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’i”}m basic cammi clemm of 3. ;armzsmn time bas:s s

: t‘ze quartz erystal iself In fis natural formation, the
orystal has a hexagonal cross section and torminates
Clongitudinglly s a point. From the base crystal, thin
~'siives, or plates, are cut, having the property t

plate will resonate when excited by an aliérnating. \!&%2«
age mne:d 10 :ts natm’a! fmqu@m} This frequfzncy 1s

- iamcc araenimmg or cm in lhﬁ base {:ry&ta! {,nfs}rtax

. wately, for high frequencies the plates are so thin zém
. they are difficult to cut, as well as very fragile.

(Z‘rysm.ig may also be operated at odd m%iisiiami

. overtones of zbczr nawrai frequmw {The G(i(i m&chm

- xm%e wzh gﬁaza thicerms anci dz:grade she cwsmi §

- performidneg.

Types of cut

" The cut angie e{ & crysial aisa cie:te;mzms the: wrxg»
terms frequency stability and basic temperature charac-

B¢ 'wr;stm‘a of t!ze time hase bew:ral et types are avmiéblﬁ,

' "'__ihe: fre:quemv and stability spedifications. m‘mrzfi ’Z’hf:
ATt a‘:z*yxml has a frequency range of 110 150 mega-

hertz and Is the fype most often used in Gime bases

{10 Mz beidg the most popular cholce’ because of s

frequency and temperature characieristios. The carves in
Fig. 1 relate the performance of several AT outs in terms

of the frequency deviation versus Lempcm{urc for &
nominat freqw:ncy of 10 Muz. ;

-pmmsm:i and mwﬁted in & m%iai or 2 gtas& contaner

- {Fig. 2} The container may be dealed with either glass

pr solder and evacuated or filled with 2n ingrd gafa <
'?he gaack;zgsd crys%a% may then be used inany aof a

This is part 3 zgf the continzing M}mmmdg ww’ mygﬂ»_
- herte” series, which is designed to bring engineers up 10 daty’
on the latest technigues of time and Jrequency. Freusurement;
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iifize an eiectncai nstwork to raguiam tha
ya,s amb;ent temperature varies.

ng iemc?zz o pwwéf: a wmmiied operating tempera-

h:gher ti&m the external ambient temperature.

“The frec-alr type of time base, s the name implies,

does miot fely on an external wmperature-compensating

“gircuit or an oven 1o achieve is overall pcz{crma ace. ftis

ysed when m«;ademm performance and small size at low
cost are required.
?mpcr oscillator ée:s:gn and crys{ai cut angle will yield

nmd_' ate tempeigture stability. For an aT-type erystal -
2 freesdir time base, cut angles of 35°27 and |

re” typical, A temperature dependence of £35
per miltion {+ 50 hertz for 2 10-Mu2 orystal) over
&-63°C range is readily obtainable, with

£2.5 ppmover a range fzf § 1o 50(3 the ep{;mum

ailable at @ feasonable cost,

‘A freesair tite base’s aging rate, that is, the rate at_'.

which the crystal drifts off frequency, is determined
aimost solely by the erystal's characteristics. Cleaniingss
wn processing, the type of mount, and the type of seal all

aﬁ”tsz:t the ﬁﬁai dni‘z ;}crfﬁrmanc&: "fvpzmi?v, an initial

.ﬁmhoﬁi&_kkugusﬁxr-ﬁ;f sare

1. AY type, A crysial's. i?e:;z#eﬁay ssamk!y:
- deperds on the cut angle and the opeiating -
temperature, as iliustrated by fhe family of

- cuives generated by orystal puis for 2 nomd-.
“ngt fredueency of 10 Mz Varying the out
" angle by a fow minytes cmaga& e aer‘mm{

. ance 829{35?4{;&“‘&%3 :

g2 Fma»a?r rmckage. In ordier to Hmit enviconmanat influsnces. th
crysm# ig mcma:ea an &ea%ed mth&? N & GIBES COnBinRY. shown hetd
o4 meldl ong Hass-entltsed _orystals tenwd 10 iscrease
ir&qmm:y wﬂh agmg a f}a{‘raam z:mu;\, w;?h m&wi emimres




o ent freguency variation with temperature.

3. !mwav&d slabimy The p&rformance of ) a ) TCXO is superqm to that of a fraamair rrme bass in %erms of both maximurn deviation from and :
_tracking of the nominal frequency over a wide temperaturs range. A total yearly drift of less thar & 1.0 ppm can be expeated.for TCXOs.

