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Offset

Cross-coupled

Oscillator

Oxide

Continuous-time voltage readout
Aliasing

Substrate

Off-chip

Polarization

Dynamic

Piezoelectric

Piezoresistive

Noise folding

Tablets

Switched-capacitor amplifier
Transcapacitance amplifier
Transresistance amplifier
Transimpedance amplifier
Operational transconductance amplifier
Adaptive breaks

Active suspension

Resolution

Demodulation
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Bidirectional
Sub-threshold
Silicon-on-Insulator
Bond wire

Proof-Mass

Dual chopper
Multirate

Delay locked loop
Linearity

Geophysical sensing
Single axis accelerometer
Noise shaping
Mismatch

Passive

Gain Bandwidth Frequency Unity
Modulation Frequency
Active

Back-end

Front-end

Application
Calibration

Noise floor

Least significant bit
Tilt control

Freqguency quantizer
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Latch

Seismology

Analog to digital converter
Digital to Analog converter
Time to digital converter
Stretcher circuit

Time splitter circuit
Common mode feedback circuit
Sample & hold circuit
Dynamic Range

Figure of Merit

Root mean square
Microgravity

Bulk micromachining
Surface micromachining
Inertial navigation/guidance
Brownian noise

Flicker noise
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ADC Analog to Digital Converter
CDS Correlated Double Sampling
CHS Chopper Stabilization
CMFB Common Mode Feedback

Complementary Metal-Oxide

CMOS Semiconductor

CTV Continuous-Time Voltage

DAC Digital to Analog Converter

DLL Delay Locked Loop

DR Dynamic Range

FoM Figure of Merit

LSB Least Significant Bit

MEMS Micro Electro-Mechanical System
OTA Operational Transconductance Amplifier
RMS Root Mean Square

SC Switched-Capacitor

SNDR Signal to Noise Distortion Ratio
SNR Signal to Noise Ratio

SOl Silicon-on-Insulator

STF Signal Transfer Function

TCA Trans Capacitance Amplifier
TDC Time to Digital Converter

THD Total Harmonic Distortion

TIA Trans Impedance Amplifier

TRA Trans Resistance Amplifier
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“include "discipline.h"
‘include "constants.h"
module adc_8bit(d7, de6, d5, d4, d3, d2, d1, 40, vinl, vin2 , vclk);
electrical d7, deo, d5, d4, d3, d2, d1, d0, wvinl, vin2 , vclk;
parameter real trise = 0 from [0O:inf);
parameter real tfall = 0 from [O:inf);
parameter real tdel = 0 from [0O:inf);
parameter real mismatch fact=0 from [0:inf);
parameter real vlogic high = 1;
parameter real vlogic low 0;
parameter real vtrans clk = 0.6;
parameter real vref = 1.2;
‘define NUM ADC BITS 8
“define MAXINT 2 147 483 647.0
// macro to calculate the fractional mismatches in bits
‘define FRAC MM(I) (1.0 +
mismatch fact* (dist range*abs (Srandom(I)/ MAXINT) - \
half dist range))

real dist range, half dist range;

real comp var[0O: NUM ADC BITS-1]; // Fractional comparator
mismatches

real unconverted;

real halfref;

real comp vref;

real vin;

real vd[0: NUM ADC BITS-1];

integer 1i;

integer iseed;

analog begin
@ ( initial step ) begin
dist range = 0.02;
half dist range = 0.01;
generate j ( 0, 'NUM ADC BITS-1 ) begin

iseed = j;

comp var[j] = "FRAC MM(iseed);
end

halfref = vref / 2;
end

VoA




if (0<=V(vinl,vin2)) wvin=V(vinl,vin2);
else vin=-V(vinl,vin2);
@ (cross(V(vclk) - vtrans clk, 1, 1.0, vclk.potential.abstol))
begin
unconverted = vin;
for (1 = 'NUM ADC BITS-1; 1 >= 0 ; 1 =1 - 1) begin
vd[i] = 0;

comp vref = halfref * comp_var[i];
if (unconverted > comp vref) begin

vd[i] = vlogic_high;

unconverted = unconverted - comp vref;
end else begin

vd[i] = vlogic low;
end
unconverted = unconverted * 2;
end
end
//
// assign the outputs
//
V(d7) <+ transition( vd[7], tdel, trise, tfall );
V(do) <+ transition( vd[6], tdel, trise, tfall );
V(d5) <+ transition( vd[5], tdel, trise, tfall );
V(d4) <+ transition( vd[4], tdel, trise, tfall );
V(d3) <+ transition( vd[3], tdel, trise, tfall );
V(d2) <+ transition( vd[2], tdel, trise, tfall );
V(dl) <+ transition( vd[l], tdel, trise, tfall );
V(d0) <+ transition( vd[0], tdel, trise, tfall );
‘undef NUM ADC BITS
end
endmodule
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// VerilogA for Comparator, node Control 02, veriloga
“include "constants.vams"

