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Comparison of a Crystal Oscillator to a MEMS Oscillator

Crystal vs MEMS - Oscillator Performance

Abstract

The Selection of an oscillator for electronic devices and communications system equipment is a major
factor affecting system performance.
In this application note, we have measured and will compare two different types of oscillators:

1. Afundamental Quartz Crystal oscillator and

2. A MEMS (Micro-Electro-Mechanical System) oscillator

Structure and Characteristics of Oscillators

A Crystal oscillator consists of a basic structure using a Quartz crystal in fundamental mode and a
simple oscillator circuit.

In contrast, MEMS oscillators have a complex structure consisting of a resonator, a fractional-N PLL,
and temperature compensation and manufacturing calibration. A MEMS oscillator uses a silicon
resonator as the oscillating source and requires a PLL circuit to correct the frequency for
manufacturing tolerances and temperature coefficient.

Comparison of Properties of Crystal Oscillators and MEMS Oscillators

We measured a Crystal oscillator and a MEMS oscillator and compared four parameters from each
that are considered critical for the design of communication, industrial, and consumer electronic
devices.

Phase noise and phase jitter

Power consumption

Oscillator start up characteristics
Frequency temperature characteristics
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Comparison

1. Phase noise and phase jitter

We considered three frequencies (40MHz, 100MHz and 156.25 MHz) and compared Crystal oscillators
to MEMS oscillators of the same frequencies. The Laboratory measurements demonstrate that the
phase noise is much better with the Crystal oscillator than the MEMS oscillator for all frequencies. The
measured phase noise for both types of oscillators can be seen in illustration 1—6 below.

Test1:

) Agilent E50528 Signal Source Analyzer

MEMS 0SC 3225

PPhase Moise 10.00dE/ Ref -20.00dBc/Hz
20,00 Carrier 39.999613 MHz  9.6537 dB: 40 OM hZ
' 1: [10 Hz —32.5258 dEC/Hz ’
2: 108 Hz —70.1105 gEc?Hz
E 3: 1 kHz =04, 9526 dBC/Hz
s 4: 10 knz  -110.238% deEc/Hz 3,3V
5 100 kHz  -130.5687 gEc?Hz
40,00 61 1 MHZ -142.73608 dBC/Hz H .
7r 5 MHzZ 143. 6494 dBc/Hz Phase Jltter-
8: 10 MHz = -143.8622 gEc?Hz
-50.00 >80 20 MHZ_ -140.6750 dBo/HzZ
*: start 12 kHz 567ps
Stop 20 MHz
-60.00 center 10.006 MHZ
span 19, 988 MHz
===_Nojse ===
-70.00 analysis Range x: Band Marker
5 analysis Range ¥: gand markar
Intg Woise: £55.0318 dEc / 15.95 MHz
-50.00 RMS Noisei 1.42536 mrad
BL. 6671 mdeg
RMS JitTeEr: 5.67138 psed
-Hnon residual FM: 8. 61836 khz
-100.0 3
-110.0
-120.0
-120.0
-140.0
-150.0
-160.0
-170.0
— g i =

Phase Moise Start 10 Hz Stop 20 MHz

Illustration 1

[~ Agilent E5052B Signal Source Analyzer
pPhase Noise 10,00dEf Ref -20,.00dBc/Hz

Crystal 0SC 3225

p » r Carrier 40,000041 MHz __ 5.63%7 oy
20.00H 1 [0 nz —87. 7161 40 OMhZ
Zi loo Wz -115.3518 gﬁcin ’
E 30 T kpz| 13312008 dBodHz
a0 ai 10 kHz = -155.4047 dEC/HZ 3 SV
5: 100 khz -161.2075 gﬁcin i
_an.00 &' 16315535 dBcsnz .
F: |5 MHz 162, 7460 dEC/Hz Phase Jltter-
8: 10 MHz @ -161.3770 dBcHz Averagmg .
50,00 »51 20 mMhz - —162.1083 dBC/Hz o
>: Start 12 kHz

