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Two typical measurement configurations

Single input channel measured against
an internal or external reference

* Reference frequency fixed and often
10MHz

* Input channel frequency flexible

Input

Two input channels measured against
each other

* Input frequencies of both channels

flexible but often required to be nputA
close Input B
* Internal reference impact

eliminated
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Performance: What is ADEV?

Allan Deviation (ADEV) computes the average difference of two
measurements versus the interval between the two
measurement and, when applied to measurements of frequency
or phase of an oscillator, is a measure for stability. Often plotted
in Log-Log scale of Average Difference versus Interval

ADEV number is meaningless without mentioning the interval at

which it is measured

Unstable
ADEV = 1e-10 @ 1 s means: u
* Average 1le-10 variation

Difference
e When measured with a 1 s interval axis

Stable

Short Interval Long

©@®S axis



Some methods to measure
Phase and Frequency

&

1:Counting pulses
2:Reciprocal counting
3:Adding interpolation
4:Adding linear regression
5:Dual Mixer Time Difference

6:Direct sampling with I/Q down mixing
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1:Counting pulses

——Input

s Count

— (Gate

AWV AW T AW
VVVVVVJ%

Detect “up” zero crossing
Count “up” during defined gate time
Frequency = count / gate time

Problems:
* Noise in zero crossing detection

e Accuracy limited by input frequency and gate time

Accuracy for 10MHz @ 1 s gate time 1e-7
Accuracy for 10Hz @ 1 s gate time 0.1

Example: Cheap eBay counter modules

@®S




2:Reciprocal counting

| nput

sm—Count

— (Sate

Detect “up” zero crossing e
Count “up” edges during gate time

Opening and Closing of gate triggered by “up” edge

Gate time measured using high frequency clock

Frequency = count / measured gate time

No uncertainty in count

e Accuracy independent of count, only impacted by high frequency clock used to
measure the gate time.

Problems:
* Noise in zero crossing detection

* Practical speed limit of high frequency clock (200MHz to 1GHz)

Accuracy @ 1s gate time 5e-8 to 1e-9
Example: Many, starting at $300
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3:Adding interpolation
- N

—nput

—COUNE
— (G EtE

e Clock

Same mechanism as reciprocal counting

Add measurement of (very short) time between closing of gate and

next high speed clock pulse to increase accuracy of gate time
measurement.

Problems:

* Analog interpolation temperature dependent and difficult to get
gate time measurement better than 1ns

 Digital interpolation with ring counter limited by silicon/GaAs speed.
Ditficult to get below 15ps

Accuracy for 1s gate time 2e-10
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4:Adding Linear Regression

Use reciprocal counter with optional interpolation

10

Uses the fractional relation between input and ref

Take many measurements using smaller gate time

Typical 10000 to 100000 measurements per second 0 -

Calculate linear regression to find fraction
Accuracy improves with square root of number of measurements, factor 100 to 300

Problems:
* Regression is like averaging and hides phase noise problems.

* Reaching factor 1000 improvement requires 1000000 points, FPGA for calculation speed
* No solution for noise in zero crossing detection

* Loss of accuracy when input frequency is close to harmonically related to fast reference clock

Accuracy @ 1 s gate time 1le-12
* Limited due to leakage and edge noise

* Accuracy depends on relation with fast reference clock, can degrade to 2e-10

Example: Keysight Technologies 53220A (20ps RMS single shot resolution), price $6000
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5:Dual Mixer Time Difference (DMTD)

Two input mixers with same LO A HF®W ?élr viot+ @ (0+6

e s u
Converts to much lower frequency 2m vt
Time is stretched by ratio input/output

@ |.D Time Interval

Counter
2 (v+vo)t+ B

Low pass filter filters out fundamental.

