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1 Designation

The frequency comparator VCH-314 is intended forecme instability
measurements of standard frequencies 5 or 10 orME@ (in combination with
external Personal Computer).

The main comparator applications:

- crystal and quantum frequency standards produetinchecking,

- time keeping systems,

- scientific measurements.

2 Technical specifications

2.1 Input frequency: 5 or 10 or 100 MHz.
2.2 Input signals level: (0.6 —1.2) V on 50 Otvad.
2.3 Relative frequency difference multiplicatiomtiar —K: 1x10° or 1x10°.
2.4 Frequency fluctuations passbanf:{10+3) Hz or 3 Hz* (* — performed by
digital filtering) for K=1x10° and (1@3) kHz forK=1x10°
2.5 Relative difference of input signal’s frequency
+1.0x10° for K=1x10’,
+1.0x10° for K=1x10",
2.6 Parameters of output signal’s (Fx, Fxyl, Fxgb0 Ohm load:
- nominal frequency:
Fx output — 1 Hz;
Fxyl and Fxy2 outputs — 1 Hz for 10 Hz passh 100 Hz for 3 Hz passband;
- polarity of pulses: positive;
- low-level voltage: not more 0.4 V;
- high-level voltage: not less 2.4 V;
2.7 Introduced by the comparator frequency instaliwo-sample Allan variange

- o,(1) :Ja,i(r)+aja (r), where: g (r) — main error &f/f=0); o (r) — additional
error (whenAf/f20); r— averaging time, from 1 s up to 500000 s.

2



Frequency Comparator VCH-314. Hardware Operational Manual

2.8 The main error for one channel and two chanmelasuring modéor the case
whereK=1x1(°, B=3 Hz: not more values given in table 2.1.

Table 2.1
Main error, tvv_o-sample Allan varianceéK:1><1.06, B=3 Hz)
wersgng | Twecsslios, | Thveeosclors,
’ var2(Fxy1l), var2(Fxy2) var2(Fx)
1s 8.0x10™ 2.0x10°*
10's 2.0x10°* 5.0x10°*°
100 s 3.0x10" 1.5x10°"°
1000 s and more 5.0x10°*° 5.0x10°*°

Notes:

1. Introduced by the comparator main error is guaeed after settling time
according p. 2.11, when signals are connectedeartputs.

2. Introduced by the comparator main error for aaging time 1000 s anchoreis
guaranteed provided that ambient temperature chamgé more than iC / hour.

2.9 The main error for one channel and two chanmalasuring modéor the case
whereK=1x10% not more 1.0x10"sft (but “floor” is not more 5.810°*9).

2.10 The additional error(, (r)): not more than 2.0 °Af/f.

2.11 Settling time:

- 2 h, for averaging times not more 100 s;

- 4 h, for averaging times more 100 s.

2.12 Management of the frequency comparator VCH-8isplaying and recording
of results of the frequency instability measuremsntarried out using a personal
computer and special software that came with tivecdgsee the document “Frequency
comparator VCH-314. Operational Manual’, “VREMYA-CHoint Stock Company,
Nizhny Novgorod, 2010). Transfer of monitored datad receiving of control
commands produced by RS-232 interface.

System requirements: Intel Pentium-1V, 2 GHz, 512 RAM,

Windows XP/Vista/7/8.

2.13 Power supply voltage: (198 — 242) V AC, 50H0

2.14 Power consumption: not more 30 V-A.

2.15 Ambient temperature: from 6 up to +40C.

2.16 Weight: not more 8 kg.

2.17 Dimensions (WHxD): 236x140x370 mm.
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3 Instrument set composition

The frequency comparator set composition is givethe table 3.1.

Table 3.1

Ne Model and designation Quantity
1. | Frequency comparator VCH-314 1
2. | Power connecting cord 1

3. | RS-232 interface cable 685670.026 1
4. | Power splitter ZFSC-2-1W+ 2

5. | RF interconnecting SMA / BNC cable 685670.154 (0)2 4

6. | RF interconnecting BNC / BNC cable 685670.154-Q5 () 2

7. | Frequency comparator VCH-314 Installation disc 1
8. | Frequency comparator VCH-314 Hardware Operatibtaiual 1

9. | Frequency comparator VCH-314 Software Operatieiual 1
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4 The simplified comparator’'s scheme
The simplified scheme of the VCH-314 is given an4il.

