VREMYA-CH

Passive Hydrogen Maser

VCH-1008

User guide

Russia, 603105, Nizhny Novgorod, Osharskaya street 67,
"VREMYA-CH" JS Company,
Tel.- Fax 007 8312 11 02 94




TABLE OF CONTENTS

2. Control and Monitoring FUNCLIONS..........commmmeeeeeeeiiiiiii e e e 4
3. Operating INSIUCTHION. .......coiiiiiii e e e e e e e eeeeeeeenana 5
3.1 Initial Turn-ON ProCeAUIE ..........coiiiiceemme e e et e e 5
3.2 TUIrN-Off PrOCEAUIE........ccoieiiie et 7
G 0 I8 1Y/ = V] I 1Y/ = o U P 7
3.4 Menu “Parameters ChecCkK”...... ... 8
3.4.1. Checking of the Power supply unit — menwi@0 ...........ccoooevvviiiiiinnennne. 8
3.4.2. Checking of the hydrogen discriminator — m#ébdiscriminator”............... 9
3.4.3. Checking of the Frequency Lock Loop systemenu “FLL system” ..... 10
3.4.4. Checking of the Reference signal unit — ni&hgnal levels”.................. 11
3.4.5. Checking of thermostats— menu “Thermostats’.............cccovevvviiiieeeeee. 12
3.5, MENU “CONLIOI ... e e e eree e e 13
3.5.1 MENU “SeL tIME” ... .. 13
3.5.2 MENU “Set Aatl” .....vuii it 14
3.5.3 MenU “Set freqQUENCY" ........cce et 14
3.5.4 Maser units control — menu “DiSCrmMiN@tOL, o ..ovvviieeeiieeiiiee e 15
3.5.5 Searching for Hydrogen emission line — mdtditie search”.................. 17
3.5.6 Submenu “Time scale CoNtrol” ..........cceeeeeiiiiieiiee e, 18.
3.5.6.1 Submenu “Signal parameters”........ccccoeevveeiiiiiiieeeieeenns 19
3.5.6.2 Submenu “Measurement”..........ccoueeeniiniieeiiiinee e 19
3.5.6.3 Submenu “Synchronization source” ..........cccccccceeeeeeennen, 22
3.5.6.4 Submenu “Nav. module status”........cccccceveriiiiiiiiinnnenne. 23
3.6 Diagnostic messages — menu “Information”............cccceeeviieivieiiiiiiieeeeeee, 25
3.7 Language setting — menu “Language”..... .. oeeeereeerriiiiieeereesiniinnneeen. 28
3.8 Versions of embedded software of the instrumenenu “Versions”........ 28
3.9 LAN settings of the instrument — menu “LAN cigofration” .................... 28
3.10 Operation using built in aCCUMUIALOIS .. eeuammeeeeeeiiiiieeeeeeeiiiie e 29



1. List of Abbreviations

HFO - high frequency oscillator
FLL — frequency lock loop

IF — intermediate frequency

RMS — root mean square value
DAC - digital to analog converter
ADC - analog to digital converter
PPS — pulse per second

PPM — pulse per minute



2. Control and Monitoring Functions

VCH-1008 Passive Hydrogen Maser realizes the fotigweontrol and monitoring
functions.

Control functions:

1. Switching ON/OFF the ion-pump high voltage, hydnogeipply source and High
Frequency Oscillator (discharge HFO) with incorr&@N” and “OFF” sequence
protection.

Setup of output signals frequency offset code.
. Automatic Frequency Lock Loop (FLL) search for ¢ay®scillator — “H-line
searching”.
4. Automatic time scale and frequency correction ie #ynchronization regime
using external 1PPS signal or 1PPS signal of endze@l ONASS/GPS receiver.
5. Manual setup of current date and time.

AEN

Monitoring (Check) functions:
1. Power circuits voltages.
» external DC source (+24V) ,
» output of DC/DC converter of the external DC soUre27V),
« AC/DC converter ~220V/+27V,
« DC/DC converters +27V/+15V, +27V/-15\%27V/[+5V, +27V/+3.3V,
 internal battery (built in accumulators) voltage.
voltage supply for ion-pump,
voltage supply for HFO.
Purifier, ion-pump and HFO currents.
Temperature deviations of cavity ovens and hydragemce oven.
Second harmonic signal level.
IF-level voltage.
Representation of DAC codes, engaged in controlits of cavity and crystal
oscillator tuning.
7. RMS voltage of the sinusoidal signals 100MHz, 10Mbi¥IHz,
Presence of the pulse signals 2.048MHz, 1PPS.
Status information about GLONASS/GPS receiver medul

oOkwn e
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3. Operating Instruction

Instrument operation and its monitoring is exermtige an automatic mode. However a
direct control possibility is provided. To perforih the User should choose menu
commands which are represented on the LCD toucélpan

3.1 Initial Turn-On Procedure
These procedures should be followed when the im&ind is to be turned on:

Connect power cables to AC (100 — 240)V line oreexdl +24V DC source to the
instrument and switch ON the toggle “ACCUM” on ttear panel of the instrument.

After that automatic switching on procedure is lo@ tun. The LED-indicator “ALARM”
must light.

During first 23 seconds the information about imstent status and parameters is
collected, LCD display shows the message “Loading.After loading process the

introduction window with current status informatiappears on the LCD display (see
Fig. 1 — 4). To get more information about the rmstent parameters — click “Enter the
menu”.

