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¢ Introduction

This paper describes how to use the Brilliant Instruments BI220 Time Interval Analyzer/Counter [2]
along with the Stable32 software [3] to make TDEV and MTIE wander measurements on a frequency
source.

e Wander

Wander means to move about without a fixed course. In the telecommunications industry, wander refers
to long-term timing variations with a frequency below 10 Hz, while variations above 10 Hz are called
jitter. In the frequency control field, wander relates to the medium and long-term stability of the timing
source. Wander is therefore a time-domain measure of clock stability at observation times of (say) 0.1
second and longer [1].

Wander is caused by three main factors:

1. Frequency offset and aging in the timing source.
2. Noise mechanisms in the timing source and distribution network.
3. Environmental sensitivity (e.g., temperature, EMI, etc.) affecting the system.

Wander is characterized by several statistical measures [8]. The fundamental parameter is the time
interval error (TIE), the difference between the actual and ideal clock readings. Several statistics have
been devised to characterize TIE in the time domain. Some of these are similar to the familiar standard or
rms deviation but tailored to gracefully handle the more divergent that occur in frequency sources. Others
are based on peak values are specifically intended to characterize telecommunications timing systems.
The statistics of particular interest here are as follows:

1. TIE Time interval error is the data type used for these statistics.

2. ADEV Allan deviation is the most common measure of frequency stability.

3. MDEV Modified Allan deviation using phase averaging is the basis for the TDEV statistic.
4. TDEV Time deviation is the most common measure of time stability.

5. TIE rms TIE rms is simply the rms value of the time fluctuations.

6. MTIE MTIE is a peak measure of time error.

TDEV and MTIE are the most commonly-used measures of wander. TDEV is closely related to the
underlying noise mechanisms of a frequency source. In particular, TDEV is based on the MDEV statistic
which is directly related to the power law noise types used to characterize a frequency source [8]. The
relationship between MTIE and these noise types is more complex because of the peak nature of the
MTIE statistic that depends on the amplitude distribution of the noise process [9, 10]. One must, in
principle, limit the time span that the clock is observed to prevent the MTIE value from becoming infinite.

Wander in a telecommunication system is often measured with a specialized instrument, and the results
generally include all aspects of the system. The measured time interval error is what it is. Specifying and
measuring the wander of a frequency source by itself is somewhat different because one must make
assumptions about the way it is utilized in the host system. In particular, the host system may provide



initial and/or periodic synchronization and syntonization (phase and frequency adjustments),
environmental compensation and other disciplining of the source. The fundamental wander contribution
by the source is due to its noise, and that is the main thrust of the measurements described herein. Thus it
is reasonable to operate the device under test in a well-controlled environment and to remove any
systematic frequency offset before analyzing the source performance. The effect of frequency aging is
relatively minor unless the measurements extend over a long period of time.

A significant phase transient is rare for a frequency source, and would cause a corresponding flat MTIE
value until it is exceeded by another larger effect. Frequency offset causes a linear increase in MITE
versus observation time, T. Source noise mechanisms cause the MTIE to increase with a slope depending
on the noise type (e.g., flat for white PM noise, increasing as \'t for white FM noise). Some examples of
those MTIE effects are shown below:
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White PM Noise 1x107'° at 1 Second

Figure 4. White FM noise 1x10™'" at 1 Second




Because MTIE is a peak measure of time interval MTIE for AF=1,10,100
error, it tends to increase as the number of samples 109
becomes larger. Figure 5 shows this effect for a
100,000-point, 0.1 second set of simulated white
PM noise having a csy(ls)=1xlO'10 and no
frequency offset or drift for averaging factors of 1,
10 and 100 corresponding to 100k, 10k and 1k data
points.
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Figure 5. MITE versus # Samples Analyzed

* Measurement System

The Brilliant Instruments BI220 Time Interval Analyzer/Counter [2] was used for the measurements
described below along with a GPS-calibrated Efratom LPRO rubidium frequency standard as a reference
source.

* Measurement Methodology

The measurement methodology was simply to set up the BI220 for an externally-referenced channel A
TIE measurement, capture the resulting data stream to a file, and analyze those data for TDEV and MTIE
with Stable32.

¢ Test Setup
The setup for the BI220 TDEV and MTIE measurements is shown in Figure 6.

Source > A
Under Test -
. PCI
BI200 |\ PC
ol A TIA N—]
>| Clk
Manual
) Stable32
GPS Calib LPRO 10 MHz S/W
RCVR |77 > RB Ref
0SsC

Figure 6. Test Setup



¢ Bi220 Virtual Instrument Panel

The BI220 TIA/Counter comes with a Windows virtual front panel application called BiVirt which can be
used to set up and control its measurements. See Figure 7 and Page 2 of Appendix I for pictures of the
main BiVirt screen with data table, statistics and plot displays.

The preferred way to use the Bi220 and BiVirt to acquire TIE data for a TDEV and/or MTIE analysis is to
select the TIE measurement option and enter the nominal frequency of the source under test. But it is also
acceptable to make average frequency measurements over each measurement interval, scale them to
fractional frequency and convert those to phase data by numerical integration. Those latter steps can be
performed with Stable32, and the frequency-to-phase integration is correct because the frequency data are

obtained with zero dead time.

The BiVirt setups are divided into three groups of screens:

1. Instrument — Set up the Bi220 timebase and external clock input impedance.

2. Measurement — Set up the measurement function, inputs, blocks, block size, inputs and arming.
3. Displays — Set up one or more displays, including plots, statistics and data streaming to a file.

These measurement setup screens are shown in the table below for a 10,000-point, 0.1 second, channel A
100 MHz TIE measurement using an external 10 MHz reference clock. Note that not all options are

shown. See Reference 8 for more details about these setup screens and Bi220/BiVirt usage.