Measure time difference of mixer outputs Reference oscillatol 10

RF IF
Example: ® ® A , T
«  Down convert 10MHz to 1Hz gives 1e7 time stretch vt R

* Measure time difference of mixer output using TIC with 1e-9 accuracy
e Theoretical accuracy of 1e-16

Disadvantage:
 Down conversion LO must track input frequency at fixed offset
 Still relies on detecting zero crossing

Accuracy @ 1 s gate time between 1le-13 and 1le-14
* Limited by noise, ground loops and leakage

Example: No commercial DMTD products known to me, some DIY realizations found
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Making best use of available
inform_ﬁation

All previous approaches use zero crossing detection (samples in red circles) and
ignore the rest of the input signal to determine the phase

e This approach is relevant when the input signal is directly converted to a
digital signal

After filtering out the fundamental of the input signal the resulting sine wave
contains much more information.

The next approaches use all the information contained in the fundamental of
the input signal.
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6:Direct Sampling with 1/Q mixer

Use two ADC’s running from same fast clock

ADC 2 : ‘
S\ ol

Convert to digital domain

Digital 1/Q down mix to zero Hz. s = R —HRDDS
Digital LO locked to input signals. | 4pope
Digital low pass filter to remove any harmonics. - ADC 1 = —

Atan2(1,Q) gives phase for each input sample.
Calculate phase difference between the two inputs to eliminate sample clock

Advantages:
* More phase data per second, 1e8 instead of max 1e6 with reciprocal counter using linear regression.

Disadvantage:
* Requires very fast ADC’s with sufficient amount of bits and fast DSP

* Measured phase is average over measurement time. Use decimation of factor 5 to eliminate this low
pass filtering.

Accuracy @ 1 s measurement time between 1le-14 and 1e-15
* Limited due to leakage, ADC noise and bit width of ADC and processing.

Example: PhaseStation 53100A. Price: $3000 - $20000(?)
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Why the tinyPFA?

During development of a GPSDO there was suspicion of short term
instability.

The available counter (Picotest U6200A, 40ps resolution) was not able
to measure this instability (ADEV @1 s : 1e-11)

No other second hand counter had sufficient resolution (Keysight ADEV
@1 s:3e-12)

No second hand PhaseStation available for sale

Can we build something with sufficient speed and accuracy by
combining some proven technologies?

* Direct sampling very promising but ADC and FPGA too expensive

e DMTD good on stretching time but problems with noise when doing
zero crossing detection.

* How about a hybrid of a DMTD and a PhaseStation?
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/. tinyPFA concept:
Combining DMTD and PhaseStation

Two mixers down convert input signals

Use one LO to eliminate impact Dual Mixer Phase Measurement

Analog Digital

LO locked at offset to one of the inputs
Q Mixer

LPF to remove harmonics | 1
nput [ Input 1 Freq

Use cheap 16 bit audio stereo ADC P/Fcalc | PR EeR

Rest is all in the digital domain I Mixer

OffsetatIF freq

Same as Direct Sampling.

DeltaP/F B

Advantage: calc P/F data

*  Much cheaper ADC’s with more bits
* Lower DSP speed required.

Offsetat IF freq

Q Mixer
Disadvantage:

* Lesssamples Input|2
e Requires phase lock of the first LO P/F calc

Lets do a simulation!

@®S



Simulating real world limitations

TP R——

There is leakage between the  Cross add input signals
two inputs

Mixer introduces noise Add noise to input signal

ADC has limits number of bits  Limit number of bits of input
signal

ADC has limited sample rate Simulation runs on same
sample rate

Calculations of I/Q down mix Round all calculations to
uses integers for speed relevant number of bits, do bit
true calculations
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Veritying the tinyPFA design

Delta phaseand residue Delta freq and residue

* Simulation of the two T e e
channel samplingand - 500 0000102
|/Q down mix phase, ; o & oouoror
frequency and ADEV & of oo
measurement in Octave I Coemm T A e

* Calculates 10 second of T o P s
measurement (1920000 Avev Phase FFT
samples per channel) ’ | weo [t ]

* Evenwith all real world  _*" e
limitations included still * | R
a very good o
performance - - v T e e w0 a0 s

* How to implement?
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From simulation to implementation

NanoVNA-H and NanoVNA-H4 contain all required HW
Quick test on NanoVNA-H4 showed promising performance
NanoVNA-H4 MCU just fast enough for the calculations

NanoVNA-H4 HW has some limitations
e ADC max bit rate and relevant bits

* Word length of calculations
* Temperature impact on phase due to Gilbert cell mixers

Be aware: tinyPFA SW can not run on any other member of the
NanoVNA family!
* HW incompatible: NanoVNA-F, SAA-2, LiteVNA, LibreVNA, ...

