FSA3011 Frequency Stability Analyzer

FEATURES

0 ~ 100MHz signal inputs

0.8Vpp ~ 3.3Vpp(8~24dBm) input signal strength

1x10"%/s Allan Deviation(ADEV) noise floor

50fs (5% 107'%s) phase difference resolution

Matched channel delay, mismatch < +2ps,,

Time domain frequency stability measurement for most of oscillators in the
world. Reduce the use & dependence of frequency domain measurement
stuffs which are expensive & huge normally (such as Phase Noise Analyzer).

B USB power & data tfransmit

B Only 73x33x120mm(WxHXL), portable little size

B Generate ADEV/frequency difference/phase difference test reports from
TimeLab software

APPLICATIONS

m  High Performance Oscillators/Clocks Stability Analyze
The stability analyze of high performance oscillators/clocks, such as TCXO/OCXO/Atom
clocks. FSA3011 can do those frequency stability/tempco/aging measurements

B Phase-Locked Loop Stability Analyze
The stability analyze of hardware PLL, quantify loop parameter

B Disciplined Oscillators/Clocks Stability Analyze
& GPSDO. PPSDO output clocks frequency stability & loop stability analyze
& 4G/5G base-station GPSDO/PPSDO performance measurement

B Design Aid for High Performance Oscillators/Clocks
FSA3011 phase measurement noise floor lower than most of oscillators. In the phase of high
performance oscillators/clocks design, such as oscillate circuit frouble-shot / temperature
compensation / oven-tank control. Compare with fraditional phase noise measurement
instrument, the more design convenience can be taken by FSA3011 portable little size
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Figure 1. FSA3011Basic Block Diagram
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FSA3011 Frequency Stability Analyzer

TYPICAL PERFORMANCE CHARACTERISTICS”

Allan Deviation oy(1)

1E-12

1E-13

1E-15
1s 105 1005 1000
Trace Notes. TnputFreq | Sample Interval | ADEVaiis | Duration | Acquired | Instrument
FSA3011 Noise Floor | Internal Divide by2 | 100 MHz 1s 480E-13 6md0s | 400 pis FSA30112
FSA3011 Noise Floor 50 MHz 1s 2.54E-13 6m 40s. 400 pts. FSA30112
FSA3011 Noise Floor 25 Mz 1s 467E-13 6m40s | 400 pis FSA30112
FSA3011 Noise Floor 16.667 MHz 18 6. 6m 40s. 400 pts. FSA30112
FSA3011 Noise Floor 125 MHz 1s 7 6md0s | 400 pis FSA30112
FSA3011 Noise Floor 10 MHz 1a 5 6m 40s. 400 pts. FSA30112
P FSA3011 Noise Floor 5 MHz 1s 6.65E-13 6m 40s 400 pts FSA30112
Figure 2. ADEV Noise Floor vs Input Frequency(3.3Veuos Input)
Allan Deviation o y(r)
1E-12
1E-13
1E-14
1E-15
1s 10s 100s 1000s
[ Trace | Notes [ _InputFreq | Sample Interval | ADEV atis | Duration | Acquired | Instrument |
FSA3011 Noise Floor SineWave (2Vp-p) 10 MHz 1s 6.67E-13 6m 40s. 400 pts. FSA3011-2
FSA3011 Noise Floor | CMOS@3V) 10 MHz is $40E-13 6md0s | 400 pts FSA30112

Figure 3. ADEV Noise Floor vs Input Signal Type
(Blue: 2V, ,Sine, 6.67x10"%/s; Purple: 3.3Veuos, 4.40x 107%/s)

*All test diagram in this document are generated by Miles Design LLC’ s TimelLab software.

2/11

©TURN Dynamic Systems, 2019 Rev. C




FSA3011 Frequency Stability Analyzer

Data Sheet
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Figure 4. Phase Measurement Noise
(10MHz/Com-Source/3.3Vewos Input, No Average Applied)
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Figure 5. Frequency Measurement Noise

(TOMHz/Com-Source/3.3Vemos INput, No Average Applied)
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Origin

—137E-13

9

Freq (Hz) at 47387s

999 996 699

1999 999 832
£999 999 709

999 999 847

~999 999 920
1999 999 961

999 999 994
000 000 000
999 999 998

Slope (seciseq)
+130E-18

Drift (Hz/day)
~7.03E-10

Error
-3306-13
~168E-14
~2.91E-14
~153E-14
-8.01E-15
-391E-15
55916

+0.00E+0
~1.86E-16
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FSA3011 Frequency Stability Analyzer Data Sheet
SPECIFICATIONS
TECHNICAL SPECIFICATIONS
Parameter Specification Note
DUT SMA /1-100MHz/0.8-3.3V;.5/8-24dBm 50Q Terminated
Ports REF SMA /1-100MHz/0.8-3.3Vp.5/8-24dBm 50Q Terminated
USB MicroUSB Socket/5V/500mA USB1.1/2.0