Table I. Typical Bi220 Virtual Instrument Setup

Group Section/Type Item Setting
Instrument Timebase Ext 10 MHz
Ext Clk Impedance 50 Q
Measurement General Function TIA 1CIE
Channel A
Polarity 1
# Blocks 1
Meas/Block 10,000
Inputs Ch A Impedance 50 Q
Ch A Threshold 0 Volts
Arming Block Arm Immediate
Start Arm Every 0.1 second
Display 1 (Plot) General Function TIE
Graph Scaling, Colors, Labels, etc. Defaults
Display 2 (Statistics) General Function TIE
TIE Reference 100 MHz
Digital Items to Show All
Display 3 (Streaming) General Function TIE
Math None
Table Columns to Show Meas Point (only)
Streaming Enable Streaming Yes
Save to File Yes
Filename Enter




In addition, the Bi220 has several calibration functions that should be used occasionally as described in its
User Guide [7].

¢ Bi220 Command Line Interface

The BI220 TIA/Counter also comes with several command line interface sample programs, including
Sample06CPP.exe which can be used as a convenient way to perform a streaming measurement. The best
way to use this program seems to be to make a zero dead time high resolution frequency measurement and
integrate those results to obtain phase data for a TIErms and MTIE analysis. An example of that
program’s command line usage is as follows:

Sample06CPP freq avg 1000 bt 0.1 0 0 C:\Data\BiData 1 1 0

This command invokes the Sample06CPP program to perform 1000 tau=0.1 second “by-time” frequency
average measurements with 0 volt input signal thresholds, streaming the results to a base filename called
BiData in the folder C:\Data\ using a 10 MHz external clock and showing the data as it is acquired. Thus
method apparently does not directly support TIE measurements.

¢ Noise Floor

The noise floor of the Bi220 measuring system was evaluated by applying a coherent 100 MHz input
signal from a phase locked oscillator multiplier (PLOM) and making both zero dead time frequency and
time interval error measurements as shown in Appendix III. The instrument has white PM noise that
corresponds to a TDEV of about 10 ps at 1 second and an MTIE level slightly below 0.2 ns at 1 second.
A longer 100,000-point 0.1 second run was also performed with essentially identical results, as shown in
Figures 7 and 8.

T et 20 [_ 18] =]
B ew (R Bun Tods  mndie b
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* Other Measurement Instruments
Wander measurements can be made with three basic types of instrument:

1.

General purpose counters. In this context, counter refers to an interpolating reciprocal electronic
frequency counter or similar event time tagging instrument that can make relatively high resolution
zero dead time frequency and/or time interval measurements. The more sophisticated of those
instruments are called time interval analyzers (TIA). These may be stand-alone instruments or boards
that plug into a personal computer. An example of the former is the Stanford Research Model SR620,
while an example of the latter is the Brilliant Instruments BI220 TIA/Counter used for these
measurements. Those instruments generally require that their data be captured for subsequent analysis
by specialized software like Stable32.

High resolution clock measuring systems. This category refers mainly to heterodyne type
arrangements such as a dual mixer time difference (DMTD) system that provide very high resolution
6




and low noise. They may use analog mixers and zero crossing detectors or high speed analog to
digital conversion followed by digital signal processing. Examples of those instruments are the
Symmetricom 5110A and 5125A respectively. Those instruments may include internal firmware and
displays for showing their results, but probably need to be supplemented by specialized analysis
software for TDEV and MTIE.

3. Specialized telecom instruments. Specialized instruments are available to directly measure telecom-
specific stability statistics like jitter and wander, and they often include performance masks for
specific telecom requirements. They may handle only certain telecom signal formats, or include more
general input capabilities. An example of this type of instrument is the Spectracom STA-61.

The utility of the Brilliant Instruments BI220 has been demonstrated in this report and in Reference [6]. It
accepts signals up to 2.5 GHz (400 MHz direct without prescaler), and requires that its (e.g., TIE) data be
captured and analyzed externally for TDEV and MTIE results.

The Symmetricom 5125A [4] is the top-of-the line of a family of superb clock measurement instruments
with excellent resolution, noise floor and general measurement capabilities, including phase noise data
that can be converted to time jitter. It is often used along with Stable32 for in-depth analysis. The
5125A can measure signals up to 400 MHz.

My knowledge of the STA-61 [5] is limited to the information on its data sheet. The 0.2 ns resolution
sounds adequate but one should verify its noise floor. Its TDEV and MTIE displays seem nice, and it can
export data to Stable32.

The BI220 is obviously the most economical choice even though it requires a PC to operate. All of these
instruments also require a suitable frequency reference, either a low-noise ovenized crystal oscillator or a
rubidium frequency standard. The Spectracom STA-61 has an internal rubidium oscillator and is
available with an optional GPS receiver. The other instruments require an external reference. TDEV and
MTIE analysis functions are integral to the STA-61, but all of the instruments either need or would
benefit from the Stable32 software.

Regarding the frequency reference, while a frequency standard grade ovenized crystal oscillator could
serve as an adequate reference for relatively short observation times, a small commercial rubidium
oscillator such as the ones made by Symmetricom and Stanford Research is recommended for this
application. Absolute frequency calibration is not necessary for an independent wander measurement
where the frequency offset is removed, but can be accomplished by means of a GPS time and frequency
receiver. Those devices are often combined with a rubidium oscillator to form a traceable laboratory time
and frequency standard.