The instrument comes to a normal operation modenaatically. As soon as the external
power source is connected to the instrument the m@amtrol program switches ON the
ion-pump, cavity and molecular hydrogen ovens imiatetl, corresponding message
window on the LCD display is presented in Fig. %.the pump current reaches its norm
and cavity warms up, the molecular hydrogen puriieenergized.

VCH-1008 @

Warming up

ENTER THE MENU

Figure 1. Status screen before hydrogen purifieuns

In 5 minutes after the purifier is switched ON, tmntrol program checks its current and
if it is normal, HFO power is switched ON.
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H-line searching

ENTER THE MENU

Figure 2. Status screen during H-line searchinggs®

As soon as the normal brightness of HF-dischargthénbulb is achieved, the central
processor sends the command to the FLL-process@ateh Hydrogen emission line (H-
line) by changing the frequency of 5 MHz crystatibbator (Fig. 2). H-line searching
procedure takes one minute, after that FLL systemes to the frequency lock state. In
case of successful completion of the H-line seaghprocedure LED indicator
“ALARM” fades and the message window on the LCDpthy informs about normal
operation of the instrument (Fig. 3).

VCH-1008 @

Frequency keeping mode
Normal operation

Ext.DC source-not conn-d

ENTER THE MENU

Figure 3. Status screen informing about normal ajg@r of the instrument

If after switching on process non-critical erroes/é been detected, warning message will
be shown in the status screen (see example iMkid.o look at the full list of warning
messages enter the menu and select item “Inforniatio
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Frequency keeping mode
Synch. OK, warnings

H2 source

ENTER THE MENU

Figure 4. Status screen informing about normal ajp@r with warning

If during switching on process or during operatofrihe instrument crucial failures occur
and normal operation is impossible, introductiomndaaw will show message “No
synchronization” and the LED-indicator “ALARM” wilight.

In case of unplugging external power source, switgho internal accumulators will be
done automatically, the corresponding message tiwghnformation about accumulators
voltage will appear.

3.2 Turn-off Procedure

To switch off the instrument toggle “ACCUM?” in thewer position, disconnect external
power sources 220V AC and +24V DC. After the tufhgyocedure is completed, all
settings of the instrument are saved in nonvolatiEamory. These settings are restored
when the instrument is switched on next time.

3.3 Main Menu

The main menu looks as follows:

To status screen

Main menu

Parameters check Language (H3blk)
Control Versions

Warnings LAN configuraton

P. check Control Warnings Language Versions

Figure 5. Main menu window



Each menu window has a button in the upper lefh@oto turn back to the previous
menu or introduction window (“To status screen’Fig. 5). In the bottom of each menu,
submenu or information window there are items ofrmmaenu for quick navigation. To
select a menu item touch corresponding area odifiday. All clickable buttons of the
interface are colored in dark violet.

3.4 Menu “Parameters Check”

The central processor measures parameters of sheinment units continuously. Use a
proper submenu to inspect the parameters of aicesygtem. For this purpose choose
one of the items shown in Fig. 6.

Parameters check

Power Signal levels
Discriminator Thermostats

FLL system Date and time

Control  Warnings Language Versions

Figure 6. Menu window “Parameters check”

"

3.4.1. Checking of the Power supply unit— menu “Po  wer
This menu serves to check power supply voltageterAklection the item “Power” the

following window appears on the LCD display (Fig. Description of parameters and
allowable limits are presented in Table 1.

Back Help

Power
Uacc(V) = 005 Uext(V) .005
U+15(V) = 15.0 U-15(V) -14.9
U3.3(V) = 3.44 Uacdc(V)= 27.0

u27(v) 27.7 U+5(V) = 5.01

Control  Warnings Language Versions

Figure 7. Power supply information window

Table 1 can be viewed on the instrument displagllmking button “Help” in the upper
right corner (see Fig. 7)



Table 1. “Power” group parameters

Parameter Description, units Allowable limits
Uacc Built in accumulator voltage, V No less thdnsY
Uext External DC source voltage, V No less than 20V
U+27 +27 V internal converter voltage, V 24V to 30V
U+15 +15 V internal converter voltage, V 13.5V 8Vl
U-15 —-15 V internal converter voltage, V -13.5V-b3V
U+5 5 V internal converter voltage, V 4.5V to 5.5V
U+3.3 3.3 Vinternal converter voltage, 3.0V t6\3
Uacdc ~220/+27 V internal converter No less than 22

voltage, V

3.4.2. Checking of the hydrogen discriminator — men u “Discriminator”

To inspect parameters of the discriminator (Maaeg the units, providing its operation,
choose item — “Discriminator”. After its selectitie corresponding window will appear
on the LCD display (Fig. 8). Description of paraerstand allowable limits are presented
in the Table 2.

Back Help

Discriminator
Upmp(kV) = 3.60 Ipmp(uA) = 640
Upr(V) = .944 Ipr(A) 443
Uhfo(V) =279 Ihfo(A) 511

Udis(V) =3.17 H2p(Atm) =125

Control  Warnings Language Versions

Figure 8. Information window “Discriminator”

Table 2 can be viewed on the instrument displagllmking button “Help” in the upper
right corner (see Fig. 8)



Table 2. “Discriminator” group parameters

Parameter Description, units Allowable limits, if
applicable
Upmp ion pump power voltage, measured in No less than 2 kV
kilovolts
[pmp ion pump current, measured in No more than 495A
microamperes (during heating process

No more than 10QA
(after heating)

Upr power voltage of molecular hydrogen
purifier, measured in volts
Ipr purifier current, measured in amperes 0.15A.8A
H2p pressure in the hydrogen source, 1.5t0 20
measured in atmospheres
Uhfo HFO power voltage, measured in
volts
Ihfo HFO consumption current, measured No more than 0.7A
in ampere units
Udis voltage of photodetector (in volts No less than 0.5V

measuring brightness of the dischafge
in the discharge bulb

3.4.3. Checking of the Frequency Lock Loop system — menu “FLL
system”

This menu allows checking the units involved in td. system: interrogation signal
unit, receiver and FLL-processor (Fig. 9). Desoniptof parameters and allowable limits
are presented in the Table 3.