Tested signals
5; 10;100 MHz

fy2 fx t< fyl

1P
PR
9Q9MHz K1 Kk Ky RS-232C 220V
\ 4 \ 4 \ 4 A\ 4 \ 4 T T T II
LO ref o
Ll
FREQUENCY FREQUENCY i
COMPARA- COMPARA- 1 PPS ) L
TOR 2 TOR 1 UNIT < Z
ad O
K=1-16:1-16 K=1-16:1-16 = x
e LLl
= =
o
o
1T 1T T C JCJC
SIGNALS AND POWER BUS

Fig. 4.1

The comparator contains: two identical modules —EGRENCY COMPA-
RATOR 1, FREQUENCY COMPARATOR 2, 1 PPS UNIT, INTEREE and
POWER CONVERTER.

We have four input signals x, ff; at the first frequency comparator agdff, at
the second comparator.

FREQUENCY COMPARATOR 1, 2 multiplies relative frezpcy difference of
input signals by multiplication factok=1-1G or 1-16 . Physical passband of the
comparator related to phase and frequency flucmstis (1&3) Hz. Output signals of
the comparator ,f;, Fy, (after multiplication) and reference signal Fthrow the
SIGNALS AND POWER BUS are connected to 1 PPS UNVhjch is dual TIME
INTERVALS RECORDER.

For comparators’ output signal frequency we canrakgions:
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_ fyl - 1,
Fx)ﬁl. - I:x 1+ Kfi (41)

X

f 2 fx
Fo2 = FX(1+ K ny) (4.2)
As a reference input (counting frequency) for SRINIT we use the signal of the
local crystal oscillator (LO) of frequency 99.9 MHIn addition this device produce
three 1 PPS signalsf, Fy, and K, to feed external TIME INTERVALS COUNTER.
Frequency of signals,fz , K, we can set both 1 Hz or 100 Hz. Reference 1PP&lsign
F, is made of 99.9 MHz signal by frequency divisidvhen signal of frequency 5 or
10 or 100 MHz is connected tq input, the 99.9 MHz signal is phase looked ,to f
signal, otherwise it is free running. At the TIMETERVALS RECORDER output
each second we have data; dthd Y2 which are averaged dnsamples time moments,
corresponding to 5, and Ky, pulses. For more detail understanding see fig. 4.2

1 L
Y1| :thxyl,i,j (4.3)
j=1
l L
Y2 = thxyz,i,j (4.4)
j=1
< 1 sel >
val t
11 L1 ,
txyl,i,l txyl,i,2 txyl,i,3 txyl 04 xylt,i+1,1 txyl,i+1,2 txy1i+1,3 txyi,4
Faz 1 sel >
ty2ir ty2.i2 Ixy2,i3 txy2iia tuy2,it1,1 txy2,i+1,2 Txy2,i+1,3
Fig. 4.2

Sampling time: T=10 ms. We use averaging to chaffpetive passbanB, of the

comparator.
Frequency response of the comparator, affectingedesignal phase fluctuations
spectra (in power units) is close to

W (f) = f2  Sin*(LAT)

- F2 4+ fhz (Llﬂ_)z (4.5)

Where: f, = B/2=5 Hz — physical width of passband.
6
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The Software allows to sktl (no averaging3.=B=10 Hz) and.=32 B.[B Hz).
Wz(f) function’s diagram, wheB=10 and 3 Hzl(=32) we can see on fig. 4.3.

Frequency response, Wz(f]

N
B

1 2 3
0.5 \
\ “‘--.__‘___‘H\“
\\ ‘HH"'"‘-—-._____
e _‘____h_'_'_'_‘_—'—-—_.
|
o
n] 1 2 3 4 5 5] 7 a8 =] 10 11 12 12 14 15

Frequency, Hz

Fig. 4.3The VCH-314 phase fluctuations frequency response.

1 — the VCH-314 real frequency respori3e3 Hz;

2 — first order analogue filter frequency respoised Hz;

3 — the VCH-314 analogue filter frequency respoBsd,0 Hz.

