


Getting a 10 MHz absolute reference GPS-DO for locking the LO of a microwave ham
transverter

Low-cost design, easy to find on eBay by 2 chinese sellers

Abstract

Power supply / Thunderbold association

Using the PC soft Tboltmon.exe
-Self survey
-Optional : QTH real ASL heigth
-Accurate coordinates savings

Maximal locking, then disciplining time after savings
Final Lissajoux curve (ref = Tekelec epsilon GPS-DO)
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M ains connection

30W multiple output power supply Trimble Thunderbold
Only 15W needed

—a

10 MHz +12.5
dBm output

GPS patch input RS-232 output

-12V, +5V and +12V, P>15W
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Tboltmon.exe soft : self survey

After DC switching on

&=l Thunderbolt Monitor

E il SeEtup Wiedaw  Helg
~Tirne

Time | 000005 MotSet

Date | Aug22,1999

week | 1024  TOwW | 5
| UTC Difset | 0 HaUTClnfo
[~ Pogitior

Latitude | oooooo deqrees
Longitude | oooooo degrees
&lkitude [ 00 meters

Self-Survey Progress | 1%
Fevr Mode | [4] Full Position [30)

GPS Status | [1] Mo Time

[~ Timing Outputs
FPS [ 0o ns GRS
10MHz | 000 ppb

i Critical Alarms

& ROM Checksum

& RaM Check

£ Power Supply

& FPGA Check

& Ozcillator Control Yaoltage

~Minar Alarm
4% Dszcillator Control Yoltage
& Antenna Open
& &ntenna Short
2 Satellte Tracking
2 Oszcillator Disciplining
2 SelSurvey Sctivity
¥ Stored Paosition
& Leap Second Pending
2 Test Mode
4 Position Duestionable
& EEFROM Irvealid

42 Almanac

Sy AU
[ 1 | oo
[18 | o0
[25 [ oo
[2a [ 00
| 57 no
|20 [ oo
[22 | oo
[2 [oo
| Logging Of

~Signal Lewvels—

= Dim:iplining Shatu
Mode | [1] Power-up

Ativity]

Holdaver [sec) | i

[E] Inactive

DAC Yoltage | 0.000000
DAC Yalue

| 0x80000°

COM2: 3800, BN

After 5 minutes

- —r—

 Critizal Alarmz ~Signal Levels
Time | 10:4328 GPS & ROM Checksum 5 aMU
@ RaM Check T
Date | Sep 14, 2009 & Power Supply | JEE
R = £ FPGEA Check - [112
week | 1549 TOW | 125008 @ Dscillator Contral Woltage | | .
UTCOfsst | 0 WalTC Info Minor Alams a7 2s
& Ozcillator Contral Yoltage [ 4 |_3-D
~Positior : Antenna Open é
; e i Antenna Short [17 | oo
Latitude | 4872354 degiees P SatPTIIite.Tlack_ing_
Longitude |__252_4_5_?_ deaqrees € Oseillator Disciplining 3 34
______ T 2 Self-Survey Activity
alhitude | 1679 meters &2 Stared Position ; -. 106
__________ o & Leap Second Pending
Self-Survey Progress | 20% & TestMode 1148
R M £ Position Questionable
Rewr kode | [4) Full Pozition (30 & EEPROM Irvealid et
[ S = 3 Al Logging Off
GPS Status | (3) PDOP Too High — AN
~Dizciplining Status-
Timing Dutput Mode ,r [0] Marmal DAL Waltage !-0.038185
PFS [ 3 msGPS | | Activiy (6] Inactive DACWalue | 0x7FOAC
10MHz | 010 pob Holdover(sec) | 0  Temp[deql)| 287
[Tr @Ry @ | COMZ 9600, 8N

e
|LDI }
=7
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Tboltmon.exe soft : self survey

After 7 minutes

Thunderbalt Monitor.