All Frequency

< 1x10"?%/s(>5MHz)

100MHz <6x10"%/s (typ.)
50 MHz <3x10%/s (typ.)
ADEV 3
. 25 MHz <6x10"%/s (typ.)
Noise 3.3Vemos Input
16.667 MHz <7x10"%/s (typ.)
Floor
12.5 MHz <8x10™"/s (typ.)
10MHz <6x10"/s (typ.)
5MHz <7x10"/s (typ.)
Frequency Can be Tested 100MHz/N (N =1 ~ 100) MNete' 100MHz LO
Phase No Average < 2ps(£2x107%), Peak to Peak
Measurement 3 3\/] OMF:Z t
Noise 10s Average <+ 1ps(+1x10'%), Peak to Peak ->Vemos INPU
Frequency No Average <+2x 10"?Hz, Peck to Peak
Measurement 3 3\/] OMI—:Z t
Noise 10s Average <+2x 10"®Hz, Peak to Peak ->Vemos INPU

Channels Mismatch vs
Temperature

< x1ps/C

Table 1. Technical Specifications

*Nofe 1: The REF & DUT input frequency must be the same for proper operation.

GENERAL SPECIFICATIONS
Parameter Specifications Note
After USB Device
Power Input 5V/500mA (USB Bus-Power) Enumerated
Success
Power Consumption Max. TW(5V/200mA)
Operating Temperature 0°C-50°C
Operating Humidity 20%-90% RH, Non-condensing
Storage Temp./Hum. -10°C-75°C/10%-95% RH
Outline Size 73%x33x120mm(W xHxL)
Table 2. General Specifications
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FSA3011 Frequency Stability Analyzer Data Sheet

PANEL INFORMATION

/ FSA3011

Frequency Stability Analyzer

REF DUT RUN PWR COM

USB
© 0 O 0O O —

\@ TURN Dynamic Systems @ /

Figure 6. Front Panel

No. Mark Function Note
. . . Have/Flicker
] REF Indicate if Have an Active Input on REF Port Otherwise Black
. . . Have/Flicker
2 DUT Indicate if Have an Active Input on DUT Port Otherwise Black
. . . . Running/Fast-Flicker
3 RUN Indicate if the Instrument is Running Otherwise Black
. Powered/Light
4 PWR Power Up Indicator Otherwise Black
. . . Active Transmit/Flicker
5 COM Active Data Transmit Indicator Otherwise Black
6 USB Power Deliver & Data Transmit Micro-USB Port
DUT REF
0~100MHz
O # O
(8~24dBm)
Figure 7. Rear Panel
No. Mark Function Note
0-100MHz
/ REF Reference Clock Input 0.8-3.3Vpsp
(8-24dBM@50Q)
0-100MHz
2 DUT Under Test Clock Input 0.8-3.3Vep
(8-24dBM@50Q)
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FSA3011 Frequency Stability Analyzer

TEST TOPOLOGY
NOISE FLOOR MEASUREMENT
% PC
Power o
pay Splfer, emivia oul, - TimeLab
e FSA3011 Software
RG405/U 30cm

Semi Rigid RG405/U REF
RF Coax Wire Semi Rigid ||
RF Coax Wire

Figure 8. Signal Connections for Noise Floor Measurement (Com-Source)
The noise floor measurement of FSA3011 use the common-source method, that
means DUT & Ref input signal come from the same clock source, the signal path &
noise picking of two channels be considered precisely the same. So the phase
fluctuation under this condition is the noise of instrument itself - that is the noise
floor.
Nofe 1. Keep the same length of those two coax-cable behind power-spliter, and as short
as possible.
Nofe 2. ] ps corresponds fo a distance of 0.3mm in airfbe shorter in coax-cable actually), a
phase difference of 0. 1os(1x10"%s) only 0.03mm{(30um). This obviously means that all signal
connections must be very rigid, and the mechanical vibration/shock and sfrong air flow
must be void on the fest-bench.