In this case relative frequency differengg ; andyy,, , measured om=M seconds
can be calculated by the formula (M=1, 2,...— muiéipto changea value):

Youl?) =\ —TYl +T—1j (4.6

x|k

X~

— r -
yX)/Z,i (T) - YZJrM _YZ +7 1) (47)

When measurements in different channels were maadtaneously (after special
channels’ synchronisation) we have:

Yy1y2,=Yxy2,i~Yxy1,i . (4.8)

Having yuy1.i» Yxy2,i@ndyys o, values we can use “three-oscillator mode*, speatfyi
frequency instability each of three oscillatcﬁl]s(see VCH-314 Software Instruction
Manual).

INTERFACE is interface of type RS-232 between Camapr and Personal
Computer.
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5 Measurements performing

5.1 Operating controls and connectors

5.1.1 Operating controls and connectors are locateftont and rear panels of the
comparator (see fig.5.1 and fig.5.2).

Operating controls of front panel is given in thble 5.1.

Table 5.1
Position number Name Designation
(fig. 5.1)
1 POWER Power ON/OFF indicator
Channel XY1 output signal indicator
2 Fxyl (flashing each 1 second when
both of input signals fand {; is presenjt
Channel XY2 output signal indicator
3 Fxy2 (flashing each 1 second when
both of input signals fand {, is presenjt
4 Ex Output reference signal indication
(flashing each 1 secohd
1 2 3 A
L [ [ [
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Fig. 5.2

5.1.2 Rear panel controls and conneciorgven in the table 5.2.

Table 5.2
Position Name Purpose
number
(fig. 5.2)
1 ©Ofx, -©Ofy The second comparator’s inputs
2 ©fx, ©fy The first comparator’s inputs
3 &1 PPS 1 PPS outputs for external time interval
Fxyl, Fxy2, Fx counter
4 RS-232C Interface connector
5 +5V,+12V,-12V | Lamps indicating DC powepply
voltages
6 &) Ground connector
I 220V, 50 Hz, 30 V-A AC power connector
8 F1 AL 250 V Fuse holders
9 POWER power ON/OFF switch
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5.2 Signals connecting

5.2.1 Use special cable and connect the RS-232Copdhe comparator to COM
port of PC.

Caution!
To prevent comparator’s interface damage do not camect comparator and
computer when comparator is in POWER ON condition.

5.2.2 Plug in power cable and set the POWER sviitsh POWER indicator should
light.

5.2.3 Supply input signals to the comparator using of measurement scheme (see
Section 5.4). Warm up the comparator accordingahke 5.3.

Table 5.3
Desired averaging timegx Warm up time
1<100s 2h
1>100s 4 h

5.2.4 Set measurement parameters according toSt8rand Software Operational
Manual and start to measure.

5.3 Choosing of the measurement parameters

Before measuring you should set correct measurepagateters which you need:

- multiplication factor -K: (1x10° or 1x10°);

- passband B: (10 Hz or 3 Hz);

- maximal averaging time F

- number of averagesN:

These values determines the following factors:

- maximal measured frequency difference;

- desired measurement resolution and error;

- desired measurement time.

Maximum possible frequency differencg.{) depends on the multiplication factor
K and should not exceed 1.0-3fbr K=1x10°, and 1.&10°® for K=1x10".

Averaging time,r can be set from 1s up to 500000 s.

Passban®=10 kHz for K=2x10® and 10 or 3 Hz foK=1x10".

Measurements frequency resolutign) s calculated by the formula:

. 10°®
Y = (5.1)

Attention!
For multiplication factor — K=1x10 statistical functions describing the
frequency instability for the separate signal (¥&¥{ var{F,:}, var{F,},
var2{F}, var2{F,.}, var2{F,}) are calculated incorrectly.

10
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Note
Be careful in the measurement with a great frequehiderence. Remember
that in this case there is an additional frequenaystability

(o, (r)<2.0x10°Afff). Therefore for precise frequency instability medasy it
is recommended to set minimal frequency difference.

5.4 Measurement error

There are three types of measurement error ingleet
- frequency instability because of the measuremeahmbls noisémain error,

“noise floor’),

- frequency instability due to signals interferen@elditional error, spurious
modulation).

- frequency instability due to outside temperatureangfing (temperature
instability).

