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FABESTRACT

The Fubidium Mazer Freguency Standard 12 & preci-
zton frequency source with s#xcellent short-ferm stabil-
itvy, & twpe PER-I1 Rb maser freguency standard has heen
developed by the Beijing Institute of Radio Metrology
and Measurement LRI, The time-domain  freguency
stability Ctwo—zampl e “arlﬂnrg“ of  thizs +freguencw
ztandard & less than BTNt =t et for  T=1@me=l .8z,
+hxl.@ FHz .

Twg PBRE-11 4requency ztandards have been wused &z
refererce  frequency sources in oa  freguency  stabiln
meazurement Svstem,

Inm  this paper some |npnrf4n+ zwztem charactertis-
tics for the FER-II FEb maser freguency standard such 3z
phaze poize and frequency stability transter character-—

ztics will bhe discuszed,. Furthermare, the follawing
topice will be Iincluded as wells

1. Dezsign  of the Areguency =tandard for  optimum
frequency stability of the ouftput zignal.,
Z. The choice of a YCH0 faor the freguency =tandard.
2. The deszign of the phazse-locked |ooD.,

The +fregquency =tabilitys on the PRR-I1
show  the achievement of the goals  given
aboue,

THTRODUCT 1 0r

Fe FRubidiuom maser i2 an active atomic frequency standard. One of
its characteristics is that of wery good short-term =tabilit». In
atomic frequency ztardard%, the Fubidium maser frequency standard
1as  the bezf freguency ztability for averaging times betweesn
iilliseconds and EElHﬁdz. Thus, the FRubidium maser 1S & presision
frequency zource which C AT e weed tn frequency stabi it
wysurement swztems.

Fi= paper presents the design considerations for the FBRE-I1
ubidium maser AFrequencry standard dewveloped bv  the Beiljing
[rctitute of Fadioc Metrology and Measurement CBIRMM? ., The main
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proolem that will be discussed iz the fregquency
output s oanal
l E

=tability of thie
I ot the rubidium mazer frequency standard. e i 11
first o =z the basic desion  equations  of the <frequencw
ztandard s and giwe a dezcription of different phase noize
zpeotr &l denzitiez oacourring in these components =2 that the
reltationship  behtaeeen the phaze-noise and the freguency ztability
ot the output =ional of the frequency =ztandard can be determined.
e then di=cuss the ocptimization of the design of the Vow-noize
receiver, the VXD arnd the phaze-locked loop that are used in the
PER-IT., Finally we precent the methods uszed and the experimental
results  for measuring residuoal frequency  instability  of the
phase—-iocked receiver. The design valuez and the experimental
values are in basic agreement, demonz=trating the validity of the
deciaon coneiderations, /s description of the time—domain frequency
stability  of the completse FBR-11 +frequency ztandard and of the
Foubidium mazer are oiven,

=)

TFo—

.

The FRb mazer and the transfer of itz freguency stability tao an
cutput signal have been discuzzed extensively {1 through 18X, Tha
development of the Kb mazer 4regquency standard began in the BIRMM
iy 1971 . fan eartier model of the Rh mascer frequency standard
whiich  waz dewveloped by the blubhzan Institute of Phyzicz and  EBEIRMM
hag been dezcribed bhefaore {183, The FPBRE-I11 R mazer JFrequency
standard presented in thiz paper i a new model. Ite freqguencw
stability 0= now 1,918 1917 far averasing timee between milli-
seconds: and zecaonds, and exhibite better operztional reliab: ity
than the sarlier model,

BASID SYETEM DESIGH PRINCIFLES

The sv=tem dezian for the FER-11 was directed toward the zchigue~
ment of optimum sw=tem parformance and gives requiremsntzs on the

various components of the swvstem.