After 34 minutes

—omtrol Setup Wingoe o Help Conitral  Sstups  Windolw  Halp
~Time ~Critical Alarms ~SignalLevels — coM | | Tme - Critical Alaim - Signal Levels— - COM—
Time | 104523  GPS & FOM Checksum SooAMU |1 | Time | 111807 GPS @ ROM Checksim sy AMU ||
. & RAM Check n lﬁ- | = J @ RAM Check |W i“—3-2_ - |_
Date | Sep 14, 2009 & Power Supply : i- [ Date | Sep14. 2009 : Pawer Supply @ ==
ey || @ FPGACheck | IEEEE | —— e FPGA Check B ss [l
week | 1543 TOW | 125123 & Dzcillator Contral Valtage: = ||i :_ | Week | 1543 TOW | 126367 @ Dszcillator Contral Yoltage sl
...... = e s | e 4 ; L - ;
UTC Offset | 15 seconds - Minor Alarm | 27 )24 “_.._ = i UTC Offzet | 15 seconds Minar AI‘.arrns il M e s
- || & Dscillator Control Valtage EwEE || 5 | | & Decillator Contral Yaltage - a8 [52|
~Pazition £ Antenna Open - = [~ Pasition- : inlenna gﬁen [EE
e BT 0 Antenna Short 2o || o ; [ oot ntenna Shart (38 e
Latiude | 4872354 @ Satellte Tracking s S EF ! Latiude | 4872355  degrees @ Satellte Tracking B e || I =z
Longtude | 252857 @ Oscillator Discipliring Bl | 170 & [ | Longitude | 252463 degees © Oscillator Disciplining | I i
' —— © Self-Survey Activity Al N e = o i @ Self-Survep Activity i
Altude | 1555 meters @ Stared Position Bl s |9 | Altude | 1518 met O Stored Position B es |5 [
_______ & Leap Second Pending — ) ' S & Leap Second Pending e S b
Sel-5Survey Profiress | & TestMode i 0o || o | Self-Survep Progress ) | @ Testhode -| 44 [
; R [ R = £ Pasition Questionahle —— 7 [ | e e = © Pasition Questionable ——————— | Ei
Rewr bMode | J4] Full Position [30) & EEPROM lnvalid :  Rewr Mode | [7) Overdet Clock [Time) & EEPROM Irwvalid [ y
i T —— & Laggirg OFf i ————— & Al Loggitg O el
GPS Status | [ (0] Doing Fises (T Amanas - e ) GPS Status | (0] Doing Fixes .o tRENEE ' el
Dizciplining Statuz =13 | i~ Dizciplining Status [ 43|
i A ~ Mode | (2)Auo Holdaver  DACVokage |-0037184 | 1y [ | | i Mode |  [OjNomal  DACVokage |0031214 | [q4 |
~Timing Outpu : e ([ | i Timing Dutputs s ama : ige] L. [AE ]
FPs | 3245 nsGPS | | Aty [BlInactive DACVYalue | DxFFOCS | 15 | FFS | 0880 nsGPS | | Activity (0] PhaseLocking  D&CYalue | OwFF337 | |19 |
10MHz || 026 ppb oveifseel| 7 TempldegCy[ 297 EiAll 10MH2. | 008 pob Holdoverfsec) | 78 TempidesC)| 337 | [15 |
Th R @ | \ comz seng, e || TR | i eRae | Coviz: ago0, ah || TeAl
Self adjusting lat + long

Sdif adjusting QTH heigth !
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Tboltmon.exe soft : self survey

After 1 hour & 34 minutes

_ Thunderbolt Monitar

After 2 hours

———

E.-! hun_;ierhglt_Mnmtn_r

ooy 8 e R 31 e

Conteal . Setup Window  Help Tankral Window  Help
~Time: ~Critical Alarms —Signal Lewels— [ COM— ~Time Critical Alarmn —Signal Levels—— COM-—
Tme. [ 127755 GFS bl sv oAl 15 [ | Time | 1422 6P @ ROM Checksum & el |7 [
Fék Check TR L @ RAM Check Erm 4
e = 14 [ 32 : :
Date | Sep 14, 2009 @ Power Supply ! = | Date | Sep 14,2009 & Prier Supply B 7o I
et || & FPGACheck B (2 [ | © FPGACCheck B o [T
Week | 1549 TOW | 130675 & Dscillator Contol Yaltage - EE Week | 1549 TOWw | 133336 @ Dscillator Cantrol Yoltage |__ R
T : s 15.0 — b :
UTC Offset | 15 seconds M;nﬂnfﬁljllm i s e UTC Offtsst | 15 seconds l"'.'nofﬁlalm B oo R
: . scilator Cortiel Vallage - 74 : Ozcillator Cantral Voltage (70
[~ Position : Emenna SEBT S = “Position : intema gEeT - e i
e T - erina Shor - 10,0 AR 5 4872355 de ntenna Shor ga e o
| Lafituds | 4872385  degrees @ Satelite Tracking s [ Latitude 4872355 degrees @ Satelite Tracking - [z
! Longitude. | 2.524E3 deagrees o £} scllesor Disrp g | a0 |§_ |_ Longitude | 252483  degrees o D.sqllator Disciplining -| 15.2 =Tl il
i & Self-Survey Activity. = o @ Sel-Survey Activi e ]t -y
Alttude | 1518 meters | © Stored Position Bl e |[3] s [ 7518 heles © Stored Position Bz |5 ]
I i & Leap Second Pending — ) e @ Leap Second Pending —
Self-Survey Progr 100% & Test Mods % | 3z |10 | Self-Survey Progress r1 00z & TestMode . - 78 [ ]
N _ @ Position Questionable R O e — @ Position Questionable. Vi
Rcvi Mode | [7) Oferdet Clock [Time] @ EEPROM Irvalid e e M= Rowr Mode | (7] Owverdet Clock. (Time] & EEPROM lrrealid === #
: —— & Almanac | Logging 0if el e @ Almanac | Logging O |92 |
GPS Status | (1] Daing Fixes S Ty GPS Status | (0] Daing Fises — =
~Dizciplining 5tatu (13| ~Dizciplining Statu [ 13|
e B Mode | () Normal DACVohage 0015048 | |44 [ i D Made | [0)Momal DAC Voltage | 0026351 || gy |
PPS | 4836  nsGPS | | Activiy (0)Phaselocking DACWsle | Ox7FSDE | [ 15 | PRS | 20372  meGPS | | Activit] (0]PhaseLocking DACVake | 0:BDB0A | |[75 |
1oMHz | [0S ppb Holdover(sec] | 78 Temp(degC]| 357 | (1§ | 10 MHz 0.0 ppb | Holdowerlssc) | 274 TempldesC)| 347 (15 |
Tx®Fx® | CoMz 9600, ang ||| TeAl TheRse | COMZ 9600, 8 || TeAl
ASL fase!
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Optional
According to www.topocoding.com