5.4.1“Noise floor”. It is the instability introduced by Comparatorsiise, when
Af=0. To measure this type of error uBewer splitter ZFSC-2-1W-and special short
cables to supply the same signal to referer®t) and to one of testeekffy) inputs of
the Comparator (see p.5.5.4). At each input sitgwadl should be more than 0.8Vrms.
Then you can measure introduced by Comparatorserfoequency instability.

5.4.2Spurious modulation.It is the additional instability of the Comparaiwhen
Af£0. In this case due to interference between injguass there is spurious sine-form
phase modulation of signals inside the Compar&tar.can measure the frequency and
the amplitude of spurious phase modulation(FT(in units of time). There are three
modulation frequencies in the Comparatof=Af, 10Af and 2@f. ThereAfi=f,, is
frequency difference at comparator inputs (in aggion that both signal’s frequency is
5 MHz). When we have specified(F) values we can calculate introduced additional
frequency instability for specialAf and 7 value using frequency response of calculated
frequency instability function. According the sgdemtions we have
(o, (r)<2.0¢10°Af/f). The only way to reduce this kind of error isfecreasef.

5.4.3Temperature instability.Changing of outside temperature causes additional
internal phase shift and frequency measurement.aife specify frequency instability
of the Comparator less than 5.0°@or measured signals combinations — XY1, XY2
when >1000 s and outside temperature changing is leas #*C/hour.

11



Frequency Comparator VCH-314. Hardware Operational Manual

5.5 Measurements schemes

Attention!
The signal at ©fx» input of first comparator must always be cated
independently from measurements sheme.

5.5.1* Two-oscillator, one-channel” modé€Fig. 5.3). It is the simplest traditional
mode, when we use only one measuring channel ¢fnstparator —-©fx” and “©fy"
inputs). In this case the results (mathematicaketqgiion) is a total instability of both
signals and comparators (we have shifted resudtller 5.4 shows available functions
and corresponding mathematical expectation (E {..cBlculated in supposition that
frequency fluctuations of all signals and comparat@nnels are independent.

Table 5.4 Available functions for “two oscillators, one-air®l” mode
(see VCH-314 Softwaree@ting Manual)

Number Calculated functions Mathematical
expectation
Mean Relative Freq. Diff. (E{fzx }) yu =y ey
2 RMS Relative Freq. Diff. (var{fzy}) / 0%+ 82 +3%
3 RMS Two-sample Freq. Diff.(var2{,k }) m
where:

Yy Yy — averaged on total monitoring tinkez, relative frequency deviation of; f

and {, signals from the nominal frequency;
y,— mean frequency difference, introduced by the pamator 1;

d;,0;,05— N-sample Allan variance off f, signals’ and comparator 1;
o;,0%,05 — Two sample Allan variance af;ff, signals’ and comparator 1.

Instability of the comparatoy;,d,,,y, (“noise floor”) we can find, when the same

signal is connected to both comparator inputs.wdfare looking for the instability of
fy1 signal the second and the third terms of mathealagixpectations’ represents shift
or systematic errodue to reference and comparator. When using thiemse we have
to be sure that reference signal’s and comparaitwstability is much less than of tested
signal.

As a measure of measurement uncertainty or occasesror for two samples
Allan variance estimate var2 k) we can use relative root mean square deviation

d= E(nyl,N) - [E(O-xw,N) ] (52)

[E@2,0]

12
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It is shown[2] that

2
d < | =
S N (5.3)
TESTED
SIGNAL "Y1”
©Ofy -©Ofy
GLO GLO

O O

©fx ©fx
KOMITAPATOP YACT. KOMITAPATOP YACT.

FREQUENCY cowmp. 1

FREQUENCY COMP. 2

TESTED
SIGNAL “X”

Fig.5.Z “Two-oscillators, one-channel” mode.
Signals connecting

5.5.2. ‘Two-oscillators, two-channels mode(Fig. 5.4) It is the modification of
two oscillator's mode when by using two identica¢éasuring channels we can reduce
comparator's measurements error. In this case pplguhe same signals &nd { to

both comparators.

13
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Table 5.5 shows mathematical expectation of caiedlaiunction'{s] (see p. 3.2

Software Operating Manual). This relations helpsamate first systematic error due to
instability of comparators and reference signal. d&fe that all results are shifted up).