0.19ps

Stop 20 MHz
-60.00 center 10,008 MHZ
Span 10988 MHz
-70.00 analysis rRange »x: Band Marker
Analysis Range ¥: Band Marker
Intg Moise: =89.2995 dBc /) 19.99 MHZ

Return

-80.00 RMS Moise: 45.4776 prad
i 2.77756 mdeg
- RMS Jitter: 192.886 fsec

residual Fm: 574.876 Hz

-100.0
-110.0
-120,0
-130.0
-140.0
-150.0 3

-160.0 4 MWWAV

-170.0

Illustration 2
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MEMS 0SC 7050

Carrier 100.000063 MHz 9,252 dBrmy
1: 14 Hz —27.4655 dBo/Hz 100,0Mhz
2 1OE Hz -63. 9706 ch;HZ
B 3: 1 kHz —8&. 0128 dBc/Hz
3000 4 4 10 kkz || -101.5543 dec/Hz 3 3V
5 100 kHz | - . 8456 gBC;HZ r
-40.00 & Hz ~144. 9135 dBc/Hz .
7 5 MHZ -144.4684 dec/Hz -
8: 10 MHz || -149.0562 dBc/Hz Phase Jltter
-50.00 20 MHz  -140.3596 dec/Hz
Wi start |12 kHz

2.61ps

Stop | 20) MHz
-60.00 center 10- 006 MHz
Span 19.988 MHz

-70.00 2 analysis Range x: Band Marker

Analysis Range ¥: |Band Markar

Inty nois =58. 7051 dBd / 19.99 MHZ

-|0.00 AMS WoTse: L.64157 mrad
84.0551 mdeg

RMS JitTer: | 2.61264 psad

.00 residual Fm: 13,1971 knz

Phase Moise Start 10 Hz Stop 20 MHz

|Phase MNoise: Meas -_ P

Illustration 3

Agilent E5052B Signal Source Analyzer

Crystal 0SC 7050

pFhase Noise 10.00dB/ Ref -20.00dBc/He B 0.000631 F—
arrier iz 9854 dEm

2000 10 10 nz —§5.2837 dBoHz 100,.0MhZ

2 1oE Hz ||| -117.4547 gacin ’
g 2: 1 kHz -135.8230 dBEc/Hz
.00 4: 10 kHz || -155.5337 dBC/HZ 3 3V

5: 100 kHz| -163.6595 dBc/Hz r
-40.00 6: 1 MHz -163,5253 gEc;Hz .

7: |5 mHz -164.1550 dBC/HzZ -

Pyl Phase Jitter:
-50.00 »8: 20 MHz | -164.5703 dBc/Hz

i start 12| kHz

Stop 20 MHz 0.07pS
-60.00 Center 10,006 MHz
Span 19,988 MHz

===_MNoise =
-70.00 analysis Range x: Band Marker

Analysis rRange v: Band Marker

ise: £90.1258 dBc /) 10,90 MHZ
-80.00 1220781 prad
2. 52549 mdeg

RMS Jitter: F0.153 fsec
-90.00 Residual FM: 463.152 Hz
-100.0
-110.0
-120.0

2
-120.0
-140.0
3

-150.0
-160.0 E) i
1700 5 3 T
1500 S = s =S

Phase Noise |Start 10 Hz
| |Phase Moise: Meas (Rl SRR =

lllustration 4
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Test3:

=] Agilent E5052B Signal Source Analyzer
PPhase Moise 10.00dB/ Ref -20.00dBc/Hz

20.00 r Carrier 156249037 MHz 12,154 cEmy
: 1: [10 Hz 2 dBc/H
B 3 1 kHz EC/Hz
a0 4: 10 kHz dBC/Hz DT
51 100 kHz dBc/HZ
-40.00 8 MHZ dBc/Hz
75 MHzZ dBC/Hz
8: 10 MHZ . dBc/Hz
-50.00 >0 20 MHzZ 140,115 dBc/Hz
¥: Start 12 kHz
Stop 20 MHzZ
-60.00 5 center 100006 MHzZ
Span 10,088 MHz
-70.00 analysis Range x: Band Marker

analysis Range ¥: Band Marker

-B0.00 Intg Noise: -57.7300 dBc / 1%9.99 MHzZ

RMS Hoise: 1.8366 mrad
T05.229 mdeg
3 RMS Titter: 1.87075 psec
-en.o0 residual FMI 6.23258 KAz
-100.0
3
-110.0
-120.0
5
-130.0
-140.0
i
-150.0 &
7
-160.0

-170.0

[Phase MNoise: Meas -_ P

lent E5052B Signal Source Analyzer

Correlation |
PPhase Noise 10.00d8/ Ref -20.00dBc/Hz
000 Carrier_156.249240 MHz
: 1 10 Hz —60. 9357 dBC/HZ
2: 100 Hz -57.28%4 dEc/Hz
-30.00 3 1 kHz -132.1390 dBc/HZ
4 10 kHz -154.5112 dBc/Hz
5: 100 kHz|| -163.4638 dBEc/Hz
-40.00 & 1 MHZ =166, 7361 dBc/HZ
75 mMHz -166. 7013 dBc/HzZ
8: 10 MHz | -166.0625 dBc/Hz
-50.00 501 20 MHZ || -165.91598 dBc/Hz
X ostart 12) kHz
: Stop 20/ MHz
B0 A Center 10.006 MHz
Span 19,988 MHz
-70.00 === _nNoise =io
Analysis Range =: Band Marker
analysis Range v: Band Markar
-80.00 Intg Noise: S93.0968 dBo / 19,90 MHZ
RME Moise: 31.30%6 prad
1.79391 mdeg
-20.00 RMS JitTer: 31.892 fsec
residual FM:| 365.774 Hz
-100.0
2
-110.0
-120.0
-130.0
-140.0 3
-150.0
-160.0 4
W%Wf
. S
1700 5 7 2
-130.0

Phase Moise Start 10 He
d

Test result:
All three tested Crystal oscillators have better jitter than the three MEMS oscillators

ER

technology

MEMS 0SC 7050
156,25MhZ

33V

Phase Jitter:
1.87ps

Illustration 5

Crystal 0SC 7050
156,25MhZ

3,3V

Phase Jitter:
0.03ps

lllustration 6

MHz Phase Jitter

MEMS Oscillator

Crystal Oscillator

40,0

5.67ps

0.19ps

100,0

2.61ps

0.07ps

156,25

1.87ps

0.03ps
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2. Power consumption

The power consumption of a 40MHz Crystal oscillator and a 40MHz MEMS oscillator is shown in
illustration 7 below.

mA 40.000MHz Crystal 0SC vs. MEMS 0SC for
Voltage vs. Current characteristic:
30
25 —e—MEMS 0SC
—m—Crystal 0SC
20 y
15 -— < & 4 ¢ ¢ ¢ * ¢ —*
10
5
—
s T vde
0 | | | | | | | | |
2,2 24 2,6 2,8 3,0 3.2 34 3,6 3.8 4,0
lllustration 7

Vol\Num MEMS 0SC 40MHz | Crystal 0SC 40MHz | The power consumption of the Crystal
2,2 13,98 2,51 oscillators is much lower than that of
24 14,48 2,71 the MEMS oscillator. This is because
2,6 14,79 2,85 the Crystal oscillator benefits from a
2,8 15,03 3,08 simple circuit structure and
3,0 15,24 3,30 fundamental harmonic oscillation of
3.2 15,45 3,45 the oscillating source.