1t

1. Geperal Dezceiption of the REbh Maser Freguency Standard

The FRobidium maszer frequency standard, Vike other maszer atomic
frequency  etandards, conziztzs of 5 Bb maser and 2 phasze-locked
FEceE i ver, az  =hown in Figure 1. The Eb mazer iz zn +reguencs
SOUrCE with excallent Hfrequency stabiiity, The operalting
trequency, VvV, of the mager iz £2324 MHr and 1ts power autput is on
the order of 18719 b1, The phase—-locked receiver =hown in Figure 2

plaw= 2z major rale in the ftranster of the frequency stability to
the output =igratl, conwersion to a standard fregquency» and  in—
Crease in  the power level. & tvpical system of the Rh mazer
fregusncy standard with the relevant components and their contri-
buticns are shown in Figure 2. The preamplifiser shown in Figure I
= nat o=ed in the PER-IT BB maser frequency standard, It iz
incliuded 1m the diagram For the purpose ot analveis and
COOMmEpaT b S0 .

i3

1R

The uoltage controlled crwstal oscrllator (WVCXDOY  hase 23 mean
output  frequency  V.,a phase zTpectral densitw T 1T the Vocked
cage  and & tuning sensitiwity K expreszed in radianssuolt-

second. Ite +$requencw 12 multiplied by an integer M to wield &
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zignal with  +trequency Vigy cloze ta the maser frequency. The
phase noise contribution of the multiplier referred to the input

frequency {2 given b S¢Muﬂf). The microwave mixer (2 fed by the
amplified maser signal Yor the maser =signal! and the Freguency
moltiplied WCHO signal to wield zan intermediate frequency  CIFD
signal  with & freguency Vipy muych  =smaller  than V. The i+

corntains both  the phase instability of the maser and of the

multiplied WCED., The WOXKO signal is alzo the reference of a2
frequency of 2 svnthesizer which wields an output freguercy Vi gs
equal to Vips. The maser Freguency, and consequently, the
intermediate freguency Vip and the VIO frequency zre not related
by a =imple rational number. The frequency s»nthesizer acts as &
third fractional multiplicatyon Factor  MIZ, The frequenacs
zynthesizer alsoc exhibits its own noise, but  sinmncs the

2o gmal can be neglected when

muttiplication factor i =
compared to the phazse noige added b the fir=t multiplier., The
wighals with freguencies Mipz and Vg feed the rhaze deterc taor
having & phase sensitivity Ky expreczed in wvoltssradian, That
part ot the receiver comprising the multiplier swvnthesizer,
mixer, IF amplitier and phase detector is designated as the down
converter,

1]
P

The tow—+frequency oygtput  signal of the phase detector i
meazure of the phase errar between the signalzs at freguencies tH
and ¥ gy The error signal is pazzed +hruuuh the loop filter with
the transzsfer function Fijw?., Usually the loop filter iz af fthe
Vow-pass  trpe, and the tranmsfer function s chosen to wield
optimal FLL perftormance. Finally the filtered errar zignal is fed
to  the tuning input ot the WCHO, which iz then locked to  the
frequency> of the maser =ignal.

2. Basic Equations

The basic block diazgram of the phase~locked swetem is shown i T
Figure 2. @Az stated in £33, the phaze naise spectral density of
the output of 3 UCKD which iz phase-locked to 2 reference  signal
can be written:

Spot ) = SgtF)THOE [ 4 S o £ 2. P10

The power spectral densits of the relatiuve frequency fluctuysations
can be calculated from:

Symt¥)mi+fv l:'ﬁm“ -':SVKQ$}IIH1(+ﬁ'E+5?FQ+}'1HE({3tE- QR
where
Hytfo= J2E
IPTF+EAd Ku-Fi j2mfs’ ey
MHoi $d=_ kdrku-Fj2mss . a5

P AT+ Kd KusFojomsa

Hyotr  and  Hoof) are the transter functions of the phasze locked
1oop, Fiidmw+s i= the tranzter function of the loop filter, Hd is
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the pha

zze senzitivity of the phase detector, kv ie the waltage
controlled oscillator tuning sensitivity, S (f) and Sg.0f) are
the phase noise power spectral density of the the Free-running
ICKD and the reterence zsource recspectivelw.
The above asic relationzhips can be applied to the BEb maser
frequency standard, shown oon Figure 3 [111, The relationz  +for
this fiqure can be expressed!

7

Bpr b T IE Syt F I DRl Dy L F A S (ISRl F ISy g (F 2 ¥ Egppif) (D
""-D.x, "g“i‘f*":‘:,p['-'l"J APt M- “}“‘"I'MU L8 +"H 'H)uwc‘“F.)

