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“High-Performance and High-Speed ADC Design”
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High-performance and high-speed analog-to-digital converter are essential and irreplaceable components in a
wide variety of modern electronic systems, ranging from data communication to medical imaging. And an
analog-to-digital converter connects our physical world to the realm of unlimited digital signal processing.
Therefore the understanding of the fundamental properties of analog-to-digital conversion is crucial for
determining what processing makes sense in the digital domain.

Part | of this course will be delivered by Prof. Marcel Pelgrom will explore the limits of conversion, especially
linked to the problem of sampling and of quantization. Estimating jitter and mismatch will allow some
quantitative prediction on the performance. From the limitations found in quantization and sampling also a
first indication can be obtained on what conversion architecture is most promising. Reference source design,
comparators and digital-to-analog conversion are crucial elements for building converters. Further analysis of
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flash and time-interleaved converters will clarify the design considerations.
Examples from recent papers and own work will illustrate the theory.

Part Il will be delivered by Prof. Boris Murmann is a continuation of part I. It will cover five additional topics that
represent important cornerstone-knowledge in data converter design: Successive approximation ADCs,
pipeline ADCs, oversampling ADCs, noise analysis in switched capacitor circuits, as well as gm/ID-based
amplifier design. Throughout the course, we will discuss and illustrate the state of the art using designs that
were recently published at premier international conferences.
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Advanced undergraduate or graduate students and practicing engineers who wish to develop a solid
knowledge of ADC. A basic understanding of analog circuits is assumed.
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Basic MOS device modeling, transistor-level analog circuits, elementary gain stages, feedback.
Basic signals and systems theory, frequency response, Laplace and z-transforms
Noise analysis in analog circuits
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BBl 2017 42 06 B 055, k4 8:30-9:00

2. FERE, B ADC BiFRERE (T¥E0, #EZIM: Boris Murmann #i%)
VEFERE: 2017 4206 H 27—27 H (2R)
WBEMAE: 2017 4206 H 26 5, 4 8:30-9:00
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1. =R E#E ADC Wi ELRRE (L¥E5, RREIM: Macel Pelgrom ##%)
H—RUEF: 2017406 A 05 H (9:00-17:00)

1. ADC ZEfi- Fundamentals of ADC:
KbE, HEME, KTIC, $13), #HH; =1k, SNgR, FEEZIRH|XZE, FOM, BemfRHIH

Sampling, Nyquist, kT/C, jitter, reconstruction; Quantization, SNqR, limts of accuracy, F.0.M. energy limits;

2. A ADC/DAC ZEFIMER- Overview elementary ADC/DAC architectures: 4244 :
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—JG, k], Ak, BBHAL, AASAL. MRS AP Y DAC Wit A ADC #ith:
Flash B4 3L A ) ADC #i4h: Log M. JuHl, Wii/KL, SAR;ZEAN] ADC #hfh: LAY REZ;
BN ADC Hi4h: FTHfTE, SD AY;

EeA: LBk, SR A 70 28306

Architectures: unary, binary, non-binary; Resistive, Capacitive, Current-steering and Timing DAC;

Elementary ADC topologies: flash, Elementary ADC topologies: Log: sub-range, pipeline, SAR; Elementary ADC

Topologies: linear: slope; Elementary ADC topologies: time based, SD;
Comparison: advantages/disadvantages, freg+resolution rang;

3. ¥EEEH8%- Digital-to-analog conversion:
Zetty: —Jo, ) HFHAY DAC: BHPT. WRIEL Giitordrs mifeR DAC: ], HEPE
% A DAC: JRIE, FLR0 VRS,
Architectures: unary, binary, resistive DAC: impedance, lay-out, statistical analysis; current steering DAC:
modulation, sorting algorithms; capacitive DAC: lay-out, common centroid etc.

4., FEHEH % - Reference circuits:

AR, Bandgap F:fill; AT R LR

Various reference options, fundamental bandgap properties; How to design a reference circuit.

FEoRIEE: 2016 4£ 06 H 07 H (9:00-17:00)
5. Flash #¥#:2%- Flash conversion:

PO A - FEmb AR, MU, BER, IRV, Stit, 8 Fhdfi4h g, B 7Y ra BH I 21 Bt S (Kick-back )
frt s RETHEL, WP, By BOR: PRARSAVE G RN, RIS
JUAS #2241 level-crossing %Y ADC, M.Flynn 8 3;

Comparator: basics, speed, BER, hysteresis, statistics, 8 topologies; Design of resistors ladders, kick-back;
Decoding; Yield calculations; Gain stage and averaging, folding converters; Technology: effects of reduced
transistor gain, mismatch. Some strange examples: level crossing, M.Flynn papers.

