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REHCIE “Study of Multi-Stage Analog to Digital Converters using Interpolation Technique” (ffifE]$%
iz AWz~ VT 27— A/D BHERICBET A%E) L, EXL8EMNLR->TWN A,

%1% “Introduction” (i) TiX., 7B 2OMMLIZEES b T v VA X OBAFSRAIZ L 0 EAEHEIERS
ZRWD A/D g (ADC) BARMAHEEEIC /> TnDZ 25 U, ZOMBEOMREX D=0, #EEMOEHA
HEEREL, TOAIMEEEIET D ENARRLOBNTHD Z L EBRITND,

% 2 % “Interpolation and Calibration Techniques” (fHREIFZAT & MEHEAT) Tk, WHEHEMORE, HEX
O, EBFEOHA L, v VTF AT — ADC TORBEINOERFIZR EE2RL 5, £, ADC OEMRE (LD
DIZHW LN AHEEIFICOWT, R, BT OVERT2 E23H L, #ENEE O E O H O 23 LB 72 3
HIZOWTIRRTW D,

% 3 # “Design of 6-bit Subranging ADC with Gate-Weighted Interpolation” (4 — hHA XDOEIFIT Al
MZzHAWZ6 By M7 Ly Pr 7 ADCERE) T, 7 Lo P 7 ADCICHERT % D/A Z5#ag% (DAC) & LT,
AT DAC (CDAC) & HEHTEL DAC (RDAC) O MV v 7, {HEES), MERIEL L, (DAC MBI TV Z
EERTEEBIT, DAC DI Ry FRET &24T-> T2, MilEME W6 By M7 Lo o7 ADC IEFE—
SFRAED ADC O THER DO VX —HERLER L TV, ffMEFOFEIMEEZ R LTV D,

% 4 3 “Subranging ADC using Single CDAC Interpolation” (BE—@ CDAC ZH WA Y7 LT 7 ADC) TlE.
—ODEIMEFT LAV WHRAMH TR EREL 5, #EHFRITLY ., 5 3 ETHRZ ADC &, |
B Ialb—va  fERIZBNT, BRE 38%, HEEN L 53%, miEL 43%HIETE/-Z 2R LT D,

% 5 % “Design of Interpolated Pipeline ADC using Low-Gain Open—Loop Amplifiers” (KF|HOA—7
N— 7 EERR & RV B S A T 4 ADC 3ED) Tl BRI E AV 10 By ML ROy fiREEE EBLTX
DR T Z A 2 ADCICEA L, BIBEROMIIE, BHWA T — P OME| BIBLHRE O I X~ v F7 &5 ADC DM
HRICH X2 D BIZ OV TOITZ{T> T\ 5, Tz, HMIEROHEEE L ADC OMEREOBFREZR LT D L &
BT, BRAT — P OREEFTEIZDOWTR L, #ifll A 7T A > ADC X 2-36Sps DEWEREE £ CTHEH rIRE/eF
LML TV,

¥ 63 “A 12-bit Interpolated Pipeline ADC using Body Voltage Controlled Amplifier” (AR o &Eri|E
WIERR 2 Az 12 By Ml S 775 1 2 ADC %R TIE, AT 1 BALOFHIENC LV B a1 7 AT 2 #iEE
EERL, WEROH A a— FHIESE & ik U C 40%0OVHE EIHIR, 12. 5%01E BRIz #Elk LT\ 5, £/,
= OHIESER % AV THRUE L 72 ADC 13 300MSps D @i ZREIEREE & | KW EREB O ANEBIZ LTIZ 10 By b o
BHHE Y MEZERLTEY, IFEREINMO 12 B b ADC & FHEER 2 V312 m OB E IR
BIE~OX LN ATEE R Z L 72 Y AR L, 1RE L - BESs M ORI B o A2 S 202 LT b,

7% “Suitable Amplifier Topology in Interpolated Pipeline ADC” (#fif]l/SA 7 A » ADC I LT\ 5
IR Tik, FI v Ra v @72 X2V 12 €y FORBAA 7T A 2 ADC ZFF L, ZOHEE
BOMENEE L A7y bX vy U EAOFERICBOTENLTWAZ S &R L, 12 By MEEOEREE ADC 12
b — =R AMER R Z L AR LTV D,

% 8 # “Conclusion” (ff7#f) TIX. AKX OE L L, 5% OT o ZRIEFHFHIHREEM N5 2 282, ADC
BAFEIZd5 1T B AR & flEE N OBROREE R Slc oW Tk b Tn 3,

MU E & TS 212 AR SUIHRHENT 2 B\ 72 @3l D @ 5 fERE O~ LT 27— 27 ADC IZBF L T DAC HEiE D it
TEIEER OMIEIE, ME, WHERTESN ADC OMREICE X 2R BEALNCT S & L bz, M MV 72 ADC 12
L7 SRR 2 IRRE LT b0 TH D,
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Thesis Summary (approx.300 English Words )

In this thesis, design and analysis of multi—stage ADCs using interpolation technique are
proposed. The interpolation technique is very effective to realize high—speed and
high-resolution ADC using recent scaled technology. By introducing the interpolation
technique, the multi—stage ADC does not require a high—gain amplifier which is a bottleneck
of high-resolution ADC design. As a result, the ADC becomes free from large amount of
calibrations to compensate non—idealities caused by insufficient amplifier’ s gain.

As an implementation method for the interpolation, CDAC and RDAC in subranging ADC
are compared in settling time, power consumption, and noise. Since CDAC shows better
performance, it is utilized to ADCs in the thesis. Also, mismatch analysis on CDAC is
performed for ADC design. Furthermore, effect of gate-weighted interpolation technique to
ADC’ s performance, such as comparator’ s offset calibration ability at each interpolation
point are examined. The subranging ADC using CDAC and gate—weighted interpolation technique
achieves FoM of 250 fJ/conv., which is the world lowest result. And, a new interpolation
method to reduce CDAC in half is suggested. These analyses become basics for multi—stage
ADC design using interpolation.

Extension of ADC’ s resolution from subranging ADC, interpolated pipeline ADC is
designed and analyzed. In the interpolated pipeline ADC, the most important characteristic
for amplifier is linearity, not gain. In this thesis, relation between amplifier s
linearity and the ADC’ s performance is analyzed. Also, effect of MDAC stage’ s noise
mismatch between amplifiers, ADC’ s optimized operation frequency with amplifier’ s
current are analyzed. And, optimized lst stage resolution in each ADC is suggested. A 12-bit
interpolated pipeline ADC based on the previous analysis and body voltage controlled
amplifier for low—power consumption and wide output swing range is demonstrated. The 12-bit
ADC achieves 10-bit of ENOB at 300 MS/s with low—frequency input. The result is competitive
with other top—performance 12-bit ADCs although the proposed ADC does not incorporate MDAC
calibration and any kind of special process and layout technique.

In this thesis, three types of amplifiers are introduced for interpolated pipeline
ADC design, such as source degeneration, cascode (body voltage control), and gm—cell. Also,
Open— and closed—1loop topologies are utilized to the ADC design. The performance comparison
of those proposed topologies are shown in this thesis to choose the suitable topology for
various ADC target specifications. Finally, this thesis is concluded with prospection of
interpolation technique and relationship between interpolation and calibration techniques.
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