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THE MICROWAVE FREQUENCY STA

4 SURVEY OF CURRENT MICROWAVE FREGUENCY CALIBRATION

TLCHNIQUES AT THE NATIONAL BUREAU OF STANDARDS

By

L.J. Rueger and A.E., Wilson

"
ABSTRACT?°

The equipment for genersting,mixing, and detecting stand-
ard frequency signals at the Naticmal Buresu of Standards in
the 300 to 75,000 Mc range is described. The NBS laboratory
techniques for performing precision microwave frsquency calil
brations are discussed.

1. INTRODUCTION

To meet the incressing needs by industry for standardiza-
ticn at microwave frequencies, the Neticnal Bureesu o©f Standards

created a special group to prﬁVﬁdS 2 microwave frequency stand-
ard and a calibwation scrv*he, Pris gVAP“ iz now equi
operate betwesn 300 and 40,000 “k it lehasly

eqalbmeau, snd sbove L0, OOQ ts 75,000
rently under development it is the
calibrate secondary fregquency standsards.

ard is eitkher another microwave frequency sSOUrce OF & T
resonant system. The passive rescnant system is by far the more
compact and simpler of the two, and can have adeguate precision
for most applications. For example, rescnant cavities are suit-
gble standards for the aligmnment of vadar systems, nevigeation,
communication, and TV relay ecuinmvam, and for setiing the fre-
quency for laboratery tesis on microwave components sY A fee

ke

schedule has been estabiished for the Buresu ssrvice; $20
$h2 for the first frequency calidbraticn point suld $3°50 t

38 00 for each additionel freguency calibrasion peint depending
on the type of secondary standsrd.
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crystal dicde through ccaximi cables. The proper harmonic from
the crystal harmonic generator can be selected by a transmission
cavity filter commercially available in direct reading units
spread over the range frem 500 to 40,000 Mc.

The Bureau uses two distinctly ssparate muliiplier chains
in the microwave frequency standard; ocne a fixed-frequency stand-
ard snd the other an adjustable-frequency standard., The fixed-
frequency standard has higher powered cubtputs at higher fre-
quencies, but is not as versatile. Another major difference
between these two systems is the level at which signal mixing is
done. In the adjustable-frequancy standard, mixing is dcne near
the start of the multiplier chain. In the other standard, the
mixing is done at the end c¢f the multiplier chain. The advant-
age of low frequency mixing is the wide separation between ad-
Jacent harmonics.,  The mejor disadvantage is in the neighborhood
of a few selected frequencies, where very low difference inter-
modulation frequencies cen exist which follow up the multiplier
chain and create unwanted sidebaads.

For calibration activities isclsted from direct comnection
to the standard oscillators, radic staticn WWV cen be used as
reference in synchronizing an auxilisry 100 K¢ oscillator to one
of the standard broadcast qignalsfiknd neintains precisions of
about 1 part in 107 if limited to sky wave propagation or 1 part
in 10° if ground wave recep*tion is availsble. The Nationsl
Bureau of Standards® ammonia clock has been shown to be a refer-
ence suitable for absolute calibration to 1 pért in 107, and %o
relative frequency constancy to £ parts in 10

purpose, one milliwatt is h¢gn power red, a frequency
transfer process can be used with the loss of cverall
precision. CW klystron cscillziors can be synchronized to a
standard frequency. Frequency modulation of the oscillators
can be minimized by using battery power and sitabilizing the
klystron temperature in a temperature-controlled oil bath.

When relatively high, standsrd-Fregusncy pewer {for this
J : = & \
) is ui

3+ MICROWAVE ADJUSTABLE-FREQUENCY STANDARD

Parts of the microwave adjustable-frequency standard are
hold-overs of the original standard built in 1945, The block
diagram in Figure 2 shows how standard signals are gensrated
by combining s fixed multiple of the 100 Ke source with the



signal from a precision adjast-'“ﬂ combination
frequency 1s adjustable b hrough tunable
wultipliers with the same adju per cent ad-
Justment range is expsnded to LCC the tenth
b rmonlc of any ou tput from the Since approxi-
ely 30 Mc is the lowest outpy erage begins
&% the tenth harmonic of 30 Mc ey availsble
for harmonic generators is at h output of

the multiplier chain, Ths sxce
generstors and detector Dysunﬁc Pl

irmonics as

PN 4
high as the 30th for calibraticn purposes, and extends the range
of the standard through 25, UOO M\, The microwave adjustable
fraquency standard occupies % center two racks of the berac

