Load Data wiEny F|Ie_. o Stats Load Roverse | Roverse dota sequonce foring o
Load Counker Diata File, .. =
Load Telecom Test Data J Remove |  Remove every Nth data paint
LCIEIlj Equipl‘nE.'I'lt TE-'St Data b Increase number of points by a
LCIEIlj CrEIFt Data k Expand | !al[:h]l l:l lI?_v repeating points or
LCIEIlj GPS Daka F||E k Reduce | Reduce number of points to a
L lj SSUIIIBITS Diak N target number of points

mic] aCa
Load Symmetricomn Data # — e — — Combine | © te two files tog
LCIEIIj OCtDpUSISqUid Data g Sample Rate | Set or reset sample rate/sample
Load Packet Data r iniens]
LI:IEIIj OthEr Daka [ Fix Undersample | Fix undersampled file by preserving

phase slope

Simulste Data Replace Gitches | e Seabic reshold, epace

Modify Data File Modify Single Column File Replace Outliers | Detect and replace outliers
Modify Dual Column File
2ave Qata for Export... Modify Counter Data File Interleave | Aaing the smaller g anifornly
;:::;-:EI lF:|iI|eEs. o \ Modify Phase Data File e | e e st s,
Setup File . Modify Freq Data File - or sine wave
Print Graph , Ml:ldll:':." Packet Data File Dual Column | Colnvellr;:ILngle column file to dual
p i

Apply multiplier andfor offset, and
. Multiply/Dffset | optionally remove min/maxfavg
Exik and/or invert

I Waveform Add | Add two single column files point
by point

Subtract two single column files
point by point

90 ﬁ\ MICROCHIP

Waveform Subtract |
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B Microsemi TimeMonitor Analyzer
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TimeMonitor Analyzer

Modify Dual Column File

(Ctrl-Alt mouse click useful for finding points for “extract™)

Phase Deviatii

=M Edit Setup Measure View Owerlay Standalone  Upda

Load Data File. ..

Load Daka w/Eny File, ..
Load Counter Daka File, .
Load Telecom Tesk Data
Load Equipment Test Data
Load Craft Data

Load GPS Data File

Load S5SUJEITS Data
Load Svmmetricom Daka
Load OchopusiSquid Data
Load Packet Daka

Load Other Data

b . . . . A L

Simulate Data

Madify Crata File

Save Data for Expart, .,

BRms Dir

L

Stats Load

Maodify Single Column File

Modify Dual Column File
Modify Counter Data File
Maodify Phase Data File
Modify Freq Data File
Modify Packet Daka File

Load Files. ..
Save File k
Sekup File b
Print araph r
Exit
I
91

u. Modify Dual Column File

Decimate

Extract

Fill Phase Gaps

Resample Phase

Remove Glitches

Remove Dutliers

MultiplpfOffset

Waveform Add

Waveform Subtract

Probe Data

Two-Wayp Data

Merge Temperature

Remove data points keeping only
every Nth point

Extract a section of data forming a
new file

Fill in missing phase samples

Reszample phasze to create uniformly
sampled data

Using a settable threshold, remove
of replace glitch points

Using settable thresholds, remove
or replace outliers

Apply multiplier and/or offset

Add two dual column files point by
point

Subrtact two dual column files point
by point

Convert to probe data file

Combine two files into a two-wayp
data file

Combine temperature data into
selected file

X
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TimeMonitor Analyzer

Modify Counter Data File

(Ctrl-Alt mouse click useful for finding points for “extract”)

B Microsemi TimeMonitor Analyzer  Phase Deviatio

M Edit Setup Measure  Miew Overlay  Standalone  Updab = Modify Counter Data File Q@@
::E:j E:E: '.'-:\.::'il'l'-.-' File | Rms Dir | Edit | Edit counter file label: and
v Stats Load : = select Freq/T1/Fast Sampling
Load Counter Data File. .. =
Load Telecorn Tesk Data b :
Load Equipment Test Data  » Combine | Combine two counter data files
Load Craft Data b
Load GRS Data File » Decimate | Decimate counter data file
Load SSU/BITS Data » —
Load Symmekricom Daka b
Load Octopus/Squid Data  # Extract | Extract counter data file
Load Packet Data »
Load Other Data b

| Reduce counter data file by

Heduce leaving only counter data [and
) optionally temperature]
Simulate Data
Maodify Data File Modify Single Column File Fix | Fix counter data file remove
glitches, jumps etc.]
Modify Dual Column File
Sawve Data for Export, ., — y .
i Modify Counker Data File .
Load Files. .. . . " | Convert counter _data file to
5 - R Modify Phase Data File ASCII text data file
ave File
catup Fi R Modifyw Freq Data File
etup File
- Modify Packet Data File
Prink Graph k
Euit
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TimeMonitor Analyzer

Modify Phase Data File
(Ctrl-Alt mouse click useful for finding points for “extract”)

= Modify Phase Data File

2% Microsemi TimeMonitor, Analyzer  Phase Deviatic

. . . 5 Ph. 5 haze data to fil
-0 Edit Setup Measure Miew Owerlay Standalone  Updat I S | save phase datato e
Ll:lEIIj Daka F"E. e HmS D i[ Fill Phase Gaps | Fill in missing phase samples
Load Data w/Eny File. .. 1
Ill i 5 tﬂts LD-EId Resample Phase | B?sam?h‘a_ phase using Iir_leal
Load Counter Data File, .. = 1 or cubic spline
LDad TE-'IE':':'FI-I Tesk Daka k Add Phase | Use mouse clicks to add y-axis
L Ij E X b Test Dat » phase offset
a3 quipment 1es aca
lelad ':raﬂ: Daka 9 Add Time | :-il:]: rg[l:[l:es;a clicks to add x-axis
Load GPS Data File » D ecimate P | Removs data poits keping ol
Load SSIJEITS Daka r — ———
Load Symmetricarn Daka r Extract Phase | Frcct o sootion of phase data
Load Octopus/Squid Data ¢
I:I III q Concatenate Phaze | Conc.?tenale phase files forming a
Load Packet Data b new file
LDad OthE-'r Data b | Invert phase data forming a new
nvert Phase | file
5||'I'IL|IEItE-' DEItEI Remove Phaze Glitches | :':igr;gpi‘::g:ﬂ;:;zsggg’ Cllans

r"'1|:||:|i|:':." Data FlIE' Ml:lljlf':." S"‘IgIE-' ':l:llLll'I'IrI FlIE-' Using a settable theshold. collapse
i . Remove Phase Glitches Data | large phase steps to zero for a
Madify Cual Colurmn File

signal requiring data clock recovery

Save Data for Export..,

Load Fil Ml:lljlf':." Zounter Data File Replace Outliers | Detect and replace phase outliers
0ad Flles... -

! Modify Phase Data File Comput s and

ompulte average phase an

Save File MI:IIjIF':,-' Freq Diata FIIE Remove Average Phase | subtract it from each point
Setup File b . ;
Prink Graph | Modify Packet Data File Zoo St Phase | St hose ot oroan ocomut
Exit Multiply/Offset Phase | ‘;,':;'Lg':,*;;":; matipheand oy

| Compute phaze statistics
Phase Statistics | [mean/std dev/rms] over time with
lectable tau

93 ﬁ\ MICROCHIP




TimeMonitor Analyzer

Modify Frequency Data File

(Ctrl-Alt mouse click useful for finding points for “extract”)

L] . [ . g
B Microsemi TimeMonitor Analyzer  Phase Deviatio

Edit Setup Measure Wiew Owerlay  Standalone  Update

. Modify Frequency Data File E]@E]

