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ABSTRACT

The paper presents the design of high-performance lowspsigma-delta $D) ADC suitable
for micro sensors applications. High-performance meamaller delay due to low order modulator
having minimum circuit elements, improved sub componegmgications and low power means, the
design is based on improved 180nm TSMC Mixed Mode triple tgelnology with small parasitic,
minimum leakage, faster speed and lower high frequefrfigcte. SinceSD, Analogue-to-Digital
Converters (ADCs) design takes the advantage of theoirad CMOS circuit design and goes to the
trend of high resolution, wide bandwidth with low-power applarai having improved accuracy. Here,
first order modulator has been taken in the design foivatgnt performance while comparing to high
order modulator due to improved design of modulator sub compoaadtit reduces the number of mos
transistors in the design while comparing to circuit caxipy and other criteria in higher order
modulators. Due to oversampling method, it uses high-frequemdulation and thus eliminates the
need for abrupt cutoffs in the analogue anti-aliasingrélat the input to the ADCs. The detail design of
its circuits were carried out using Mentor Graphics AB&sign Platform targeted to a 180nm TSMC
MM triple well CMOS Technology.

KEYWORDS: Analog-to-Digital Conversion, Sigma-Del&i)) Modulator, Decimator and Counter.

INTRODUCTION

Micro-Electro-Mechanical Systems(MEMS) are rapig8ining popularity over a wide
range of application by combining mechanical eleisiesensors, actuators, and electronics on a
common silicon substrate through utilization of roi€abrication technology [5]. An example
of full integration in MEMS is the smart sensorslaglectrical signal processing circuitry is
placed on the same chip. Figure 1 shows the smasgos block diagram, which consist of a
CMOS monolithic chip, composed of MEM sensor, afigrliand data converter. Since the
analog signals produced by the sensors are veryalmvconsist noise, thus to avoid signal
degradation the sensor is placed as close as fos$sithe signal processing interface. ADCs
come in several basic architectures to meet theifsion of system. Figure 2 shows the

different type of architectures available for amgio-digital conversion covering different
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sample rate and their resolution. A MEMS sensopuuts characterized by its speed v
frequency rangingrom 10Hz to 200kHz and its magnitude in the ordérsome micro o

millivolts [5].
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Figure 1. Smart Sensor’s Block Diagram
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Figure 2. ADC architectures cover differing ranges of sample ratend resolution[13

Some of theadvantages of sigma delta converters like relaxed requirenoerast-alias filters,
relaxed requirements for component matching, high wésal and compatibility withi digital VLS

technology leads benefits over the other ADC archite¢tuneeet the iquirements of MEMS
SYSTEM MODELING

Depending on the ratio of sampling, the analog to digitaveders can be divided into t\
categories. The first category is the Nyquist rate ADGshich the input data is samp at the Nyquis
rate. The second tgpcalled an oversampling ADCs, samples the signal aeammath higher than t
Nyquist rate.Switched Capacitor[1Delta-Sigma converters[2,8liffer from other ADC approaches |
sampling the input signals at a much higher rate tha&n nlaximum input frquency [10]. The
oversampling converters have been used for high accura-bits and beyond, A/D conversion of [

through moderately high AC signe
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There are several architectures of sigma-delta modulatprovide different tradeoffs among
resolution, bandwidth, circuit complexity, and modulator $itghi3, 9]. In this paper we will discuss
one of the circuit arrangement that gives first order ptedi and that is shown in Figure 3.a, here first
order circuit design is presented in details. Secadércsigma-delta modulators are well suited for high
resolution and medium/low signal bandwidths, as they are ditaorally stable and avoid the main
drawbacks of first-order structure [6]. The first ordgnsa-delta modulator shown in Figure 3.a consists
of a forward path with continuous-time integrator and kitlquantizer, implemented by means of

comparator [9]. The output of discrete-time modulasagiven as
Y(2)=X(2)z* +E(z)(1-Z")? )

Assuming an ideal low pass filter, the modulator output Y(Z)rathe input signal gain ),
noise gain (¢) and the linearlized white noise), yields the following for the in-band SNR:

SNR=10logé?,)-10log(s?y)-10log( */5)+50log(t/2fg) (dB) 2)
Putting £2fz=2"
SNR=10logé?,)-10log(s?y)-10log( */5) +15.05r (dB) ()

Thus, for every doubling of the oversampling ratio, fsfPfe SNR improves by 15dBr the equivalent
resolution by 2.5 bits and it decreases the quantizatioe poiser by one-eight or, equivalently, 9dB.

butter

Signal
Generator mﬂh
LP Filter . Sigma-Delta A/D Converter
ximation loop runs at 512 kHz.
Decimation by &4 yields final 8kHz A/D rate.
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Figure 3.b. Simulink Simulation Result for Ist order signa-delta modulator in MATLAB[11]
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MATLAB simulation is also carried out before design of thendistor level circuit to understand the

behavior of individual modules. The MATLAB design modepissented in Figure 3.

