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MEMS-based Clock Generators

vs. Quartz Oscillators

Quartz Oscillators:

• Ceramic or metal package

• Built in special processes

• Sensitive to shock & vibe

• Single frequency output

MEMS-based Clock Generators:

• Plastic QFN package

• Built in standard IC fabs

• Can withstand 50kg shock

• Multi-function/frequency out
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MEMS has obvious advantages over Quartz.

What about performance?



Technical Challenges
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Can MEMS-based timing meet 

difficult timing requirements?
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First MEMS-based clock generator to 

achieve sub-ps integrated phase jitter

Frequency
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System Architecture
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Sub-ps Integrated Jitter PLL Development
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SD noise is suppressed 

but phase noise dominated by VCO
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VCO noise is suppressed 

but phase noise dominated by SD
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Going from 2nd to 3rd

order SD will help in

frequency of interest

What about SD Noise?

 
   12

2

2

mod/ 1
12

2 



SDord

sTREF
HzSD

REFe
T

sV


MHz
F

T
F REF

REF

cross 8
62

)5.0(cos 1









100M10k 100k 1M 10M



10
3

10
4

10
5

10
6

10
7

10
8

-180

-170

-160

-150

-140

-130

-120

-110

P
h

a
s
e
 N

o
is

e
 (

d
B

c
/H

z
)

Frequency (Hz)

Phase Noise (156.25 MHz carrier)

Integrated Phase Noise =  0.72 ps (rms)  (10 kHz to 20 MHz)

 

 
detector noise

sigma delta noise

LC-VCO noise

total noise

spec mask

FracN PLL with high (400kHz) PLL BW

Slide 11

Sub-ps jitter is met w/3rd order SD

but phase noise mask is not… what else to do?
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Consider Frequency Doubler: M=2
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Consider Frequency Doubler: M=2
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Consider Frequency Doubler: M=2
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Phase noise is under spectral mask

PLL bandwidth is also increased to ~1MHz
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Reference Spur@48MHz is <-80dBc@156.25MHz

Actual duty cycle much better than 40/60



Frequency Doubler and XOR Phase Detector
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Evolution of a Charge Pump Current Source
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Evolution of a Charge Pump: Degeneration
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Evolution of a Charge Pump: Switched Resistor
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Switched-Resistor Loop Filter
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Switched-Resistor Loop Filter
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Native RC Filter 
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Vdd_native
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Low Area Rbig Active Resistor
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Low Area Rbig Active Resistor
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VA VB
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VA VB

What happens if external electromagnetic (EM) 

coupling disturbs VA or VB?  Startup settling?

VG,Rbig



Rbig EM coupling robustness and startup
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Only +/-36% variation over PVT (+/-25% for high-r poly).

EMI robustness: R decreases as |DV| increases.

Rbig EM robustness and startup



Die Photo and Measurement Summary
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2mm

1
.9

m
m

Vdd 1.71V-3.63V

Current 32mA

Temperature -40C-90C

Area 2mm x 1.9mm

Fout 1MHz-260MHz

* FOM LC-VCO 180dBc/Hz/mW

Period Jitter <4ps

** Integrated Jitter 600fs

*  FOM=10*log10[(fvco/fo)2/P(mW)]-PN(fo)

** From 10kHz to 20MHz

Achieved in a 4 pin 3225 QFN plastic package



Phase Noise Measurement: Native RC Filter
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156.25MHz

Native RC filter 

on vs. off = D10dB 



Phase Noise Measurement: Integrated Jitter
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w/Spurious w/o Filter 756fs

w/Spurious w/ Filter 640fs

Random w/o Filter 708fs

Random w/ Filter 596fs

156.25MHz

10kHz 20MHz

-80dBc

Spurs contribute 50fs, native RC filter removes 100fs

Overall random integrated phase jitter: 596fs



Phase Noise Measurement: Spurs
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156.25MHz

-80dBc

Digital Spurs

Fractional Spur



Conclusions
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MEMS-based timing references can achieve high-end quartz-
like performance.

First MEMS-based clock generator to achieve an integrated
phase jitter below 1ps (at 600fs), and a period jitter of <4ps.

The high bandwidth (1MHz) fractional-N PLL achieves this by
leveraging:

• Low noise 48MHz MEMS reference with doubler
• Low-noise PLL architecture and circuit techniques

MEMS-based timing can now service high-speed digital
communication standards such as SONET, 10Gb Ethernet,
DSL, WiFi, and Femtocell applications.


