Links

Wikipedia GPSDO - https://en.wikipedia.org/wiki/GPS disciplined oscillator

Shera’s GPSDO - http://www.rt66.com/~shera/index fs.htm
http://www.rt66.com/~shera/QST GPS.pdf

Wikipedia PID - https://sv.wikipedia.org/wiki/PID-regulator

Poul Hennings simple description of a Pl loop - http://phk.freebsd.dk/time/20141018.html

Pages 14-18 shows control loop of 1PPS locking of PRS10 (similar to the Arduino):
http://www.thinksrs.com/downloads/PDFs/Manuals/PRS10m.pdf

On pages 26-31 you find ADEV and selection of time constants for a modern GPSDO FS740 with
different oscillators and similar control loop as in the Arduino:
http://www.thinksrs.com/downloads/PDFs/Manuals/FS740m.pdf

Arduino - https://www.arduino.cc/

ADEV - https://en.wikipedia.org/wiki/Allan variance

GPSDO simulator - http://www.leapsecond.com/pages/gpsdo-sim/

Timelab - http://www.ke5fx.com/timelab/readme.htm

Time nuts forum - https://www.febo.com/mailman/listinfo/time-nuts

uBlox u-center program - https://www.u-blox.com/en/product/u-center-windows

Lady heather program - http://www.ke5fx.com/heather/readme.htm

PICDIV - http://www.leapsecond.com/pic/picdiv.htm

GPS receiver M12 ADEV-MDEV charts - http://www.leapsecond.com/pages/m12-adev/

GPS receiver M12 sawtooth - http://www.leapsecond.com/pages/m12/sawtooth.htm

GPS receiver uBlox ADEV-MDEV charts - https://www.eevblog.com/forum/projects/ocxo-stable-

reference-and-control-voltages/50/

Test of four GPSDO’s - http://www.leapsecond.com/pages/gpsdo/

GPSDO HP 73801 OCXO variations - http://leapsecond.com/pages/z3801a-osc/

FLL versus PLL See ke5fx for example - http://www.ke5fx.com/gpscomp.htm
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Appendix:

Arduino GPSDO with 1ns TIC by Lars Walenius Rev. 3.0 170801 1D:1311
Type f1 <enter> to get help+info

time ns dac temp status  diff_ns filtk10 tc filt .t'|mer1 templ
0 -390 34221 28.3 WarmUp 62 B30 32 1 13838 28.1 Five minute averages: TIC+DAC+temp
1 -384 34221 284 WarmUp 5 890 32 1 25021 28.1 Now acquiring value: 0
2 -382 34221 28.3 WarmUp 3 920 32 1 25031 281
3 -378 34221 28.3 Warmlp 4 960 32 1 25042 281 0 0 o 0
4 -377 34221 28.3 WarmUp 1 970 32 1 25042 281 1 0 0 0
292 418 34221 28.9 WarmUp -2 B9EB0 32 1 25046 8.7 1143 4882 34222 33.6 Locked
293 433 34221 2% Warmlp 15 9110 32 1 25046 287
2584 43l 34221 28 WarmUp -2 59090 32 1 25046 28.7 TimeConst = 32 sec
295 426 34221 289 WarmUp -4 9050 32 1 25046 28.7 Prefilter=1sec
296 441 34221 28 WarmUp 15 9180 32 1 25046 28.7 Damping = 3.00 Gain = 80
297 434 34221 29 Warmlp -7 9120 32 1 25046 28.7 Type fl<enter= to get help+info
298 445 34221 28.9 WarmUp 12 9230 32 1 25046 28.7 Rev. 3.0 170801 ID:1511
299 437 3421 2% Warmlp -9 9150 32 1 25046 287
300 450 34221 28.9 Warmblp 12 0260 32 1 25046 28.8 Five minute averages: TIC+DAC+temp
301 441 35276 2% NolLock -9 9180 32 1 25018 28.8 Now acquiring value: 1
302 440 35285 2% NoLock 1 9170 32 1 25018 288
303 439 35293 289 Nolock -1 9160 32 1 25018 288 0 5165 34221 286
304 432 35289 2% NoLock 7 9100 32 1 25018 287 1 0 o 0
305 407 35244 289 Nolock -25 8380 32 1 25018 287 2 0 o 0
523 -21 34418 2%.4 Nolock 10 4790 32 1 25016 292 1074 45893 34216 33.3 Locked
524 -31 34392 2%.4 Nolock -10 4690 32 1 25016 292 1075 4595 34216 31.7 Locked
525 -23 34411 2%.4 Nolock 8 4770 32 1 25015 292 1076 45895 34216 33.1 Locked
526 -16 34428 2%.4 Nolock 7 4840 32 1 25016 292 1077 4593 34216 33.8 Locked
527 -30 34393 294 Nolock -14 4700 32 1 25015 292 1078 4592 34216 33.2 Locked
528 -24 34393 294 Locked & 4703 32 16 25015 292 1079 4554 34218 33.6 Locked
529 -19 343594 293 Locked 5 4710 32 16 25016 292 1080 4893 34216 33.4 Locked

Figure 1. Example of serial data pasted to Excel

Info and help - To get wvalues for gain etc type f£2 <enter>, f3 <enter> reads ADC3 and f4 <enter> EEFROM
Arduinc GPSDO with lns TIC by Lars Walenius Rev. 3.0 170801 TID:1311