¢ Conclusion

The Brilliant Instruments BI220 is recommended, along with the Stable32 software and a suitable
frequency reference, as a simple, reasonably convenient, low cost and effective way to make TDEV and
MTIE wander measurements.
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Appendix I Data Sheet for BI220

Brilliant
Instruments

Bi220

Time Interval Analyzer / Counter

FEATURES

# Direct Time Measuremeant of Pulse Trains

* Measure Jitter, Freguency, Time Interval (Skew),
Pulse Width, Risetime, Event Timing, Time Interval Er-
rar (TIE), and More

* B ps Single-Shot Resolution (12 Digits's Freguency)

* OC to 400 MHz Freguency Range for all Measure-
ment Functions Including Pulsewidth, Plus a Frescaler
for Frequency and TIE Measurements to 2.5 GHz

* Up te 1 Million Confinuous Zero Dead Time Measure-
meants Par Second

= 1 ns Minimum Pulse Width
* Highly Sophisticated and Flexible Arming (Triggering)
* PCl Interface for Super High Throughput

* On-board Memory for & Million Measurement Points =
Can Be Read While Measurements are Taking Place

More Tests in Less Time

The BI220 k= a high performance tme and frequency
measurement instrument Its high resolution and throughput,
combined with continuous measuremant capability, aliow you
to make measurements thal are not possible with traditional
time-interval counters: For example, it can timetag events
{edges of an input pulse frain) at 8 rate of 1 million per second
continuously to on-board memory, while each of the edges is
measured with 8 ps resclution This provides it with the capa-
bility 1o analyze the dynamic svarations @ pulse Giming,
pulseswidih, or frequency. In other wards, the difersnce be-
tween the BI220 and a tradiional countestimer is analogous 1a
the diffierance betwsen a woltmeter and a scope. Measure-
ments can alse be streamed ceatinuously over the PG
interface aliowing unlimited acquesition at high rates.

Full-Featured Instrument

Thie BI220 ie a full instrument-on-a-card with all the features
end capabdities you would expect in @ bench-top mstrument
inchuding high quality inputs, Bulli-in MEST traceable cakbration,
and software and hardware that deliver fully computed resulis
The mnstrument has 10 measurement furcbons such as Fre-
quency, Time Interval and Pulsewidth All functions work di-
Tectly on the inpdt signal at lfequancies up o 400 MHZ withadl
any prescaling, This means that you can measure pulses as
namaw &5 1 ns, oocurring at freguencies up 1o 400 MHz, or the
skew between two signals at 400 MHz  There s also 2
prescaler for each mput channel which aliows frequency and
penod measurements to 2 5 GHz,

The Inputs of the instrument include programmabde termination
voltages. Thig feature Iz seldom found even in the best of the
bench-top instruments. You can select by software control
gither 3 1M COhm impedance o ground, o a 50 ohm loed
which is terminated to an accurately programmable voltage
between -3 WV and +3 V. This allows you o conmect ECL,
PECL, ar CML sources directly fo the instrument with the
proper loading. The input comparators have a fixed hysteresls
af 25 my which is useful for signals with stow nsetime ar high
nolse levels L sets different threshold levels for the rsng edge
and the falling edge which prevents false triggering

APPLICATIONS

* PLLs and frequency modulation = measure jittar, time
interval error and settling time
* Uitrasonic and radar pulse timing

* Optical and magnetic disk drive — measure jittar,
risetime, and bit timing directly

* Oscillators and crystals = measure frequency. start-up
fime and time interval error

* PFulse width modulated signals — measure varnations
owver time

* Time stamping of events in real time
* Muclear physics

Easy to Use Software

The scfiware for the BI2Z0 is designed for ease of use and
exfremely high perfarmanca. The driver software (WMindows
and Linue) automaticalty manages the streaming of measure-
memnts at the high rates which are possible with the PCI inter-
face. The front panel software for Windows allows you fo easily
sel up multiple simultanecus displays of the measwements.
This gves multiple views of the same data, or different func-
tions from the same data. For example, you can get up the
display to show & graph of the frequency of the signal vs. time,
plus 2 tabular display of the same results, plug a graph af the
time deviation of the signal vs time, all from the same
measurement acquisition run. The front panel can also run
muliiple instrumenis simultanecusly Al instrument modeks
usa the same diver lor easy migration Detween modals.

The screen image below is from an actual measurement of a
400 MHz clozk. One thousand single channel measuremants
were taken  The tabular display shows 1000 freguency meas-
urements and the times and event numbers when they were
taken. The digital display shows the statistcs on period cal-
culations of the same data.  The graph display shows the TIE
(Time Interval Errory calkculations we time. Mobe that all 1000
measurements were faken in less than 1 ms. In addition, the
reselution of the mstrument s cleardy evident with the Y axs of
the graph at 5 ps per divisian

Brilliant Irstruments, Inc.

Tel +1408-866-0426 Fax: +1408-866-0431



BiI220 Time Interval Analyzer / Counter
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HOW DOES IT WORK? cnA

The simpified block diagram on the right shows the key E}'—'T'—' —
componets of the mstrument from the user's point of e
view, The input signal is terminated by 1M ohm to ground i g

or 50 ahms 1o a user-programmable voltage (V1) and fed "
fo & comparator. The comparator output goes high when
the signal crosses a user-programmabia threshold voltage
{Wth). At this point the signal is a digital waveform whose
rising or falling edges are considersd to be “evants”. 1
These events are confinuously counted by the Event Comparaiod
Counter, while the Arming Systern selecis the edges |V9B g k-8
which are 1o be timetagged according 1o the user configu- EXT #AM
rabion. For axample, you can set up the instrument o \‘-\
timetag every M events, or every T seconds |

When an event is timelagged, the event count {pulse Ceormparaten

number) and the time of the occurrence are logged o A Fatararss Trequancy
memory. The Timetag Circuits require a recovery fime of