svstem shown at the left in Fi

e~fregquency stendard
in the precision ad-

The overall accuracy of

sduced by only a part of

table oscillator. The por mined by the ratio of

frequencies contributed f ard and the precision

llator at the point of mix 1 « The frequency cf the pre-

sion oscillator can be detery 2 by eguency counter, or
Y
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L, MICROWAVE FILED~-FREQUENCY STANDARD
A block diagram of the microwsve fixed-freguency standard
is shown in Figure U, By mixing the ouipuis of this multiplier
chain, coverage of the spectirum Is providsd st v 7y clesely
Sﬁaced intnrvalsa *t ws ﬁonverlkhJ f w,rvals through
0 Mc intervals
*Hrough hO OOO Mc, as these ars ths sur : ilﬁthHSo Since

ed. Also, from the
ibration curve is
10 =nd 50 Mc out-
5,000 Mc outputs;
mhe tubes in the

in transcrlblng and plOtulr
evenly spaced frequencies, the s
easily calculated. The power avas
puts of the chain is 5 watis; =%
one watt, and at 9,000 Mc; twenty

chain are operated well below msximum retings bo sssurs long life
end stable operation. he Klystron moltiplisrs and smplifier are
immersed in a temperature controll il neth for powsr oulput
stability. Figure 5 shows a front viev of the standard Traquency
multiplier chain. The lower &ryawsr contzins the multipliers from
100 Ee to 50 Mc and siides out t¢ be s3szily sccessible for main-
tenance and adjustment. Th muitiplier 50 1

the 250 Mc enplifier are beh i “he



The oil tath containing the center of the
rack, is also om draver +o make connections
¢ these tubes. The pewe ottom of the rack

h
i
er
suppliss the muitipliers ¢ :56 M‘ _“d the ¢P at the top
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suppiies the xilystrons. . only about four
feet of panel space, Fig w of the rack show-
ing locsticn of the tempers LY v the o1l bath
and the pover ccomnections te thes zultiplier cheins., A close up
view of the oil bath and Kiysir ez ig skhown in Figure 7.
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5, MBETRODS OF USING THE MICRCWAYE FREQUENCY STANDARD

Frequency matsrs sent In Tc HBS are calibrated as nearly
as possible Lnd the conditions of normal use, For instance,
if the ireqa9n’" meter has a bSuils-in detector and indicator
then encugh power is used ¢ operate the indicating system.
Or, if the meter can ither az s %transmission or =
reaction meter, unen voth methcds sre checked to be sure there
is no discrevpsncy be <, Ambient room temperature

b
where the calibrations sre performed is held %o 25 + 2°C and
the welstlvn rumidisy % ; z per cent., Meters are
lefc in £ ';me +0 reech equilibrium
with tos tibration,

Figu 3 tagran of the rf components uged in

2 typical a% TELLATS :?~ uencies are applied
tC & orv ds ‘»e recessary noh-
linsar 4 ference combi-
nations ignal is selected
and all saion filter whick
hzs tesn e mGds 1ave& locsald
osciliate rter crysta throhgh
directions. standard signsl.
The ianbermsd . ey’ > . is fed to the
speﬂ*“um SnA1lY7Eel 3 > amzbohin ab re adjusted for

maxime ' { ators on either
51de of ten db each, ic
isolate egeipment and prevent
rescilve Ser, & photcgraph of a co pﬁute caii-
braticn Figure 3, The rack ¢ the far rignt
contains tor anid power supply. The next rack
contains & : e -aeney shandard. The rf com-
penents sre on the bemch in the center and the spectrum analyzer

ig at the far left A screnatic asrd thosograph of the mixer

which combires the s cancies are shown in Figure 10.

By meszs of the resc series, the three standard
signals are applied s the crystal converter., By

extending this meznoﬂ gdditi esired Frequencies may be added.
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The frequency meter to be calibrated is set to resonance at
sach calibration frequency at least ten times. The spread of
readings at a given frequency is then a measure of the backlash
or other mechanical defects of the drive mechanism. This spread
is included in the calibration report as the tolerance to which
+he rs=adings are reproducible.

Although not included in a normal celibrastion, it is possible
tc measure the temperature coefficient of frequency of a cavitly
neer room temperature and, also, the approximste "Q" of the cavity.
The temperature coefficient is determined by observing the shift
of resonent frequency at a fixed setting of the meter for differ-
ent temperatures. The temperature of the cavity is monitored by
s thermocouple junction attached to the frequency meter. The "Q"
«f the casvity can be measured by a system similar to that des-
c¢ribed in the M,I.T. Rediation Laboratory Series, Volume 11, pages
396 to L03.