Lu:ua;l Daka FI;EI . | Rms Dir
Load Data wiEny File. .. |
Stats Load , . ;
Load Counker Data File. .. = | Save Frequency | i?;?n:;ﬁ?;f:: ’,’;,d::,‘:,::th
Load Telecom Test Data d Uszing a settable theshold, collapze
Load Equipment Test Daka  » Remove Frequency Glitches | single-point frequency excursions
b
Load Craft Data [ o =518 _
oad GPSDataFle b Eshoct Froquoncy [N
Load 55LYBITS Data L — — — —
Load Symmetricom Data k Invert Frequency | L’;“:f'f'i,ge"“e"“" data forming a
Load Ockopus)aquid Data  »
Load Packet Data b Replace Outliers | E:ttlﬁfrtsand replace frequency
Load Ckher Data *
. Apply frequency multiplier and/or
Simulate Daka Multiply/Offset Frequency | frequency offset
vadiFy Daka File ; ; ; Compute frequency statistics
”L":hr" Dat3 File MDdIFF SIHQIE Colurnn File Frequency Statistics | [mean/std dev/rms] over time with
e Data for £ : Modify Dual Column File zelectable tau
34 L\ata rar cxpoart., ..
Load Fi F Modify Counter Data File
o3 [| [
cave Fi , Modify Phase Daka File
e Flle "
Setup Fi Madify Freq Data File
e e
P Modify Packet Data File
Print Graph »
Exit
I
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TimeMonitor Analyzer

Modify Packet Data File

(Ctrl-Alt mouse click useful for finding points for “extract™)

82 Microsemi TimeMonitor Analyzer  Phase Deviatioi

5= Edit Setup  Measure  Miew  Owerlay  Standalone  Update

. Modify Packet Data File

Load Crata File, ., Rms Dir

Load Data w/Env File. .. T Stats Load

LDad Counker Daka F“E. - — - XLi - XLi w2 - Blade (s TP5000

Load Telecom Test Data 3

Load Equipment Test Data Dacimate Flemm:: l|;Ia|ta|_ points keeping only

Load Craft Daka r R L0 LS

Load GPS Data File g Extract a section of data forming a

Load S5UBITS Data v —— Extract new file

Load Svrnmetricom Data k ————

Load QctopusiSquid Daka ¢ cl Scan file keeping only properly
(=t formatted lines in a new hle

Load Packet Data 3

Load other Dat [

o4 Broata o R emove non-standard characters
Simulate Data Fix File from the file forming a new file
Modify Data File Maodify Single Colurmn File Convert TP5000 rawstats file to

Modify Dual Column File Convert the NTP compact format
5 Data For E k...

TE .a A Ter Eapor Madify Counter Data File :

Load Files. .. difv Ph i ) Convert TP5000 probe file to

Save File b Mudiy Phase Data File Single fwd/rev zsingle column files
Maodify Freq Data File

Setup Fil F -

=P e MadiFy Packet Data File
Prink Graph
Exit

|
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TimeMonitor Analyzer

— Parameters for:

Phase Statistics

Phase

To change parameter value,
double click on parameter
or zelect Modify.

i+  Phase " MTIE
" Frequency (  TDEY
T OO FP O ADEY

ﬂ_

Modify>>

" MATIE
" MAFE
" Holdover

[ Spectrum ( MDEY  Histogram

Statigtic: Mean
Windowing: Tau
Overlap: Dizabled
Analyzis: Use Phase
Tau: 10.000 =
Time Axiz: Linear

Select Phase Statistic:

Mean
Stddev

Min

Max

Median

Floor Max

Floor Avg

Cluster Avg

Percentile

Percentile Avg

Cancel
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TimeMonitor Measurement

-, o 5 .
25 Microsemi TimeMonitor Measurement Sofbware

File Edit Setup Help

Measure

E xit Program

#1 [blue):
#2 [red]:

200
nsec

20,0
nzec/div

-60.0
nsec

00001; GPS #1:
00002; GPS #2;

#3 [violet):00003; 55U 2Mb/sec;
#4 [green]:00004; Switch ZMbh/fz;

———————————————————————————————————————————————————————————————————————————————————————————————————————————

___________________________________________________________________________________________________________

0.000
hours

2.00 hours/div

Gate Time: 1 sec
Start Time: 42772007 9:05:24 AM
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TimeMonitor Measurement

N o U 2w DN

Sync Measurement Equipment List

Cesium clock or GPS receiver

Counter

Laptop computer with GPIB card/cable (or USB or LAN)
Microsemi TimeMonitor Analyzer Software

Microsemi TimeMonitor Measurement Software
Oscilloscope

DVM and Temperature Probe
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TimeMonitor Measurement

Sync Measurement Equipment

| O TR | W Y gy L

- P § .

e
.-.?.zva-;
i

. ok

=

Synthesizer

DVM Temperature Oscilloscope
Probe
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TimeMonitor Measurement

Supported Counters

B33T335NEE0 4
e RN S5 S0

Fluke PM6681 Racal 1991/2
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TimeMonitor Measurement

Counter Measurement Block Diagram

E1 Reference (from PRC)
Software

Counter
El CH-2 GPIB

» Signals could be at other rates, for example

T1/DS1 (1.544 M) . 1PPS

E1 (2.048 M) . 10 MHz

DS2 (6.312 M) . STS-1/0C-1 electrical (51.84 M)

DS3 (44.76 M) . 140 Mbl/s Tributary (139.264 M)

64 Kbit . STS-3/STM-1/0C-3 electrical(155.52 M)

» Clock or data signal (software does data clock recovery)

» When working with a balanced signal, a balun and termination pad are

likely required .
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TimeMonitor Measurement

Multiple Counter Setup

HP 53132A Counter
CH-1

CH-2

Cesium 1PPS
GPS 1PPS
N
Cesium 1PPS
PRS 10 MHz J
N
Cesium 1PPS

HP 53132A Counter
CH-1

CH-2

DS1 (1.544 Mb/s)J
\

Cesium 1PPS

HP 53132A Counter
CH-1

CH-2

E1 (2.048 Mbls) J
-

HP 53132A Counter
CH-1

CH-2

Supports Up to Eight Counters

PRS

GPIB or RS-232

Symmetricom
TimeMonitor
Measurement

PC

102
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TimeMonitor Measurement

Counter Measurement Setup

® Setting thresholds — consider the signal
®|s it a bipolar signal?

Vigax ~ v
[Nt _ o max

0w - ‘

« 0Owvolts is not OK

+7 -
7 -J

Jﬁ put— _ g, .
Threshad ~ © - 0 volts is OK
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TimeMonitor Measurement

Counter Measurement Setup

* An oscilloscope is a useful tool for working
with noisy signals

___________ Set the input threshold

_ _ _ at alevel that avoids
Avoid setting theinpt VL. glitches ar noise

threshold at this level
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Using TimeMonitor Measurement

¢ SETUP menu

o Instrument Setup: select HP/SR/Fluke/Racal/Pendulum instrument,
select and setup GPIB/RS232/TCPIP interface, and other system
parameters

o Measurement Setup: setup for individual measurements (up to 8
counters can be used) including labels, counter setup, and signal
parameter setting

® HELP menu
o Access to help file and readme file
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Using TimeMonitor Measurement

e MEASURE button:
o Start measurement

® STOP button:
o Stop (pause) measurement

® COPY button:
o Create snapshot copy (copies) of measurement files

® RESET PLOT button:
o Restart plotting with next measurement point
o Has no effect on data stored in files (no loss of previous data)

® PLOT button:
o Start plotting during live measurement

® NO PLOT button:
o Stop plotting during live measurement

e EXIT PROGRAM button:
o Exit program
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TimeMonitor Measurement

107

Instrument Setup

i Instrument Setup

Instrument
f+ HP 53132A " Fluke PMBES1

" Agilent 532204 " Pendulum CHT-30
Meazure
+  Counter

" Counter/T emperature

" Counter/Temperature HP DYM

[ Fast Sampling [
M
T

[~ Plot Live Data

[ Do Mot Disable

[~ Do Mot Store Time

[~ Retain Original Start Time o

[~ Auto Save Data Plot Size:

[~ Manual Counter 5etup Im

Maximum Points: |1 000 D00

{ o "
[ [ .
{ { .