Frmwncy cfrlft fautms

Loebx gt

per ol box 3 x 1077 par month 1+ B x 10°F per day

- Lme vg*aa@e {rmax shrf‘e 0% ctmrg&;

¢ 1y }(}"'3 ﬁcr.

. Wams up tlme {un it dwaat:orz i 1 4 ‘10

hot ﬁ'pe'cifie'd

L oxoewtsqa o -

i “'gﬂ-iam 40 o 15.?@’%;%‘.%‘%;;;-%.-]." g
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':'j- agmg rate of 0.5 ppm/momh can be expeczed and thta g

-_.ﬁgurc declines subsmnnaliy with time in operation,

- Temperatore-compensated crystal osciliators bridge
- the gap between free-air time bases and expensive, high-
. er-performance ovenized ones. They are possible because
- a‘crystal’s resonant frequency may be altered by placing

. & peaciance in series with the crystal,

| temperature-sensitive impedance can be used to compen-

sate for frequency drift,

TCXOs

.- Once the cut has been made for the desired variation
over the specified temperature range, the crystal is

! 'piégced in a thermal test chamber and i3 actual fmqﬁen—

'_compmar_ana!yazs, circuit pamm&ier% are selected that
wiil counteract as closely as possible the erystal’s inher-

- Compensation schemes using analog, digital, and

'-._hvbnd circuits are available, with some emploving

3 micmprmsor cemmi The great ma;ar;t), however, use

and therefore a

full :cmmrczmﬁ: mng&

0.3 ppmx‘momh are uscd in TCXO% and 1otal ymrh drift}
can be less than & 1.0 ppm. L
Because of the imperfect &mmii&zz&a of temg&mmre_ ¢
effects, the time base's final plot of frequency vs temper- -
ature will any from unit to unii Figﬁn. 3 iiiuﬁirau.s the_. i,

oscillator wmparcd w;ih that 0{ a frcc—azr llme bas.c evcr g

a typleal temperature range.

The advantages of a TCX0 are goed wmmmiu:c
performance, small size, fast warm-up, and low power -
consumption at a moderate price. gy

Calibration of TCX0s, however, can be a prohlf:m
?mw the oscﬁlatos w;il aimost a%mzy:, be embcdt:ied in -

rwm igmperaznm requ:ms can,fui »aimiaama based
‘upon the kanown frequeacy- temperature. ch«zmclmstms
for that TCXO. ;

calrhranon msthods

“acgount for the heat rise, zs to G;x:rate zhe zmtmmem az-'ﬁ_-
"a known ambient temperature (usually 25°C) and to
{adjmt the frequency to an offset, both specified by the =
_ t;memb&e manuf}cturcr Tim m'mufacturer ihen gudr»:.

Bmh aai;brauoﬁ mcthods ica,a.z E_i Em m bc dca:redj-




-pmad of time- ssﬁ{i ?hen
- turnad Dack on . s
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. --jﬁj/rﬁmnmev'j_{'j' . B

::j:: iisaz oven temperature { Fig, 5)..

Ovemza{i time ﬁasaﬁ offer {mtssmdmg iampﬁmmrc_' _.
.carefaiiy fﬁken mto goaszdemtmn when- demdmg wheth- -

apwﬁeﬁ aging rate. Th;& permd can i}-ﬁ as’ mmh a@[

seversl weeks if the osciflator has been off for months fn

practice, typical aging rates for an ovemized time base

~will range from 1 part in 10* per day 10 § parts in 1090 -
- per duy, depending on the type of ciystal used, {(Note
&haz mstabthmt;on rafz:rs to the rcmm 0 th& aging rate -

quu&m:y retrmmg

Frequency retracing defines how cicasx’:{} an fmd}amﬂ

: W;H return: 1o }ta ariginal iwquency after 8. lengthy émﬁ:ﬁ

period, A tw;ncai retrace speuﬁcat:mz nght be; “Thc:j:_‘j‘
time bgmf: wzii mzum to w;mm 1 part in 10 of pmnaasj-‘-’-"-

er t¢r use an ovenized time base or a TOXO. I the time:
base i 10 b{e tumed Qﬂ' for i@ng pcriods and expu:ted to; :

chmc:z :
Time-ba% i;mmmm mreiy gwcs spﬂczﬁ{‘:&twas for{-