1 us to be ready for anather timetag. Mote, however, thal
the signal is still counted by the Event Counfer, so no
information Is lost. This recovery time means that up to 1
millicn fimetags {(or pairs of timetags) can be logoed per
secord. From this timetag data, the instrument calculates
the measurement resulis

Comparabar

WA g Vih-a Arming

_J (Trigg=rngs

Tameiag
I
Nr

—_—
|

Tisahasi | Coenirala

| ]

Figure 1: Simplified block diagram
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Bl220 Time Interval Analyzer / Counter

Thete are three groups of measurement functions = 1C1E, 1C2E. and 2C2E The tming diagrams below illustrate the operabon of the
instrurment for each group,

One-Channel-One-Edge Functions

The 1C1E functons {one-channelone-edge) operate on a
single channal (either A or B} and use anly one timetagging
circuit That is, each timetag contains only one edge tme et i I | | I I | | I | I |
and one event count, The recavery time of 1 ps is the mini- i
mum time between timetags. That is, for frequencies below E | | _I H 1 '_I ] '_| |
1MHz it is possible to measure every nising or falling edge. wh ¥ ks oo

The equations for the first measurement paint in the timing | |
diagram are shown in the table below. For example, in the 5T = Start frm I_:1|' EJ
eguation for Freguency Awverage E1 and E2 are event T T4
counts while T1 and T2 are the time information from the
first two bmetags. Mote that you can make up to 1 million
frequency measurements per second on a continucus zerg-
dead-time basis. The measuremant points are back to back
since the end of one point i the start of the next one

-1
1

Figure 2: 1C1E functions

Function Calculation Notes
A L f ]
Frequency Average Fregdvg = AE _E2-F Average frequency of the input signa
AT T2-=TI
Period Average Periodd AT T2-T Average penod of the input signal
rl g = — = ——
TR TR
Continuous Tene Intenal CIT = AT =T2_T The aciual time between pairs of tmetags
Tirme Interal Ervor TIE = T1- ExpectedTime The deviation in time of each of the bmetags from an expected value.
The user supplies the reference perod of the sigral

One-Channel-Two-Edge Functions

The 1C2E functons (one-channel-two-adge) operate on a
single channal (either & or B) and use both timetagging
gircults. That s, each timetag contains two edge times and
one event count The recovery time of 1 ps is the manimum
time between the stop timetag and the next start timetag
Far all these functions the result is the difference in time
from the start to the stop, The associated event count is for
the start event. The arming that the user specifies is for the
Start Arm, while the Stop Arm is dictated by the function

|:u:utwgw| |||I||||||
| Ll gl

EJ._.I

Tist Tisp Tist T2sp

&1
1=

1
I Recovary lime i)

Figure 3: 1C2E tunctons

Function Stop Arm Maotes
Pariad Mext same adge Measures single perods of the input signal
Pulsawadth Mext opposite edge Measures individual pulsevadths of the input signal

One-Channel Time [ntersal

Mext signal edge

The polarity of the start and stop edges is specified by the user

Risetima, Falltme

Same signal edge

Measuras a single adge with teo thresholds, usually 20% and 80%

Brilliant Instruments, Inc

Tel +1408-586-0428 Fax +1408-868-0431
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BlI220 Time Interval Analyzer / Counter

Two-Channel-Two-Edge Functions

The 2CZE funchons (bwo-channel-two-edge] operate on
both channels {4 to B or B to A) and use both timetagging
circuits, That is. each timetag contains two edge fimes
and one event count The recovery ime of 1 ps s the
minirmum tma bebween the stop tmetag and the mext stant
timetag For the 2.Ch Time Intenval function the result is
the difference in tme from the statt to the stop. The
associated event count is for the start event, The usar can
specily the polanty of the start edge and the stop edge
and a delay for the Stop Amm. The delay provides for the
selection of the stop edge. For example, when the Stop
Arm Delay is st to 0, the instrument will measure down to
a 0 tme interval {zero skew between channel A and B).

| L1

] = 5lad anm
F o Siop Arm

Tiel Tiep Tl Tiep

L d
I Racogery lime 1

Figure 4: 2C2ZE funchons

SPECIFICATIONS

General

* Sae "Defnitions” below for explanation of the terms in tha
specificatons

* Wamranty: 1 year

Measurement Functions

= Fully symmetncal operation — all functions are the same for
charnel A or B

v Ome-Channel One-Edge (1C1E) Functions
+ Frequency Average
+ Penod Average
+ Continuous Teme Intarval (ST1)

+ Timw Interval Errer (TIE)

» One-Channel Two-Edge (1C2E) Functions

+ Period (Per}

+ Pulsewadth (PW)

# 1.Ch Time Intarval (T11)
+ Risetime

+ Fallhma

« Two-Channel Two-Edge (2C2E) Functions
v 2-Ch Time Interval (T12)

* |n addition to the measurement results, all functions provide
the actual timetag in absolute time and the event count for
each measurement {using the Table display)

Frequency Average A or B

* Measures the average frequency between pairs of events
on a zero-dead-teme basis (measurements are back to back)

 Type. 1C1E (One-Channel Cne-Edge)

* Frequency range (direct): 015 Hz to 400 MHz

* Frequency range (prescaled). 50 MHz to 2.5 GHz

= hMeasurement time ("gate tme™):; T ps oG8 s

s Mumber of evenls per measurement polal. 1 te 4.29 bdlion

& Mumber of significant digits: 12 digite's (9 digite in 1 me, or
3 digits in 1 ps) regardless of input frequency

Resolutian (in Hz rms).