Table 5.5Available functions for “two-oscillators, two-chiagls” mode
(see VCH-314 Software Operating Manual)

Number Calculated functions Mathematical Notes
expectation
1 Mean Relative Freq. Diff. (E{,x}) yN =y oy R

2 Mean Relative Freq. Diff. (E{,&x}) yh -y

3 Mean Relative Freq. Diff. (E{)5»}) yh—yN

**

4 RMS Relative Freq. Diff. (var{k}) Ja-yzl +07 + 02

5 RMS Relative Freq. Diff. (var{,z}) Ja—yzz +52+3%

6 RMS Relative Freq. Diff. (var{fr,2}) [ D2 + 2
cl c2
7 RMS Relative Freq. Diff. (var{ff) /5X2 +07

8 RMS Relative Freq. Diff. (var{f})

**

*kk

*%*

9 RMS Relative Freq. Diff. (var{fz})

**

10 RMS Two-sample Freq.
Diff.(var2{F,})
11 RMS Two-sample Freq.
Diff.(var2{F,,})
12 RMS Two-sample Freq.

=
+
q,
+
q,

x
o)
*

S
o Qé“b

Diff.(var2{F1,,}) *x
13 RMS Two-sample Freq. o2 +o?
Diff.(var2{F,}) g " ok

14 RMS Two-sample Freq.
Diff.(var2{F.})
15 RMS Two-sample Freq.
Diff.(var2{F,})

*%*

%q'\’

**

Notes: * — results, having systematic error due to ifiee and comparators;
** — results, specifying instability obmparators;
*** _ results, having systematic error doaeference only.
For functions number 7 and 13 (cross-variance) aeehthe second systematic
error, related with time delay of measuring in ®t@annels.
Really functions 7 and 13 are autocorrelation esta® which depends on
measurement time # frequency fluctuations spectra and time delaywben

14
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measuring in different channelsA{A is time in seconds of “Time Samples” diagram,
curve Ryy1 , see p. 7.3 Software Operating Manual).

TESTED
SIGNAL “Y”

|

©fy S ©fy

1 power splitter 2
ZFSC-2-1W+

RF interconnecting
SMA / BNC cables
685670.154

G LO G LO

O O

-©fx Power splitter ©fx
1 ZFSC-2-1W+
S
KOMITAPATOP YACT. KOMITAPATOP YACT.
FREQUENCY COMF 2 FREQUENCY comp. 1
TESTED
SIGNAL “X”

Fig.5.4 “Two-oscillators, two-channels” mode.
Signals connecting

For the two-sample Allan varianeg (7) (function 13) we have

varlF,} = [02(r)(2) >

where:r (A) — auto-correlation function of measured frequeihegtuations.

If we use traditional frequency fluctuations model
2
5,(1)=Yh,17, (5.5
a=-2

15
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In frequency domain we have the relation

i

(aaf M.7)= f2+ 12 | (MAT)

[t Ry |

(5.6)

Figure 5.5 shows* (A, a,f,, M, 7) diagrams for differentt values when
f,=5 Hz,M=32,T=10 ms,7=1 and 10 s (it is measuring condition w0 Hz).

Autocorellation functions of frequency variations, meas. time = 10 sec

0 o1 02 03 04 05 06 07 0E 09 1 1112 13

= white phase noise (Gh=2)

""" flicker phase noise (GA=1)
white frequency noise (gi=0)

""" ficker frequency netse (oh=-1)
random frequency walk (G=-2)

Fig.5.5

One can see that we have enough measuring acciirdsy.l s.
measuring Software performs channel synchronisadiwh setA<0.0001 s. For “two-

oscillators, two-channels” measuring mode this @adtay near the same in time and
there is no need to take care of it.

Occasional error for this case corresponds todhadla (5.3).

16
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5.5.3 ‘Three oscillators, two-channel” mod€Fig. 5.6). It is the most advanced
mode, when we use for instability measuring threeillators and two identical
measuring channels. One can see three main adeargathis mode:

- simultaneous frequency instability measuring oé¢hoscillator’s

- calculation instability of each individual osctiba

- reduced systematic error due to instability of refee and comparator.

Table 5.6 shows calculated functions and correspgnohathematical expectation
[3] (see p. 3.2 Software Operating Manual).

