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Abstract complete oscillator’s circuit diagram is presented in
Fig. 1.

The oscillator’s amplifier consists of transistors m14-
m15. Bias current supplied by m14 is expected to hold
m1l5 at the edge of sub-threshold, when oscillation be-
omes steady.

The high-frequency oscillator is one of the major
causes of both high power consumption and high Electro-
Magnetic Interference (EMI) in Embedded Systems (ES).

This paper presents a high frequency oscillator circuit

that reduces substantially both power consumption and® " et K detector is fed f h ilator’
EMI, compared to high frequency oscillators currently in € peak-lo-peak deteclor is fed from the osciliators
amplifier input. The gate of m4 is biased at, ¥nd there-

use. Using this oscillator spares the need for special isolaf i i £ Wh i th
tion techniques used to reduce EMI in ES. It further saves ore its source clips at &4 en osciiiations occur, the

the need for an additional low frequency oscillator that is voltage at the gate of m& oscnlate_s betwegg and VF’ea.k'
used for reducing power consumption. 1o-pea @Nd the peak-to-peak value is stored on capacjtor C

The oscillator is designed for frequencies in the rangeThe peak-to-peak voltage is fed to a voliage-to-current

of 10-60MHz. It consumes 350UA at 40.96MHz with a 5y converter that has exponential characteristics. The gate of
power supply' ' m9 is biased at +|Vy,| and therefore transistors m9-m10

are at the edge of sub-threshold. As the peak-to-peak volt-
Introduction age rises, m9 & m10 go deeper into weak inversion and
the current to the oscillator’s amplifier is reduced exponen-
tially. The bulk of m10 is connected to its source in order
to increase the dynamic range of the current, and make the
current less susceptible to exponential reduction.
The output amplifier is a class B, push-pull, output

Many ES chip-sets currently use two different crystal
oscillators [1], one is a high frequency oscillator, typically
in the range of 20-40MHz, and the other is a low frequen-
cy oscillator, typically in the range of 32-455KHz. The

s o el St29. TanSStr m2 i i s Wy and md i .
' q y ased at Y, by m16-m17 and m18-m19 respectively. Us-

also in the power down mode in order to update a real time X . : . :
clock, and supply refresh signals for DRAMs. ing this configuration dramatically reduces the DC bias

Using the oscillator presented here, as the high fre_current consumption of the circuit. The amplifier's output

guency oscillator, provides more than 30db reduction in asa result of 200mv peak-to-peak signal injecteasaut

EMI at the fundamental frequency, and all higher over- IS shqwn atFig. 2. . . .
. LI Fig. 3 shows the intersection of the following two
tones, and at the same time current consumption is reduced

. . curves:
by more than 4_mA, compared to high frequency oscillators (@) The oscillator's amplifier bias curren i) as a
currently used in ES. -

The current consumption of the oscillator, when used function of peak-to-peak voltage at the input to the peak-

: o to-peak detectorogcin);
?23] a low frequency oscillator, is similar to that calculated at (b) The peak-to-peak amplitude of oscillation as a func-

tion of bias current to the oscillator’s amplifier.
High-Efficiency Oscillator The expected operating point is at the intersection of both
curves.

The high efficiency of the oscillator presented here is Root-Locus of one of the complex conjugated domi-

achieved by using the peak-to-peak value of the voltage ahant poles, for 42.54MHz crystal at the corners of the pro-
the osciallator’s input to control its current. Higher peak- cess. is sh'own at Fig. 4

to-peak values cause less current to flow in the oscillator’s ’ T
amplifier, and vice versa. This ensures fast start-up time, EMI considerations in crystal oscillators

and minimum current waste during steady oscillation. A The EMI caused by a crystal oscillator is the result of

high frequency currents in the oscillator. When the circuit
on the Printed Circuit Board (PCB), is correctly designed,
the current’s loop area is relatively small. In this case,
when measuring electric field from a far distance, the loop
is considered a “magnetic dipole” [3]. The maximum elec-
tric field in the far distance [4] is given by (1), wheYés



the area of the loofd(f) is the current component at fre- ficiency” oscillator’s current loops. Loop 1 is the charge
guencyf, andR is the distance from the center of the mag- exchange current between capacitoysa@d G. Since the
netic dipole. amplitude voltage of oscillations is about 400mv, this cur-
The measured field is considered as a close field when (2)ent is small compared to the “non-efficient” oscillator.
holds, where is the distance of the probe’s head from the Loop 2 is the discharge current loop of capacitarMbst
line, andA is the wavelength. The magnetic field is given of the current in this loop is in the overtones frequencies of

by (3), wherd is the length of the wire. the oscillator, and it is very small, since the signal at
oscouthas low distortions. Loop 2 has a very small area
(1) [ —] 1. 317[16-‘--[-|--(-f-2--gf since both mn and (re placed on the chip, thus contrib-
PL™m ute negligible emission in the far distance. The charging
@) 21 «1 current of capacitor £ loop 3, comes from the current
N source - mp, it is a constant current, and therefore neither
the V¢ current nor the feedthrough current have high fre-
3) H [m:l ol(f) O quency components.
4nr2 Integrating capacitors ;Gand G internally enables to

place the crystal very close to the chip, hence reducing

A Non-Efficient Oscillator iﬁzpf aarrzeils.t;f;fs;tlvely, only loop 1 contributes emissions in
Fig. 5 describes all the current loops in a “non-effi-

cient” CMOS crystal oscillator [5]. Loop 1 is the loop

formed by the crystal and the load capacitoysa@d G. The high-efficiency oscillator was integrated in a

The current in this loop is the outcome of charge exchange.8um n-well CMOS process as part of an ES controller.

between capacitors;Gnd G during oscillations. In this  Fig. 7 shows thepscin and oscout signals, AC coupled,

loop, the current has only the fundamental frequency of theoscillation amplitude is 400mgscin and oscout are al-

oscillator. Loop 2 is the feedthrough current loop of the os-most pure sine waves shifted by 968he start-up process

cillator. The feedthrough current is the current flowing is shown in Fig. 8.

from V¢ to ground when both transistors, ymgmnd ma, EMI results of the high-efficiency oscillator, compared

conduct current. This current is relatively high, due to theto results of a “non-efficient” crystal oscillator, that con-

sinusoidal signal abscin The current conducted by mp  sumes 4.5mA when using the same crystal, are shown in

comes from the decoupling capacitoy f@at supplies the  Fig. 9. The EMI difference in the fundamental frequency

currents at high frequencies. Loop 3 is the charging currenis 30dB, in the first overtone 35dB, and the difference in-

of capacitor G. Since the signal abscoutis not a pure  creases in the higher overtones

sine wave, it contains also harmonics in the overtones of

Results

the oscillator (2f, 3f,...). Transistor mgharges capacitor Acknowledgments
C, in all those frequencies. Loop 4 is the discharge current  The authors wish to thank Yaron Blecher for his valu-
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charge current contains the same harmonics as loop 3.
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impedance in the path of loops 3 and 4. Further reduction
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the oscillator.

B. High-Efficiency Oscillator
Fig. 6 shows a principle description of the “high-ef-
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Fig. 1. High-efficiency crystal oscillator.
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Fig. 2. Output amplifier's in/out.
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Fig. 3. Oscillator’s operating point.
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Fig. 5. “Non-efficient” oscillator’s loops.
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Fig. 6. “High-efficiency” oscillator’s loops.
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Fig. 7. Oscin and oscout, AC coupled.
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Fig. 8. Oscin and Oscout at Start-up.
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(b) “Non-efficient” oscillator.

Fig. 9. Magnetic field near the oscillator.
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