, Freqx (8 prrms) + 1 4% Priggerdimor)

B Meastume

Acturacy (in Hz): tResalution + TimebaseEr

Penod Average A or B

Measures the average period between pairs of events on a
zero-dead-time basis [measurements are back to back)

Type: 1CAE (Cne-Channe! One-Edge)
Range (direct): 25nstoB8s
Range (prescaled): 400psto 20 ns

See Frequency Average function for measurement time,
number of evants, and significant digits

Resalution {in seconds rms)

_ Periods (8 prioms) + 1. 4% Triggentirmor)

- MMeastime

Accuracy (in seconds). *Resolution + TimebazeEr

Caontinuaus Time Interval (CTI) A or B

Meazures the time beteveen pairs of events on a zerg-dead-
time basis [measurements are back to back)

Type: 1CAE (Cne-Channel One-Edge)
Frequency range (cirect), 013 Hz to 400 MHz
Frequency range (prescaled): S0 MHz 1o 2.5 GHz
Range: 1 usto68s

Measurement tire. 1 us 1o 58 s (can comprise multiphe
pericds of the input signal)

MNumber of events per measurement point 1 to 428 bilkon
Resolution

+ & ps{rme) = 1.4 % TriggerEm

Accuracy. +Resolutiaon + TimebaseErr + 50 ps

Time Interval Error (TIE} A or B

Measures the time of cccurrence of events, then calculates
the deviation from the expected perod of the sgnal

Type: 1C1E [Cne-Channel One-Edge)

Frequancy range (direct), 015 Hz to 400 MHz

Frequency range (prescaled). S0 MHz to 2.5 GHz
Measurement repetition rate: 1 usto68s

Brilliant Instruments, Inc

Tel +1408-886.0428 Fax +1408-866.0431
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Bl220 Time Interval Analyzer / Counter

Mumber of events per measurement point. 1 to 4,29 Bdlion
Resaluticn:

+ B psirms) + 1.4 x TriggerEm

Accuracy. tResalution = TimebaseEmr + 50 ps

Period A or B

Mezsures single periods of the signal

Type: 1C2ZE (One-Channal Two-Edge)

Range: 25nstoB68=

Frequency range:. 0.15 Hz to 400 MHz

Time between measurements. 1 pstoB8s
Resolution: + B ps{nms) + 1.4 x TriggerErmr
Accuracy. tResolution = TimebasaErr + 100 ps

Pulsewidth A ar B

Measures pulse widths of the signal

Type: 1C2E (One-Channel Two-Edge)

Range: 1nstoGés

Frequemcy range: 0.15 Hz to 400 MHz

Time between measurements; 1 ustoB8s

Resolution: + B ps{rms) + 1.4 x TriggerErmr

Bccuracy:

+Resclution + TimebasekErr + TriggerLevelTimaEmr = 100 ps

1-Ch Time interval A or B

Maasures time intervals between edges of the input signal,
with selectable polarty

Type: 1C2E (One-Channel Two-Edge)

Range 125nsto 6.8 5

Frequency range: 0.15 Hz to 400 MHz

Time babepen measurements. 1 usta68s

Resolution: + 8 ps(rms) + 1.4 x TriggerEm

Accuracy.

+Resolution + TimebaseErr + TnggerLevelTimeEm + 100 ps

Rizetime A or B, Falitime A or B

Measures risetime or fallbme of the input signal

Type: 102ZE (One-Channel Two-Edge)

Twa thresholds (trigger) levels are set

Range OpstodBs

Frequency range: DC to 400 MHz

Time babweeh measurements 1 isto68s

Resolution: + 8 pa(rmsh + 1.4 % TriggerEm

Bccuracy;

+Resslutan © TimebasaErr + TrggerLevelTimaEr » 100ps

2-Ch Time Interval {TI2) A-to-B or B-to-A

Measures the time between edges of signals from two
channels

Type: 2C2E (Twa-Channel Two-Edge)
Range -S00psto68s

Frequency range: (.15 Hz to 400 MHz

Time babseen measurements; 1 pstoB8s
Resoiution:

+ & psirms) + StarTriggerEm + StopTriggerEmr

ACCUTAcY
+Resolution + TimebaseErm + TriggerLevelTimeEm + 100 ps

Inputs and Outputs
Ch A and B

Direct input (na prescaler)

+ Freguency range; DO to 400 MHz

+ Bhdinimum pulse wadth: 1 ns

+ Coupling: DC

¢ Input mmpedance: 1 MO to ground or S0 03 into a user
programmmable termination vaitage

+ Sensitvity: 30 mV rms sine, 50 mYp-p pulse

Prescaled input

+ Frequency range: 50 MHz 1o 2.5 GHz

+ bhinimum pulse wadth: 200 ps

+ Coupling: AC

+ |nput mpedance. 5003 Into a user programmable
termination voltage

+ Sensitiviy: 30 mY rms sing, 30 mVp-p pulse

Caonnector: Sh&

Termination voltage (VE): -3 Vio+3 W

+ Resolution 100 pV

# Accuracy: 10 mV

Trgger Threshold voltage (Vth): S Vio+5Y

+ Resoclution. 200 pv

* Accuracy. 10 m\

Input voltage range:

+ Operating: -5V to+3 ¥

+ Maxirmum (1 M) -30 W o +30Y

¢ Maximum (50 62); -5V o 5 VDG, S Vims AG (+27 dBm)

Slope. Pomtive or negative

Hysieresis — prevents false triggerning by having separate
threshold levels for nsing and falling edges: 25 mV