Help

FLL system

D2H =-4583 QDAC =3239 RDAC=2854

T(°C)=35 IF =807 GET =361

20M =801 P =2800 F =-2026

Control  Warnings Language Versions

Figure 9. Information window “FLL system”

D2H — second harmonic level of mismatch signal, saead in relative unitdlt is a
crucial parameter indicating whether crystal oscilator signal is adjusted (locked) to
the frequency of hydrogen spectral line. Crystal asllator is considered to be
synchronized if D2H < -1000.

10



Table 3. “FLL system” group parameters

Parameter Description, units Allowable limits, if
applicable
D2H Second harmonic level of mismatch No more than -1000
signal, measured in arbitrary units.
QDAC Crystal oscillator fine tuning DAC code, 1000 to 64535
arbitrary units
RDAC Discriminator resonator tuning DAC code 1000 to 64535
T Temperature®C) measured on the FLL
processor board
IF Receiver intermediate frequency signal No less than 60
level, arbitrary units (ranged between 0
and 1023)
GET Receiver heterodyne (oscillator) signal No less than 60
level, measured in ADC code units
(ranged between 0 and 1023)
20M 20.40575168 MHz synthesizer DAC No less than 4
code, arbitrary units
(ranged between 0 and 1023)
P Selected digital code of synthesizer 0 to 4095
20.40575168 MHz signal level,
(factory set)
F Output signal frequency code, measured -99999 to 99999

in units of 1.e-15

Table 3 can be viewed on the instrument displagllmking button “Help” in the upper
right corner (see Fig. 9)

3.4.4. Checking of the Reference signal unit — menu

“Signal levels”

This menu serves to inspect the internal refersigreals. The sinusoidal signal levels are
measured in volts, pulse signals are controlledpfessence by logical detectors, which
mark presence or absence of corresponding sighas 10). Description of parameters
and allowable limits are presented in the Table 4.

Signal levels

USM1(V) =1.18
U10M1(V)= 1.20

U100M(V)=1.10 UPLL(V)

Control

Warnings Language Versions

USM2(V) =1.18
U10M2(V) = 1.09

=.964

Help

Figure 10. Information window “Signal levels”
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Table 4 can be viewed on the instrument displagllmking button “Help” in the upper
right corner (see Fig. 10)

Table 4. “Signal levels” group parameters

Parameter Description, units Allowable limits, if
applicable
Usm1 5 MHz output signal voltage, output No less than 0.3
Nel, V, RMS
U5M2 5 MHz output signal voltage, output No less than 0.3
Ne2, V, RMS
UlomM1 10 MHz output signal voltage, output  No less than 0.3
Nel, V, RMS
Uli0mM2 10 MHz output signal voltage, output  No less than 0.3
Ne2, V, RMS
U100M 100 MHz output signal voltage, V, RMS No less than 0.3
UPLL Control voltage of PLL system for 100 0.5t04.5
MHz signal, V
1M Status (OK/ERR) of pulse signal 1 MHz
(the signal runs to the rear panel, and
marked as “1 MHz”")
2048 status (OK/ERR) of pulse signal 2.048
MHz (the signal runs to the rear panel,
and marked as “2.048MHz")

3.4.5. Checking of thermostats— menu “Thermostats”

This submenu allows to inspect the cavity’s oveslsages and molecular hydrogen
source oven voltage (see Fig. 11). Descriptionasameters and allowable limits are
presented in the Table 4.

Thermostats

T2 = 23 T3

Control  Warnings Language Versions

Figure 11. Information window “Thermostats”
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Table 5 can be viewed on the instrument displagllmking button “Help” in the upper
right corner (see Fig. 11)

Table 5. “Thermostats” group parameters

Parameter Description, units Allowable limits, if
applicable
T1 temperature mismatch of cavity sidge  No more than 150
surface, arbitrary units
T2 temperature mismatch of cavity base, No more than 150
arbitrary units
T3 temperature mismatch of hydrogen  No more than 1000
source, arbitrary units
P1 cavity side surface heater power 10 - 32767
arbitrary units
P2 cavity base heater power, arbitrany 10 - 32767
units
P3 hydrogen source heater power, 10 - 32767
arbitrary units

3.5. Menu “Control”

Control submenu of main menu (Fig. 5) looks asofed:

Control

Set date H-line search
Set frequency Time scale

P. check Warnings Language Versions
Figure. 12 Menu “Control”

Submenus of menu “Control” are described below.

03.5.1 Menu “Set time”

To set current time on the instrument use corredipgnsubmenu of menu “Control”.
The window for time setting is shown in Fig. 13mE should be entered in the following
format: hh:mm:ss, hh — hour (2 digits), mm — min(Redigits), ss — second (2 digits).
Values of hour, minute and second should be segzhlat “:”. To apply new time value —
click “Set” button, to modify typed time value -iait “Clear” button. On the left side of
the display window current date and time are inéidaAfter setting new time value,
“Time” field will be updated in two seconds.

