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MEMS-based Clock Generators
vs. Quartz Oscillators

Quartz Oscillators: MEMS-based Clock Generators:
« Ceramic or metal package * Plastic QFN package

e Builtin special processes « Built in standard IC fabs

« Sensitive to shock & vibe + Can withstand 50kg shock

« Single frequency output « Multi-function/frequency out

MEMS has obvious advantages over Quartz.
What about performance?
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Technical Challenges
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System Architecture
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Sub-ps Integrated Jitter PLL Development

MEMS
48MHz
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Fractional-N PLL with high (400kHz) PLL BW
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What about XA Noise?
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What about XA Noise?
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MEMS
48MHz
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Consider Frequezncy Doubler: M=2
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Consider Frequezncy Doubler: M=2
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Phase Noise with Frequency Doubler

Phase Noise (156.25 MHz carrier)
Integrated Phase Noise = 0.64 ps (rms) (10 kHz to 20 MHz)
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Potential Risk of Doubler: Reference Spurs
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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 structure gives best noise
performance at the cost of no charge pump gain
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Switched-Resistor Loop Filter

Ci+C,

7N\

Overall PLL Unity Gain\
Crossover Region

w

Wpl W, WpZWpB

Div(t) —|PFD

R

_A(/:V\_
R, f R; v
Cic, CiC, Cac,

Area saving accumulation NMOS
varactors in passive loop filter




Switched-Resistor Loop Filter
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Native RC Filter
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Low Area R, Active Resistor
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Low Area R, Active Resistor
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What happens if external electromagnetic (EM)
coupling disturbs V, or Vz? Startup settling?




Ryiy EM coupling robustness and startup
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Ryi; EM robustness and startup
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Only +/-36% variation over PVT (+/-25% for high-p poly).
EMI robustness: R decreases as |AV| increases.




Die Photo and Measurement Summary

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][(f,./f,)?/P(MW)]-PN(f,)

* EFrom 10kHz to 20MHz

Achieved in a 4 pin 3225 QFN plastic package




Phase Noise Measurement: Native RC Fllter

[~ Agilent E5052B Signal Source Analyzer
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Phase N0|se Measurement: Integrated Jltter

[ Agilent E5052B Signal Source Analyze
}Phase NDISE 10.004de, Ref -20.00d8c Hz

Cartier 156.251584 MHz 55142 dErm Average

1 Start 12 kHz
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=== Nmse === &g Factor
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Sprs contrlbute 50fs, natlve RC filter removes 100fs
Overall random integrated phase jitter: 596fs




Phase Noise Measurement: Spurs

Agilent E5052B Signal Source Analyzer
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Conclusions

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.