EXTARM Input

Cannectar. SMA

Freguency range. DO 1o 400 MHz

Minimum pulse width, 1 ns

Hysieresis: 40 mV typical, fived

Setup time: 5ns

Impedance: 2 K2 ta ground (Ro programmable termination)
Coupling: DC

Trigger Threshold veltage (Vth): -SVio+5 Y
+ Resolutbion: 200 u\

¢ Accuacy. 10 my

Input voltage range:

+ Cperating SVio+5V

* Maximunr -10V o +10Y

Slope: Positive or negative

Brilliant Instruments, Inc

Tel +1408-586-0428 Fax +1408-868-0431
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Bl220 Time Interval Analyzer / Counter

EXTCLK Input ! CAL Output
» Connector: SMA

= |nput for external timebase referance
+ Coupling: AC
¢ |mpedance. Programmable to 50 (2 or 5 ki
+ Ampiitude:
= Square wave — 400 mVp-pto 4 Vp-p
= Sinewave -1 Vp-pto 4 Vp-p
» Output for callbration signal (see manual for instructions)

Definitions
* TriggerEm or StartTriggerEmr or StapTriggerEm

+ Ermor due to noise superimposed on the input signal from
bath intermal and external sources

i
Tﬂggfrﬁw = J—R‘I#[ : EI‘

InpatSigralSlowNale
+ En=RMS noise of input signal (15Hz bandwidth)

+ InputSignaldlewRate = Slew rate of input signal (W's) at
the threshold point
s TriggerLevelTimeErr
+ Time ernmor due to threshold uncertainty
< 10mel”

Y TviggerLevelTimelrrs — ——— BMS
InputSignalSlewiate

+ Examgle: Far input signal skew rate = 100 s
TriggerLevelTimeEmr = 100 ps
= TimeBaseEm

+ Fracticnal Frequency error of imebase reference, imes
the measurement result

5 Ims

+ On EXT ARM rising or falling edge
+ By Time —every 1pusto 3.43s, 12.8 ns resolution
+ |mmediate — run as quickly as possible
+ By software command

o Mumber of measurements per block: 1016777, Hd or
"endless”

Stop Arm

= 1CAE functions. Mot used

s A52E functions: Autornatically configured for the specific
function

» 2C2E functions: Stop Arm can be selected to occur either
befane or atter the start edge of the slgnal

Timebase
= Standard internal oscillator;
+ Ower full temperature range: +2 ppm
+ Aging: =2 ppmlyear
v Dphional NIST traceable internal 10 MHz oven oscillator:
+ Onear full temperature range: +0.02 ppm
+ Aging. 0000 ppmiday, £0.3 ppradyear
+ Warm-up tirme: 5 minutes
= External 10 MHz reference imput
+ Frequency. 10 MHz 450 ppm (2500Hz)

¢ Ses Inputs and Cutputs” section abave for signal
characteristics

Arming

Each measurement run is composed of multiple blocks with
mulbple “points” in each block For example, 1000 blocks of
1000 pulsewidth points can be taken, for a tofal of 1 million
points. Stabistical results are provided for each block, and for
the whole set of blocks.

Arming is the enabling of measurement points or blocks. Thers
Is separate arming for blocks and for points.
Block Arm
= Mode
+ On Channel A edge (same polarty as measured edge)
+ On Channel B edge (same polarty as measured edge)
+ On EXT ARM nising o faling edge
* By Time — every 158 to 243 &, 12.8 ns resalution
+ |mmediate = run as guickly as possible
+ By soltware command
* Murmnber of blocks: 110 16,777,215 or “endless”
Start Arm
Arms the start of each measurement point
« Mode
+ By events = every set number of edges of the input signal
o Mumber of events. 1 to 4 284 867 295
+ Om Channel A edge [(1G2E functions an Ch A only)
+ On Channel B edge (1C2E functons on Ch B anly)

Memory
s 128 MB an-board
+ Upto 11 milion measuremends in 1C1E functons
+ Lpto & milkon measurements in 1C2E, 2C2E functions

= Memory can be read out while measuremsants are
accumulating, allowing unlimited contineous measuremants

Math and Statistics

*» Perfarms additonal mathematical operations on the
measuremant results

v Scaling and normalizing
+ Caleulating redative arrcr

* Calculates statistics on blocks of measuremants and on the
total set of blocks

o Mean, Min, Max, and Standard Deviabon

Software

v Windows® and Linu driver

¢+ Provides a powerlul set of functions for contrelling the
instrument and for data analysis

* |ncludes tools for high speed reading of the instrument
which take advantage of the PCl interface without
burdening the user with the details

¢ Windows® NTARSOS2000XPNSstalT, 32064-bit

+ Linux with 2.4/2.6 kernels (e.g Redhat 3, Redhat 5)

+ Written in plain &++ for easy porting to other
envirenmeants

Brilliant Instruments, Inc

Tel +1408-586-0428 Fax +1408-868-0431
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BlI220 Time Interval Analyzer / Counter

= \irtual Front Panel (Windows® based)

+ Provides multiple simultaneous displays for the same
measurement. The displays can even be different
funchons, as long as they are from the same group
CIE, 152E, or 202E)
= Graphs of resulis vs. time
= Histogram
= MNumerical results (digital display)
= Table of results and internal data
= Streaming of results to a file

+ Can fun multiple instruments of any model
simultaneausly

+ Compatible with Windows® XPAistafVinT 32/64-bit

+ Requires MET Framework 3.5 (available free from
Microsol™)

cumputer Req uirements

v Ome 32-bit 33 or 85 MHz PCl slot

= Sge 4078 & (100217 . 3cm) excluding brackst
= 256 ME RAM, 100 MB disk space

s BOOxE00 mmimum display resolution

Calibration
' Traceable calibration ahce a yaar
+ Requires a voltmeter and a frequency reference

* |nternal calibration automnatically calibrates the instrument
against the internal voltage and frequency references

Power, Cooling and Physical

* Power supply requirements from PG bus (fypical):
« 3AVE48A8 BEVE@ROGEA 12V@Enaa

= Total power consumpbon; 22 W bymcal

v Operating temperature range: 0°C to 45°C

v Good ventilation of slats in PC is recommended

v Weight 50z (140.g)

*Specifications are subject o change without notice
Copynghtiz 2010-2041 Brilliant Instruments. [nc.