13



Set time

DE
19.06.13

Time
11:41:50

Figure 13. User interface for time setting

3.5.2 Menu “Set date”

To set current date on the instrument use correBpgnsubmenu of menu “Control”
(Fig. 12). The window for date setting is showrFig. 14. Date should be entered in the
following format: DD:MM:YY, DD - day (2 digits), MM~ month (2 digits), YY — year
(2 digits). Values of day, month and year shouldseparated by “.”.To apply new date
value — click “Set” button, to change typed datkiga- click “Clear” button. On the left
side of the display window current date and time iadicated. After setting new date
value, “Date” field will be updated in two seconds.

Date
18.06.13

Time
09:40:22

Figure 14. User interface for date setting

3.5.3 Menu “Set frequency”

Menu “Set frequency” (Fig. 15) allows to adjust muit signals frequency precisely by
changing digital synthesizer code. Relative valdieth® output frequency could be
changed by steps 10 in the range from —9.9999-16 to 9.9999.10" (codes from
—99999 to 99999).

14



To apply new frequency code — click “Set” buttamchange typed value — click “Clear”
button. On the left side of the display window emtrfrequency code is indicated. After
setting new frequency value “Current frequencyldieill be updated in three seconds.

Set frequency

1
Current frequency

-2026e-15

P.check [ Control | Warnings Language Versions

Figure 15. User interface for output signal frequyesetting

3.5.4 Maser units control — menu “Discriminator”

Submenu “Discriminator” serves to switch ON/OFF oty such the maser units as:
ion pump, purifier, high frequency oscillator (HEO)

Three units of the maser (quantum hydrogen disoator) have to be switch ON/OFF in
a proper sequence: the HFO cannot be switched @iNthum purifier is switched ON; the

purifier, in turn, can be switched ON only afteretion pump is switched ON and
provided a necessary vacuum level.

Thus, there is a strict sequence of switching ON/ @fese units:

- switching ON — pump, purifier, HFO;

- switching OFF — HFO, purifier, pump.

To prevent a mistake, the control program monitbessequences of switching ON/OFF
and gives proper recommendations on LCD displagrdfore 4 different windows are
possible in discriminator control mode.

1. Discriminator units are switched OFF (Fig. 16).

Back

Discriminator

Pump off Upmp(kV)=.005

Ipmp(uA) = 005

Purif. off Upr(V) 005
Ipr(A) 005

HFO off Udis(V) =.005
Ihfo(A) 005

P. check Warnings Language Versions

Figure 16. Submenu “Discriminator”, variant 1
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In this case it is possible to switch on the iomapu After ion-pump has been switched
ON the next variant of submenu “Discriminator” leosvn (Fig. 17).
2. The pump is switched ON, purifier and HFO arédved OFF. One can either switch

OFF the pump or switch ON the purifier

Back

Discriminator

Pump on Upmp(kV) = 3.60
lpmp(uA) = 579

Purif. off Upr(V) 005
Ipr(A) 005

HFO off Udis(V) =.005
Ihfo(A) 005

P.check [ Control | Warnings Language Versions

Figure 17. Submenu “Discriminator”, variant 2

3. Pump and purifier are switched ON, HFO is svattlOFF. One can either switch OFF
the purifier or switch ON the HFO, (Fig. 18).

Back

Discriminator

Pump on Upmp(kV) = 3.60
Ipmp(uA) = 610
Purif. on Upr(V) 924
lpr(A) 442
HFO off Udis(V) =.005
lhfo(A)  =.005

P. check Warnings Language Versions

Figure 18. Submenu “Discriminator”, variant 3

4. The Pump, purifier, HFO are switched on. In fosition User can only switch OFF
the HFO

Back

Discriminator
Pump on Upmp(kV) = 3.60
Ipmp(uA) = 671
Purif. on Upr(V) 921
Ipr(A) 441

HFO on Udis(V) =3.07
Ihfo(A) =.499

P. check Warnings Language Versions

Figure 19. Submenu “Discriminator”, variant 4
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Note that discriminator is controlled automaticalyvays excepting time interval when
submenu “Discriminator” is opened. If User leavhs tsubmenu, the instrument will
switch to the automatic mode after 100 seconds.ifSspme units are switched off
manually, control program in automatic mode will itsw them on. All User
manipulations are stored in nonvolatile memoryhaf instrument.

3.5.5 Searching for Hydrogen emission line — menu “ H-line search”

This submenu is designed to preset or correct ysat oscillator frequency and tune it
in the middle of H-emission line. The main 5SMHz stal oscillator is controlled by the
sum of two voltages: preset control voltage 0 — ®ivhed by coarse DAC code Qctl (0
to 65535) and control voltage in the range 0 -\0f8rmed by fine tuning DAC code Q
(O to 65535). For proper operation it is advisablset coarse DAC code in such a way,
that the code of the fine tuning will occur in tmeddle of the full scale (the middle is
about 32767). Such a procedure is fulfilled autacadly each time, when the instrument
is switching ON in auto switch mode, but it can di@e necessary for manual switch
mode operation.

If the item “H-line” of menu “Control” (Fig. 12) iselected the corresponding window
will be shown on the LCD (see Fig. 20). Paramef@esented in this window are
described in the Table 6 and in major repeat paremdescribed in the paragraph 3.4.3.

H-Line search

D2H=-4145 QDAC=32767 RDAC=18000

20M=776 P =2800 F =0

H-Line searching... Qctl =18000

Search H-line
P.check | Control | Warnings Language Versions

Figure 20. Submenu “H-Line search”

To start the procedure of crystal oscillator cointroltage searching — click on the
“Search H-line” button on the LCD. To monitor theogress of searching — look at the
parameters: RDAC (discriminator resonator tuning AAode) and Qctl (crystal
oscillator coarse tuning DAC). At first the resamais adjusted and RDAC is varying in
the full range. After the resonator has been adgystearching a proper coarse DAC code
of crystal oscillator control voltage is startetlQctl code is successfully selected LED
indicator “ALARM” will fade with 2-3 second delay.