"include "disciplines.vams"

module node Control 02(Vol, Vo2, pl, p2, p3, p4);
input Vol, Vo2;

output pl, p2, p3, p4;

electrical Vol, Vo2, pl, p2, p3, p4;

parameter real Vref=+1.2;

parameter real gnd=0;

parameter real Vmidl=+0.18;

parameter real Vmid2=-0.18;

parameter real vtrans phi4bl=+0.6;
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real vpl[l:4];

analog begin

if (4+vtrans phid4bl>V(Phidbl)) begin

V(pl)<+vp[l]; V(p2)<+vp[2]; V(p3)<+vp[3]; V(pd)<+vpl[4];
end

else begin

if (+gnd<=V (Vol,Vo2) && Vmidl>V (Vol,Vo2)) begin
vpl[2]=+Vref; vpll]l=+gnd; vp[3]=+gnd; vp[4]=+gnd;
V(p2)<+Vref; V(pl)<+gnd; V(p3)<+gnd; V(p4)<+gnd;

end

else if (+gnd<=V (Vol,Vo2) && Vmidl<=V (Vol,Vo2)) begin
vpl[4]=+Vref; vpll]l=+gnd; vpl[2]=+gnd; vp[3]1=+gnd;
V(pd)<+Vref; V(pl)<+gnd; V(p2)<+gnd; V(p3)<+gnd;

end

else 1if (-gnd>V (Vol,Vo2) && Vmid2<=V (Vol,Vo2)) begin
vp[l]=+Vref; vp[2]=+gnd; vp[3]=+tgnd; vpl[4]=+gnd;
V(pl)<+Vref; V(p2)<+gnd; V(p3)<+gnd; V(p4)<+gnd;

end

else if (-gnd>V(Vol,Vo2) && Vmid2>V (Vol,Vo2)) begin
vpl[3]1=tVref; vpll]l=+gnd; vpl[2]=+gnd; vpl[4]=+gnd;
V(p3)<+Vref; V(pl)<+tgnd; V(p2)<+gnd; V(p4)<+gnd;

end

else begin

V(pl)<+vp[l]l; V(p2)<+vp[2]; V(p3)<+vp[3]; V(pd)<+vp[4];
end

end

end

endmodule
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// VerilogA for Comparator, value control 02, veriloga

“include "constants.vams"

‘include "disciplines.vams"

module value control 02(pl, 40, di, 42, 43, d4, d5, de6, 47, c0, cl,
c2, c3, c4, c5, c6, c7);

input pl, d4d0, d1, 42, d3, d4, d5, de6, d7;

output c0, cl, c2, c3, c4, c5, c6, c7;

electrical pl, 40, di1, 42, 43, d4, d5, d6, 47, c0, cl, c2, c3, c4,
c5, c6, c7;

parameter real Vref=+5;

parameter real gnd=0;

parameter real vtrans pl=+0.6;

real vd[0:7];

real vc[0:7];

analog begin

vd[0]1=V(d0); vd[1]=0.875*V(dl); vd[2]=0.75*V(d2); vd[3]1=0.625*V(d3);
vd[4]1=0.5*V(d4); vd[5]=0.375*V (d5); vd[6]=0.25*V (d6) ;
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vd[7]=0.125*v (d7) ;

if (vtrans pl>V(pl)) begin

V(c0)<+vc([0]; V(cl)<+vc[l]; V(c2)<+vc([2]; V(c3)<+vc[3];
V(cd)<+vc([4]; V(ch)<+vec[5]; V(co)<+ve([6]; V(cT)<+vc[T];
end