Table 5.6 Available functions for “three oscillators, twodarmels” mode
(see VCH-314 Software Operating Manual)

Number Calculated functions Mathematical Notes
expectation

Mean Relative Freq. Diff. (E{1x }) y)r/vl —yN oy *
2 Mean Relative Freq. Diff. (E{zx }) yyz —yN oy .

3 Mean Relative Freq. Diff. (E{1y2}) y;“z - y}’jl +yl -y
*
4 RMS Relative Freq. Diff. (var{ fix }) /551 +02 432 .

5 RMS Relative Freq. Diff. (var 2 2 2

q (var{ 2« }) \/5y2+5x+5(:2 .

6 RMS Relative Freq. Diff. (var{fy }) J 5y21 4 552 4 5C21 4 5C22

7 RMS Relative Freq. Diff. (var{f) 52
X *kk
8 RMS Relative Freq. Diff. (var{fz}) / 5%+ 32 B
9 RMS Relative Freq. Diff. (var{z}) / 5, + 0% _
10 RMS Two-sample Freq. JUZ +ol+ 02
Diff.(var2{Fy1,}) yeeTx T *
11 RMS Two-sample Freq. JUZ + o2 + o2
Diff.(var2{Fy2x}) vz mx o ez *
12 RMS Two-sample Freq. Jazl +0%, +02 + 02,
Diff.(var2{Fyiy2}) eoTyEe e e *
13 RMS Two-sample Freq. Diff.(var2{) o2
X *kk
14 RMS Two-sample Freq. Diff.(var2{k}) o2 + 02
yl cl sk
15 RMS Two-sample Freq. o2 + o2
Diff.(var2{Fy.}) 2o ez *x

Notes: * — results, having systematic error due to ibdity of reference and
comparators;

17
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** —results, having systematic error due to instabditgomparators;
*** _ results, having no systematicaer

One can see that only “X” signal we can measurkawitsystematic error.

In this case for functions 7,8,9, 13,14,15 therehis second systematic error,
coursed by time delay of measuring in chann&)sTo have appropriate measurements
precision you need to find maximal allowald® value by using relation (5.6) and
figures 5.4, 5.5 and to be sure that while meagukig A*. But in this case user should
be careful because delAyis growing in time after measuring start

A= A, +10%y,,.t |, (5.7)
where:4,<0.0001 s — initial\ value;

Yy1yo— relative frequency difference of,énd Y, signals;

K — multiplication factor, t — time elapsed from measuring start .

If it is impossible to guarantee< A* condition while measuring you may use only
part of data and “Recalc” function (see Section&oftware Operating Manual).

TESTED TESTED
SIGNAL "Y2” SIGNAL "Y1”
-©Ofy -©Ofy

O O

RF interconnecting
SMA / BNC cables
685670.154

&LO GLO

O O

Power splitter \
1 ZFSC-2-1W+
©fX / S ©fx

KOMIIAPATOP YACT. TESTED KOMIIAPATOP YACT.
FREOUENCY COMP 2 SIGNAL “X” FREOUENCY comrF 1

Fig.5.6“Three oscillators two-channels” mode.
Signals connecting.

18
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To estimate occasional error for var2{Fx}, var2{gyand var2{Fy2}) we can use
the following formula$4].

2 2 2 2 2 2 2 2
A o,+t0y4 0,%0, (J +0, )(0' +0, )
yl cl y2 c2 yl cl y2 c2
d, < N 2+ ot St . : (5.8)
Jx Ux Jx
2 2 2 2 2 2 2 2 2 2
d. < é 2+UX +Uc1+ay2+acl+ac2 +(Jx+acl)(ay2+acl+ac2) (5.9)
yl = N 2 2 4 ! b
Jyl Jyl Jyl
2 2 2 2 2 2 2 2 2 2
A o,to,+0, O +0 (0’ +0,+0, )(0’ +0, )
dygs o 2+ yl (2:1 c2 + X . c1+ yl cl 4(:2 X c2 (510)
Jy2 0'y2 Jy2

where: A — depends on correlational features of testechtsg(kA<2)

Occasional error formulas help to find mininhalzalue to have appropriate
measurements accuracy.

Notes:

All error calculations where made supposing thatfiency fluctuations of tested
signals’ and comparators’ are independent. Itdasecto real practice only for short-
term stability (=1; 10 and may be 100 s).

