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Izvori takta
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Po pravilu izvor taktnog signala su oscilatori

Oscilatori sa kristalom kvarca

RC ili RL ili LC oscilatori

MEMS oscilatori

Ring oscilatori

Silicon oscilatori

…

Harmonijski oscilatori

Relaksacioni oscilatori
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Oscilatori sa kristalom kvarca

Kvarc – piezoelektrični material

Pod dejstvom električnog polja menjaju se fizičke karakteristike 
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Pirsov oscilator
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Serijsko rezonantno kolo

Paralelno rezonantno kolo
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Često u praksi

Cs – parazitne kapacitivnosti – pinova, ulaza, pcb-a, …

CL – kapacitivnosti koje se dodaju da bi kolo radilo - mora

Može, ne mora, mora u 

zavisnosti od kristala i primene
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Oscilator radi samo ako su dobri CL

Šta je po resetu? Koja vrednost? Kako se menja?
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oscilator PLL ili slično

CPU

Analog MUX

Detekcija 

ocilacija

ima/nemaBanka 

kondenzatora

CLKsistemski

Nema ulaznog takta - PLL osciluje na sopstvenoj učestanosti
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PLL

CPU

PMIC

Vdd

CLK

Smanji potrošnju – nema posla – smanji učestanost – smanji napon

Ima posla – povećaj napon – povećaj učestanost – povećana i potrošnja

Otkud PLL?
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Različiti načini „sečenja“ – različite fizičke i električne karakteristiku

Katedra za elektroniku

prof dr Lazar Saranovac

13

14



8

Namenski računarski sistemi - 2021/22 15

Zavisnost učestanosti od temperature

PPM – part per milion - 10-6
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Zavisnost od starenja
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Vreme uspostavljanja oscilacija
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Dobra vremenska referenca – ali ne apsolutno tačna

Nisu baš pouzdani sa stanovišta da sigurno prorade i rade

Preporuke od strane proizvođača mikrokontrolera

ESR – equivalent series resistance
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PRIMER
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Ako ima 

dodaje se
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Tip Stabilnost Aplikacije

XO — Oscillator 20 - 100 ppm

•Those requiring a general-purpose clock, such as consumer electronics 

and computing:microprocessors

•digital state machines

•video and audio clocking

•low-bandwidth data communications, e.g., USB and Ethernet

VCXO — Voltage Controlled Oscillator < 50 ppm

•Clock synchronization in:telecom

•broadband

•video

•instrumentation

TCXO – Temperature Compensated Oscillator

and

VC-TCXO — Voltage Controlled TCXO

0.5 - 5 ppm

•High-performance equipment that requires very stable 

frequencies:networking

•base stations

•femtocells

•smart meters

•GPS systems

•mobile systems

SSXO – Spread Spectrum Oscillator 20 - 100 ppm

•Microprocessor-based clocking:desktop PCs

•laptops

•storage systems

•USB

FSXO – Frequency Select Oscillator 20 - 100 ppm Those requiring frequency agility and multi-protocol serial interfaces.

DCXO – Digitally Controlled Oscillator 0.5 - 100 ppm

•Clock synchronization intelecom

•broadband

•video

•instrumentation
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Watch kristal

f = 32768 Hz

32768=215

32768:215=1s
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1. Kupiti kvalitetne kristale

2. Kupiti „lošije“ kristale 

očekivati da oscilator radi na istoj temperaturi 

u projektu podesiti komponente tako da na toj temperaturi bude „tačan“ – 36.5 stepeni

3. Raditi proces kalibracije, baždaranje

za svaki primerak

za uzorak

Tačno vreme - časovnici

Kalibracija košta - oprema + rad

Šta je najbolje?

Komponente iz iste serije (ista proizvodna traka, smena, radnik, …) imaju približno iste karakteristike

20ppm od godinu dana

20 x 10-6 x 365 x 24 x 60 x 60 = 630.72s približno 10 minuta ili minut po mesecu
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RC oscilatori

ΔRC u %

% = 10-2 = ppm x 104

Pouzdano startuju!

I brzo!

Vremenska referenca – „katastrofa“

For REXT values below 2.2 kΩ, oscillator operation may

become unstable, or stop completely. For very high REXT

values (e.g. 1 MΩ), the oscillator becomes sensitive to

noise, humidity and leakage. Thus, it's recommended to

keep REXT between 3 kΩ and 100 kΩ.
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MEMS – micro-electromechanical systems

Oscilatori sa kristalom kvarca
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MEMS oscilatori
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Silikon oscilatori
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Ring oscilatori

Neparan broj
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Često – Više od jednog izvora takta

PLL

Delitelji

Po pravilu

…

CLK1

CLK2CLK
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