EEX

" SR620
" Racal 1991

Interface

_| = NI GFIB

_| ¢ Agilent GPIB
o e

N e

o

| R5232

_| 7 B5232 multiple

Setup

[ Al Instruments
|~ Enable Freq
[~ User Directory
[ Yaxiz Tl Min

Gate time [zec]: L

File Format: Standard

Reszet Test Humber |

Cancel |
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TimeMonitor Measurement

Measurement Setup
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TimeMonitor Measurement

Individual Measurement Setup

(Select Counter Checkbox or if checkbox already selected, press “Edit” button)

wm. Individual Measurement Setup

Counter # 1

Test #- — Heference
(* Channel 1 Heference

Label 1: " Channel 2 Reference Help

[ Data clock recovery

Label 2: Ch 1 Freq:  |10.0000 MHz

Ch 2 Freq:  |10.0000 MHz

Label 3:

DS1 | E1

[ Retan Tl Shift Auto

Load Prior Labels Setup Counter E xit
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TimeMonitor Measurement

Counter Setup

(Press “Setup Counter” button in Individual Measurement Setup screen)

= HP 53132A Counter #1 M(=1t3

Channel 1 Channel 2
Trigger Level: |I].I]l] ¥ Trigger Level: |l].l]l] ¥
Slope Impedance Coupling Slope Impedance Coupling
 Pos * 50 Ohm " AC + Pos « 5 Ohm ‘L AC
" Heg © 1 MDhm * DC " Neg ©" 1 MOhm + DC
Reference -
“* Internal External Exit
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TimeMonitor Measurement

Tl 1>2 vs. Frequency Measurements

* |In most cases Tl 1>2 measurements are used

* TI1>2is related to phase (TIE) but is not exactly the same
e To compute TIE from Tl 1>2, “rollovers” must be accounted for
* Rollovers occur when the Tl 1>2 passes through 0 (negative direction)
* Rollovers occur when the Tl 1>2 passes through one period (positive direction)

* Frequency measurements

e Used for free-running oscillators only
* HP 53132A, Agilent 53220/230A, or Pendulum CNT 90/91 required
* Long gate times are required (5 seconds or more recommended)

TimeMonitor Measurement § |

MOTE: It is recommended that the ‘Enable Freq' box in the

‘Tnstrument Setup’ Form narmally remain unchecked, The HPS31324

Agilent 532204, or Pendulumn CHT-90 counter can be used to make
long-term single channel frequency measurements, but this is
recommended for free-running oscillakors only, Signals traceable to primary
references should be measured as TI 1->2 measurements,
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TimeMonitor Measurement

Buttons
Measure Exit Program Buttons at startup
Copy Reset Plot No Plot Buttons while plotting
Copy Flot Stop Buttons while not plotting

112
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TimeMonitor Measurement

Regular Sampling

e Sampling governed by “Gate
Time” which can range from 1
second to 255 seconds

Gate time fsec}: |5 * Sampling faster than 1 Hz

requires selecting “Fast
Sampling”
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TimeMonitor Measurement

Fast Sampling

Two types:
o Fast Sampling

" Fast Sampiing Single Shot

:srll;mﬁe;mnmauzn " Fluke PMBG80B Fast Sample Divider

Measure o Controls sample rate
 Counter o “1”is fastest, larger numbers slow
" Counter/Temperature down the sample rate increasingly

" Counter/HP D¥M Temperature ]
Single Shot
G B o Disables plotting, computations, and
Fast Sample Divider: [1 disk access during the measurement
o for fastest possible measurement rate

Requires GPIB/HPIB interface

o Regular sampling must be used for
RS232 and TCP/IP

[v Fazt Sampling [~ Single Shot
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TimeMonitor Measurement

Signal Rate Setup

* Signal rates of reference and measured

signals need to be specified

~Reference o Reference signal can be Chanl or Chan2
i+ Channel 1 Reference
(" Channel 2 Reference  Help o Chanl rate is the same or submultiple of Chan2
v Data clock recovery — Example: Chanl = Chan2 = 1.544 MHz
Ch1Freq: |1.54400 MHz — Example: Chanl = 1PPS, Chan2 = 1.544 MHz

Ch2Freq  [1.54400 MHz — Example: Chanl =5 MHz, Chan2 = 10 MHz

&l U= o Use “data clock recovery” if either or both
signals are traffic bearing (eg. DS1 or E1)
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TimeMonitor Measurement

e E
. H eI p fi I e Hide Print  Options
-~
Lontents | Index .
| ! Introduction
=] m Getting Started
[7] Introduction Symmetricom TimeMonitor Measurement Software Help File: The
2] Praduct desarition Symmetricom Time Monitor Measurement Software is designed to collect jitter and
taking measurements wander data using time interval counters from Agilent, Fluke, or Stanford Research,

¥ @ Using the mouse/cursor/keyboard

(2] Techrical Support Up to eight counters can be connected allowing eight signals to be measured

= ({1} Operatian simultaneously,
= ln Screen Areas
Title Bar Phase deviation ,also known as time interval error (TIE), can be displayed live while

Menu Bar measurements are being made. Data clock recovery in the software allows for

Tool B.ar . direct connection of traffic signals such as E1 and D51 span lines,
@ Graphics Display

Log Display

= ([ Menus Further analysis such as MTIE, TDEY, frequency offset removal, or frequency drift
+ @ File removal can be made using the Symmetricom TimeMonitor Analyzer Software. This
+ @ Edi analysis using the analyzer Software can be performed either on live data ar for
+ @ Setup post-processing completed measurements.
+ @ Help
+ @ Buttons . .
= @ Instrument Setup.. The computer can be connected to the counters using GPIB {National Instruments
+ @ Setup Measurement... ar HR/Agilent HPIR), RS-232, or TCR/IP {using a terminal server to connect to the

R5-232 port on the counters).
The following list shows the supported time interval counters:

1. HP/Agilent 5313147531324 Universal Counter

2. Stanford Research SR620 Universal Time Interval Counter

3. Fluke PMEGES0R/6681 Timer/Counter
Further documentation is contained in the "Readme" file, which can be accessed
from the program using the Help/Notes pull-down menu,

Symmetricom Time Monitor

Measure ment Software
Hefo Ale 200202 03

@ Copyright 2002 Sy mmetricom, Inc.
All ights reserved

o e
Symmetricom
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TimeMonitor PDV

TimeMonitor PDV

Microzemi PDY Measurement
| ™ Command O Terminal
& nstrument
. PDV phase vs. time rz| EEU
Q Probe
Q  Fwd " Rev PDV Phase
Faryward PDY, Start: 200510904 16:55:05
C:Program FilesSymmetricomiTimetonitor PLYYarobe-2005 09 04--12 544 tpk * PP
Load
Q 20000 £ NTP
Analyze 180.00 Check,
+ TDEY
~ ZTIE 180.00 Start
~.140.00
[ HZ_ F 120,00
e} . i
Help = B Rs232 _ |
£ 100,00 |
: _ > TePAP |
File: C:\Program Files E G0.00
e || £0.00 T MulFile
40.00 E 16 Hz
20,00 [ 32Hz
" B4 Hz
.00
351 FO2 1053 1404 1755 206 2457 2808 359 3510 3861 422 4563 -
Timei=)
I
e
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TimeMonitor PDV

TP5000 Probe

Released with TP5000 V1.1 (Mid-2009)

PDV Measurement
and Analysis Software
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TimeMonitor PDV

TP5000 Probhe

Data Collection with TimeMonitor PDV Software

Microzsem PDY Measurement
| ™ Command " Teminal
Instrument
TPS000
Frobe
¥ PTF
Load " NTP
_Anabze | Check
+ TODEY
C 2T _ Start_|
b ~]  Rsesz |
, : : : : « TCPAP |
File: |E:'\F'rogram FilezhSyrametricarm’ Timebd anitor PDYADatabprobe. tpk
Tile: | T MuliFile
CLE 1D Master/Probe kM azter Frobe  1Hz @ 15Hz
[ blesier Enetle ; Ethl  |00:b0: ae: ff fe:01:a4:d0 Address: 101,031 [10.2.0.41  2Hz " 32Hz
Ethz r r
—Lean | Montor | 00b0asfiie0i327e  Memak [Ssossosee  [smamame . g O
—Logout | I l':'”'P | B Ol e Gateway: [10,1.01 [0.0.0.0 Freduce rate: [
[ IPw4 .
—I _ | Unicast _ | Mulicast | Ethemet [ WLaN jl— IPvE Duration: | 300
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TimeMonitor PDV