EQ.;'..r.‘f:‘F:l-wE‘ o A+ u]k1 T+ & .--'-'“F\)+«_~P':"F)'i'Eh:'..“:l‘:‘F:3+Sn.’,|;)‘2'lf'F)"'E-:,,IF-‘":_,(‘F:'+ L&D
S LI T IS )

JZTF

Hlf{pz £ 7
JZMF+E - KM F 2T
Foode e Me F O 2T

Hod o= Qo
P ZAF KK M F e 2

St T T L F 0 [Hy 00 (S S (F 0 Hat £ € LF

St =5, T [Hy ) | SHE, LD IHoiF) |2 118

The time domain fregquency stabkility of the WO output  sianzal
than then be evpressed 127 boet

sintwTEDY

54 ,,»«, T hwm SO Y df t1i
] LT . . - LA
o CMTH S i ff S
[n3 N
2 = 1
TEL T . Sl 2 sinCMTF — df o1
TJ“" [} 1+(+"{“‘FC:‘L

where +. = the cutoft frequency of the tirst-ocrder low paszs
filter used in the measurement svztem. From equation 18 we zes
that the First term representsz the contribution from  the WO,
The Yoop acts as a high pass +ilter with a Timiting value of one
for wery high Fourier frequencigs. The second term e the
contribution from the reference =sources which include the maszser,
the preamplifier, the mizer the multiplier, etc. Im that case,
the Joop acts s a low passzs filter with & limiting walue of  one
for very low Fourier frequencies. The ouverall pertormance af the

svatem will then give the high freguency fluctuations of the WCHO

ploz the low frequency fluctuations of the reference sourcesz.
Thie 13 an important consideration for  the designer  of the
sretem.
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From the abowe we can conslode

1. The pradference s=vstem constisting of the Eb ma -, preamplitier,
mixer and multiplirer must have low phaze nLd-. at s Fourger
frequencie=. The flicker of phaze anmd +1icker - fr JEMC Y NoiEe

must be controalled as o as poss

zed in the Rubkidium azer Ffreaquency sftandard most
Ve b b te phase nolze, tormg term +trequency and
oo important.

Z. The tranzfer function Fogwr of the loop fiiter plav an
impor-tant role in the freguenc> standard. The choice of fhﬁ oo
parameter= muzt be made to optimize the freoguency ziabilite of the
cutput fregquence.

CHARGCTERIZATION OF THE MHOISE I THE COMPOSERT =
Fubidium mazer

aythors [F1 [113 hawve zshowrn that the one
oo the 4ractional trequency fluctuat
cimated by

AT
Y

conztant, T 1= ¢ abs Femperature of
aCtiue mmdium,
atomt o r cnan t
cYion
pte

wbier 13 Bolzmann”
Q] i t atomic line gual ity +actar i
freguency and Goif2 iz the poser tran
microwawe cavity, The first term represent
contribution and the =zecond term 15 the whi t FrEQUENCE
cantribution resulting AFrom stimulated emizzion of radi
within  the ataomic Tinewidth, Accarding  to the e pwrlm
rezultz of 2t BIRMM and the reference [F1 there iz random wa
tfreguency in the rubidium maszer, bt the =zource of the noi
nfxll ek . Arcording to the preliminary analys '
z hkhelieved te come mainly from cavity temperature
1!th fluctuationz. The ftime domain freguency
T% for averaging time T:3s.  From esperimental r
Figure 15, we Can obtain JﬁvﬁT§:4.?ﬁl BE Rt S Y
power spectral dersity of the relative freguencw
be caxleculated from 0120

the s+zt 2t '® the power oenera
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From <1d4) we obtain then
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Ihp ot fractional

wWriitten:

rectral density
e FER~I11 bie

" fregqusn
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Thus, the power spectral depsity of the
eXprecszed:
Swmﬁfﬁ*ﬁVmﬁ$3ﬁ Symﬂf)mlﬁu?'gfmq +1@Fé'?fnz*

WA

o

cw Fluctuations of the
—ET szatwTI0 420 pan
phase noise Can  hbe
1@ (177

WMCRD 2 which are commonly uvwsed with atomis  frequency =tandards
are SPHz, 18 MHz and 188MHz quartz crrstal oscillators. The power
zpectral denzity of the phase noize of the 'WOxXO7z which have been
developed 3t BIRMM can be expressed az:

Spppifr=1871Ee Sl gl g1 S CSMHZ UKD (18
P R B e L S L= C1AFHz UKD P19
Speot fi=10 ST Ee gl ClaariHz DD CEE
Tt aEu - n zpectral dernsl bty of the fractional trequency
fluctuations can then be written:

St =187 EM T e T E S re g1 @ TETSE (sMHz WOKDD $Z10
Szt Fi=18 E T s ma T ET e T E R 42 CLAMHz LKD) (220
So.aifr=ta 2l Tl g3 42 CIBEMHZ LD {2ED
3. Microwauve preamplifier

Microwave preamplifiers find wide yze in low-noise recejivers=, =0
we  hauve been trying to find & suitables unit for  Rubidiuom maser
u=ze. e  have aonly been able to find FET microwave amplifiecs,
The phase naoisze of zeveral of theze ampliftiers were texted
Models CX511Aa and CXSUIC are being used in the Rb maser . Thew
have =2 gain of 17.2 to 17.5 dB and & noise figure of 4 to & 4B
ower an  input power range of ~Z@ to ~&8 dBm, The phase noise
spectral density waz found to be:
5®ﬁq{)x{13"5.1”5.13;“3+(1@*¢.3”9.? —lyvyg— 1?.?“2@.13pim1 CTgn
where P, iz the input power lewvel, exprezzed in watts. Eguation
{243 ghows that the FET amplifier has rnot ople white phase rnoise,
but alzoc flicker FM zand PM noize. The firzt term represzentz the
flicker FM noise, the =econd term representz  the flicker Prd
noise,  Ther are independent of the input =ignal power leuel for
an typical smplifier., The noizse level wvaries with the FET mode)
and the cperatiocnal conditions of the amplifier. The third term
represents white phase noize. Thisz nmiae iz independent of the
input =ignal power lewvel and amplifier noise figure,
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From 230, the =pectral density o+ fractional tfregquency
fluctustion can be written:
o i iy gy m—Re—1 R IR = Pk 1 BTN BT
Syt Fi=il 1Tl SN U PR Bt BTSN ¢ LRI PR R DI B +F, Lo
ata on Flicker PM and Flicker FM noize lewvels of zuch an  ampli-
fier are not available from any source to our Knowledoge. e awill
make a Further effort to develop Tow noisee preamplifierzs in the
future.
4, Micrawave mixer
The microwave mi=zer fe an important compornent in  the PBRR-I1I
fPQQUEﬂC? standard., The white phase poirse of & miwer which
operates  at low signal JTewel iz swailable from the noize figure
specification., Data on flicker PHM poize at lfow signal lewels are
mot available z2nd must be mezasured, The phage noise of  seversl
microwave Tow lewvsl balanced mizers hauve been meaaur@d. The mode
LWIHZZ Zchottky diodes are used in the miger.
The mixer haz a3 noise figure of £-16 di, 5 LO power Py oof 3 dBm
and =signal power leuwvel of @ dBm to —Z8 4Bm
The phase noizse speciral density 1= found tao bes

1I|F;!-‘-"F:}m'1ﬁ 1~J.:’." 1_ ‘_L'),F""lr_-: 1‘?‘"” "1"!.2:.:.:: 1'_‘__!' E“Ir:-l:-_l x:._'._'.'l',
where F.o iz the signal power Tevel expressed in watts
The lorcal oscillator power to the mizer iz constant, =5 that the
cperating condition of the mixer s inwariant. e Can deduce =z
canclusion from the abouve statements that expreszion (2&: wilt ke
valid +or lower signxl leuvels, From (28, the spectral density of
fractional 4reguency fluctuations of the miwer 20 he wrjtten az:
Sopi F o S EL S et @ISR _TL ¢ vt EEL T sy e RS _T L7
gocording v WET, the phaze noize of the mizer i3 in inuerse
proportion to the signal power level for the caze of Tow  zigrad

suela, The firet fterm reprezentz flicker PM onoize  which  wasz
e eI te in general., The second term representz white phace
noise whuth is dependent on the noize figure of the mixer. The
phase noise waries with the diode and the microwave circuit  of
the mixer.
D. Micromave freguency> multiplier
The trequency mu1t|p1iﬁr conzizts ot & transistor ooowe e
ampl ifier, & leg# MHz Sfrequency doubler and & high order
multiplier with a sten recovery diocde., The jnput power is @ dBEm
and the cutput power is +13 dBm at &,2 GHZ. The measured phass
noise spectral density referred to 188 MHr iz:

E;lm-qu =10 -1 £

lyqg—1%
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The spectral density of the fractionszl

be given:
Sl fr=1a"1 7 fe1pm31 2
é.