If during H-line searching procedure user turnskbecthe menu “Control” or selects
another menu, searching process will be continngdéegendently.

17



Table 6. “FLL system” group parameters

Parameter Description, units Allowable limits, if
applicable
D2H Second harmonic level of mismatch No more than -1000
signal, measured in arbitrary units.
QDAC Crystal oscillator fine tuning DAC code, 1000 to 64535
arbitrary units
RDAC Discriminator resonator tuning DAC code 1000 to 64535
20M 20.40575168 MHz synthesizer DAC No less than 7
code, arbitrary units
P Selected digital code of synthesizer 0 to 4095
20.40575168 MHz signal level, (factory
set)
F Output signal frequency code, measured —99999 to 99999
in units of 1.e-15
Qctl Crystal oscillator coarse tuning DAC 0 to 65535
code, arbitrary units

3.5.6 Submenu “Time scale control”

Time scale control

Measurement Nav. module status

P.check | Control | Warnings Language Versions

Figure 21. Submenu “Time scale control”

This submenu (Fig. 21) contains the following items

- “Signal parameters” — selecting pulse durationlf&tPS and 1 PPM signals;

- “Measurement” — START/STOP process of steeringdhgput time scale of the
instrument to 1 PPS synchronization signal,

- “Synch. source” — selecting 1 PPS synchronizatiagnad source: using
synchronization signal from external source corggk¢d the input “1 PPS EXT”
on the rear panel of the instrument or using 1 BB&al produced by embedded
(optional) GLONASS/GPS receiver;

- “Nav. module status” — monitoring GLONASS/GPS natign module (optional)
status and selecting antenna cable delay.

18



3.5.6.1 Submenu “Signal parameters”

Signal parameters

1 PPS pulse width: 100 us

Set PPS pulse width:

1 PPM pulse width: 10 us

Set PPM pulse width:

P.check | Control | Warnings Language Versions

Figure 22. Submenu “Signal parameters”

This submenu shows selected pulse widths of 1 PlSLEPPM signals (Fig. 22). It is
possible to change pulse widths clicking on theesgonding buttons positioned in the
lines “Set PPS pulse width” and “Set PPM pulse Widt

3.5.6.2 Submenu “Measurement”

In case of normal operation the instrument supptwis different modes: frequency
keeping mode and synchronization by external signade. Frequency keeping mode is
a default mode which is selected automaticallyrafte instrument has been switched on
and warmed up. Synchronization mode can be selegtadually in the submenu
“Measurement” (Fig. 23) by clicking the button “Rstop measurement”.

Measurement

NO=0 C0=0
C=0 Nf=0

dF=0e-15 NSN=0 ISIG

Meas. stopped Run/stop measurement
F. check Warnings Language Versions

Figure 23. Submenu “Measurement”

For synchronization purpose 1 PPS signal is uséé. Source of 1 PPS signal can be
selected in submenu “Synch. source” of menu “Ticaescontrol”. One of two possible
sources should be selected: embedded (optional)NASSB/GPS navigation module or
external source connected to the input “1 PPS EdTthe rear panel of the instrument.
External source is required to produce stable 1 &l positive polarity and amplitude
of at least 2.5 V into 50 ohm load.

19



Before run measurement process synchronizatiorakgpurce should be selected (item
“Synch. source” of menu “Time scale control”).

After measurement process has been run, phaseedifies between signals of the
instrument and 1 PPS synchronization signal aresured. Using measured phase
differences time scale of the instrument is stearstioutput frequency of the instrument
IS corrected.

Two 100 MHz counters are used for measurement: dine is a time interval counter
between 1 PPS signal of the instrument and 1 PR&synization signal, second one is a
frequency counter for estimating relative frequeddference between output signals of
the instrument and 1 PPS synchronization signalatRe frequency difference is
calculated by phase counts averaged on 100 s aigerv

Time scale of the instrument is formed by counthd 00 MHz signal of the instrument.
Time scale is steered by means of addition/exalusd counter cycles each 2000
seconds. Output frequency of the instrument iseoded by means of changing digital
code of frequency synthesizer. In automatic modienigasurement cycle contains 10
days. After measurement period central processplydinal correction of frequency
code and switch the instrument to the frequencyikgemode.

In frequency keeping mode submenu “Measurementkdolike in Fig. 23. After 3
seconds delay, since measurements have been stditgday will show current
measurement results (Fig. 24).

Measurement

NO=39 C0=-2
C=0 Nf=3
dF=0e-15 phi=13000

Meas. in progress Run/stop measurement
F. check Warnings Language Versions

Figure 24. Submenu “Measurement”

If only single adjustment of 1 PPS output signateguired it is necessary to manually
switch off synchronization mode by clicking the tout “Run/stop measurement” after
parameter NO reaches 10. To adjust 1 PPM outputakigieasurements should be
stopped after parameter NO becomes more then p@&rameter Nf becomes more than 0.
Measurements are divided into 100-seconds-cycleasd’difference is averaged during
100-second interval and averaged value is useccdtmulation of relative frequency
difference. Each 20 cycles (2000 seconds) timeesoélthe instrument is corrected.
Parameters presented in Fig. 23, 24 are descrigdedb

NO is the number of counts in the current measun¢h@0-second cycle.