TP5000 Probe

120

EZ Microsemi TimeMonitor Analyzer

Phase Deviation versus time (file=probe-2008_09_04--12_54d.ipk)
File Edit 3Setup Measure Yiew Overlay Standalone Update Help

Data Viewing and Analysis with TimeMonitor Analyzer Software

EE&

0.0

Zoom | F offset Detilt Ams Dir Scale
Full F drift Stats [cTaads Clear Save
Microsem TimeMonitor Analyzer
Phaze deviation in units of time; Fg=6.411 Hz: Fo=10.000000 MHz; 2008/09/04 16:55:05
TP5000 Fwd PDY Phasze; Samples: 41944; Initial phaze offset: 147 472 usec
M asterCLKID: ODBOAEFFFFO13183; MasterlP: 192.168.1.31; ProbeCLKID: ODBOAEFFFFD13172; ProbelP: 192.168.1.81
70.0 . T . T T T T T T T
usec i E i E E i E i E i
10.0
uzec/div 0
14l
. L ; e
400 | 5 | 5 5 | 5 | 5 |
0.000 _ i 1.817
usec hours 10.0 minutes/div hours
Fo = 10.0000000000000 MHz M = 41944 Mean=1341040 usec Median=133.7040 usec
Y'min=-37_ 68803449205 uzec Ymax=65 97596546386 usec Ymax-Ymin=103.6639999559 usec
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TimeMonitor PDV

Built-in Analysis

y Q  Fwd @ packetTDEV PASS [V Optimal  Mask
PacketTDEY with SEC-3-UP10K Mask: PASS (Optimal)
Reverse PDY, Start: 2009/08/25 17:23:05
C:\Documents and SeftingsicosartiDesktopiprobe-2009_08_25--10_22 tpk
semi TimeMonitor PDV Measurement Software 10000.00 == Ea=c
Microsemi PDY Measurement 1000.00
" Command " Terminal (¢ Disconnect
. 10000
Imztrument )
J TPS000 E’ 10.00
— Frobe e
1.00-
L 010
Analyze 001
& TDEY i
~
ZTIE Tau(s)
Help RS2 _|
& TCR/AP
File: |C:\ngramFiIas\Symmetncom\T\maMonitorF’DV\Dala\probe.tpk J L] packetZTlE @
o T MultiFile
Title: |
CLK ID Master/Probe Master Probe £ 1Hz & 1EHz Q " Fwd & Rev packetZTIE PASS v ptlmaj Mask
[k bl | (f: Ethl (0060 aefffe:0:ad:d0 Addiess. [10.1.0.31 10204 " 2Hz  32Hz
Eth2 PacketZTIE with G.823T-15pph-3dB-PDY Mask: PASS (Optimal
—Loon | Morjor [ 00b0eeiio0iazrd  Neimask [E5aea0  [mmomaso gt C P Reverse FDY; e (R
L logout | [ On [ 0@PTP Ci0E| Gatewsy [10707 [nonn P C/Documents and SettingsicosartiDesktopiprobe-2008_08_25--10_22 tpk
44 QQ I Pus ET 1000.00 st T
| Unicast _| ¢ Mullicast _| ¢ Ethemet [~ VLN - P Duration: : = ———mmaa: —trr -
100.00
@ 1000
=4 Ere:
w
o Bis
1.00 —
010 -
o0m L L
1 10 100 1000
Tau(s)
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TimeMonitor PDV

B2 Microsemi TimeMonitor PDV. Measurement Software

Microsemi PDY Measurement R S = 23 2 S et u p
™ Command " Terminal * Digconnect TPSOOO Craft port
Instrument 57600 baud
TP5000
Probe
& FTP
Load " NTP
% Check
" ZTIE
e  Rs2:2 _|
f« TCRAR
File: |E:'\Program Fileg\Symmetricom.T imebd onitor POWADatabprobe. tpk, J
Tite: | AT MultFile
CLE |D Master/Probe M azter Probe " 1Hz @ 16Hz
ot Enchls (’:Et:; 00:bi0: 2 ff:fe:01:a4:d0 Addesst [101.031 [10z041 " 2Hz " 32Hz
b
g Moty |00b0aeifffe:01:32:74 Metmask: |255 285 2650 [255.255.286.0 l,r: g:z CIBiHz
Z
_ Logout | Oy T 0@gPTR 00| Gaeway [13701 0000
: LU UL Reduce rate: [
- - YLAN AT P4 stion: [300
| Unicast | Mulicast ¢ Ethemet r I 1P urtion:

W Communication Settings

Baud Rate Parity LCom Port Flow Contral
©oa0 B0 ¢ 1200 & Nane & Coml ¢~ Coms £ None
2400 ¢ 4800 ¢ 9600 -~ &

Odd " Com2 { Comb Aondof
(" 159200 " &FEO0 ~ Ewen ~ BTS
i i
. .  Mark Coms £ Lom? | |~ seonsmiTS
Drata Bits Stop Bite ~ Comd { Comfl
SO 102 (" Space o o ~ Echo

[~ Log
Delay Between Commands: 500 ms

ak Cancel |
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TimeMonitor PDV

B® Microsemi TimeMonitor PDV. Measurement Software

TCP/IP setup

TP5000 IMC management port

EEX

1192.168.105.103

200 mz

0023

[ Log

Cancel

Microsemi PDY Measurement
" Command " Terminal * Disconnect
Instrument
TR5000
Probe
Load
Analyze
* TDEY
" ZTIE
T ¢ Rez3z _|
@ ToPAP |
File: |E:\F'rogram Filez"Symmetricom.T imetdonitor PODatahprobe. tpk,
Titke: | AT MultiFile
CLK 1D Master/Probe b asher Frobe ~ 1Hz * 16H=
[l el | (“:Etm 00:bi: ae: ff:fe: 01 a4:d0 Addresst (101031 [10z.0.41 ™ 2Hz " 32Hz
Eth2 . ‘o
— Lo | Monor [00BUsefifemize  Memask [ssossosso  [mszsao o .o 0P
g [~ Onlp [ QigPTR _Eo 00| Gateway: [10.1.01 |00
: AR LU Feduce rate: [
- : VLAN I 1P g ction: [300
% Unicast | Mulizazst | Ethemmet r I IFE uration:
| TCP/IP Settings
IP &ddress/Port:
Delay Between Commands:
k.
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TimeMonitor PDV

B2 Microsemi TimeMonitor PDV. Measurement Software |Z||E|fg|
Microsemi PDY Measurement 3 I P A d d r eS S eS
™ Command " Terminal * Digconnect
Instrument
TP5000
Probe
Load
Analyze
f+ TDEY
" ZTIE
— TP5000 IMC management port IP
— c s _| 9 P
_ : S— : = TCRAP |
File: |E:'\Program Fileg\Symmetricom.T imebd onitor POWADatabprobe. tpk,
Tite: | AT MultFile
CLE D Master/Probe A aster Prabe “ 1Hz % 16H=
[l Bl (’fEtPﬂ 00:bi0: ae: ff:fe: 01 ad:d0 Addesst [101.031 [10z041 " 2Hz (" 32Hz
Eth2
—Lon | Monjer |00 e 01 3274 " [285.258 2550 megsn  oane OB
[ L] ) Syl KOG Gateway: [10.1.01 0000 Reduce rate: [~
07| [ A IPvd o0
I O Multicazt | ¢ Ethemet r I 1P Duration:

Grandmaster IP

| TCP/IP Settings

IP &ddress/Part: 1192.168.105.103 0023

TP5000 Probe I0C IP Delay Between Commands: 200 ms ™ Log

fi E— |
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TimeMonitor PDV

2 Clock ID’s

B® Microsemi TimeMonitor PDV Measurement Software

o

Microsemi PDY Measurement
" Command " Temninal * Dizconnect
Instrument
TP&OOD
Frobe
Load
Analyze
+ TDEY
" ZTIE
Help = " Rs232 |
& TCPAP |
File: |C:\F'rogram Filez S ymmetricom®Timetdonitor PO D atahprobe. tpl
Title: | AT HultFile
CLK 1D Master/Probe b aster Frobe ™ 1Hz (% 1EHz
[ilosarErels | g E | 00 b e B e 0 - 200 Address: 101,031 [10.2.0.4 " 2Hz " 32Hz
g i i
—togh_| i |00:bD:se fFe01:3274 etmask: 255 255 2650|255 255 255.0 oo B
' z
g [ O ] Oig PTP Gatewal |D-D-D-D Reduce rate: |
ST TRty VLAN T
| Unicast _|{ Mulicast _ | Ethemet N IPvE uratiar:

Grandmaster CLK ID

125

TP5000 Probe CLK ID
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TimeMonitor PDV

B® Microsemi TimeMonitor PDV Measurement Software |Z| |§| f5__<|

Microsemi PDY Measurement

" Command " Teminal * Dizconnect

Enable
Probe

Instrument

TP5000
Frobe

& PTP
- NTP

Check

i

Set Probe
Address

St |
crs2zz | | Set Probe

=) TCRAR Sync Rate

|‘F‘loglam FilezhS ymmetricom’Timebd onitor PO atahprobe. tplk

| \ _r IFile
CLE 1D Master/Probe taster Probe ~ 1Hz * 1EHz
[ FEfaEalts | ? Ethl  |00:b0: aectffe:01: 2d:d0 Addess [101.0.31 [10.20.41 " 2Hz " 32He
Eth2
Waritar |00:b0: e bf-fe01:32: 74 Metmask: 255 256.255.0 (255,255, 255.0 ? g:: " B4 Hz
Lot | [ frk T DigPTP i Gatewar [io101 0000 Reduce rate: |-
I IPv4 3
—f—l I Unicast |7 Muli _| " Ethemat [ WLaN I 1P Dhuration:
Show Probe Turn Off
Configuration Firewall
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TimeMonitor PDV

B® Microsemi TimeMonitor PDY. Measurement Software

Microsem PDY Measurement
| ™ Command " Temninal * Dizconnect
F.00044,1246339623,214620756,1246333623,21 4771504, +0000000000 A nstument
B.00043,1 246399623, 23527841 2,1 246339623, 2351 25980,+0000000000
F.00045,1245399623 2771 20756, 1 246399623, 277271854, +0000000000 R
B,00044.1246399623,297 7784761 246399623, 297625980, +0000000000 a; B| ime
F.00046,1 246399623,339620756,1 246399623, 329771368, +0000000000 nalzer
B.00045,1 246399623, 360278524, 1 246339623, 3601 25980,+0000000000
Clear F.00047,1245399623 4021 20756, 1 246399623, 402271458, +0000000000
B.00046,1 246399623, 422778538, 1 245399623, 422625920,+0000000000
F.00045,1 246399623, 454620756,1 2463396 23, 464771532, +0000000000
B.00047.1 246399623 485278364, 1 245399623, 4851 25980,+0000000000
F.00049,1245399623 5271 20756, 1 246399623 52727161 2,+0000000000 Check
Analyze | |B,00048,1246399623,547775716,1 246399623, 547625950 ,+0000000000 St
5 F.00050,1 246339623, 539620756, 12463396 23, 589771692, +0000000000 _ Stat_|
* TDEV g 000491 2463909523,61 0275476, 246309623,61 01 25960, +0000000000
" ZTIE F.00051,1245399623 6521 20756, 1 246399623, 652271484, +0000000000 Sz |
B.00050,1246399623, 672778540, 1 246399623,67 2625920, 0000000000
F.00052,1 246399623, 7146207561 246399623, 71 4771548, +0000000000 ~ Rs22 |
W
Rep <] @ ToRAP |
File: |E:\F'rugram FileghSprometncomt Timebdomtar POWSD atabprobe2-2009_06_09--15_22 tpk
Title: |
CLK ID Master/Probe b aster Probe % 1Hz (" 1GHz
[Petebuatz | g Ethl  00:b0: ae: ff:fe: 01:a4:d0 Address: |10.1.0.31 ~ 2Hz " 32Hz
f Eth2 . C 4Hz O G4Hz
|00 e fi-fe 01:32:74 Metmask: |255 255 2550  |255.255.255.0 - oH
z
g Gateway: {10101 Reduce rate: [
[ WLAN Dwratior; | 300
127

Measurement
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TimeMonitor PDV

B® Microsemi TimeMonitor PDY Measurement Software

=S

Microzemi PDY Meazurement
" Cammand " Terminal * Dizconnect
Instrument
TP5000
Probe
Load
Analyze
+ TDEY
" ZTIE
Help  « ¢ ps2 |
_ : : : : & TCRAR |
File: |E:'\F'rngram Filez S yrimetricarmsTimekd anitor PDYWAD ata'probe. tpk.
Tile: | I MultiFile
CLK 1D Magter/Probe b aster Frobe ™ 1Hz  1EHz
[ idasieiEretl ? Ethl  |00.b0:ae:ff:fec0: 4. d0 Addess 10.1.0.31 [10.2.0.41 " 2Hz " 32Hz
Eth2 ~ ~
e | Monor |O0bCaeffie0T3274  Nelmesk [pS5ossosso  [ssassasso . g ¢ BHE
) z
R | b 1 OaoPTE D) Gateway [107101 00ag EE——
: ; YLAN ™ 1Pvd 5 ation: [300
™ Unicast | Mulicast | Ethemet I Nl uratior;
128
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TimeMonitor PDV

Built-in Analysis

Analyze l

(¢ TDEV
" ZTIE

Analyze l

" TDEV
& ZTIE;

STTedesnenns

129

= packet TDEV

0] ¢ Fwd " Rev packetTDEY PASS [~ Optimal Magk

PacketTDEY with Traffic Mask: PASS
Forward PDY; Start: 20094149 05:40:10
ChDocuments and Settings\Lee CosarhDeskiopiThop tok
Simulsted Phase; Samples: 100000; Link: 1G; Hops: 7 Type: Ramg; Min Load: 0.2000; Max Losd: O

10000.00

1000.00

100.00

TDEWU=)

10.00
1.00
010

oot
1 10 100 1000 10000

Tauls)

Q * Fwd " Rev packetZTIE PASS [ Optimal b ask
PacketZTIE with Sync Mask: PASS
Forward PDY,; Start: 2009011419 094010
ChDocuments and Settings'lee CosartiDesktopihop tpk
Simulsted Phase; Samples: 100000; Link: 1@, Hops: ¥ Type: Ramp; Min Load: 0.2000; Max Logd: O

000,00

100.00
g

< 1000
w
fa
—

1.00

010

0.0

1 10 100 1000
Taul=)

10000
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TimeMonitor PDV

. TP5000 PDY Measurement Data E@@

Measurement T T T

I I I Remove Glitches [Upper Thieshold):
VI eW an d A n aI yS I S W I t h Remove Glitches (Lower Threshold): |