NORMAL MEASUREMENT
Clock
Under Test PC
USB Cable
put TimeLab
FSA3011 Software

REF

Ref. Clock

Figure 9. Signal Connections for Normal Measurement
On normal measurement. Put the high stability referenced clock source on REF
input, the clock source under test on DUT input. When the testis started, FSA3011
will measure the phase difference of those two clocks precisely, and send the
phase data to PC via USB, then the test reports of xXDEV / phase difference /
frequency difference can be generated by TimelLab Software.
Note 1. For high stability oscillators/clocks measurement (ADEV<I0''/s), fo get a higher
accuracy & confidence of fest result, the frequency offset between DUT & REF must smaller
than Ix10°Hz.
Nofte 2. The higher stability clock should be connected fo REF input. FSA3011 correction the
fest dafa & phase difference fo REF clock real-fime, this makes the fest result more precise
and stable.
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FSA3011 Frequency Stability Analyzer

Data Sheet

Appendix A: Install the USB Driver

> Go FTDI official website to download the latest USB driver:
https://www.ftdichip.com/Drivers/D2XX.htm.

» Install the driver.
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FSA3011 Frequency Stability Analyzer

Appendix B: Install the TimeLab Software

> Double click the setup.exe or beta.exe(for beta version); the latest version of

TimelLab can be downloaded on Miles Design official welbsite:
http://www.miles.io/tfimelab/readme.htm
After double-clicked the installation file, the pop-up window as below:

18! Setup - TimeLab X

Welcome to the TimeLab Setup
Wizard

This will install TimeLab Version 1.30 (Beta) of 15-Jan-18 on
your computer.

Ttis recommended that you dose all other applications before:
continung.

Click Nexct to continue, or Cancel to exit Setup.

Click “Next” to confinue.
» Select destination location, and click “Next” to continue.

(381 Setup - TimeLab ol ol |

Select Destination Lacation
VWhere shouid TimeLab be installed?

| Setup il install TmeLab nto the fllwing foicer

To continue, cick Next. If you would like to select a different foider, dlick Bromse.

Browse...

Atleast 85, 1 M8 of free disk space is required,

[ <Bak [ mext> | [ cance

» Select Start Menu folder, click “Next” to continue.

45! setup - TimeLab

Select Start Menu Folder
Where should Setup place the program's shortcuts?

= i Setup will create the program's shorteuts in the following Start Menu folder.

To continue, dick Next. If you would fie to select a different folder, cick Browse.

Browse...

[ <Bak ][ mext> | [ canca |

» Select the additional tasks “Create Desktop shortcut” , “Create Quick

Launch shortcut” , and “Associate Timelab with .TIM files” as you like it.
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FSA3011 Frequency Stability Analyzer

> Click “Install” to start:

» Installing:---

15 Setup - TimeLab L=

Select Additional Tasks
which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing TimeLab,
then dlick Next.

Additional icons:

Create Desktop shortcut
Create Quick Launch shertout.
Fle assodations:

Associate TimeLab with .TIM fles

<Back [ mext> | [ cance

18] Setup - TimeLab

Ready to Install
Setup is now “ecdy to begin instaling Timelab on your computer,

Cick instal to centinue wth the instalation, or dick Bac< if you wart to review or
charye any s=Llngs.

Destination bcatien:
C:{Program Fiee\Miles DesigriTimeLab

Start Menu folcer:
Timelab

Additional tasks:
Additonal icons:
Creste Deskiop shortzut
Creale Quick Leurch shur loal
Tile associations:
Assadiate Tinelab with .TIM fles

<Back |[ mnstal | [ Cancel

5 setuo - Timelak =
Installing
Plzace wat while Setupinctalk TimeLzb on your computer.
Extracting files...
C:\Proaram Files \Miles CesaniTime_ab\TmePod 53304 user manual.odf

» Completing the TimelLab setup.

[ 5 setup - TimeLab

= |

Completing the limelLab Setup
Wizard

Setup has finished irstalling Timelab on your comauzer. The
application may be launched by selecting the irstalled izans.

Click Finish tn exit Sehp,

[ i relzase nobes
[] Inetall TimePod 5330 USE driver

Fnish |
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FSA3011 Frequency Stability Analyzer Data Sheet

Appendix C: Use the TimelLab Software

» Double Click shortcut on your Desktop or Quick Launch location to start
up the Timelab software:

(B Timelab V1.33a (Beta) (6812 3011119
Fle Edt Trace Display Legend Measurement Masks

Scripts_Acquire _Help.