19
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5.5.4The main error measuring (“noise floor” whendf/f=0). Connect signals
according Fig. 5.7 and set measuring parametemsdiog Fig. 5.8.

After waiting for 4 hours initiate measuring. TalBl&¢ shows calculated functions’
mathematical expectation.

Personal Computer

~_RS-232 interface cable 685670.026

RS-232C

FREQUENCY
COMPARATOR VCH-314

KOMITIAPATOP YACT. | KOMIIAPATOP YACT.
FREQUENCY COMP1 | FREQUENCY COMP2

ofy ©fx | ©fy ©fx
! L 1 1 RF interconnecting
SMA / BNC cables
la— | 685670.154
1 2 1 2
Power splitter Power splitter
ZFSC-2-1W+ ZFSC-2-1W+
S S

1+ 1+ RF interconnecting

w\BNC / BNC cables
=1 685670.154-01

G5 MHz-1 &5 MHz-2
(10 MHz-1) (10 MHz-2)

Crystal (quantum) frequency standard

Fig. 5.7 Signals connecting to measure the main instalofityhe comparator
(“noise floor” whenAf/f=0)

The comparator is perfect if measured statistigatfions describing the frequency
instability are not more values given in the tahle
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Table 5.7The mathematical expectation of calculated fumstiovhen
comparators “noise floor” measuring.

(see VCH-314 Software Operating Manual)

Number Calculated functions Mathematical Notes
expectation
1 Mean Relative Freq. Diff. (E{Jix}) yN
2 Mean Relative Freq. Diff. (E{zx }) yY
3 Mean Relative Freq. Diff. (E{{zy2}) yN -y
4 RMS Relative Freq. Diff. (var{ fix }) / 32 .
5 RMS Relative Freq. Diff. (var{ {2 }) 52 ]
6 RMS Relative Freq.Diff. (var{f1y. }) 32 +05,
*
7 RMS Relative Freq. Diff. (var{f) 0 *x
8 RMS Relative Freq. Diff. (var{fz}) 52 ]
9 RMS Relative Freq. Diff. (var{fz}) / 52 )
10 RMS Two-sample Freq. [
Diff.(var2{F1.}) o *
11 RMS Two-sample Freq. o2
Diff.(var2{F2«}) © *
12 RMS Two-sample Freq. 0%+
Diff.(var2{Fy1y2}) i
13 RMS Two-sample Freq. Diff.(var2{) 0 *x
14 RMS Two-sample Freq. Diff.(var2{i}) o2
¢ *
15 RMS Two-sample Freq. a2

Diff.(var2{Fy.})

Notes:* — results, having systematic error due to instabditgomparators;

** — results, having no systematic error

One can see that only “x” signal we can measurieowit systematic error.
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wi Options

Fig. 5.8 Parameters list for the main instability measuring

5.5.5 Frequency comparators’ additional error measw (when Af/f£0). Connect
signals of 5 MHz frequency according Fig. 5.4. #asdt one signal X or Y should be
capable to change frequency. Set measured rel@égeency difference in the range
(5.1+5.5x10°°,

Set parameters of measuring according Fig. 5.9strtimeasuring program. When
measuring is finished find Allan variance values Tesecond average time (var2(Fyl1x),
var2(Fy2x)) and relative frequency difference (E¥y E(Fy2x)).

The comparator is perfect if: var2 {Fy1x}<0.002{Fy1x},
var2 {Fy2x}<0.00XE{Fy2x}.
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' Options x|

— Multiplication

tultiplication Factor 1eb -
—Bandpazs

{+ 3Hz " 10Hz
ez I

" Samplez

b ax average tirme [£] 10 - Lancel |

MHumber of averages |3EI - I Help |

Wwite zamples to file v Browse |

|.-“-‘-.M FILES"WCH-314ENGL datahzamples. dat

Diecimate 1100 I

Serial interface ||:|:||-.,.1 1 ,I
— Limnitz

b aw. freq. diff. I 1E-05

b ax. freq. vanance I 1E-05

— Inputs in uze

[+ Ful [ Fu2 [T Orne signal

— Comman cormments

[nput frequency
" 5 MHz * 10 MHz = 100 MHz

Fig. 5.9Parameters list for additional instability measgri
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