CO is the time scale mismatch measured in the mut@0-second cycle with 10 ns step.
Nc is the number of 100-second cycles after thetiase scale correction (or since start
of measurement process).

C is the last time scale correction, in units oins0

Nf is the total number of counts are used for redarequency difference calculation.

20



dF is the relative frequency difference estimatedes synchronization mode had been
switched on.
Phi is the phase measured by the frequency countenjts of 0.1 ns.

If measurement process is started, the instrunsentsynchronization mode, so in status
screen the message “frequency keeping mode” isgelthto “Ext 1PPS tracking mode”

(Fig. 25) or “Nav. sys. track. mode” (Fig. 26) dagang on selected synchronization
source (see next paragraph 3.5.6.3).

VCH-1008 @

Ext.1PPS tracking mode

Normal operaticn

Ext.DC source not conn.

ENTER THE MENU

Figure 25. Example of status screen in case of uneagent process is in progress and
synchronization source is external 1 PPS

VCH-1008 @

Nav. sys. track. mode
Normal operaticn

Ext.DC source not conn.

ENTER THE MENU

Figure 26. Example of status screen in case of uneagent process is in progress and
synchronization source is navigational module

If during measurement process frequency mismattldan synchronization signal and
output signal of the instrument becomes too lary®e interval counter can be
overflowed. In this case LCD display will show infieation message “IOV”. In case of
time scale malfunction, the message “lINTO” will BBown. When no synchronization
signal, the message — “I1SIG” (Fig. 27).
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Measurement

NO=94 C0=-2
C=0 Nf=4
dF=0e-15 phi=13000 ISIG

Meas. stopped Run/stop measurement
F. check Warnings Language Versions

Figure 27. Submenu “Measurement”

3.5.6.3 Submenu “Synchronization source”

This submenu (Fig. 28) is selected by clicking loa item “Synch. source” in the menu
“Time scale control” (Fig. 21).

Synchronization source should be selected beforasmmements have been started
(before synchronization mode has been switched on).

Back

Synchronization source

Synchronization signal source: External

Enable:
Synchronize 1PPS (1PPM)

3ync. signal - ok
F. check Warnings Language Versions

Figure 28. Submenu “Synchronization source”

Two sources are possible: embedded navigationaivercmodule (“Nav. rcv. module” —
optional) or external source of 1PPS signal (“EnxddY).

Field “Synchronization signal source” contains mmh@ation about current
synchronization source. Field “Sync. signal” infermbout presence of selected signal.
To change the source, click the corresponding t@weh (“Nav. rcv. module” or
“External”).

If the instrument is not completed with navigatibmaceiver module, corresponding
button (touch-area) will be disabled and colorethwray (Fig. 28).

Clicking button “Synchronize 1PPS(1PPM)” leads tpewing information window
(Fig. 29) which contains instruction about timelscadjustment. To do synchronization,
click “Yes” and start measurements (see instrudtiqraragraph 3.5.6.2).
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To synchronize 1 PPS (1 PPM):

1) start measurements

2) wait while number of counts (parameter NO)
reaches 10

(NO reaches 60 or Nf reaches 1 for TPPM)

3) stop measurements
Go to menu "Measurement"? Yes

Cancel

Figure 29. Screen with information about time sealpistment procedure
3.5.6.4 SubmenuNav. module stattls

Submenu “Nav. module status” can be disabled if thenstrument is not completed
with navigational module.

If navigational receiver module is selected as r@clyonization source, parameters of
navigational module should be checked before symihation (measurement) process
start. To check these parameters, enter submenu fiNedule status” from menu “Time

scale control” (Fig. 21). In case of normal openatsubmenu “Navigational module

status” looks like in Fig. 30.

Back

Navigational module status
Nav.module ON

GPS =10 GLON =4

Time:15:38:20

Antenna delay = 350 ns Set delay
F. check Warnings Language Versions

Figure 30. Submenu “Navigational module statustymed operation

Parameters “GPS” and “GLON" shows the number oflkegs, which are available and
can be used for navigational problem solvitigis possible to start measurement
process (switch to synchronization mode) only if aieast one of these parameters is
nonzero.

“Time” shows current time of the instrument, it updated every 3 seconds. Button
“Synch. With nav. module” allows adjustimginutes and second$o UTC time obtained
by navigational receiver.

“Antenna delay” shows summary delay which takee mtcount delay in antenna cable
and delay in circuits of navigational module. Thue is set by manufacturer; it can be
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changed only in case if antenna cable length wasgdd. Fig. 31 shows submenu for
antenna delay changing, which appears after bt@@endelay” is clicked.

Set antenna delay

pac ns

Figure 31. Submenu “Set antenna delay”

If the instrument is already in synchronization mddven if external 1PPS is selected to
be synchronization source) submenu “Navigationatlme status” looks like in Fig. 32.
The module cannot be switched off, and time carbetadjusted and antenna delay

cannot be changed.

Back

Navigational module status

Nav.module ON(meas.)

GPS =6

Antenna delay = 350 ns
P. check Warnings Language Versions

Figure 32. Submenu “Navigational module statusasugement process is in progress

If errors in operation of navigational module aegtetted, message describing error is
displayed. The following error messages are passibl

1) “GPS-antenna disconnected”,

2) “Nav. module-conn. error”,

3) “GPS test failed”, “GLON test failed”.
If only one message about disconnected antenrt®isrs— check the antenna and cable

connectors.
Note, appearance of message “Nav. module-conn.’ éoroa short time is allowable.
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3.6 Diagnostic messages — menu “Information”

“No synchronization”. The crystal oscillator is not locked to the hygkn emission line.
The program shows this message if parameter D2 freenu “Parameters check/FLL
system” (paragraph 3.4.3) is greater than —100fa(pater D2H can be either positive or
negative).