34 15,73 3,64
3,6 15,96 3,89
3,8 16,09 4,05
4,0 16,44 4,21
Unit: mA

Test results:

The increased circuitry of the MEMS oscillator raises the total power consumption of this device. The
MEMS oscillator draws around 15mA of power, approximately 5x more than the Crystal oscillator, using
increased current in the Silicon oscillator, PLL and LC VCO to reduce jitter.
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3. Oscillator start up characteristics

Oscillator start up characteristics of a 40MHz Crystal oscillator and a 40MHz MEMS oscillator are
shown in illustration 8 below.

40.000MHz Crystal 0SC vs. MEMS 0SC for
ppm o
Voltage vs. Frequency characteristic:
20
15
10 \
5 = s s g5 o =
0 \K ! \ ! \ ! \ ! \ ! \ ! ! ! 4\
o - o— N — ¢ ——
-5
-10
-15
20 Vdc
2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 3,8 4,0
Illustration 8
Vol\ MEMS 0SC Crystal 0SC Vol\ MEMS 0SC Crystal 0SC
Num 40MHz 40MHz Num 40MHz 40MHz
2,2 40,000368 40,000188 2,2 9,20 4,70
2,4 40,000162 40,000183 2,4 4,05 4,57
2,6 40,000013 40,000181 2,6 0,31 4,52
2,8 39,999945 40,000167 2,8 -1,38 417
3,0 39,999931 40,000154 3,0 -1,73 3,85
3,2 39,999942 40,000148 3,2 -1,45 3,70
34 39,999938 40,000138 34 -1,55 3,45
3,6 39,999926 40,000123 3,6 -1,85 3,08
3,8 39,999950 40,000117 3,8 -1,25 2,93
4,0 39,999914 40,000110 4,0 -2,15 2,75
Unit: MHz Unit: ppm

An oscillator with fast startup benefits from shorter wakeup cycles and longer battery life. This is
important for consumer and home automation applications where the system is turned on and off
quickly to save battery power.

Test results:
Crystal oscillators launch faster and are more constant than MEMS oscillators.

geyar-elactronic.da

(6]



4. Frequency temperature characteristics
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Frequency temperature characteristics of MEMS oscillators and Crystal oscillators with 40MHz
frequency and 125MHz frequency were measured by first achieving a stable low temperature of -40°C,
then increasing the temperature to +85°C at a rate of +2.0°C/ minute. The results are shown in

illustration 9 — 12 below.

ppm
15

MEMS 0SC 40.000MHz Temp. Charat.

10

A

-10

o~ N
Nl

Deg

-15

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80

ppm Quartz Crystal 0SC 40.000MHz Temp. Charat.

Deg.C

XX O O DO D S oD
NN NP NN N NN
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Illustration 9

Illustration 10

ppm
20
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MEMS 0SC 125.000MHz Temp. Charat.

-15

-20

-25

-30

Deg.
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Quartz Crystal 0SC 125.000MHz Temp. Chart.

Illustration 11

Illustration 12

The Frequency vs. Temperature of the Quartz Crystal oscillator follows the continuous cubic curve of
an AT crystal, achieving + 15ppm from -40 to +85°C. This is sufficient for most applications.

Initially the frequency vs. temperature characteristics of the MEMS oscillators appear to be better than
those of the Crystal oscillator. However, the fractional =N PLL circuit of the MEMS oscillator adjusts
the frequency in discrete steps to correct the very high (30ppm/ °C or 3750ppm from -40 to +85°C)

temperature coefficient of the silicon resonator.
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This is illustrated by the jagged temperature curves of the MEMS oscillator graphs in illustrations 9 — 12
revealing frequency jumps when division ratio switches to compensate for the temperature changes.