TimeMonitor Analyzer | e

{+ Full Data Set " Delimit Data Set I~ Invert

Fp-r e o 4 & [~ Timestamps
2 Microsemi TimeMonitor Analyzer, «

-
[~ Diagnostics ’
§-8 Edit Setup  Measure  Miew  Owverlay  Standalone  Update FL’;“.’;'Q::’: o

o [~ Retain Offset

Ll:lad [ata F"E' " H ms Integral [Ctrl-Alt left click on plot to obtain point number]
Load Data wEny File. .. T i
] Stats
Load Counter Data File. . = 4
Load Telecom Test Data k
Load Equipment Tesk Data » 2% Microsemi Timelonitor Analyzer  Phase Deviation versus time (file—probe-2008_0%_04--12_54d.tpk) E“El@l
Ll:lalj Craﬂ: Data [ File Edit Setup Measure VYiew Owetlay Standaslone Update Help
y Zoom | Foffset | Detilt | Rms | pir | | Scale | |
Load GRS Data File v Full | F drift | Stats | Load | | Clear | Save |
TimeH Analy
Load S5U/BITS Data ¢ Phase deviation in units of ime: Fs=6.411 Hz: Fo=10.000000 MHz; 2008/09/04 16:55:05
. TP5000 Fwd PDV Phase: Samples: 41944; Initial phase offset: 147.472
Load Swrnrnetricorn Daka L4 Maste;cLan: I]I]HI]AE?;FFI]?;?;;: Ma:lellPr:HIISZﬁEaﬂsﬁ,OBI?BtheELKI;:S?]?]Bl]AEFFFFI]1 3172; ProbelP: 192.168.1.81
Load OctopusiSquid Daka  # usec
Load Packet Data *| Load Probe POV File...
Load Other Data k| Load Log PDV File... |
_ Load QoE Data File. .. ‘
Sirmulate Data .
Load Peerstats File. .. 100
. . y Jdi
Modify Data File #|  Load Rawstats File... et
Load $Li 1533 PDY File. ..
] Load Two-‘Way POV File, .
Load Files. .. .
Save File ] -
SEtLIFIFilE b : |||||| 1l | I‘ll _
. b 400 ! : ! ' ' ' ' ! ' '
Print Graph usec p.000 10.0 minutes/div b1z
. Fo - 10.0000000000000 MHz N = 41944 Mean-134.1040 usec  Median=133 7040 usec A
EXIt Y'min=-37.68803449205 usec Ymax=65.97596546386 usec Ymak-Ymin=103.6639999559 usec
I e
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B Microsemi TimeMonitor Analyzer,  Phase Deviation versus time (file=probe-2008 09 _04--12_ 54d._tpk) E|E|g|
File Edit Setup Measure Wiew COwvetlay Standalone  Update  Help
Zoom Dir
Full [rLaaar Clear
Microsemi TimeMonitor Analyzer
Phase deviation in units of ime: Fs=5.031 Hz; Fo=10.000000 MHz; 2008509704 16:55:05
Two-Way Fwd/Rev PDV Phaze: Samples: 32911
M asterUUID: 00BOAEFFFFO13183; MasterlP: 192.168.1.31; ProbeUUID: D0BODAEFFFFO13172; ProbelP: 192.168.1.81
210 T T . T T
o ]
10.0
usec/div
60.0 . . . . . : : : . .
0.000 . . 1.817
usec hours 10.0 minutesz/div hours
Ymin=72_66799991824 uszec Ymax=174.3759999422 uszec Ymax-Y'min=101_7080000240 usec ~
Plotting phase for long record
Plotting phase for long record
O=black: 1=blue; 2=red: 3=magenta: 4=green; b=cyan; 6=brown; 7=yellow; B=gray: 9=sky =
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“Load Packet Data” Grouping

22 Microsemi TimeMonitor, Analyzer  Phase Deviatio

Edit Setup Measure Miew Owerlay  Standalone  Updake

Load Data File, .. Dir
Load Drata w/Ene File, .. t Load
Load Counter Daka File, .,

Load Telecom Test Data

Load Equipment Tesk Data
Load Craft Daka

Load GPS Datka File

Load 55UJBITS Data

Load Symmetricom Daka
Load Ockopus)Squid Data
Load Packet Data

TP 5000 probe data

:?Ottawa PDV logs

Load Probe PDY File. .,
Load Log PDY File. ..

Load QoE Data File, .
Load Peerskats File, ..
Modify Data File b Load Rawskats File.
Load ¥Li 1588 PDV File. ..
Load Two-Way PDY File, ..

Ll ™ B . . . . .

Laad Cther Data

Simulate Data

Load Files. ..

Save File b
Sekup File b
Print Graph b
Exit
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Ottawa PDV logs

14 Symmetricom TimeMonitor Analyzer  Phase Devi

1. Capture Mode. (4 columns)

58 Edit Setup Measure Miew Owerlay  Standalone  Updat

Load Daka File., .. L .
Load Data wjEnw File... I 2. Simulator Mode.
Load Counter Data File, ..

Load Telecom Test Data ]
Load Equipment Test Data  »
Load Craft Data r
Load @PS Data File r
Load 551/BITS Daka b
3
3
3
3

3. Raw timestamp Logging Mode. (text/numbers)

4. Raw timestamp Logging Mode. (11 columns)

Load Syrametricamn Data

Load Ockopusisguid Data
Load Packet Data Load Probe POV File. ..

Load Log POV File. ..

Load Other Data

Load QoE Daka File, .

Load Peerstats File. ..
Madify Daka File » Load Rawstats File. ..

Load ¥Li 1588 POV File. ..

Simulate Data

d - ile. .. . . .
Load Fis.. oad Tho ey POV e TXT extension except .DEC for simulator files
Save File [
Setup File »
Prink Graph »
Exit
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Packet Data Import: TP5000 Probe PTP

TP5000 PDY Measurement Data

View
" Forward  Heverze [« Two-way " Monitor

Remove Glitches [Upper Threshold): |

Remove Glitches [Lower Threshold): |

= Calibration
" Timestamp

Offset Comrection: [

@ Full Data Set " Delimit Data Set [ Invert
[ Timestamps ~
I [ Diagnostics
[ Trans Clock |  Only
[ Phase Hold
[ [ MintoZero ——————
[w

Retain Offset .=

[Ctrl-Alt left click on plot to obtain point number]
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Packet Data Import: TP5000 Probe NTP

s TP5000 HTP PDY Measurement Data B@@
—Yiew
(+ Tranzmit Delap Remove Glitches [Upper Threshold): | |
¥ e EE Remove Glitches [Lower Threshold): [ |
" Both
" OFfset * Full Data Set " Delimit Data Set
~ .
Howmdin [ [ Min to Zero
~ .
Roundtrip Ful " Retain Offset
" Two-way Analyzis [
e e .
[Ctrl-Alt left click on plot to obtain point number] s :

135 ﬁ\ MICROCHIP



TimeMonitor Analyzer (Packet)

Packet Data Import: NTP Peerstats/Rawstats
| Peerstats Measurement Data Q@@

IP Address:  |127.127.45.0 |

Remove Repeated Points [Threshold): | |

Remove Glitches [Threzhold): [ |

‘» Full Data 5et " Delimit Data Set

- [v Retain Dffset

[Ctrl-Alt left click on plot to obtain point number)

. Rawstats Measurement Data Q@@

- View IP Address: |59-25.HE.1 4 ﬂ
= Roundtrip Delay Remove Repeated Pointz [Threshold): [ |
" Tranzmit Delay
~ Return Delay Remove Glitches [Threzhold): [ |
" Transmit/Return Offzet f+ Full Data Set  Delimit Data Set

" Two-way Analysiz r |
N | E xit

[Ctrl-Alt left click on plot to obtain point number]
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TimeMonitor Analyzer (Packet

— Parameters for:

Percentile Average

Phaze

To change parameter value,
double click on parameter
or zelect Modify.

i+ | Phase [ MTIE
" Frequency (  TDEVY
LTI CCFP 0 ADEVY
(" Spectrum ¢  MDEY

ﬂ_

Modify>>

" MATIE
" WMAFE
" Holdover

" Histogram

Phaze Statz: On
Statistic: Percentile Avg
Windowing: Tau

Overlap: Disabled

Filter: Use Phasze
Analyziz: Usze Phaze Stats
Tau: 10.000 =

Pct: 0.05

Time Axiz: Linear

Select Phase Statishic:

Mean
Stddev

Min

Max
Median
Floor Max
Floor Avg
Cluster Avg
Percentile

(1]

Cancel
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TimeMonitor Analyzer (Packet)

Cluster Average

— Parameters For:

Phasze j_

Statistic: Cluster Avg
To change parameter yalue, . 1'-lul'invl:lrl.'nIlll.llinvl_:l:_ Tau
double click on parameter Modify>> Overlap: Disabled
or select Modify. Analyzis: Usze Phaze
Tau: 10,000 =
[+ | Phase [ MTIE " MATIE Cluster Width: 1.0000 us
" Frequency | TDEY ( MAFE Time Axis: Linear
o7 O FP O ADEY O Holdover
[ Spectrum ¢ MDEY  Histogram

Select Phase Statistic:

Mean
Stddev
Min

Max
Median
Floor Max

Floor Avi

Percentile
Percentile Avg
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139

MATIE/MAFE Calculations

— Parameters for:

or select Modify.