else begin

if (vd[1l]l<vd[O0] || vd[2]<vd[0] || vd[3]<vd[0] || vd[4]<vd[O0] ||
d[5]<vd[0] || vd[6]<vd[0] || vd[7]<vd[0]) begin
cl[0] Vref, vc[1l]=0; vc[2]=0; vc[3]=0; vc[4]=0; vc[5]1=0; vc[6]=0;
c[7]1=0
(cO)<+Vref V(cl)<+gnd; V(c2)<+gnd; V(c3)<+gnd; V(céd)<+gnd;
V(ch5)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else 1if (vd[O0]<vd[1l] || vd[2]<vd[1l] || vd[3]<vd[1l] || vd[4]<vd[1l] ||
d[s ]<vd[ 1 || vd[el<vd[1l] || vd[7]1<vd[1l]) begin
c[0]1=0; vc[l]=Vref; vc[2]=0; vc[3]=0; vc[4]=0; vc[5]=0; vc[6]=0;
c[7]1=0
( )<+Vref V(c0)<+gnd; V(c2)<+gnd; V(c3)<+gnd; V(c4)<+gnd;
V(ch5)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else 1f (vd[O0]l<vd[2] || vd[1l]l<vd[2] || vd[3]<vd[2] || vd[4]l<vd[2] ||
d[5s ]<vd[ 1 Il vd[6l<vd[2] || vd[7]1<vd[2]) begin
c[0]=0; vc[l]=0; vc[2]=Vref; vc[3]=0; vc[4]=0; vc[5]=0; vc[6]=0;
cl[7 ]=
( )<+Vref V(c0)<+gnd; V(cl)<+gnd; V(c3)<+gnd; V(céd)<+gnd;
V(c5)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else 1if (vd[0]<vd[3] || vd[1l]l<vd[3] || vd[2]<vd[3] || vd[4]l<vd[3] ||
vd[5]<vd[3] || vd[6]<vd[3] || vd[7]1<vd[3]) begin
vce[0]=0; vc([l]=0; vc[2]=0; vc[3]=Vref; vc[4]=0; vc[5]=0; vc[6]=0;
ve[7]1=0;
V(c3)<+Vref; V(c0)<+gnd; V(cl)<+gnd; V(c2)<+gnd; V(c4d)<+gnd;
V(c5)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else if (vd[O0]<vd[4] || vd[1l]l<vd[4] || vd[2]<vd[4] || vd[3]1<vd[4] ||
drs ]<vd[ 1 || vd[6]l<vd[4] || vd[7]<vd[4]) begin
c[0]=0; vc[l]=0; vc[2]=0; vc[3]=0; vc[d4]=Vref; vc[5]=0; vc[6]=0;
[ 1=0
)<+Vref V(c0)<+gnd; V(cl)<+gnd; V(c2)<+gnd; V(c3)<+gnd;
( 5)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else 1if (vd[0]<vd[5] || vd[1l]l<vd[5] || vd[2]<vd[5] || vd[3]<vd[5] ||
vd[4]<vd[5] || vd[6]<vd[5] || vd[7]1<vd[5]) begin
vc[0]=0; vc[l]=0; vc[2]=0; vc[3]=0; vc[4]=0; vc[5]=Vref; vc[6]=0;
vc[7]1=0;
V(ch)<+Vref; V(c0)<+gnd; V(cl)<+gnd; V(c2)<+gnd; V(c3)<+gnd;
V(cd)<+gnd; V(c6)<+gnd; V(c7)<+gnd;
end
else 1f (vd[0]l<vd[6] || vd[l]l<vd[e] || vd[2]<vd[e6] || vd[3]<vd[6] ||
vd[4]<vd([6] || vd[5]<vd[6] || vd[7]1<vd[6]) begin
vc[0]=0; vc[l]=0; vc[2]=0; vc[3]1=0; vc[4]=0; vc[5]=0; vc[6]=Vref;
ve[7]1=0;
V(c6)<+Vref; V(c0)<+gnd; V(cl)<+gnd; V(c2)<+gnd; V(c3)<+gnd;
V(cd)<+gnd; V(c5)<+gnd; V(c7)<+gnd;
end
else if (vd[O0]<vd[7] || vd[1l]l<vd[7] || vd[2]<vd[7] || vd[3]<vd[7] ||
vd[4]<vd[7] || vd[5]<vd[7] || vd[6]1<vd[7]) begin

RN




vc[0]=0; vc[l]=0; vc[2]=0; vc[3]=0; vc[4]=0; vc[5]=0; vc[6]=0;
vc[7]=Vref;

V(cT7)<+Vref; V(c0)<+gnd; V(cl)<+gnd; V(c2)<+gnd; V(c3)<+gnd;
V(c4d)<+gnd; V(c5)<+gnd; V(c6)<+gnd;

end

end

end

endmodule
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Abstract

Abstract

In recent years, the demand for MEMS capacitive inertial sensors
(accelerometer / gyroscope) is gradually increasing due to low cost, high
performance and very small size. For example, MEMS capacitive accelerometers
for high precision applications need micro gravity resolution at the frequency of
interest. The precision in a micro-sensor system is limited by the electrical noise of
the CMOS interface circuit. On the other hand, with the increasing popularity of
portable devices such as cell phones and tablets, power consumption is also one of
the key factors in designing these sensors. Therefore this thesis presents a structure
that will improve important factors such as noise and power consumption. This
configuraton consists of two front, end-end, and back-end sections. In the front-end
circuit, with using bidirectional double sampling and a subtractor filter, the
structure is modified to reduce the noise of the system at low frequencies, which is
the most important noise in these sensors. In back-end, a second-order sigma-delta
modulator is designed to digitize the front-end circuit outputs. In addition, for
reducing the power consumption of whole system, it’s tried to keep the power
consumption of amplifiers as low as possible. In order to increase the detectable
range, the front-end circuit with variable sensitivity is designed. The other
consideration of this thesis are considering the mismatch in the configuration and
presenting an algorithm in Verilog-A to calibrate this asymmetry with four
capacitor banks in sensor interfaces.

Key Words: MEMS Capacitive Inertial Sensors, Micro Sensor System, CMOS
Interface Circuit, Noise, Power Consumption, Front-end Circuit, Back-end Circuit,
Sigma-Delta Modulator, Calibrate, Verilog-A
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