Specification of the Sigma-Delta ADC Modulator:

Positive and Negative rails +0.9V.
Sampling frequency above the Nyquist rate.
Integrator Design criteria:

Closed loop gain should be small enough so that the output doesceed the rails, defined by
the values of R and C.

Optimum values of R and C to be chosen. C should be ssmalhimize layout area.
Operational amplifier features:
Should have high gain to integrate the signal smoothly.

Large bandwidth to pass through all the harmonics of imawe .The unity gain BW should be

greater than that of the clock frequency to effectiyalys the signal.

High phase margin for stability.
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Figure 4. Schematic of First Order Switched-CapacitoiSigma-Delta Modulator

The architecture is compatible with the first orderaysmodel ofSD ADC.
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Figure 5. Schematic of Operational Amplifier

Same, operational amplifier is used in the design of lategr

Table.1. Operational Amplifier Specification

Open-Loop Gain 68.75db
Phase Margin 76.8°
Gain Bandwidth 9.5MHz

Offset 151.6pV
Overshoot/Undershor 272.7/3.9mV
Slew Rate +180-150V/ps
Delay +721/-904ns

Rise/Fall Time 751/1.4ns

Settle Time 15.4ps
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Figure 6. Schematic of Comparator

Table.2. Specification of Comparator

Rise Time 1.4ns
Fall Time 3.2ns
Slew Rate +1/-2.3V/ns
Delay +3.7/-6.8ns
Offset 502pVv
Overshoot 28.71mV
Undershoot 7.8mV
Settle Time 0.31ps
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Figure 7. Core Layout of Modulator using IC Station of Mentor Graphics

Layout area is 89x89ufbased on 180nm TSMC twin well epitaxial Mixed Mode Tecbgypl

SIMULATION RESULTS

The following results presented in the Figure.8,9,10.a,&010.c, show the output of the first
order modulator of a Sigma-Delta ADC. The SNR is calmd by the equation(3) and following
equation may also derive the actual resolution[10].

ENOBNR(dB)-1.76)/6.02 4)

Here the modulator output looks like random square wave, vaduiotains the data necessary to
produce a clean sine wave. The 1-bit modulator stream cdigitaly filtered and decimated back down
to a Nyquist rate of n-bit precision samples. The papesgmts a model of Switched—Capacitor Sigma-
Delta Modulator that later on realized on a chip afteffull custom design targeted to 180nm, TSMC
foundry.
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Figure 8. Result of First Order Switched Capacitor Sigma-Delta Modulator with 1V Input

Figure.8, shows the transient simulation behavior of the maduiat constant input, here the

voltage signals in the plot are output voltage (£2V), nonlapping clocks (2V) , input voltage (1V)
and cmos integrator output(-1.4 to 0.6V) in a time fram@ to 2psec.
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Figure 9. Result for First Order Switched Capacitor $gma-Delta Modulator
for £500mV,50kHz Input and 6MHz Clock.
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Figure.9, shows the transient simulation behavior of the tatmiufor sinusoidal input, here the voltage
signals in the plot are pulse output voltage (+2V), averlapping clocks (2V, 6MHz), sinusoidal input
(£500mV, 50kHz) and cmos integrator output (-1.8 to 0.4\4 fime frame of 0 to 20usec.
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Figure.10.a. FFT of the Modulator

Figure.10.a, shows the FFT magnitude plot for the input(-1i®e®0db) and output (-125db to -75db)
signals of the modulator up to 100kHz frequency range.
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Figure.10.b shows the harmonic distortion plot for the inpd6(@ 1.04) and output (0.65 to 1.05)

signals of the modulator up to 100 kHz frequency.
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Figure 10.c Simulation Result of Parasitic Net list witH.umped & Distributed
RCC extracted fron8DModulator Core Layout.

Figure.10.c, shows the transient simulation behavior fosithesoidal input (:800mV) and pulse output

(£0.9V) signals of the modulator up to time frame o @®usec.