With exactly same longitude / latitude
coordinates

A P UMD

: QTH real ASL heigth

the altitude profile.

By clicking the map you add paints to the path whose altitude profile can be displayed
using the first button. The altitude profile may be used for example to evaluate the
degree of difficulty for given path, or for verifying the visibility of the WiFi access
point.

3]

pliée de la Justice

\' . b BD‘E‘ ?f‘e—_ﬁ
£, : ® e
% (_Altitude = 93 m / 305 ft

Sk -
[ Plan | satelite | Mite | Relief

b Al

[

g éf? %“"4. :
= o o - J .
2 o ~ q%s i
5y A 4@6‘ S |§ % “5e
I J - > o *: = i ;
E%’ ; Qﬂh{"" Q&%& 3| ipissse des B 3
=8 3 ‘;:g é | :g:
| ik - ™ ﬁ\- L =
~ Allge Royals Allee Royals © " Ruedes Meartes SR
=
@
) .
¥ POWERED’IE\'
COL%'E

L= Données cadographiques'@?ﬂﬂﬁgéiil?as' T Conctiors g tiization
[IEnglish units [ Update altitude profile ] [ Remowve last path segment l

Address: |

|[ Center to address ] [ Add address ]

Poin'l'(-_ Longitude = 252463 ) || centertopoint | [ Add point | —
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Tboltmon.exe soft : accurate coor donates savings

Accurate position entering

Pasition

~Accurate Position

Latitude 148.?2355 degrees  [+M. 5]
Lomgitude 12.524?0 degrées  [+E, )
Allitude !93 mEters

SetApprowimate Pozition | Set Accurate Position: l

Save Segment ! Drefauilt Segmentj Cloze |
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Lat + long + Alt saved

E2 Thunderbolt Monitor |
Contral Setup’ Wikdow  Helg
“Time [ Ciitical Alarms ~Signal Levels—
Time | 173433 GPS & ROM Checkzum Sy AU
& RAM Check g
Date. | Sep 14,2009 & Power Supply - | 72
........ = i & FPGA Check [ 38 1] =b:
wieek | 1549 TOW | 149673 & Dscillator Contrel Voltage b
T Dffset | 15 seconds "‘himf-ﬁ'c‘"m | 54
Dzcillator Control Woltage - [ 57
—Pasition 2 Antenna Open | &
e Wl & Antenna Shart [ o0
Lattuds | 4372358 degtees | | @ gapelie Tracking -l _____
Lohgitude | 252470 degrees @ Dscilator D'“!F"’."”E' - |90
& Self-Survey Activity e,
ltitude thers & Stored Pasition | 25 | 2E
@ Leap Second Pending i |
" Self-Survey Progress | 1003 @ Test Mode | 15 | 1:4
' : & Position Questionable
| Reovr Mode | [7] Overdet Clack [Time] @ EEPROM Irvalid | S
& Al Logging O
BFS Status | (0) Doing Fres || e
~Dizciplining Status
~Timing Output Maode | (0] Marmal DAL Voltage | 0072429
PFS | 1281 nsGPS || Activiy [0)PhaseLocking DACValue | 0x810B1
10 MHz | 0.04 ppb Holdower [zec) I__SETE Temp [deg C) I_S-E?-_
[Tx@Rx® | COMZ 9600, BN |

e e — T ——— i —————
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Tboltmon.exe soft : max locking time after savings