“Warming up” . The message appearing when the instrument iscting on in
automatic regime and thermostats are warming.

“Pump Unit” . lon pump current is above the normal limit or vtdtage is below the
normal limit. Limit for voltage is 2 kilovolts, focurrent: during warming process — 495
microamperes, after warming up — 100 microampefescheck these parameters use
menu “Parameters check/Discriminator” (paragragh23.

“Pump Unit off” . The lon pump is switched OFF, either due to itsapaaters are out of
the tolerance limits, or it is switched OFF by Usemanual control mode. To check the
parameters of the pump unit use menu “Parameterskdbdiscriminator” (paragraph
3.4.2).

“Purifier Unit” . The purifier current is out of the tolerance bisniower value is 0.15 A,
upper value is 1.2 A. To protect the maser, in daise, control program switches OFF
the power of the purifier unit. To check the partane of the purifier unit use menu
“Parameters check/Discriminator” (paragraph 3.4.2).

“Purifier Unit off” . The purifier is switched OFF either due to th&tiament is in warm
up state, or it is switched OFF by User in manwaitiol mode. In a warming up mode
(auto switching ON) the purifier is switched ON yniwhen the cavity of the
discriminator is warmed up and the H-pressure athge on the heater of the molecular
hydrogen source are normal. To check H-pressurep)Hi&se menu “Parameters
check/Discriminator” (paragraph 3.4.2). To monitararming process use menu
“Parameters check/Discriminator” (paragraph 3.4.5).

“HFO Unit”. The discharge brightness sensor voltage is Iahen normal (0.5V) or the
HFO current is higher than normal (0.7A). Theseapweters are available for
examination from the menu “Parameters check/Disoator” (paragraph 3.4.2). If these
parameters are out of limits, control program shetcoff HFO power.

“HFO Unit off” . The HFO unit is switched OFF either due to th&riument is in a

warm up state, or the HFO working parameters ateobthe tolerance limits, or it is
switched OFF by User in manual control mode. Inasmvup mode (auto switching on)
the HFO unit is switched ON in five minutes aftentshing ON the purifier unit, if the

purifier current is normal.

“Cavity Thermostats”. Temperature mismatch of one of heated areaswvitiycaxceeds
allowable limit — 150 arbitrary units (it corresmtsnto 0.0015C approximately). To
check parameters of cavity thermostats use menuafiters Check\Thermostats”
(paragraph 3.4.5).
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“Power Unit”. Voltages of some voltage converters go out oértoice limits. The
following limits are set for power units:

External +24 V: minimum is +20 V;

AC/DC converter ~220/+27 V (output): minimum is +2%/;

Converter +27 V/+27 V: minimum is +24 V, maximum+30 V;

Converter +27 V/+15 V: minimum is +13.5 V, maximusn+18 V;

Converter +27 V/=15 V: minimum is —18 V, maximum-$3.5 V;

Converter +27 V/+5 V: minimum is +4.5 V, maximumts.5 V;

Converter +27 V/+3.3 V: minimum is +3.0 V, maximusn+3.5 V;

To check these parameters use menu “Parameter&/@beer’(paragraph 3.4.1).

“Acc. charge”. This message informs about charging the accuomglaif the instrument
when an external power source (AC 220 V or DC +24i%/ used. The message
disappears if charge level exceeds 95 %. If theungent does not use external power
source, this message informs about low voltag@éetuilt-in accumulators (voltage less
than +24 V). To prevent premature failure of theuawulators the instrument is switched
off if accumulator voltage is less than +23V andsitunplugged from external power
source.

“Signals Unit”. The level of one or several sinusoidal signalthefreference signal unit
is low, or one or more pulse signals are absens Miessage is shown in case of control
voltage for crystal oscillator 2.048 MHz is outalfowable range.

The control program checks the following sinusoglghals:

The signal on the rear panel “6MHz-1" — minimaldéis 0.3 V RMS;

The signal on the rear panel “5MHz-2" — minimaldéis 0.3 V RMS;

The signal on the rear panel “10MHz-1" — minimaldkis 0.3 V RMS;

The signal on the rear panel “10MHz-2" — minimaldkis 0.3 V RMS;

The control program also checks the presence skemignals, which are put on the rear
panel of the reference signal unit: “1 MHz", “2.0d4Bz". To check the signals described
above use the menu “Parameters Check\Signal legfsagraph 3.4.4).

“FLL 100M/20M level” . This message appears if signals of frequencyipfielt 100
MHz or digital synthesizer 20.40575168 MHz, whiale &rmed in the interrogation
signal unit are below the tolerance limits. For MMz signal permissible value is 0.3 V
RMS, level of signal 20.40575168 MHz is measuredanbitrary units, minimal
permissible value is 4. To check these paramet®the menu “Parameters Check\FLL”
(paragraph 3.4.3).