Allan Deviation oy(r)

I

Tau Sigma(Tau)
1s 113611
2 SAIE-12
is 586E-12
8s L0612
105 367E-12
2 26912
105 2216-12
806 20912
100s 20312
2008 185E-12
1005 170E-12
8008 162E-12
10005 149E-12
20008 1ME-12
10005 168E-12

1E-11

\\\\\\\‘——_\\\\__,ﬁ\,/k/

Trace Notes Input Fre Sample Interval | ADEV at4000s | Duration | Acquired | Trace History | Instrument
FESG50A vs THS301(SNZ5110739) | 05Vims SineWavolFE 5350A) va 33V CHOS(ING07)__| 10 MHz___| 10005 Tise2 [ nwsmz0s | 00015 1 [ iz

1E-12
1s

Plot 1 of 1 selected

» Clickthe “Acquire” item:

(B TimeLab Vi i3 3
Fie Edt Trace Display Legend Measurement Masks Scripts | Acqu

abs Phaze

ign Timef noy(r)
Acquire from counter in Talk-Only mode .. un )
Acagire from fve ASCII e — 1 113611
2% SarE-12
HP S31314/531320/S3181A i 536-12
o ss220m/32508 s L1012
HP 53354 .. I 2601
bo s o aka
HP SI7IA/S372A - 1005 203612
Phis ke PG50 .. s 195612
Picotes/Array U2004 series 8005 152E-1
10005 149E-12
20005 TAE-12
Wavecrest DTS-2050/2070 seres So00s b3

Symmetricom S115A / 51204 / 5125 (Frequency stabilty) ..
Symmetricom 51154 / 51204 / 5125A (Phase noise) .

1
|
|
‘ Stanford Research Systems SR620
|
|

T ==
T =5
e e
. T
s -
ey =
\\\\\\\‘———\\\\___ﬁ\,/k/
:
‘
‘
‘
.
. B - T -~

Trace Notes Input Fre Sample Interval | ADEV at4000s | Duration | Acquired | Trace History | Instrument
FESG50A vs THS301(SNZ5110739) | 05Vims SineWavolFE 5350A) va 33V CHOS(ING07)__| 10 MHz___| 10005 Tise2 [ nwsmz0s | 00015 1 [ iz

Plot 1 of 1 selected

Select the “Acquire from counterin Talk-Only mode ...” on the drop-down

list.

» Configure the acquirement parameters on the Pop-up window as below:
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FSA3011 Frequency Stability Analyzer Data Sheet

Acyuire phase/liegquency dala iom Lalk-unly GPIB wi serial insls umen_

e T ~
Caption || rieraces )
) coMi (iBizimr)
Addtional Notes | COM? (Prolific USB-to-Serial Comm Port)
Instrument F5A3011-2
Port Configuration  |baud=115200 parity=N data=8 stop=1
Setup Strins
z g Choose a GPIB or serial interface from the ist Refresh |
ahnve
- 1 Data
2 Sampling Interval 1.0 sec [ Auto HELLIZ I 4]
Input Frequency 10E6 Hz -

Bin Density IZQ

Bin Threshold |4

. I— I— " Phase difference (sec)
Trace Hietory I:l FrmETEFEE L E =|E ~ & Unwrapped phase dfference (sec)

Trace Duration 20000 ISeconds vl Data Format I)edmal 'l  Frequency (Hz)
Run Until i — . X " Frequency difference
unUn Manually terminated or acquisition complete LI Line Terminator Im Set | € Trmestam (arap af IF o)
Comment Prefix l—
Start MeasJrement I Cancel | Restore Defaults | # of Chamels |1 Monitor |
Channel ID l—

[~ HP 53:31A/53132A mode
I Prologix GPIB-USE support

— Caption
speafies an optonal capton for this trace,

To display tracs captions seneath the graph in the main wndow, select the Legend -> Trace menu option.

‘fou can spedfy a different caption st any time using Edit -» Trace properties.,

The window have four function regions:
1. Basic configuration of acquirement, the Port Configuration must be configured
as shown above.
2. Sampling configuration:
Sampling Interval: Must be 1s normally
Input Frequency: The input frequency of REF & DUT port in Hz
Trace Duration: Acqguirement time(or point) of one trace
Run Until: Select the condition of acquirement terminated
3. Available Interface:
Select the VCP(Virtual Comm Port) of the Instrument.
Click “Refresh” button could find the latest available device(s).
4. Incoming Data:
Monitor: Click “Monitor” button to monitor VCP port’ sincoming data
Unwrapped phase difference: The instrument add(or subtract) one clock
cycle to the total phase difference when phase spill-over occurred, so the phase
difference datais “unwrapped” .

When configurations are finished, click “Start Measurement” button to start an
acquirement.
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