Typing a<valuex<enter> will set a new damping between between 0.50 and 10.00 set 50 to 1000
Typing b<values<enter> will set a new tempRef between 1 and 1023
Typing c<valuex<enter> will set a new temploeff set between 0 and 10000. Adding 10000 giwves negative tc
Iyping d<value><enter> will set a new dacValue between 1 and 65535
Iyping e<value><enter> will erase the 3 hour storage in EEPROM if walue 1 and all EEPROM if 22 (33 sets all EEFROM to FF)
Iyping g<value><enter> will set a new gain between 10 and 65535
gain = (65536/settable VCOrange in ppb) (eg. 100ppbk DACrange gives gain=653)
Iyping h<value<enter> will set hold mode and the entered dacValus if not h0 that uses the old
Iyping i<valuex<enter> with wvalue 1 will toggle ns decimal point els3e will toggle amount of information
Iyping j<valuex<enter> Set temp 3endor type O=raw 1=LM3% 2=10kNIC+eEk 3=10kKNIC+47k (zecond digit=adcl eg 3x)
Iyping l<enter> will set TIC linearization parameters min max square
values 1-500 sets min to 0.1-50, wvalues 200-1023 sets max, wvalues 1024-1200 sets square to 0.024-0.200
Iyping n<value><enter> will set ID number 0-65535 that is displayed
Iyping oc<valuex<enter> will set a new TIC Offset between 200 and 1020 ns
Iyping p<value><enter> will set a new prefilter div between 2 and 4
Iyping r<enter> will set run mode
Iyping s<value><enter> will sawve gain etc to EEPROM if wvalue 1 and dacwvalue if 2
Iyping t<value><enter> will set a new time constant between 4 and 32000 seconds

Typing we<value><enter> will set a new warmip time between 2 and 1000 seconds

time ns dac Temp status diff ms [iltX10 tc filt timerl templ
3642 -4 34413 32.3 Locked 3 43872 32 1a 25016 32.7 39 a a
3642 a 34413 3z2.4 Locked 4 4374 32 1a 25016 32.7 40 a a

Figure 2. f1 info and help
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Gain 20 Damping 3.00 TimeConat 32 FilterDiv 2 IIC_Offset 200
TempRef 280 TempCoeff a TICmin 12.0 TICmax 1012 Square comp 0.100
Warm up time 300 LockPPScounter 3277 MissedPPS a TimeSinceMissedPPS 3645

ID Number 1311 Restarts 19 Total hours 450

Figure 3. f2 serial prints some variables

EEFROM content:

restarts = 19

totalTime3h = 150
temperature_3ensor Type = 53
ID Number = 1311

ITICmin = 120

ITICmax = 1012

x2 = 100

TIC 0ffset = 500

filterDiv = 2

warmlpTime = 300

damping = 30

tempRef = 28
tempCoeff =
dacWaluelut = 34221

M

[ T e T |

gain = BO
timelonst = 32
k=48

Figure 4. f4 serial prints EEPROM contents
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E Timelab V1.2 (x64) - C\Users\[W\Documents\OCX0131-100-1 tc300 pps from neoText i Idda -Rb3 tcB192.tim
File Edit Trace Display Legend Measurement Masks Scripts  Acquire  Help

Miles Design TimePod ...

Acquire from TCP/IP streaming server ...

Acquil}from counter in Talk-Only mode ...
Acquire from live ASCII file ...

HP 53131A/53132A/53181A ...

Figure 5. Acquire from Arduino serial port

File Edit Trace Disp

Legend Measurement Masks Scripts  Acquire  Help

Acquire phase/frequency data from talk-only GPIE or serial instrument

Available Interfa
Caption | &PSDO s ted freg-dac =

COMB (u-blox Virtual COM Port)
(USB-SERIAL CH340)

Additional Notes |

I” HP 5313xA mode

I™ Prologix GPIB-USB support Monitor

1E-13

Incoming Data
These options allow you to view the measurement stream before beginning the actual acquisition.

When the Monitor button is pressed, TimeLab will list=n for traffic from the counter's serial or GPIB port, using the selected interface. I the counter is
configured for tak-only or continuous data output, andif itis being triggered, a series of time interval, frequency, or tmestamp readings should appear in the
Eq b Incoming Data window. The connection will be maintained untl the Disconnect button is pressed, a new interface or port is selected, or one of the Start

1s Measurement, Cancel, or Restore Defaults buttons s pressed.

—
'
+
T
i Instrument [ Arduno
'
i RS-2325etup | baud=8600 parity=N data= stop=1
1E-10 L
Standard COM part e
: Sampling Interval 1 sec [T Auto ==
Input Frequency 1086 Hz Incoming Data
|
! Bin Density 3 L
1E-11
: Bin Threshold 4
1 Trace History 1
1
' Trace Duration 5 Days -
i Numericrield £ [ Wf2e12 — | Fhose dfference (seg
112 I Run Unti [Manualy terminated or scquisition complete | o = @ e e
€ Frequency (Hz)
i
1 Line Terminator | 13 set ) Frequency difference
2 (o] .
i Start Measurement Concel | Restore Defaults | e Rl ==
1
1
'
11
(]
+
1
1
'
]
]

m12 kp=0.05 ki=0.0005 avg
m12sc kp=0.05 ki=0.0005 a

Figure 6. Acquire DAC value from Arduino serial port

E Timelab V1.2 (x64) - C\Users\LW\DocumentsDOT030 gpsdo LEAGT 25nf.tim
File = Edit Trace Display Legend Measurement Masks Scripts Acgquire Help

Trace properties ... e
Flatten selected or zoomed phase data Ctrl-f
1 Remove selected or zoomed phase data F4
Subtract global linear phase trend (frequency offset) Ctrl-o
Subtract glofaal linear frequency trend (drift ling) Ctrl-1
Subtract global quadratic frequency trend (drift curve) Ctrl-q | e
Undo last flatten or subtract operation Ctrl-z
1L T e T ——

Figure 7. Subtract linear drift in Timelab
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