112511

Brilliant Instruments, Inc

Tel +1408-586-0428 Fax +1408-868-0431
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Appendix II Data Sheet for Stable32

Stable32 Frequency Stability Analysis

Stabled? is a 32-hit Micsosoft Windows™ program for the analvais of
frequency  stabality. Tt includes all the functions necessary fo
mruptliate, wolyiee and plot trme and Grequeney stabality dots

e

Features Stabledl file opentoss uslode  opemng  phiss . and
frequency data files, combimng data, ond stonng all or @ porion of
the data [kata is stored in ASCI forroat, with gaps indicated by 3
value of zero, and may be input from amy source that generates up to
32 columns of comma, tub, bar o space-delimited data, wath or wio
timstags. Stabled? can also 12ad and process datn from several
Timng - Schtions Coporation olock measuremant  svstems,  All
storage and calculations are performed with double precision for a
virbmally unlinmfed mumber of data points. Editing functions melde
displaying, ediing, inserting, deleting, and filling gaps in phass and
frequeancy data. Cormersion between phase amd freguancy data 15
supported, as 15 outlier detection and removal. Timetags may ba
generabed for mndexing, or used fo locate and Bl gaps in the date.
Plothng and primting can be done for all or a portion of the data, with
drift fits and subomane or wser-defined scales and titles. Amalyss
functions include tasic statistics (max, min, avg, median anct std
devy, dnft, dnfl removal, nommalizoton, sceling, gap and outher
detechon and remowval, as well as several stability vanances, dymamic
stability, lasiograms, Alienng, sutocorrelabion and power spectrom,
all ower selectabie limits with gaps ignored  Stability analysis
includes poant and automatic calculation and plothng of nonmal and
overlapping  Allan  deviation, modified Allan  deviation, time
deviation, total desuton, modifizd o Hadamard total deviation,
moctified firme total deviation, and nommal and overlepping Hacdamard
davinhior, us well as Theol, ThéoH, MTIE and TIE rms. Tha PED
can be expressed as 8.6y S:(f1, 841 or £1). Means are aveilable to
estimmsle the noize tvpe and 1o sel selectalde confidence mtecvals,
Stability data can be saved, edited, read and re-plotted Simnlated
power-law clock noise may be generated and time-frequency dormain
comversions may be done for power-law noise processes. A calendar
1z prownded for date, dov-olvear, GPS Wesk # and MID.

Functions  All Sable32 fimctions are accessed by mems and
toodbaes as shown below:

*  Open/Add/Save  Ope merge o save i dats Gl

«  Drift Caleulate drft for x(1) and vif} data

& Sigma/Kun Caleulate Allan or otheer deviations

*  DAVAR Caleubate dyname stabakity

* Read Fezad nstability data file

®  Power Caleulate and plot power spactram

= Plot'Print Plot or print phase or freq data

=  Histogram Flot hestogram

ALK Caleulate and plot sutecoirelation Rsstion

16

=  Filier Filter phase or frequency data

& Phas Plot plinse data

& Fait Edat eurrent data

*  Frequency Plot frequency data

s Comveri Convert between =0t & vit) data
& Nojw Grenerate simdated clock noise

e MNormalize Femove mean value fom data

*  Timelgs Grenerate tmelag diia

®  Avoraoe Combine data 1o longer mu

*  Calendar Dsploy a DOY/NID calendar

= Fill Fill gaps i datn

&«  Domain Tume-freq doman converstons

*  Hegularize Insert gaps using tmetags

*  Notepud Inverke the Notepad lext editor

& Scale Seale data (4.2, slope]

*  Play Replay a * TKF plot file

*  Fart Dielete part of dats

o Configure Sat confipurabion options

«  File Eat filenames

*  Clear Clear data array

s Abowt Dasplay Stabla3? mformabon

»  Satisthces Calculate bagic statistics

*  Index Dusplay Help imdex

s Check Check frequency data for outliers
*  Auto Perform an automated stability analvais
*  Databasw Open TSC SOL datebase file

=  Tab Cache phase or frequency data

*  Vibra Cale wibration or modulation sidebands
*  Help Isplay hielp information

The fop rows of the sereen contain the memi and toofbar, and the
bottomn lines dsplay the status of the phase and frequency data
caerrently in memory, meluding zeemabls plods of the data, The usual
Windows™ nser inferfice comentions ars e

Data Plotting Stabded2 mclades fmnetions for higheresolution phase
and frequency data plothng, wath opbonal tile, subbtle, annotabons
and dAnft lnes. The data and time axes may be scaled to other units,
The plot scales mer be automatically determned or mamally chosen,
The pots nclude time and date, file name, dafa point range,
avaraging tims and line parameters. A mumber of line options are
available. The plotting routines use the GraphiC® library for on-
sereen and pubhcabon-quality hard copy raplec printoulz. The
screen plots may be zoomed, stored in a file for replay by the
e lucled PlavWan program, o eonverted 1o other fommats for imypor
intor other programs,
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Trata Amalysis Stabled? includes functions for basic statistics, drift,
vanance, histograms, autocotrelation, and power specirum amalysis.
The basic stafistics are # data points and gaps, macmum, M,
averige, plot seales and standard deviation