 To slow: NanoVNA-H
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Results of simulation vs. actual tinyPFA

Simulation phase accuracy with tau=0.1s

tinyPFA phase accuracy @ 1sis 1.5e-13

@ 1sisle-14
ADEV Allan Deviation o(1)
10 T Tl EE R R SEEEIEEE 1E-12
.
._‘_H\
."H‘
A4 b st 1
10 H““*H 1E-13
"‘-h._‘.'
.
.
x'\.
-\-.""-u...L \
L1V 3 H“xk 1 1E-14
.
oE 1E-15
10 100 ik ip® 0.1s 1s 10s 100s
0 [ Trace | Notes | InputFreq | Sample Interval | ADEV at 1000s | Acquired | Instrument |
tlnyP FA fa Ctor 15 WO rse | Noise 9 degrees (Unsaved) | [ 1omHz [ 0100 \ | seet1pts | nypFA |

Possible causes of difference:
e ADC does not deliver 16 relevant bits.

* Confirmed, at 192kHz at least the last 4 bits are pure noise

* Noise levels in tinyPFA is higher
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Measuring Frequency with the tinyPFA

TinyPFA can only measure Phase, calculates frequency from phase
Difference in Frequency = difference in Phase / measurement time

However: Phase is periodic
e 10MHz signal has 100ns period, max phase difference +/- 50 ns

When measuring phase difference you do not know how many Phase
Rotations did happen (see picture below)

With 10MHz signals and measuring phase at 1 s interval the maximum
gr(?ﬁuency difference should be below 0.5 * 100ns (0.5 rotation) or 0.5 Hz
ifference

To see higher frequency differences you need shorter measurement tir time.

LNV ALY =
W WVWW Y W

@®® Measured phase the same but frequency different




Using the tinyPFA @

Check input signal level and display samples

Check frequency of input using FFT

Measure single channel frequency

Check quality of input signal

Measure Phase and Frequency of two inputs
What can go wrong?

Further data analysis
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hecking level of input signals

Level:-18,-9dBm PLL:=28299, +2.92mH=
D PHASE

e +000.000 179 71 ™ pee
IﬁfﬁtPhase: 'l'CII] 028- 627 82 " D FREQ

FASAMPLE 2k -171.62 BEAHPLE 2k/ -261.58  [Ef{00S

i' H IIi|i "| |"'I' I‘II'III | II | '|I |Ii|i“'| | ‘;ill I'| ||IIII‘I|';IIIHIIII IIII‘II;i'IIHII
|||| ||“|| 1 ll | l REEI l I|| |||| I| |I |||| HH ||| ||||| ' |I |||| ||| || ||

FTd T I ||I N H
|'|'|'|I||'|'|' ||||||I||'|'|'

i N.' .f.l il |' H |' ||.|||| 'm .” il |' |

FHA

RESIDUE

|I| |||| II ||I| |I| |||
n nl,

+ BACK

CW 18.8688 886 HH= tau=99m= 181p
Signal level impact noise floor, best performance between -10 dBm and 0 dBm

Signal on A (-10 dBm, yellow) and B channel (-9 dBm, green)

Internal AGC ensures ADC uses full range for inputs over the full -50 dBm to 0 dBm range
AGC not adapting in sample display mode!!!!