" Phase

MATIE Calculation

To change parameter value,
double click on parameter

" MTIE
" Frequency |  TDEY
T O FP O ADEW
" Spectrum ( MDEY

ﬂ_
M odify> > '—

MAFE
Holdover
Hiztogram

R

MATIE Calculation Type: MATIE
MATIE Preproceszing: Mone

22 Microsemi TimeMonitor Analyzer  Phase Deviatior

File Edit Setup Measure BUEEN Cwerlay Standalone  Update

Zoom | F offset | De Phase i

Full F drift Frequency

L5F Frequency

Drift:

Delta Phase
Delta Frequency
Tirne Interval
Holdaveer

MTIE

(in View Setup)

MATIE
MAFE
MDEY
TOEY
Allan Yariance

Phase Power Spectral Density

Phase Multi

FFT of current display

Histagrar of current display

Floor Packet
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TimeMonitor Analyzer (Packet)

minTDEV/percentileTDEV/bandTDEV Calculations

Parameters for:

TDEY Calculation

To change parameter value,
double click on parameter
or zelect Modify.

Modify> >

El

W

bandTDEY Lower en::entile Factor: 0

bandTDEY Upper Percentile Factor: O

(in View Setup)

TDEV Calculation

Select TDEY Type:

2% Microsemi TimeMonitor Analyzer

Phase Deviation

File Edit 3Zetup Measure
Zoom | F offzet De
Full F drift

TDEY

b 0K
TDEV Many | L
minT DEY
bandTDEY C I
percentileTDEY b ance

Cwerlay  Standalone  Update

FPhase 1

Frequency
L5F Fregquency

Drift

Delta Phase
Delta Frequency
Tirne Interwval
Holdower

MTIE
MATIE
MAFE
MDEY
TDEY

P
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FPP Calculations

— Parameters for:

Floor Packet

or select Modify.

"' Phase
" Frequency
Tl

" Spectrum

To change parameter value,
double click on parameter

T MTIE
" TDE¥
" ADEY
" MDEY

ﬂ_

M odify> >

" MATIE
" WAFE
" Holdover

" Histogram

Calculation T
Window: 10.000 s
Range: 50.000 us
Floor: Minimum

Floor Float: Dizabled
Owerlap: Dizabled
Mon-uniform: Disabled
Axis: Linear

pe: FP Percent

141

(in View Setup)

B2 Microsemi TimeMonitor A nalyzer

File Edit Setup Measure

Zoom

F offszet

Full

F drift

De

Fhase

Frequency
LSF Freguency

Drift

Delta Phase
Delta Frequency
Time Interval
Holdower

MTIE

MATIE

MAFE

MDEY

TDEW

Allan wariance

Phase Power Spectral Density

Fhase Mulki

FFT of current display

Hiskogram of current display

Phase Dexiatior

VRN Overlay  Standalone  Update

Floor Packet

P
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TimeMonitor Analyzer (Packet)

r¥iew—— [ Invert
+ Forward Tau [sec): |1|]_|] s [~ Dverlap

» _ Two- D Im
wo-way Data Import
" Both Remove Glitches [Upper Threzshold): [
" Time Error
Remove Glitches [Lower Threshold): [
¢~ Mean Path Delay
" eTE Time Offset Calibration: [
- 4
nHL Weighting Factor: 0.500
" dTE-H
o Difset Cluster Width: 1.00000 us
® [Erlie cTE Interval: 100 s
" Weighted Avg
 Difference dTE Filter Cutoff: 100 mHz
o TDISP TE Max Target: « MinFwdRey © MinRoundtip ¢ Median
" minATE  ATE - g =g . .
~ maxATE Many  |-Pre-calc = Full Data Set ~ Delimit Data Set 2% Microsemi TimeMonitor Analyzer {file=probe-2008 0% 04--12 54d.twy]
 ppATE [ * MNone r File Edit Setup Measure View Owerlay  Standslone Update Help
" TE Max & G = Zoom Scale
" TE Mean " Floor Avg |5_ ) . : Full |€ZZ Clear Save
" TE Median ¢ Cluster Avg [Ctrl-Alt left click on plot to obtain point number] Microsemi TimeMonitor Analyzer
. [~ Phage Hold <Y gcatter plot; 2008/09/04 16:55:05
" TE Stdd
° { JRercanti]0.05 I Min to Zero Two-Way minTDisp; Samples: 32911 Tau=993.791 ms: A=5; N=6582; : MasterUUID: D0BOAEFFFFO13183; M
" TE Pct 0.95 i Percentile Avg " Retai 16.0
etain Offset
usec
4.00
usec/div
-28.0
usec 32&%“ 6.00 usec/div lgeug:"
Plotting phase for long record -
Mo filter zelected
Fo = 10.0000000000000 MHz M = 32911 Mean=133.9312 uzec Median=133.5840 uzec £
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TP5k Probe Diagnostics

im. TPS000 PDY Measurement Data D@@

View
IV i+ Forward " Reverze " Two-way

Remove Glitches [Upper Threshold): |

Remove Glitches [Lower Threshold): [

i LCalibration

Offget Comrection: | " Timestamp

i« Full Data Set I~ Delimit Data Set [ Invert
[ Timestamps ~
- [ Diagnostics
[ Trans Clock [ Only
[~ Min to Zero
| [~ Retain Offset
[Ctrl-Alt left click on plot to obtain point number] Ewi
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144

TP5k Probe Diagnostics

Forward PDV: f.tpk

Reverse PDV: b.tpk

Cleaned file: clean.tpk

Header: header.txt

Other lines: debug.txt

Timestamps: tl.cap, t2.cap, t3.cap, t4.cap
Missing SeqlD: seqf.txt, seqb.txt

Backwards timestamps: backf.txt, backb.txt
Repeated timestamps: repf.txt, repb.txt

Delay below lower threshold: lowf.txt, lowb.txt
Delay above upper threshold: highf.txt, highb.txt
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TMA “Command Line”

Integration: Launch TimeMonitor
Analyzer with another application

Automation: Test automation

"C:\Program Files (x86)\Microchip\TimeMonitor

Analyzer\phasana.exe" -launch -phase "C:\Program

Files (x86)\Microsemi\TimeMonitor
Analyzer\Demo\counter_gps.dat" "C:\Users\John
Doe\Desktop\" "counter_gps"

145

FII

Edit [
F offsel Detilt R

it
\rdl\ ﬂud | roza

30.0
nsec

8.80
HP53132A T ZU 595U3A 5 I 154[“] Gate: 155: Ref chl: TI/Time Dat:

'3;"'" 3031
days

nnnnnn
mHz; Fo=1.| UUUUUUU H 71242001 2:37 3U PM 7!15.’2001 3:22:92 PM*;

oy 5.00 hours/div

l I: \PRDEHAM FILES\SYMMETRICOMATIMEMONITOR ANALYZER\DEMO\COUNTER_GPS.DAT ~

1 UUUUUUUUUUUUUU Hz N = 15400 Mean=62. 54934 eC M d 52 65190
=-28 73668303420 nsec Ymax=29 35344251 493 n: Y in=58_7001 255431 2n 3
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TMA “Command Line”

"C:\Program Files (x86)\Microchip\TimeMonitor

e 1] Type the name of a pregram, folder, document, or Internet no_ _fi _ _ _ _ a_

=/ i L Analyzer\phasana.gxe plot fll.e setgp phase fr.eq mtie
| | tdev "C:\Program Files (x86)\Microchip\TimeMonitor

Open:

Analyzer\Demo\counter_gps.dat" "C:\Users\John
Doe\Desktop\" "counter_gps" "c:\Temp\g811.stp"