Temperature - Compensated Quartz crystal oscillators (TCXO) uses analog temperature compensation
and a simple temperature compensation circuit and can achieve 1 ppm from -40 to +85°C without

experiencing these frequency jumps. TCXOs are widely available at low cost and are available with
temperature stability as low as +0.1ppm.
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Summary
Crystal Oscillator vs. MEMS Oscillator
Crystal 0SC MEMS 0SC
1. Started oscillating Started: @0.9Vdc Started: @2.1Vdc
voltage
2. Voltage vs. Frequency Crystal OSC is better as MEMS 0SC (pls, refer to “test
characteristics data”)
3. Voltage vs. Current Crystal OSC is better as MEMS 0OSC (pls, refer to “test
characteristics data”)
4. Temperature Crystal OSC is better as ME_M.S 0SC (_pIs, refertp “test
' data”), that MEMS OSC is jagged in a short time
40,0 MhZ: 0.19ps 40,0MhZ: 5.67ps
5. Jitter characteristics 100,0 MhZ: 0.07ps 100,0MhZ: 2.61ps
156.25MhZ: 0.03ps 156.25MhZ: 1.87ps
. Crystal OSC is better as MEMS 0OSC (pls, refer to “test
6. Phase noise "
data”)
Crystal OSC is better as MEMS 0SC
. (Crystal 0SC have metal lid to do shield),
Electrical 7. Shield Effect Crystal OSyC is hermetically sealed, as it has a ceramic

Characteristics

housing, MEMS are not hermetically sealed

8. Reliability MEMS 0SC is better as Crystal 0SC
MM: 400 Vdc

3. ESD HBM: over 4000 Vdc n-A

Freq. range: 10 ~ 2000Hz Peak

to peak amplitude 0 A

10. Vibration 1.5mm Peak value:20g's o

Duration time of 3 orientations

(X,Y,Z): 4hourse

5000g’s 0.3msec, 1/2 sinusoid Can withstand at least

11. Shock 12 times for each direction 50,0009 shock
(X.Y.Z)
100% been through 5Kg/cm?
(5atm)/1.5hrs by Helium

12. High pressure test pressure and n.A

4.5Kg/cm?/320mins (4.5atm) by
Electronic test fluid pressure

large selection available

few manufacturers in the

For availability worldwide by many world (15% less in 2013)
manufacturers
Lead Time 7-30days more readily available
Temperature 40 - +125°C 40 - +125°C
range
ROHS yes yes
Pin Layout Pin and pin function can might compatible between

Crystal 0SC and MEMS 0SC
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Pin compatibility between Crystal 0SC and MEMS 0SC
Crystal 0SC (3.2 x 2.5mm) Drawing:
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Bottom view
MEMS 0SC (3.2 x 2.5mm) Drawing:
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Crystal 0SC (2.5 x 2.0mm) Drawing:

Metal Cap
- 2501 > Ceramic Base 10 >
#4 #3 f ;
A T ©
o
S y | -
i 3t 1 ]
o )
N ! 0.01uF
§
LA 0.1uF
#1 - #2 1.0 max — |
Top view > 0.7
0.67§ Side view "
#1 #2
[YeJ |
N
75
=1 |
9]
o3
Is)

MEMS 0SC (2.5 x 2.0mm) Drawing:

1.9
‘ 2.5 +0.05 ‘ 1.00
#] #3 #2 - 1 &4
s 1
! o - ot
H - 1 Dl
WA o —
: S el ji .
#1 4 #2/075 #1 T
B 1.1
o
+l
| 3
— I~
o
Conclusion

MEMS oscillators appear suited to high vibration environments, to non-critically timed applications,
and to applications where the signal-to-noise ratios are not critical.

Applications that have complex modulation schemes, very high speed communication, or that require
excellent signal-to-noise performance (i.e. A to D Converters) will continue to be clocked by crystal
oscillators, taking advantage of the low jitter, the exceptionally high Q and excellent time and
temperature stability of a quartz.

GEYER Electronic GmbH
Behringstrale 6
D-82152 Planegg/ Miinchen

+49 89 546868-0 Marketing/04_23/V 2.0

geyar-elactronic.da

(1]



