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Analysis and Improvement of on-chip architecture for MEMS resonator
quality factor measurement

Abstract
In this paper, the performance analysis of our previously proposed architecture 4. Simulation results
for MEMS resonator quality factor measurement 1s carried out in taking into
account the imperfection of each functional block of the architecture. This Parameters used in simulation
analysis puts 1n evidence the 1mpact of the 1mperfect10n pf each functional Parameter Description Value
block on the measurement precision and predicts the attainable accuracy of
this architecture. In order to improve the performance, a modified architecture Vod Peak Detector Offset 10mV
1s proposed, with which the measurement precision can be improved by at Voc Comparator Offset 10mV
| f f2.
casta factor 0 Vos Follower Offset 10mV
Icl Current Leakage 10pA
[. Principle of time domain measurement Cm Memory Capacitor 10pF
| | 1 Vej Charge Injection Offset 100uV
e open loop configuration 4
| | o AR Relative Resistor Error 2%
e Resonator in damping oscillation
| | 0 Quality Factor 1000
e Period counting between V1 and V/
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2. Proposed architecture N R W
; ; Detec;tor Qﬂlfset . . . Analytic Model
00 0.2 0.I4 0i6 0:8 % 1.2 1.4 00 0.2 0.4 0.6 0.8 1 1.2 1.4
o V2 (V) V2 (V)
memory divider Individual relative error versus V, Total relative error from both models
Peak Detector P comparator
. B . > Vernd 5. Improved architecture
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Measurement accuracy: Y= Detector = J vemd < |
e SPICE simulation < 7% switch > % 15 """"""""" EA”a’Yth ’V'Od?’ """"" |
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e PCB measurement about 20% TN L N R A N Y/ y
L | pJRN |
* Building block default impact on accuracy’ S S S —— \ _______ |
% iFunctiionaI Mbdel
AO ln(Vl] % 0.2 0.4 0.6 0.8 ; 12 1.4
9 T V2 (V)
3. Analytic model of the proposed architecture for relative error = — 1+
calcula{ign Prop 0 | (¥ +AV, +Voc+Vod ol
Vy,+AV, +Voc+Vod V,
error from buildin?locks error from counting
/ 6. Conclusion
AQ * Analytic model is developed
¢ e Optimum choice for V2 exists
* [tS attainable precision Is predicted
* [mproved architecture Is proposed
e Measurement precision is improved by a factor of /2 with the improved architecture

where  Voff =Vod +Vcj +Vof + Vel
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