Microwave isolator and sttenuator

The clator and attenuator
components and contribute only

(=Y

frequencsy

are passive dizssipative non
white phaze noize:

t+luctuations

“reciprocsa

-3 KT

Emif¥)" (290

CJ‘.'F'l
where o ie the insertion loss of the isclator and attenuator and
Fi is the available signal power zt the input of the companents.
The actual waluee are: Pi=1 1@‘1@M, o=a.2 (1 4dB>y. From (273 {+*t
follows that:
-Emlff'}ml@_’la.za 1l
and
5vii+)=1@_38{2 CELY
7. Other components in receiver
The influyence of the other compaonentz in the receiver an the
performance of the frequency standard i  theoretically smaller
tharn that of the above componentsz. In corder to  improve the
pertormance of the freguency standard, we measure phase noige and

frequency =tability of

resul ts:

these compornents

2. D MHz x 7 frequency multiplier

Sppquztfr=18"1271 +1a—15

b. Phaze detectaor
Bgplfr=1g" 12 Sy p=15.3

. Second mixer
Seprpztfr=ta~1Z2.5¢ 1y p-13

d. Frequency £vnthesizer
G,e{Tritx18™7F71  for f =1 KHz

Therefore:

ToppzFr=4x BT §5++4xlu Egif
Bl =8, 8107 f4 & Ex1@ 7745
E}F;z“l')"-@.urlﬁ 3’:‘{1‘*4 4,{1@_‘5 ‘—fz
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S, Suymmars of the noize contraobutionz
I order te compare the noize contributions of the ditterent
ompTne e, the power zpectral density of fractional freqguency
fluctuyation of the varjous components are ogilwen in Figure 4,

]

]

CrsDERATIONS OF THE S7VSTEM DESIGH

design we mean the optimization oFf the system freavenc:
In this sectyoan we will present deszsign considerations

main components in the PBEBE-II] frequency standard.

1, Lone i derstron of the Fuobkidium mazer de

i

[wls

Froom <1ay, the oureut =ignal of the Rb mas exhibitse thres main
not s component Berzusze the HEb  maze inciuded  in the
reterencs RO D@ ot the +$reqguency stanmdard, the T B
coptribation st the foia Fourrer  Freguencies ' the Mz i
SRS R «Ii R Sy oo othe output fregoencoy ot ot LT standar.
: zoge from Figure 40 that the maxin noise Component randam
wall Fr,  Other noilze comporents can be neglected compared tTo the
fooaker nb s Ze  of the microwave mixer of the B
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arndom walk FM oo s
itite owen are u
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e #  good method
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dimg ho 0ETy it s wery mportant to increaze the
of the BHb maser to ocedice the norEe Ccottoohption of

Sue M Eer, Birth this end o owiew, the miyorowmave Cas s beoand
g- builb operate at
can Qiuwe an output cover of about Lt hat, Thus, the

[l of the BB omazer = oon the arder oo SeraT g, =)
o design of the maszer wrl! omot bes given 1 thiis paper.
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' the FET preampliftier and the microwiaws
flicker FM oor PM fyoiss in addition to wh

fia 2

They vl cortribute  to the owverall folze of
ztandard snd degrade the performance.
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T

sezed o oreceu
e ot
directls
each method = qiwen 1 Fiogures

There vt methoads whitoch Ccould
fevel  ontpot  of  the Pk

preamplitier  zand  the other
miwer., The noize contribution
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e oand  Sh, where 5vﬁa1{f9~ A SLpEL T and  TopaolT
reprezent the +requency domzin and time domain noize contribuotion

ot the firet and zecond method.




ceuming that other noize cordributions can be neglected compared
> the preamplitier and microwsve mizer, the noise contribution
of each method can bhe expressed:

!:;'F;,E'II + IEQ},B' + i REA
SyRezt FI=S, ROFS L

and consegquentl
= cintWTE

TypRe1tTI= 2 S0 - - df (41

R AS SRS RS PSS T

zintonwros
Fppezt TI= £ Dol d+ =

=)