DISPLAY/FORMAT/SAMPLE option useful to check input signals

Demo:Switch between -10dBm and -30dBm
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Checking frequency of inputs using FFT
Level:-16,-96dBm SLi-97,-182dBm ET
‘. +010.000 000 00 = Bl
Bfﬁtl’haset ——— - ns o FEESE
VFFT_AHP 267 -14dBc -28062H= ®FFTA
‘ﬁ O FFT B
| ‘ e
N W Iy P | 0 AvERAGE
'In!r",""ll‘ll o '|'|‘ft-" ILII I||I o 1! |' '" I|||II || Il.a'u |, ||r |||'~|I‘|'II M II ] I.I
' MAX AVER
5
« BACK
tau=1lms 155p 37588 Hz

Marker displays frequency difference with reference frequency

Wide span helps to “find” signal

Watch out for mirrors as analog mixers in nanoVNA-H4 do not have mirror suppression (IF=48kHz above
signal, mirror @ +96kHz

FFT resolution 187Hz, determined by FFT length (512) and sample rate (192kHz)
Use the wide FFT to bring the frequency error below 200 Hz
Demo: Signal at 10.01MHz, preset 2
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Checking quality of input signals

Level:-108.-88dBm SL:-85,-188dBm FET

Lo 0010. (II] (m 04 T OFF

FFT
N © PHASE

as
B-A Phazet —-— - - -

FFFT_AMP 28/ -16dBc BH= @ FFT A
O FFT B

WIDE
L rer

h ]
IH "
I\

‘ [0 AVERAGE

|_|| ) l."|.|| .u,.j "J'-'ll"'lllp""b' H|’“' 1] fuh ,4‘ H||'|I|,!|I h fl'”'" 1“,.,u||1hr,1 |i,'| Li“ ,.'l,' MEHH AVER

+ BACK

tau=1ms Bp 398 Hz

AM modulation 1% @ 50Hz

Display potential close in spurs

Span limited to +/- 390Hz

Level:=18,-88dB SL:+-85,~180d4B
eve dBm dBm FET

@]
“RErea 999 999 92 e M

FFT
I PHASE

Last
B-A Phase:
FET_AHP 287 -10dBc OHz QUL

O FFT B

WIDE
DeFr

1 AVERAGE

||
f
[ h.
r-'uulr“. ) 1|lf J'||||r'1i"1" .a,|1| ,| I.‘l’"']h.l A

-||||. la'“nn’.'p.ﬂfwl m‘“n'r o MR AVER

« BACK

tau=1lms Bp 398 Hz=

Phase modulation 0.01 degree @ 50Hz

FFT resolution 2Hz, determined by tau (0.001s) and FFT length (512)

* Set tau=0.01s for +/- 39Hz span.

Good to detect low frequency Amplitude or Phase modulation

Demo: Very small phase modulation, preset 2
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Measuring single channel frequency

Leveli:=-18,-86dBm PLL:+8, +955H=

st 0010.000 000 0O ™=

ns

Last
B-A Phage: ™ ™™™ .

DECIMATION
FAF SmH=z/ 4.57mHz 5

SETTIHGS

ClW 16.868 688 HH= tau=100ms 180p

Single channel input displays frequency using the internal reference. Accuracy better than 1e-9,

Frequency range +/- 500Hz

Select correct frequency and calibrate internal reference with NULL A FREQ
Reset calibration with NULL A FREQ without A channel input

Now ready for differential frequency/phase measurements!

Demo: Preset 1, 4, blue trace, remove Null A Freq

@®S




Measuring Phase and Frequency
difference between A and B channels

Level:=18,-9dBm PLL:+79, +1.47mH= 1.2, j El Level:-18,-9dBm PLL:#22, =3.dEmH=

ikee =000.000 011 43 ™ e +001.000 499 44 *
ibneee: =000 014.388 bbnaee: #000 000.37D 53 ™

MOP 1m®/ -51.79914° AF 2mHz/ =7 79ul= MOP 58°/ 1.11481° AF 2mH=/ -43 EIuH-
OF 58pH=/ 285.82983nH= |]F EBBuHL:‘ 1 BBBBIEE?HL ’

CY 16.866 888 HH= tau=39ms 1008, CW 16.866 6688 HMHz tau=39ms 100k
0 Hz A-B difference 1 Hz A-B difference shows phase
Enable SCROLL TRACE, AUTO SCALE and tau=0.1s rotation and frequency pulling

DP =B - A Delta Phase, DF = B — A Delta Frequency, AF = A channel frequency difference with internal
reference, RESIDUE = Linear residue of delta Phase

PLL keeps internal reference locked to A channel frequency to minimize pulling
Maximum delta Frequency independent of tau (maximum difference +/- 200 Hz )
Large frequency difference A-B shows pulling due to limited isolation (80dB) between inputs.

