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Area.

Voltage gain.

Common-mode voltage gain.

Differential-input differential-output voltage gain.
Differential -input singie-ended output voltage gain.

B= K"W/L.

Bulk threshold parameter.

Channei length meduiation parameter,

Capactiance between cutput of comparators and ground.
Diffesion capacitance,

(Gate capacitance.

Load capacitance.

Metal to diffusion routing capacitance per unit area.

Metal to substrate {field) routing capacitance per unit area.
Metal to polysilicon routing capacitance per unit area.
(Gate capacitance per unit area.

Polysilicon 1o substrate (field) routing capacitance per unit area.
(Capactiance between polysilicon resistors and ground.
Capactiance between cutput of switches and ground.
Energy function of a Hopfield ANN.

Permittivity of free space.

Relative permittivity {Dielectric constant),

Strong inversion surface potental.

Difference between the lower and upper limits of analog inpat voltage
decided by the ith amptifier.

Transconductance.
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Differential output transcoaductance.

Input current to the ith amplifter.

Differendal ouiput current.

Sum of the two branch currents in the differential ampiifier
{Iss=fp1+{p2).

Tranconductance parameter, {K'=p C_ ).

MOS channel length.

Electron mobility.

Hole mobiiity.

Qutput vector from the £ unit and input to the activation function of an
ANN.

Cutput vector from an ANN.

Output resistance of MOSFET.

Output differential resistance.

Qutput resistance.

Sheet resistance.

Conductance between input of the ith amplifier and output of the
correction logic circuitry of a Hopfield A/D converter.

Conductance between input of the ith amplifier and output of the jth
amplifier of a Hopfield A/D converter.

Conductance between input of the ith amplifier and reference voltage of
a Hopfield A/D converter.

Conductance between input of the ith amphifier and analog input voltage
of 2 Hopfield A/D converter.

Equivalent conductance at the ith amplifier input node of a Hopfield
A/D converter.

Propagation delay on transition from HIGH to LOW.

Propagaticon delay on transition from LOW to HIGH.

Veitage at the input of the ith amplifier.

Vi



Voltage at the output of the ith amplifier.

Minimum drain-to-source voltage needed for saturation operation of a
MOSFET.

Differential input voltage.

Voltage applied to the inverting input terminal of the differential
amplifier.

Voitage applied to the non-inverting input terminal of the differential
ampiifier.

Reference voltage.

Analog input voltage.

Lower limit of the analog input voltage to an A/D converter
correspanding to a certain digitai word.

Upper limit of the analog input veitage to an A/D converter
corresponding to a certain digital word.

Threshold voltage.

Trip voltage.

MOS channel width.

Weight vector of an ANN.

Training rate coefficient of an ANN.

Weight from neuron P in the hidden layer to neuron (@ in the output layer
k in a backpropagation ANN.

Input vector (matrix} to an ANN.



CONTENTS

ACKNOWLEDGMENT rerereererrnannasesees " |

ABSTRACT veteeesesr s aat o se s stas s st s -

SUMMARY. oI-Iv

LIST OF SYMBOLS.................... veesssnreonmmn seresmebes sesnans Renans e shens V-viI

CONTENTS.... -VIII-X

LIST OF FIGURES XI-X¥

CHAPTER 1 INTRODUCTION ................. - 1-3

[ ]

CHAPTER 2 ARTIFICIAL NEURAL NETWORKS 6-43

2.3 TRAINING OF ARTIFICIAL NEURAL NETWORKS.....cccoerrrecererreiinenene 12
2.4.1 Perceptron REPIESEILALION ... .ccocuerssrecssresessssaerensonmsiessssrssesaeressnsssasanensssesane LF
2.4.2 Exclusive-OR Problem ...t cesrnessaee s setnsevsssssecemss 1O
2.4.3 Linear Separabilit¥ .....occciiiicrrrisiiiemsnseensscesrsan cosassss s csseneenessnsnssessssessees 19
2.4.4 Overcoming Linear Separability ProBlem ..o vevvieeseeeeccccvece e, 19
2.4.5 Perceptron Training AlZOTIIITN ..o crrcrerrrrsaee e ressees s rem s memmnees 23

2.5 BACKPROPAGATION ..ot eiseeseeste e sesmesersennesener vesaresssvsasasnns S0

viil



2.5.1 The Backpropagation Training AlZOrthmL.........ccomiirrinniece e e reer e s 26
2.5.2 ADPPUHCANODS c.vcevereceoccncremsrmrssss st sirimm s e sassmer e ens s st esnams e sempnnamsnsamnees FO3
2.5 3 CAVEALS oo ctcrems e ereresersconaresb e e sberobes s e sssmamn s s n b a st et ermre e semasnasanses SO
2.6.1 Recurrent Network Conflgurations. ... vcsecamemsessescesercscesasassssseseesanees 38
2.6.2 SADIIEY et vt eemra et et s s na e sm e s erame s ee ennasranes ]

CHAPTER 3 CMOS YLSI ANN BUILDING BLOCKS 44-76

3.2.1 Model Of 2 COMPATALOT ....eceeeeveenrmsisemmesiisisime st st e s seresranssssstcacosssensrrress IO
3.2.2 Development Of A CMOS COMPATALOL .....eveecrecmrrrrmnreereree e e reresevensanensnes 63
3.2.3 Two-Stage Camparamr a7

CHAPTER 4 NEURAL-BASED A/D CONVERTER............... S - TI-150

4.2.1 Ideal MOGEEDE ..o v eeeeesnrircarinsennm s ccomsmsresccnscssesns s secssesesaemnsnesesssianacsesnenees B9
4.2.2 Innovative Trends In Modeling. ..o crecee e ranmme e cereeresrecesrnersssessrenses 3
4.2.2.1 NON-IDEAL EFFECTS MODELING. c.vourteesemsscessirsiesares st i can st e srmsmsmsasams v vensnssentnes %6

4222 AUTTOMATIC MODEL GENERATOR. . eeeeeeecreercevceseeraem st e st simssmmmnsnsr s ssmsanembassnosan 100

4.3 IMPLEMENTATION. ...ocovnoreeecoemnmseserassrosesssemsssssseeeeeeemssessosssssmsssseeeesessosssoneans 109
4.3, 1 RESISIOTS e eerersmsesessosmmssrs ssss s seemseeseressssssesssemeeseemmeesssssemmeeseescmssossoree. 109
83,2 GAES e emeeeesseeenemsmessssssssessseesssssssssseessssessssssesssssssssenesmoesesssoneessens. 113
B.3.3 SWILCHES coroner oo eeeeeaersseeeeomeseresecessseemsesssssssssseessseeeseeesesssremmessesmmeesseessnsoenss 114
3,34 MULHPIERETS «...ccooeeeesoee s erereesrsssesenssnsseesssmsmsrssessesseeemsesssssssonmssseermasssssasenee. 115
4.3.5 Voltage RefereniCes ... cerree e ntersssssss s soeesesennanacansnansnseaeass 117
8,36 LABCHES vvomeoeeseeeeeeeceseeeeeesoreenesses e ss oo sesssessssssssssosaosemmssssessessecessecseossenres. 119
83,7 SEAFSLOP CIICUIL 1ovmmerrreoecereseeesessseresssssssscerresssssssserssssmsnssemessenmoneesosseenes. 130