Frequency  dnfl analysis mcludes Ind  difference,  3-pomt and
quadratic fits to phase data, and linear, Bisection, loganthmic and
diffision fits to frequency data. Frequency driff may be removed
froum the phaze-or frequency data. Variance analysis includes nommnal,
ovedapping. modifisd and time Allan deviabons, Total, and
Hadarmard deviations for phase and frequeney data, The averaging
fimz may be chosen as any multipls of the basic data up o the
masimmm parmitted for the partieular caleulation, Confidence limits
are piven, and =mnple or double confidence ntervals can be
eatablished for overlapping data using X° statisfics and the estimatad
nmge type A example of o Stabde3? dift analysas serean s shown
below. This screen is typacal of these for all Stable3? functions,
melixding amalyas choaces and numerionl results, The Stable32 doft
analysis methods include linear, log, dffusion, hisaction, quaedratic,
Feponntt and 2o dhfference. Linear Ging asd endpoiit motching is
available to caleulate and remove frequency offset from phase data.

Stability Amalysis  Stoble3? stability enalysis methods mclude
nonnal, overlapping, medified and time Allan deviations, total,
mixchfied dme ond Hodomsed total devistion, and normal and
aoverlapping Hadumard deviafion, Théo! & ThéoH. as well as MTIE
and TIE rms. These statistics are availablie either at o single averaging
tume with the Sigma funetion, or over a range of averaging times with
he Run function, with autcenabic baas ecereotions and emor bars
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The rasults of the latter operation can be printed in fabular form or
photted as shown below. Automatic of wser-dafined noise fyping is
available, and decade, octave or all tan increments may be selocted
The stabulity plet cam include noise lines, speafication hmits and
miasks, amd a vanery of utles, sub-titles, messages and anmotations,
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Oher Functions Other Stabde32 analysis Duichons tholude dynaime
stalality, power spectra, Si(f) Eif), 540 and S}, sulocomeiution,
noise 10, Mstograms, LP, HP, BP & BS filtering, time-fequency
domain  corversions, frequency pEmp  and  spusicus  analysis.
Simulnted poswer law clock noiss may be generated and analvzed

Documwentation Stable3? 15 supported by a 340 page User Manual
that fully descobes the mstallation and operation of the progoram
Exainples aie meluded that show the tse of the mojor feahmes and
functions. Stabledl can be wad for both routine data analyss of
frequency stability measurements and as an educational tool. The
ability to generate and amalyze simlated clock modse 15 an effective
way to leam the techmagues of Fequency stability analysis, The
Stahle32 program alao includes on-line help,

Ordering Information The single-guantity price of Stable2 (inc.
LS shippuege vid pronty imil) 15 3325 Copees of Sfalle2] may be
purchased direcdly from Hamiltost Technical Services. A check or
purchase cader shoul d scoomipany your order, Sfabla3? iz supplied on
a CO-ROM with an installation program and is not copy protected.
Backup sopes may be mads and may be installed on amy member of
comgasters within the immediate mar groug that purchased it, bt
only omg copy of each unit parchased may be sed at any time,
Addtional copies of the softeare or its documentation may mot be
distributed 1o others. Stable32 13 sold with o 30-dey refind policy 1o
insure your satisfaction. Free supportiepdates are provided for | vear,

Software for Frequency Stability Analysis
Hamitton Technical Senvices

G50 Distant leland Drive

Beaufort, SC 29907-1580 USA
Telephona. +1-243-525-5455

Fax +1-543-525-0251

E-Mail: stable32@writey.com
Wb hitp Awww wriley.com



Appendix 111

Coherent 100 MHz Noise Floor Test
of a Brilliant Instruments BI220 Time Interval Analyzer

10 100
LPRO MHz MHz PCI
Rb 100 MHz | BI220 <:|:>
Oscillator PLOM | cpa| TA

A Clk

Figure 1. Test Setup — Coherent 100 MHz Phase-Locked Oscillator Multiplier
This coherent arrangement measures the noise floor of the measurement system.

FREQUENCY DATA

Coherent 100 MHz PLOM with BI220 Freq Counter
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e et

Frequency. pp10°

Figure 2. Tau=0.1 Second Frequency Data
The average frequency is exactly 100 MHz thus verifying the instrument accuracy.
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FREQUENCY STABILITY

Coherent 100 MHz PLOM with BI220 Freq Counter

—
Q
i

Deviation

10710

Overlapping Allan

107 2 10° 2 10" 2 102
Averaging Time, s

Figure 3. Frequency Stability — White PM Instrument Noise Floor
White PM noise is expected from the BI220 analog interpolation circuits.

MTIE

Coherent 100 MHz PLOM with BI220 Freq Counter
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Figure 4. MTIE of Integrated Frequency Data
The frequency data has zero dead time so it can be used in this way.
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PHASE DATA

Bl220 TIE Measment of Coherent 100 MHz PLOM

150
125
100

Phase, Picoseconds
=

0 10 20 30 40 50 60 70|
Time, Minutes

Figure 5. Tau=0.1 Second TIE Data
TIE data is preferred for an MTIE measurement

FREQUENCY STABILITY

BI220 TIE Measment of Coherent 100 MHz PLOM
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Figure 6. Frequency Stability: 5.5x10™"" 1-Second White PM Instrument Noise Floor
Consistent with that of the Figure 3 frequency measurement.
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MTIE

Bl220 TIE Measment of Coherent 100 MHz PLOM
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Figure 4. MTIE of TIE Data: 0.19 ns at 1-Second Instrument Noise Floor

File: Coherent 100 MHz Noise Floor Test.doc
W.J. Riley

Hamilton Technical Services
February 11-12, 2012

21