Demo: Preset 4, all traces
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Factors influencing measurements

Leveli-18,-9dBm PLL:+24, -h.ddmH=

IﬁaﬁtFreq 'I'CII] CII] CII] 89 e
Bibnse: =000 014.0005 98 "

HOP 2m*/ -51.46681°

L
CW 16.088 868 MH= tau=1s 63p

Tau=1 s gives 0.0005 ns RMS phase noise

Temperature and mechanical movement impacts phase
Many cables not phase stable

Torque of SMA connectors

Any non-shielded close by oscillator will be visible
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Analyzing measurements

Log via USB to programs like Timelab
* Minimum tau =2 ms

* tinyPFA freezes when USB buffer full

* Displays RED nhumbers when data lost

* Logs wrapped phase as -0.5 .. +0.5

* Use scaling and unwrapping in TimelLab

* Optional phase unwrap and scaling avoids having
to know the measured frequency

Log to internal SD card
* Minimumtau=0.15s
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Timelab interface settings

tinyPFA: USB LOG and UNWRAP enabled

Timelab acquire phase data from talk only serial instrument
s s e e Bl e |

rAvailable Interfaces

Caption I MNoise floor

B — COM3 (USE Serial Device)
Additional Motes I Decimation 5 COMS (USB Serial Device)
Instrument I tinyPFA

Port Configuration I baud=9600 parity=N data=8 stop=1

Setup String |

Standard COM part Refresh |
1 ing Data
Sampling Interval |0.1 sec [ Auto ncoming Da

e 1.400141716777-08 ChA ~
InputFrequency | 1e7 He -1.400 14767677708 ChA
-1.4001530407772-08 ChA

-1,400170326777e-08 Cha

Bin Density I 29 -1.400160789777e-08 ChA
-1. 40017271077 7e-08 ChA W
Bin Threshald I 4

" Phase difference (sec)
i I Mumeric Field # 1 X1 =
Trace History ! I I % Unwrapped phase difference (sec)
Trace Duration |1 [pays | Data Farmat |pecimal ~| ¢ Frequency H)
’ - — " Frequency difference

Run Untl IManuaIIy terminated or acquisition complete ;I Line Terminator I 10 Set | € Tmestamp (wrap al W secs)

Comment Prefix I
Start Measurement I Cancel | Restore Defaults | # of Channels I 1 Stop

Channel ID Cha

[ HP 53131A/53132A mode
[ FPrologix GPIB-USE support

@®S




Important TimelLab views

Phase Difference (Zero-based) Frequency Difference (Zero-based)

Averaging window: Per-pixel Averaging window: Per-pixel

2506125 | o +1.00E-11 ;
2006125 | ) +8.00E-12 i
+1.50E-12s : +6.00E-12 :
O0E-12e , _— L . vanoeetz | kil | L P T T (gl |
! ]
+500E-13s | +2.00E-12
0.00E+0s | |f B L LS 0.00E+0
-5.00E-13s i -2.00E-12 . ‘ | ST 1 "| |!r1 Wk
i
~1.00E-12s : ~4.00E-12 : | || | [ L ! |
-1.50E-12s i -6.00E-12 i
I
-2.00E-12s : -8.00E-12 :
-2.50E-12s ! -1.00E-11 !
0s 12s 24s 36s 48s 60s T2s 84s 96s 108s 120s Os s 14s 21s 28s 36s 43s 50s 57s 64s Tis
| Trace ] Notes [ InputFreq [ Sample Interval | Phase at1s | Acquired | Instrument | Trace [ Notes [ InputFreq [ Sample Interval | Freq atis | Acquired [ Instrument |
[ Moise floor (Unsaved) | Decimation5 | 10MHz | 0.100s | -1.40E-8s | 1138pts | tinyPFA | Moise floor (Unsaved) | Decimation5 [ 10MHz [ 0.100s | 10000000Hz | 703pts | tinyPFA |