6. METHODS OF DETECTING MICROWAVE STANDARD-FREQUENCY SIGNALS

Since the power of the harmonics used as standerd-frequency
signals is frequently as low as one microwstt, direct detection
by means of a crystal diode and a sensitive current meter is usually
impractical. In addition, the useful power at the detector is
further reduced by a nominal insertion leoss of 10 db for the traans-
mission filter and 10 db each for the attenuators padding the meter
being calibraeted. The power availeble at the detector is then about
0,001 microwett, Therefore, when a frequency meter with a bullt-in
crystel detector is to be calibrated, a higher power cw oscillator
must be used and adjusted to the frequency of the stenderd sigmsl.
By amplifying and observing the beat note betwsen the standard
signal and a small portion of the oscillator outpul, the oscillator
mey be adjusted to the same frequency es the standard-fregqueacy
signsl with precisicns decreased a minizum of onz order of magnitude.
The remainder of the oscillator's power is then eunough to permit the
crystal current from the detector to be monitored with a micro-
ammeter.

In cases where the standard signal can be passed through the
meter to be calibrated, a sensitive receiver may be used to detect
the signal. In the frequency range 300 to 750 Mc a double superheter-
odyne panoramic receiver 1is used. Above 750 Mc a sensitive spectrun
analyzer is used to detect the signal.
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Direct reading local oscillators of the external cavity re-
flex klystron type are available from 750 to 11,000 Mc. Above
11,000 Mc internal cavity reflex klystrons are mounted directly
on the waveguide test set up to provide local oscillator power.

Since the local oscillator power is much more than that of
the standerd signal, the height of the pulse displayed is
directly proportional to the power of the standard signal. The
frequency meter being calibreted mey then be tuned to resonance
by observing the pulse height on the cathode ray display tube.

The spectrum enalyzer has a voltage gain of 160 db and can
detect & standard microwave signal as low as 10-13 watt.

7. MICROWAVE COMPONENTS AND TECHENIQUES UNDER DEVELOPMENT

Development work is in progress at the National Buresu of
Standards to improve the calibration techniques at frequencies
above h0,000 Mc. Tc date, industrial engineering efforts in
this range heve been limited and although many of the components
can be scaled from lower frequency cquipments, the lower fre-
quency harmonic generators and crystal detectors already have
parts with as smell a2 dimensional tolerance as present tech-
niques permit. The engineering effort at the Bureau 1s being
concentrated on three major items for frequencies above 40,000
Mc. The first is the development of crystal harmonic generat-
ors. The second is the development of crystal detectors~-mixer
crystals where local oscillator power is sdequate; crystal video
detectors where the local oscillator power is less then 1 milli-
watt. The third is develcopment of secondary frequency stendards.
The simple-mode resonent cavity design so convenient at lower
frequencies suffers reduction in Q end reduction in dimensional
accuracy. The small signal levels usuaily available above
40,000 Mc create the need for a passive secondary standard of
frequency that requires very little power. A wavegulde-contained
interferometer design shows promise as such & secondary standard
of frequency.,

A technigque is being worked out for mixing an interpolation
oscillator signal along with the outputs of the microwave fixed-
frequency standard to improve the continuous frequency coverage.

The technique of amplitude modulating a standard frequency
signal in a magnetic attenuator is being evaluated.
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The future program of the National Buresu of Standards Micro-
wave Frequency Standards Group includes expansion of the facilities
available for calibration by extension of the present 300 to 75,000
Mc range upwerd te 100,000 Mc and higher. An attempt will be made
+o simplify high precision frequency measurements by providing
iigher power in the standard signals at microwsve frequencies. The
sent development programs cf NBS and others on etomic and molec—
ar spectrum lines for use as frequency snd time sUandards E an
sciute standard independent of astroncmicsal methods 212,51
Although these programs are still in process; results 1nd1cate that
greater absclute accuracies can be achieved by such a standard,
particularly by atomic beam techniques. Clocks using ammonia and
oxygen, employing gss absorption techniques are under development
and promige accuracies of the order of that obtained by sstronomical
methods. *Jsl' Problems of long running snd relisbility are still

However; these problems are reduced for standard frequency
tions alone and in this area the beam techmiques already
e superior results. On the basis of recent tests, the ammonia
the rack shown to the right in Figure 3) as & standard is
orders of magnitude better than current secondary standards,
ut equal to the precision of long distance radic links to
ndard signels where the skywave ;% ;1mlted in accuracy by
shifts in the height cf the ionosphere.

8. CONCLUSIONS

The radic spsctrum is becoming crowded and the best utilizstion
the microwave spectrum can be achieved by relying on secondary
crowave frequency stendards for sligmnment of components and some
T
f

o)
I

1

of the high power transmitters. The cleser tolerances on the match
of frequency sensitive components sre also creating a demand for
calibrated secondary standards. The calibration service has been
effective in coordinsting the secondary standards throughout the
leboratories of the United States and in the evaluation of new
types of sscondary standards.
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