“FLL detuning sig.”. This message is shown in case of detected levedecond
harmonic signal (detuning signal) in FLL systemowst of tolerance limits. Second
harmonic level indicates whether the crystal oatll is locked to the Hydrogen
emission line or not. The crystal oscillator is siiered to be synchronized if detected
level D2H is less than —1000. If D2H parameter gaisl between —200 and 200, it is
assumed that detuning signal is not present in §§dtem. To check D2H level use the
menu “Parameters Check\FLL system” (paragraph 8.4.3
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“FLL IF-level ”. The level of the intermediate frequency in tleeaiver unit is below the
tolerance limit, which is equal to 100 units of Al@Gde. To check this parameter use the
menu “Parameters Check\FLL system” (paragraph 8.4.3

“FLL DAC overflow . In the passive hydrogen maser VCH-1008 FLL gystkere are
two servo loops: crystal oscillator and H-maseritgavControl voltages of the crystal
oscillator and cavity varactors are formed by digib-analog converters (DAC) located
in FLL processor unit. In both loops 16-bits conees are used, the full scale of which is
ranged from O to 65535. If the DAC code of somdhafse loops is less than 1000 or
more than 64500, the control program of the cemratessor forms the message “FLL
DAC overflow”. To define exactly which DAC has ceasl the limit value one needs to
view corresponding parameters from menu “Check\Fghdragraph 3.4.3). The DAC
controlling the crystal oscillator can be set te timiddle position by “Search H-line”
procedure (see menu “Control\H-line search”, papiyr3.5.5).

“FLLP Unit link” . This message can be shortly displayed and thempgear if the
exchange data error between the central and FLktegswr occurs. This is a normal
situation, since the main task of the FLL processocontinuous tuning the crystal
oscillator, data exchange has lower priority arkksatime that remains free from the
main task of the FLL processor. When such a messageesented permanently, it
indicates that there are some faults in the FLI anfrequency synthesizer.

“H2 source”. The molecular hydrogen pressure in source athgsmostat temperature
are out of tolerance limits. The limits of H-pressare from 1.5 till to 20 atmospheres;
the temperature — from O up to 1000 code unitsOQ). To check the H-pressure use
menu “Parameters Check\Discriminator” (paragraph23, parameter H2p. To check
temperature mismatch of hydrogen source thermosts¢ menu “Parameters
Check\Thermostats” (paragraph 3.4.5), parameter T3.

“User's control”. The instrument is in the manual switch ON/OFF ead H-line
searching procedure has been initiated. This mesalsp informs that the instrument
will switch to automatic mode in 100 seconds.

“Ext. DC off"/“Ext.DC source not conn.” . This message is appear if the toggle “DC
POWER ON” on the rear panel is switched on, buéml DC source is not connected
to the instrument.

“Acc. switched off’/“Int.bat. switched off” . It informs about switched off position of
the toggle “ACCUM ON” on the rear panel of the msbent.

“AC/DC convertor” . This message indicates absence of DC voltagbeabtitput of
AC/DC converter. Possible reasons: absence of redt&C 220 V voltage or failure of
AC/DC converter. External power source or interaatumulator should be used for
power supply.
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3.7 Language setting — menu “Language”
Submenu “Language” of main menu (Fig. 5) allowssé&bect user interface language:
English or Russian. Language setting is optionakttion and can be not available in
some instruments.

3.8 Versions of embedded software of the instrument menu “Versions”

To list versions of embedded software of the imaent — click on the item “Versions” of
the main menu (Fig. 5).

Versions

FLL=0x0000 SN=40
THR=0x0000
RSS=0x2121
CPU=0x1413

P. check Control Warnings Language
Figure 33. Menu “Versions”

Menu “Versions” is shown in Fig. 33.

FLL — software version FLL (frequency lock loopppessor.
THR — software version of thermostat processor.

RSS - software version of reference signal sounde u
CPU - software version of central processor.

SN — serial number of the instrument.

3.9 LAN settings of the instrument — menu “LAN coniguration”

The instrument allows remote monitoring via LAN byeans of computer program
“Monitor VCH-1008".

LAN configuration

IP - 192.168.125.5 |:|
Mask - 255.255.255.0 Set IP @

Gate - 192.168.125.40 @

F. check Control Warnings Language Versions

Figure 34. Menu “LAN configuration”
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To set network parameters — click on the item “LANnfiguration” of main menu

(Fig. 5), the corresponding menu will appear (Bi4). To use the instrument in LAN the
following parameters should be set: IP-addresshef ihstrument, network mask and
network gate (optional). After necessary value hmeen typed — click on the
corresponding set button. New value of the netwmakameter will be updated in three
seconds in the left part of the window (Fig. 34n dlear typed value — click on the
“Clear” button.

3.10 Operation using built in accumulators

Internal built in battery (accumulator) is usedhe instrument as a standby power supply
source preventing the instrument failure in casshoifrt breaks in external power circuits.
In case of external power disappearance (220 V AQ@ a7 V DC), the instrument
automatically turns to operation from internal bait The message “Int. bat. engaged!”
with information about the voltage on the builtbattery is displayed in the introduction
window (Fig. 35) and the message “AC/DC convertes”displayed in the menu
“Information” (paragraph 3.6).

VCH-1008 @

Frequency keeping mode
Synch. OK, warnings
Int. bat. engaged! U = 24.7

ENTER THE MENU

Figure 35. Status screen with information aboutiamdator’s discharging

Note. To use built in battery toggle “ACCUM” on thear panel must be switched ON.

Attention! The instrument switches OFF automaticalls soon as battery voltage
becomes 23 V. Battery resource is not less thanwsh If voltage level becomes less
than 24 V the instrument emits periodic beep.

During operation of the instrument from an exterpaiver source built in battery is
charging, the full charge time is about 50 hourthe battery is not fully charged, time of
autonomous operation could be shorter. During ehgrgrocess menu “Information”

contains the message “Acc. charge” which disappéatsarge level becomes more than
95% (paragraph 3.6).
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