Allan Deviation (1)

Phase difference: No Jumps and only slow Drift = ;

Frequency difference: Must look like noise

ADEV: Straight line
[ .Trace [ Notes [ InputFreq | Sample Interval | ADEV at1s | Acquired | Instrument |
| Noise floor (Unsaved) | Decimation5 [ 10MHz | 0.100s [ 280E-13 [ 1703pts [ tinyPFA |
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Impact of tau and decimation

Allan Deviation O'y(T)

1E-10

1E-11 \

1E-12 \

e \\\
\:\\

+
+
I
:
]
1E-14 t
: ====
T
I
T
]

1E-15
0.01s 0.1s 1s 10s 100s
Trace Notes. Input Freq Sample Interval ADEV at 1s Acquired Instrument
Noise floor (Unsaved) Decimation 5 10 MHz 0.010 s 8.539E-13 7031 pts tinyPFA
Noise floor (Unsaved) Decimation 5 10 MHz 0.100 s 2.T4E-13 3413 pts tingyPFA
Noise floor (Unsaved) Decimation 1 10 MHz 0.100 s 1.54E-13 681 pts tingyPFA

Factor 10 increase in tau reduces ADEV with sqrt(10)

Factor 10 increase in decimation increases ADEV with sqrt(10)

Set decimation to 5 to avoid hiding phase problems with period 1/tau
Set tau factor 10 lower than shortest period of what you want to observe
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tinyPFA vs Picotest U6200A

Allan Deviation Uy(T]

1E-10

1E-12 =~
1E-13 :
I ¥
1
1
| /\
i
I
i
I
1E-14 )
0.1s 1s 10s 100s
Trace Notes Input Freq Sample Interval ADEV at 1s Acquired Instrument
Noise floor (Unsaved) Decimation 1 10 MHz 0.100 s 1.45E-13 3695 pts tingyPFA
Noise floor (Unsaved) 10 MHz 0.100 s 1.22E-11 3621 pts PICOTEST U6200A

Almost factor 100 accuracy improvement with same measurement speed
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Visualizing phase stability problem

Phase Difference (Linear residual)

Averaging window: Per-pixel

+35.00E-11s

+4.00E-11s

+3.00E-11s

+2.00E-11s

+1.00E-11s

0.00E+0s

-1.00E-11s

-2.00E-11s

-3.00E-11s

-4.00E-11s

-5.00E-11s

Trace

Notes

Input Freq

Sample Interval

Phase at bs

Acquired

Instrument

Output vs input of BGTTBL (Unsaved)

10 MHz

0.002 s

-4.04E-8s

13113 pts

tingDMTD

Measures the phase of the output of a clock distribution amplifier with internal

reference versus the selected external reference input

Phase jumping caused by leakage from internal reference when in external

reference mode
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Measuring reference oscillators

Allan Deviation Uy(T)

1E-9 :
1E-10 i S i i
1E-11 \ ||

a —

|

|

[
\\
1E-13 I

]

I
I
I
I
I
1E-14 :
I
I
I
I

1E-15
0.001s 0.01s 0.1s 1s 10s 100s 1000s
Trace Notes Input Freq Sample Interval ADEV at 1s Acquired Instrument
Noise Floor 10 MHz 0.002 s 8.44E-13 1417202 pts tinyDMTD
0OCXO vs DOCXO 10 MHz 0.002 s 7.50E-12 1626356 pts tinyDMTD
OCXOvsRb 10 MHz 0.002 s 1.97TE-11 1800000 pts tinyDMTD
DOCXO vs Rb 10 MHz 0.002 s 1.89E-11 1506034 pts tinyDMTD

OCXO and DOCXO have the best short term stability below 1 s
Rb and DOCXO have the best stability above 1 s (OCXO was still drifting)