Microsemi TimeMonitor Analyzer Microsemi TimeMonitor Analyzer
Phase deviation in units of ime; Fs=58.80 mHz; Fo=1.0000000 Hz; *7/12/2001 2-37:30 PM>; *7/15/2001 3 MTIE; Fo=1.000 Hz; Fs=58.80 mHz; =7/12/2001 2:
HP 531324; Test: 20; 58503A; Samples: 15400; Gate: 15 s; Ref ch1; TI/Time Data Only; T11->2; HP 53132A; Test: 20; 5bB503A;: Samples: 15400,

130 PM=; 711572001 3:22:52 PM=;
Gate: 15 s: Ref chl1; TI/Time Data Only; T11->2;

1
s.uuld_ :
|"*  counter_gpsPhase.omp 1% counter_gpsMTIE.bmp
counter_gpsPhase.txt counter_gpsMTIE.txt
10
------------ 6811
n:illg 3;33'10 6.00 hours/div g’a‘ﬁ‘ Jlse[: : 1 eug_u ':%9:0 gé?:u 92'_:0

Microsemi TimeMonitor Analyzer

Fractional frequency offset: Fs=58.80 mHz: Fo=1.000 Hz: <7/12/2001 2:37:30 PM=: *7/15/2001 3:22:52 Pk

HP 53132A; Test: 20; 58503A: Samples: 15400; Gate: 19 s: Ref chl: TI/Time Data Only; T11->2;
1.5E-10 T T T T T T T

Microsemi TimeM onitor Analyzer
TDEY: Fo=1.000 Hz: F5s=58.80 mHz: *7/12/2001 2:37:30 PM=: *7/15/2001 3:22:52 PM*:
HP 53]]%2“& Test: 20; 58503A; Samples: 15400 Gate: 15 s: Ref chl; TI/Time Data Only: TI 1->2;

counter_gpsFreq.bmp counter_gpsTDEV.bmp

counter_gpsFreq.txt counter_gpsTDEV.txt

days 6.00 hours/div 3031

1] ) S o P . P i
psec 100.0 .000 0.00
sec sec sec
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TMA “Command Line”

e Script (e.g. Python, Perl, Tcl, LabVIEW) or other calling program (e.g. C)
can be used to process measurement files:
* Counter (DAT, ASC)
* Single/Dual Column (TXT)
* Packet Probe (TPK, AIT, TWY)
» Other extensions than these six processed as single/dual column

e Uses “inisetup.stp” (or optional “.stp” file in command)
e Setup masks, calculation parameters etc.

e Supports all calculations
* -phase, -freq, -Isffreq, -mtie, -tdev, -adev, -mdeyv, -matie, -mafe
e -hist, -cdf, -drift, -dphase, -dfreq, -ti, -ppsd, -fp, -tempco

* Writes BMP files for script selected calculations
e Script can then be used to automatically place plots in a document

e Writes dual column TXT files for script selected calculations
* These results can then be post-processed (mask pass/fail for example)
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TMA “Command Line”

 Example “Command Line”

e "C:\Program Files (x86)\Microsemi\TimeMonitor Analyzer\phasana.exe” -plot -file  -setup —
slast -phase -freq -mtie -tdev "C:\Program Files (x86)\Microsemi\TimeMonitor
Analyzer\Demo\counter_gps.dat" "C:\Users\John Doe\Desktop\" "counter_gps"
“C:\Temp\g811.stp"

e Parsing the “Command Line”
* TimeMonitor EXE: “C:\Program Files (x86)\Microsemi\TimeMonitor Analyzer\phasana.exe”
* Indicate plot function: -plot
* Indicate file function: file
* Indicate setup file (optional): -setup
* Indicate setup file loaded last (optional): -slast
* Choose calculation(s): -phase -freq -mtie -tdev
* Source file: "c:\Program Files (x86)\Microsemi\TimeMonitor Analyzer\Demo\counter_gps.dat“
e Destination directory: "C:\Users\lohn Doe\Desktop\“
 BMP/TXT file names: counter_gps
e Setup file name: “C:\Temp\g811.stp"

* This “Command Line” produces four BMP and four dual column TXT files

e counter_gpsPhase.bmp, counter_gpsFreq.bmp, counter_gpsMTIE.bmp, counter_gpsTDEV.bmp,
counter_gpsPhase.txt, counter_gpsFreq.txt, counter_gpsMTIE.txt, counter_gpsTDEV.txt
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TMA “Command Line”

Setup file options

1. Use “inisetup.stp” if -setup and “<setup file name>”" not in command
. “inisetup.stp” is in the TimeMonitor installation directory

2. With -setup and file name without directory
e e.g. ..-setup.. “g811.stp”
. Looks for setup file in TimeMonitor Analyzer installation directory

3. With -setup and file name with directory
e e.g. ..-setup ... “C:\Temp\g811.stp“
. Looks for setup file in the “C:\Temp\” directory in this case

4. With -setup and -slast
TimeMonitor Analyzer will load the setup file after loading the data file
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TMA “Command Line”

* Delimiting
e Optional input file delimiting is available

e Delimits the input file according to point numbers in the file, for example, a 1000 point
file could be delimited to start with the 150t point and stop with the 300t point with
all analysis performed on that delimited sequence rather than the full 1000 points

* The syntax is to add -start and/or -stop parameters with each followed by a space and
then an integer

 Example: "phasana.exe” -plot -file -start 800 -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps"

* Example: "phasana.exe” -plot -file -stop 1600 -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps"

* Example: "phasana.exe” -plot -file -start 800 -stop 1600 -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps"
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Overlays
e Command line supports saving results as overlays
« Command line supports plotting overlay results as a BMP file

Save as Overlay
* Numbered overlays range from0to 9
* Parameter is —saveoverlay[N]

* Example: "phasana.exe” -saveoverlayl -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps“

 Example: "phasana.exe” -plot -file -saveoverlayl -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps"

Plot Overlay
e Overlays are individually selected

* Example: "phasana.exe” -phase -mtie -tdev -overlayl -overlay5 -overlay7 "C:\Results\"
"counter_gps”

Overlay Options
e -phase, -freq, -mtie, -tdev, -adev, -mdev, -matie, -mafe
e -hist, -cdf, -ppsd, -fp, -generic, -scatter, -timestats
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TMA “Command Line”

Debug mode (optional)

Debug file example:

-debug parameter is used to invoke
Dialog box content is directed to file “cmmd_debug.txt”

File “cmd_debug.txt” is located in the TimeMonitor Analyzer installation directory and
in the “output” directory specified in the command as long as it exists

In debug mode, message dialog box content is directed to that file and message dialog
boxes are suppressed

File “cmd_debug.txt” shows the parsing of the command (and the content of any
message dialog box)

Example: "phasana.exe” -debug -plot -file -phase -freq -mtie -tdev
"C:\Data\counter_gps.dat” "C:\Results\" "counter_gps"

Input file: counter_gps.dat

Input directory:
C:\Vb\Office\Vb6\Projects\Phasana\Builds\b20140110\
Output file: counter_gps

Output directory: C:\Users\John Doe\Desktop\
Output bitmap selected

Output file selected

Delimiting selected

Start: 900

Stop: 1800

Phase calculation

Frequency calculation

MTIE calculation

TDEV calculation

@ MICROCHIP
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Summary

* Three options for directing calculations
e -plot: BMP files
e -file: TXT dual column files
e -saveoverlay<N>: save as overlay (e.g. —saveoverlayl)

* Any combination of the three options can be selected in a single
command

* Plot Overlays
 BMP files produced

 Debug mode
e Writes parse of command to a file

* The file also includes any message dialog box content with message dialog boxes
suppressed
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8 About MicrochipTimeMonitor, Analyzer

Microchip TimeMonitor Analpzer Software 5.0
Windows 7, 8, 10
Last Built: 202101709 21:04:23

Copyright © 2020 Microchip Inc.

All nghts rezerved.

o | [Tk

..........................

TimeMonitor Analyzer 4.0 or later
required for “Command Line”
functionality

TimeMonitor Analyzer 5.0

is required for full “Command Line”
functionality
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