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1 — Vloge silicija v telekomunikacijah
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2 — Fazni sum oscilatorja
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3 — Omejitve faznega Ssuma




1880 — Jacques in Pierre Curie odkrijeta piezoelektriCni pojav

1905 — G. Spezia hidrotermalna rast kremenovih kristalov v laboratoriju
1917 — Prva uporaba piezoelektricnega pojava v sonarju

1918 — Prva uporaba piezoelektrichega kristala v oscilatorju

1926 — Prvi radiodifuzni oddajnik s kremenovim kristalom

1927 — Odkrit prvi temperaturno-kompenzirani rez kristala kremena
1927 — Prva ura s kremenovim kristalom

1934 — Razvit prvi prakticni temperaturno-kompenzirani AT rez
1949 — Razvit obrobljeni visoko stabilni AT rez z visokim Q

1956 — Dosegljivi prvi umetno izdelani kremenovi kristali

1956 — Opisan prvi TCXO

1972 — Kremenov kristal v obliki glasbenih vilic za roCne ure

1974 — Napovedan SC rez in preverjen 1976

4 — Zgodovina kvarca v elektroniki
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9 — Mehanska valovanja
v~2km/s...12km/s (trdne snovi)

Tlacni val "P" (primary/pressure
wave) plini, tekoCine, trdne snovi
("BAW" bulk acoustic wave)

Strizni val "S" (secondary/shear
wave) samo trdne snovi
("BAW" bulk acoustic wave)

Povrsinski val "SAW"
(surface acoustic wave)
povrsina trdne snovi
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v~3km/s...12km/s 6 — Piezoelektriéne naprave




TalisCe
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Hidrotermalna rast v H O+NaCl (tisoCi let) p=1000bar
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/ — Naravni kremenov kristal




8 — Zgodovinski kremenov rezonator FT243
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9 — Umetni kremenov kristal /
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10 — Rezi kremenovega kristala
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11 — DoloCanje kristalnih osi z zarki X
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12 — Rodovi nihanja rezin kremena




13 — Rezine AT
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14 — Strizni rodovi nihanja rezine AT
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15 — Elektricho nadomestno vezje rezine AT
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16 — Admitanca rezine AT




Resonant Vibrations of a Quartz Plate

Response

I | I |
3200 3400 3600 3800

Frequency, in kHz

X-ray topographs (210 plane) of various modes excited during a frequency
scan of a fundamental mode, circular, AT-cut resonator. The first peak, at
3.2 MHz, is the main mode; all others are unwanted modes. Dark areas
correspond to high amplitudes of displacement.

17 — Rontgenska slika precCnih rodov rezine AT
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18 — Neharmonski precni rodovi rezine AT
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19 — Temperaturna odvisnost frekvence od kota reza AT
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20 — Oblika preseka rezine AT




Resistance vs. Electrode Thickness

AT-cut; f,=12 MHz; polished surfaces; evaporated 1.2 cm (0.490") diameter silver electrodes
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21 — Vpliv debeline kovinskih elektrod na povrsSini rezine




22 — V/gradnja rezine AT v ohiSje

Strizno valovanje N, (zrak)
se ne razsirja ~1bar
v plinih!

DvotoCkovno vpetje

TritoCkovno vpetje za
odpornost na tresljaje




Keramicni rezonatorji

N e _ Veckratni rezonatorji
23 — Ohisja piezoelektricnih rezonatorjev
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24 — Kristalni oscilatorji
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25 — Histereza lepenja umazanije v oscilatorju
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26 — Nastavljivi kristalni oscilatorji
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28 — Narocilo rezonatorja Frekvenca [kHZ]
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29 — Piezokeramika
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30 — Tehnologije FBAR (staro)

0=2000 @ F=2GHz
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31 — FBAR pasovna sita




PotujocCi povrsinski val — sito s koncnim odzivom FIR

lzhod
Piezoelektricha podlaga

Kristalna podlaga: SiO, ali LINbO, ali LiTaO, ali La,Ga_SiO,,
(kvarc) (langasite)

32 — SAW pasovno sito FIR v~ 2km/s... Skm/s




33 — SAW sito za 36 MHz
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34 — SAW rezonator v~ 2km/s...5km/s
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