ANOTHER ARCHITECTURE OF A SIGMA-DELTA ADC MODULAT OR

It is presented in the Figure 11 and all the components agndesising 180nm TSMC Technology.
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Figure 11. Schematic of Sigma-Delta ADC Modulator
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For the Schematic shown in Figure 11, the parametethdmimulation windows are,
Sinusoidal input, peak amplitude = £500mV

Signal Frequency = 50 KHz

Clock Frequency = 6MHz

B Ezwave v2.0.2.1 =[5[%
File Edit View Format Tools Cursor Window Help

ESEG thEX BEFS aBEMetas @K ARED
x m—
‘;;V"“"“““ ¥ Transient Results (Wave:1) 7 G oo B
Currantly Open Databases .
= 23 modulator_paper_eldo ~ 20 1 vouT_hoD)
@ (] TRAN 310 )
£ o4
=l T T i i i i i i — :
V1 :
e 300.0M
< W v(InT_ouT)
g am
2 _is0m —F———F— — = = f i i i =
V1
< 123 I weconP_ouT)
g @mﬂﬂmwm_ﬂmﬂ :
2o = == } : { i — :
V1
— 20
; mg_‘_H_H_”_H_H_H_H_”_H_”_H_H_H_H_U_U_UU_UU_UM e
= 00
24 L e e e L B
1
—  600.0M
- mwg//\// B v iy
T
£ -l 1
1 .
— 1o N vesue_ouTy |2
R L e e
= -0g
B e
2 400 60U .00 10.0u la.0u 14.00 16.00 1800 200
Tirhe {s) ‘
| E[= ¥
[l ¥|| [l workspace1
lwe TE [10:55 AM
& @ @ L. B g & |55 [Epesionachie]d reminal [Eixpdr: omeypr[MEzwave v2.0 | (&) wed Apr 13, 1059|

Figure 12. Mentor Graphics AMS, Eldo Simulation Result for
Sigma-Delta ADC presented in Figure.11

Figure.12, shows the transient simulation behavior for the aiglalsinput (x600mV), pulse
output (0 to 2V), comparator output(x2V), 1-bit DAC outpt®V) and voltage subtractor output (+1V)
signals of the modulator up to time frame of O to 20uEke.performances of all the sub circuit modules

are as per requirement to drive the subsequent blocks of SD AD
VERIFICATIONS METHOD

It follows the following steps to reconstruct the one-bit tdigserial stream of the Sigma-Delta into an

analogue waveform. Steps involved for decimation are,

¢ Count the number of ones/zeros in the serial stream witlixed time period using binary

ripple counter.

« Atthe end of the time period, shift the value into to$eegisters and reset the counter, to store
the values from the counter.

¢ Use a summer (D-A converter) to reconstruct the digitizguobsi
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Figure 13. Decimator Circuit for the Sigma Delta AD
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Figure 15. EZwave Simulation Result for 8-bit ADC for Input=0.2V

Figure.15, shows the 8-bit output (00110101) of the ADC for 0nput, having 0.9V for logic
‘1" and -0.9V for logic ‘0’ with its supply range £0.9V.

Table.3. A/D Conversion Table for  ADC for different OSRs,Vref=+0.9V

0 1 1 1 0 1 1 0

09V 32t

0.8V 32.5 0 1 1 0 1 1 0 1
0.7V 32.t 0 1 1 0 0 1 0 0
0.9V 50 1 1 0 0 0 0 0 0
0.8V 50 1 0 1 1 0 1 1 0
0.7V 50 1 0 1 0 1 1 0 1

CONCLUSIONS

Design of high performance Sigma-Delta ADC Modulator andifdator with its verification
module have been presented in the paper from its system levelimgot full custom circuit and layout
designs, based on the state-of-the-art mixed signal cfedaitation technology’s device parameters for
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the TSMC 180nm twin well epitaxial wafer Mixed Mode Teclogy. Here, first order modulator has

been taken in the design for equivalent performance wbiteparing with high order modulator due to
improved design of modulator sub components and reduced nwibes transistors while comparing

to high order modulator's circuit complexity. The outputreat is less than 30pAmp, for 0.9V

sinusoidal input the input current is 14pAmp and total cingoitver dissipation is 462uWatt. Hence, the
design proves the behavior of a high-performance Sigma BEIC due to efficient design architecture
achieved by optimizing the sizes of mos transistors irsedrious circuit components and low power
consumption of the entire circuit.
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