6. BF&h3Z4H- Time interleaving:
PEFFHE ML ENE ;. AR AR ZE: R, 65, BW FERFE; SEMAEHINE.

AR RS HE; %W Doris/Jansen 2013, EIl-Chammas 2011,Verbruggen 2012, Kapusta 2013,
Bradolini 2015, Kull 2016, LeCroy

Correction and calibration; Examples: Doris/Jansen 2013, EI-Chammas 2011, Verbruggen 2012, Kapusta 2013,
Bradolini 2015, Kull 2016, LeCroy;
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FE—REME: 2017406 A 26 H (9:00-17:00)
1. BEREEE ADC - Successive approximation ADCs:
MBS AR N AR FERIR s TUAR; DAC Bt AITF R % Fobmt el B 61;

Conversion concept; Top and bottom-plate sampling; Redundancy; DAC design & switching schemes;
Asynchronous timing; State-of-the-art design examples.

2. YKZME ADC - Pipeline ADCs:
2SR LR MDAC Wit i Wit %6,

Conversion concept; Redundancy; MDAC design; Stage scaling; State-of-the-art design examples.

BRI 2017406 A 27 H (9:00-17:00)
3. 3IFFE ADC - Oversampling ADCs:

MR RIS —BrisE . mErEslEs, fREtE: BdEInBCrEy s S (AP RR JE A
T JE R .

Concept of noise shaping; First-order modulator; High-order modulators, stability; Data weighted averaging;
Continuous time loop filters; Decimation filters.

4. SC HE&H I 4387 FI45 E - Noise analysis and simulation in SC Circuits:

Pist s, TR T/H: AIEFECRIERS: OUR SC IRiEuENE 2% AV T/H; HIE SC o
Delta-sigma 1 i 2§ .

Historical perspective; Passive T/H; Active boxcar sampler;Passive SC lowpass filter; Active T/H; Active SC
Integrator;Delta-sigma modulator.

5. FET gn/lo BKES BB - gm/Ip-based design of amplifier circuits

T2 BORSR AN RE: BGUBORAS: T2 ILBEIMIBORES . WIUBORES . A A5t
e, TZ2M.

Process characterization; Amplifier topology considerations; Single-stage amplifier; Folded-cascode amplifier;
Two-stage amplifier; Common-mode feedback considerations; Process corners.
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Marcel Pelgrom #fZH X iy IEEE IZRHBFIT, fhA3R 1 40 R0, 3 A4, 7 ABREF{E
UL 3T AN SEELA, MR R RURKRFFREE, WA R UL A w A B TR .

Marcel Pelgrom {8 02 R EHE DR E R REE L, A 2017 43815 | IEEE Gustav Krichhoff #
PR B2 At A HE 12 B At AU ) D

A 1] 132 -

Marcel Pelgrom, “Analog-to-Digital conversion, 3rd ed.”, Springer 2017, ISBN: 978-3-319-44970-8
(Print) 978-3-319-44971-5 (Online)

Boris Murmann ##2

Boris Murmann Z(#% 1~ 2004 4F Ji A Hr AR K 5, AR 2 i1 AR 5 B 204%
fibAE 2003 £EFRAT 1 M RS0 SO A 0 AR B L7 TR 2200 A 1994 4E 5
1997 4F, fi/E4EE Neutron fl i 3-HF 78 1 £ H 31k CMOS HoAR IR TIFE,
| TIFE ASIC. Boris Murmann 30 5t %R B IR A SRR E I
TS AU SR AL R AR . 7E 2008 4, ABTE VLSI 2 ERCH
ARSI IL RIS E, JFIRTS IEEE CICC il i R 18 32 .
- fh7E 2009 4E343 Agilent Early Career Professor Award ULJ% 78 2012 4F 345
Friedrich Wilhelm Bessel Research Award . ft/& JSSC [l %k%E LA K 1ISSCC il e a7y 22 IO K
fit. /2 1ISSCC2017 FIFEF T2 1)y IEEE Fellow.
fi DU AL FEVEE I S E . 2B DL FE HRER T 150 ZRHEARIL L.
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