Blue trace is the noise floor of the tinyPFA
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Long term Phase Stability @

Use phase stable cables
Avoid temperature changes

Or use Side Channel to eliminate temperature
Impact
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Side channel setup

A+side

tinyPFA

B+side

Generator Isolator

Generator set to A freq + 8 kHz
Isolator has minimum 80dB isolation and outputs -15 dBm

Use rlesistive combiner (6 dB loss) to add side channels with input
signals
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Long term noise floor with side channel

Allan Deviation Uy{T)

1E-13 T
: Tau Sigma(Tau)
\ 1s 9.08E-14
i 2s 4.72E-14
i 4s 2.28E-14
| 8s 1.15E-14
1E-14 10s 9.47TE-15
| 20s 4.6TE-15
| 40s 2.41E-15
1 80s 1.21E-15
1 100s 9.70E-16
1 200s 4.94E-16
I A00s 2.53E-16
! 800s 1.32E-16
1E-15 4 1000s 1.06E-16
U 2000s 5.53E-17
| 4000s 2.84E-17
i 8000s 1.43E-17
i 10000s 1.15E-17
I 20000s 6.57TE-18
| A0000s 521E-18
1E-16 :
|
I
I
I
1
1
1E-17 :
1
I
1
1
1
1
|
1E-18
1s 10s 100s 1000s 10000s 100000s
Trace Notes Input Freg Sample Interval ADEV at 10s Duration Elapsed Acquired Instrument
GPSDO 10MHz 2x30dB att -7.5dBm A and to B 2x10dB att tau=1 10 MHz 1s 1.04E-14 1d Oh Om 0s 1d Oh Om 0s 86400 pts TinyDMDT
Rubidium 2 10MHz 2x30dB att -7.5dBm A and to B 2x10dB att tau=1 10 MHz 1s 9.47E-15 1d Oh Om 0s 1d Oh Om 0s 86400 pts TinyDMDT

ADEV drops 1/tau down to below 1le-16
Good enough to measure Cesium clocks.
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RF

Seminar

How about phase noise measurement?

E] Level:-18,-9dBm SL:-96,-98dBm 1.2.88-289 E| Letveli=6,~1ddBm

Last — - HHHz
B-A Freu:

bibeee: #000 000.000 00 ™

PFFT D PHASE 28/ -135dBc 1H=

Last
B=A Freq: T ———

i +000 000.000 00 ™
FFFT O PHASE 28/ -83dBc 98mH= |1‘

il
L9
ra"\

fil
1 1
i W
o e
I i e Ty
.-‘l"llr-"";'r" f o

1
T
H '"“"'"r".,|‘|.|"'""---u,..| it e
T

- o bt Fatd
ey M e
|r'.'-'~|.|.l ||'I.|1"||If1|r||1.'l L,l""" 1" ""\ Ht

tau=108ms Bp 3d Hz

tau=180m= Bp

Close in (1 Hz) phase noise floor is about -135dBc Measuring good OCXO against excellent DOCXO

Using the FFT display it is possible to show the close in phase noise of an incoming
signal against an internal or external reference by setting tau to 100 ms

The phase noise of the internal reference (TCXO) is limited but eliminated when using
an external reference

-60dBc @ 0.1 Hz offset
-80dBc @ 1 Hz offset

The internal noise floor at -135dBc is too high to measure phase noise of good clocks
beyond 10Hz offset.
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Next steps

SW:
Improve FFT Ul logic

HW:

Investigate optimized HW platform

 Different mixers to reduce noise and temperature
Impact

* Increased accuracy with better ADC
* Integrated side channel

Don’t expect anything soon.
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More info

Wiki: https://www.tinydevices.org

Support forum: https://tinydevices.org/forum/

Firmware repository: http://athome.kaashoek.com/tinyPFA/DFU/

YouTube playlist(see note):
https://www.youtube.com/playlist?list=PL5ZELMM2xseNmCdrnX
SOD1CY 8GKQpsyU

Note: Most video’s use older FW, new FW may have different behavior
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