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Full Diff Interface Circuit Realization with Salf- Excitation Driving
Mode of Vibration Micro-Machined Gyroscope

TAN Xiaoyun ,LIU Xiaoc-wei ,DING Xue-wei ,Ma Yuar-f ang
(Harbin Institute of Technology M EMS Centre, Harbin 150001, China)

Abgtract :Based on the object of Outdde Drive Indde Sense frame vibration micro- machined gyroscope, given the
carcuits redlization with CSMC 0. 64 m standard CMOS technology. The smulation result reveaded that the self-ex-
cdtation driving model can make drive AC voltage work at the resonance of sensor , have strongly restrain ability to
temperature drift and time drift. The work mode of full dfference can improve SNR dramatic evidently , and re-
strain the disturb of common mode noise, and have less sendtivity to carrier wave. At one atom environment , the
senoor have reponshility 10 mV/ deg, senstivity 0.1°/ S- HZ.
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Micro-machi ned gyroscope have got widely ap-
plication in automatic drive turning detect and iner-
tia navigation, etc. Because of itsimportant value
in the domain of army and civil , micro-machined
gyroscope have got

egpecially recognition in

world™® . The output of micro-machined gyro-
scope not only relation to the design of sensor
structure , but als to the interface circuit which
includes driving circuit and detect circuit. There
are two driving mode, one is extra AC driving
voltage, the other is self-excitation driving volt-
age. The former is easy to realize and it is low

cost, but its frequency is difficult to be the same

:2007-09-30 :2008-02-20

150001)

CSMCO.¢4m CMOS

:1004-1699( 2008) 04-0705-04

with the inherence frequency of the sensor’ s driv-
ing mode, and can not follow the change of drive
mode’ s inherence frequency , which results in the
reduce of senstivity!”’. The latter uses the fre-
quency-selected characteristic of sensor’ s drive
mode and extrafeedback circuit to realize self-exci-
tation. Self-excitation drive mode works at the in-
herence frequency of driving mode and follows its
changing. The work mode of full difference can
improve SNR evidently, and restrain the distur-
bing of common mode noise, and have less sens-
tivity to carrier wave, restrain the miss match of
sensor’ s difference capacitance in some way.
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1 Principle

Vibration micro- machined gyroscope uses Corilos
domino efect to detect input angle rate. The prindple
of Corilos domino effect is: for a resonance object ,
when it has a steady resonance vibration in xaxis, if
thereis an angle rate input in zaxis, there will be an
output which ratio to the angle rate. Hgurelisthee
quivaent predigest picture of close loop driving mi-
cromachined gyroscope.
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Fig.1 the equivadent predigest picture of close loop driving

micro- machined gyroscope and sense mode equivalent drcuit
Figure 1(a) is equivalent predigest of sensor.

Y-axisis detect direction. Node* 1"“ 2" are detect
electrode which detect the change of difference ca
pacitance in sense mode. X-axisis drive direction.
Node’ 3"“ 4” are detect electrode of drive mode,
which detect the vibration of drive mode and send
Node" 5"“ 6" are
drive electrode of drive mode, which accept the

feedback voltage and bringit to sensor . By nodé’ 3

it to the extra feedback circuit.

6" and extra feedback circuit, self-excitation
driving (close loop drivie) has been realized. Fig-
ure 1(b) is detect model which is seen from detect
circuit of detect mode. The detect model is realized
by a difference capacitance, and the val ue of differ-
ence capacitance is alterable. ” Vcarry” is a high
frequency carrier wave. If there is a angle rate in-
put , sense mode will has a vibration, then the val-
ue of difference capacitance of sense mode will
change, node* 1" 2” will have an change current ,
consequently sense the angle rate input.

2 Design of the Interface Circuit

2.1 Mode Founded of Sdlf-Excitation Driving
Fgure 2 is a frame chart of sef-exdtation driv-
ing, which incdludes predigest picture and equivaent
picture of driving mode and extra feedback drcuit.
“ drive+™ drive-“ aredrive ACvoltage,’ isnse"" isnse
“ are current detect from sense comb of drive mode.
The two current flow into extrafeedback crcuit. They
are changed to be voltage and amplitude, feed back to
drive dectrode of drive mode at last. Thereby a close
loop has been redized. We can take the drive part of
micro- machined gyrosoope as a two ports network , the
input of two ports network is voltage and output is
current. Then we can see aimpedance R.frominput to
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Fig.2 realization of self-excitation driving
Ux . . : drive mode resonance frequency; yo , Space between
R« = | ,Ux is AC drive voltage at drive electrode € Y Yo P

| sense
of drive mode, is current detected by sense elec
trode of drive mode. When resonance, R« will
change to be:

_ m4o
" 2NMQu€oz/ yo)?(Vp - Vo) (Vp - Vs)

ma ,drive mass, Qu :drive mode quality facter; wx |,

R«

comb; z ,width between comb; M, number of drive
comb; N, number of sense comb;V,,DC voltage at
drive mass;Vo ,DC voltage at drive eectrode of drive
mode;Vs ,DC voltage at sense dectrode of drive mode.
For a bunch connect R, L, Cloop which can seen at
the right dde of figure 2, it will be only a redstance
characteristic while if resonates. We can use this loop
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to amulate the characteristic of sensor’ s drive mode.
We define

_n? _my _
Cx = kd,Lx —nz ,Rx —r]z,
N = 2NMEozl yo)2(Vy - Vo) (Vp - Vs) ,
o, = —1—

WL« Cx

G, is coupling capacitance between drive comb and
sense comb. Tota amplify times Ay = R- Au - Aw,
Ris the redgtance of TIA, Awvi is amplify times of
A GC, the value of Avi will change with the change of
amplitude of drive AC voltage, Av: isamplify times of
output stage.

While
late. Av = R«, the circuit will realize constant am-

Av > Rx, the circuit will get up to oscil-

plitude oscillate.

By the parameter of sensor, we enactment Cq
=4fF,Lx =730000 H,R« =80 MQ , G =100 aF.
Figure 3 isthe smulation result by Hspice.

V (e) is drive voltage, v(ttt) is peak detect volt-
age. We can see that while the peak detect voltage
comes to constant , the amplitude of drive voltage

also comes to constant.
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Fig.3 Smulation result of self-excitation driving
2.2 Interface Circuit Realize
All of theinterface drcuit of micro- machined gyroscope

work at full diff mode. TIA (transimpedance ampli-
fier) was used |-V convert. The resstance used by
TIA was made by MOS trans stor working at liner re-
gion. VGA (variable gain amplifier) was used to anr
plify the 9gna from TIA , its gan rangeis1 0.01.
Peak detect drcuit was redized by diode demodulation.
Full diff amplifier was used to amplify dgna from
V GA , and improve drive ability. While congant osdl-
late, the amplitude of drive voltage is only decided by
amplify times of peak detect drcuit , and has none bus-
iness to loop amplify times.
Detect drcuit part indudes ful dff integrator, full dff
amplifier, demodulation drcuit, filter, high frequency
carrier wave, etc. Full dff integrator is used to detect
the current from the dfference capacitance of micro-mar
chined gyrosope’ s sense mode, and redize FV convert.
Full diff amplifier is used to amplify the dgnal fromin-
tegrator. Diff to gngle drcuit is used to convert the dff
sgnadsto snge dgnd. The am to choose this sageis
to 9mply next stage such as demodulation drcut andfil-
ter dreuit , and decrease cost.  There are twice denodu-
lation , thefirst isto demodulate the rate sgna andfrom
form high frequency carrier wave, the second is to de
modulate the rate Sgna from AC drive voltage. LPFis
used to filter the noise sgnd , whichis higher than angle
rate frequency. L PFisds used as a bufer for output.
Figure 5 is the smulation result of final out-
put signal and input angle rate signal. V (w) ise
quivalent input angle signal , v(fout) isfinal output
sgnal of theinterface circuit. From the smulation
result , we can see that the interface circuit can de-
tect the input sgnal with low distortion. The re
sponshility of interface circuit is 10 mV/ deg, sen-
sStivity is0.1 deg/ S- Hz °.
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Fig.5 final output and input angle velocity

3 Conclusion

We have analysed the principle of vibration micro-
machined gyroscope with self-excitation driving
mode. Founded the equivalent electronic model of
the sensor’ s driving mode. At last the full diff in-
terface circuit of the vibration micro-machined gy-
roscope has been given. We can see from the s mu-
lation result that self-excitation driving can follow
the change of inherence frequency of micro-mar
chined gyroscope’ s driving mode, and restrict tem-
perature drift and time drift effectively. SNR have
been improved at least two times than sngle interface
The characteristic of gyroscope have been
improved efectively withfull diff interffacedrcuit . The

crcuit.
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reponghility of the syssemis 10 mV/ deg, senstivity
is0.1°/S- Hz ?.
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