After new DC switching on

onitor

Windal  Help

~Critical &larms ~Signal Levels—— r
Time | 000005  MotSet © ROM Checksum 8V AMU ||
& RAM Check |1— |W
Date | Aug 22,1339 & Pawer Supply ; .
= e & FPGA Check [18 | oo |
Wesk [ 1024 TOW | 5 £ Oscillator Control Yoltage — |
L inell I = .
UTCOfset | 0  NolUTClnfo | | Minordlams —— | [ &6 | OO
L & Dszcilator Control Yoltage I"Eg" |_EIEI_
~-Pasition | & Antenna Open : |
: ——————— & Antenna Shart [5 [ oo [
Latitude | 4872358 degrees & B il Tracking o __ :
s m Soonr & Dscilator Disciplining 20 | oo [
Longitude 2052470 degrees & Sell-Surven Activity ) :
Aliade | 930 meters @ Stored Position |22 | 00
) R & Leap Second Pending el
Sell-Survey Progress i % @ Test Mode | 2 | o0 |
e € Position Questionable T
Revr Mode | [7] Overdet Clack [Time) & EEFROM |mvalid |
S | Logging Off
GPSStatus . [1)MNo Time Loy ' ,
- Discipliring Status [
i-'"'.l.'.i;'n“iEDutputS' | Mode ! [1] Power-up DAC Valtage !D.DDDDDD i'
PPS | 0.on neGPS | | Activity (6] Inactive DAC Value | 0x30000
10MHz | 000 ppb Holdoverfseel | 0 TempldegC)| 27.8
[Te®Rze | [COM2: 9600, 3-M-1 ||

After 3 minutes : GPS locked !

“Time

Time | 0731:58 GRS
Date | Sep15, 2009

Week | 1543 TOw | 199918
UTCOffset | 0 MoUTClnfo
i~ Positiar

Latiude | 4872358 degrees
Longitude !W degrees
Altibude |W meters
Sel-Survey Progress ’?

Rewr Mode |[7) Overdet Clock [Time)

IGPS Status | [0 Doing Fires |

—Critical &larmz
& ROM Checksum
@ RAM Check
& Power Supply
& FPG& Check
& Oscillator Control Valtage

—Signal Levels —
Sy AMU

| |E[*3

[7 [oo

[ 4 | oo

~Minor &larm

& Ozcillator Control Yalbage
& Antenna Open
& Antenna Short
atelite Tracking

Ozcillator Dizciplinin
& Selt-Surey Aty
& Stored Position
& Leap Second Pending
& Test Made
& Pasition Questionable
& EEFROM Inwalid

| € Almanac

[24 [ o0

-Disciplining Statuz

DAC Yalkage | 0.000000

i~ Timing Outputs Mode | (11Powerup

PPS [ 2685  neGPS | | Actviy) [1]0scWarmup DACValue | 0280000

10MHz | 3643 ppb Holdoverfsec) | O Temp(degl)| 279

[Te@Rxo | [COM2: 5600, 8M-1 || ]
e ——eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e
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Tboltmon.exe soft : max locking time after savings

T< 5 minutes : GPS totally disciplined After 15 minutes

[ [x|

Time Critical Alarmz Signal Levels COk:
Time 07-4429  GPS @ ROM Checksum Sv AMU 1
& RAM Check s =
[rate Sep 15, 2009 & Power Supply &Eﬁ e In-‘égl»
' £ FPGA Check g 1| 28 3
ek 1543 TOW | 200863 @ Ozcillator Contral ¥oltage =, T
[UTCOffset | 15 seconds | Gl i —
& Dzcillator Control Yaltage §—§ 10E 5
Fozition & Antenna Dpen - B
. & dntenna Short I
Latitude | 4872358 degre &5 Sl Tracking SRR i 7
; T & Dzcilator Disciplining R -
Longitude 252470 degree @ SeliSiirvey Activity 12 : o
Altitude 930  meters @ Stored Fosition o oo g
& Leap Second Pending
Self-Survey Progress 0% 2 Test Mode 0 0.0 a
[ . @ Position Questionable 11
Recvyr Mode |[7] Overdet Clock [Time] 6 EECO [rvalid 5
; Logging OFf 12
GPS Status [0) Daing Fikes o
Dizciplining Status i1l 13
§ Tirming Dutputs tode [0] Marmal DAL Walkage | 0084306 14
5 FF5 | £1.E5 riz GPS Activity) [0] Phaze Locking DAL Walue Om322C7 15
|| 10 MHz 0.07 ppb Holdover [zec) 0 Temp[degC)| 3.7 1E
i TheFxe COM2: 3600, g1 | THA

Almanac = all visible satellites totally « explored »
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Conclusion




Final Lissajous curve after savings

10 MHz outputs from respectively Thunderbold and Tekelec Epsilon GPS-DOs

500MV

Marconi 2440 locked on
Tekelec Epsilon GPS-DO

Max total disciplining time 5 minutes
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