CWTFIELLH S

[}
From Figurez Sa and Sb, we zee that: the second method is hetter

thanm the $irst, that iz, the noise contribution of the microwave
mi=er i= lezzs than the FET amplifier. In view of operational
retiability, notse contribution, cost arnd volume of the system,
we hawve decided to choose the sveatem with the microwave mixer as
the input stage of the phase-locked receiver,

2. Choice of W=D

The LCxO iz an important component in the active Jfreguency
standard. I't must be locked to the resonant freguency of the
atomic PVine and exhibit excellent spectral purity and low white
phase noize.,

The 188 MHz WCHED haz been chosen as the basic azcillater in the
FRE-II1 Fo mazer +frequency standard. The reasans are summar i zed
Lre ¥ o e

C1d Im wiew of the noise contribution for frequency stability  of
the =r=tem, the white phase noize of the VOXEO iz most important.
From Figure 4, we can zes that the white phase noize of the 108
MHz YOO is Tess than the 18 pHz VKD and the 5 MHz WCKG.

The Kb maser freaquencyr ztandard using the S MHz VCX0O has been
discuzzed extenzively in refersnce=s [7] and [3]. It has been
shown that the 5 MHz VD0 18 not the best choice for the RbE maser
freguency standard.

Cz3  The order ot the +trequency multiplier will b reduced with

respect ta the 5 MHz VCE0 and 18 MHz MCMD, The noise contribution

ot the Ffreguency multipliers will be thus reduced and the
stability of the multiplier chain can be improved.

The Frequerncy multiplier has an input fregoency of 3 MHz and  an
output frequency of &288 MHz, The measured phase noizse spectral
denzity, referred to 5 MHz 1=

Sppqut Fr=18"12¢ e g 15,7 (43D
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AT

St fo=ga 1@ Sgrgeam A0y Cddn
antribution of the freguency multiplier chain wyth an
- Mz wii 11 become & major  factor in degrading the
Frosaue gy tability  of the reference source svstem in the R
mawais freguency standard.
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must  be multiplied to 1d@ MHEz e sutficient measurement
rezclution,. The PBRE-II1 output need nmot be multiplied, theretw
fmproving the performance of the measzsuring =wetem.
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tdr Gesgign of the phase-locked loop

The main tack of the loop iz to correct the freguency drift  of
the 'WCEG and to transfer the freauency stability of the Rb maser
$o the cgtput.  Doubkl» balanced mixers wsing Schottks dicdes &

weed as  the phase detector which haz to be wers senziftive and
contribute werw little noise. In order that no freguency  error
exists  when the free-running WCxO i=s drifting, & second order
T oo tepe 2 [173] is chosen. An integrator with  phaze-lead
correction oives rather good loop stability pertormance and s
used sz oa tilter following the phaze detector, Its transter

Ak

RATT ST e To N A

T4 i
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Ff e zubzt tution oF s into (7% and CEY the t oo Pt
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_ M Bty
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wher e === 0, (i i
detined b W =21+
et e e

the natural +reaquency of the loop  and s
CH gEMAST 0 G048 and 2 ie the damping factor

T = 2w L A

& al T i '1
Ll thy thit= loop destgn these two parameters £ and ran e
selected independently by zetting the wvalues of T, and 7

111
3
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=3 important  when one 12 concerned with  the conditions for
aptimum transfer of frequencr stabililtw.

The capture and locking range are not critical parameterz in the
active atomic frequencr standard, because the two frequencies
are already very close to each other znd =z=table.

From the expressions ©d4a) and 472, the transter functions of the
fregquency standard sryetem can be written:

£4
‘Hll::f'} lz B 3 = — - a (587
LA R D A
) + E.’qc2+n++ :‘:'J
IHot £ | ¢ = 3 — . (51
LR L e S D AT
When 4 = 8,787, that i= the critical damping. chEy oand (513 can
bve written:
IHI‘:‘FTJ j = W CEZD
+ ++n
o 4 2 Loy i
IR R S A
fHoo $2 |7 = — Loasd
1:‘_h'{rﬁ

two transzsfer functions are  equal. The
ign for the PBR-II iz 3 method of rough
calculation of the wal = of Ty and To

bhen 5 = | .55, thes=
first me

spproximatd Fr, &
according to the equatio

B b, M
Ty = - L5480
I"dl'l h
T? S 55
Mn

I+ the cCcross-—over point of power spectral density of Fractional
frequency fluctuation between the 186 MHz VIO and the reterence
source can  be found, such as point O in Figure 4, denote the
trequency of the cross-over point by f_ and the natural frequency
of the loop can be expressed ast

another method of Yoop design which has been applied to the FPRRE-
I1 frequencyr standard is the calculation of ¥, from the optimum
fregquency setability of the output signal. A microcamputer wWas
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- = 2intOWTED
{‘v“l"ll::‘ Ti=a 5"1-’11] £ - . adf LJB:‘
- : T A v
o CHTF S 11+ﬁ+f+c}Lj
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The spectral denszity of fractionzal freguency Ffluctuation of the
main companents in the PBRBR-I1 iz found to be

B FI=3. 34x18 7R F T2 2 SulnT e 42 e 1B 52 Y
SLpl =2 lulBTERF AL ax1a IR (£
Sopqut i1 B e e F el cae aT L aE
R S R I PR R R BT B PS Eac : (&4

st ter substoe of CSZ-0ER-CA8Y, the numerical esuzlusation of

T LTy from 2y can be obtained. It is shown in Figure &  for
coatotr Treg ey +C = | KHz and a locop natuyral fregquency of

f =200 Hz. UWe =see that 0, 0T) shows a T7! dependence over the
. . . L F - L LE .

range of averaging times from 2 ms to 1 = and a T2 dependence For

averaging Yimes T : Zs. According to Figure &, the time domain

trequency stability F_ 0T) can be expressed approximately as

=

‘ £&T)

S, iTi=001  auta 15T a2 g, 7rrpm 1948 5,200, &

R W T A L

From the zecond design method, we evaluated the ocptimum value of
o The relationehip bet 22 the romercical  ewaluation of
.08, =)  and the natural freguency of the loop is  shown  in

Figure 7. It is seen that the optimum value of f_ iz about 180
Hz .

EXPERIMEMTSL RESULTE

1. Time domain freguency stabilits

The time domain frequency stability (ftwo-cample variance) of the
FBR-I1 +frequency standasrd was measured using the configuration

shown in Figures 2 and 9. The results are given in Figure 18@.

The beat Ffreguency method i=s zed =as the basic Ffrequency
=tability mezxzurement method. For averaging times between 2 me and
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notze  contribdtion of the receiver. bLle have not found = good
method to precizelw measure the noise contribution of the FRb
maser,

The beast frequencw =jonal between the two FbE masers s about 50
Hz. The twin~T toned amplifier i3 used to control the rnoy

bandeicdth from 3 Hz to 3 kHMz.

o
[ a4

it

T

4, Dizvyzzion

From the mezsurement resultes in Figuresz 18 through 1S5, we see

that the noise contribution of the phaze-locked receiver
predominates  +for 2 ms = T I 1 s, For longer aversging times the
random  walk FM naoige of the Rb mazser predominatez and degrades

the frequency =tability of the FERE-I] frequency standard.

The meazurement rezylts of Figure 14 basically agrees with the
calculated valuess,

The fregquency instability added by the phaze—-Taocked receiver can
be wzed to characterize the performance of the receiver. It iz
very  uszetyl tor dewveloping & low-noise phate—-locked rerceiver,
From the mezsurement results in Figure 15, e cSee that o T3

shoiges A [1.@99*3Lhi2ﬂfnT)]h dependence Ci e the range T oof
averaging times from 18 mz to | = for noize bandwidths, fr. from

18  Hz to 1 KHz., Thizg dependence zhows clearly that the noise
controibution of 174 PM notse of the microwave mi<er predominates
for 18 ms : T < |1

11

Conclu=ioan

e have shown that the srystem design method adopted for the FPER-
Il maser Afrequency =standard iz & wuzeful one  tor  choosing
components and parameter design. Frecision characterization of
the noize spectral denzity 12 the basis of the svztem design. The
main noise contribution from the PBR-11 frequency standard is the
flicker phase nolze af the microwave mixer, random walk FM noize
ot the the Rb mazer and white phase noise of the 18A MHz UOxX0,
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