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(1) T[0001] The present invention is generally directed to pipelined analog-to-

digital converters (ADCs). In particular, the present invention is directed to an ADC that
includes a single amplifier selectively coupled to one of a plurality of copies of a circuit
block in which each copy includes capacitors in different state of charge.
[0002] FIG.1 illustrates an exemplary N-stage pipelined ADC 100 that is known in the
art. The pipelined ADC 100 may include a number of cascaded multiplying digital-to-
analog converter (MDAC) stages 102-108 and a control and correction logic circuit 110.
The pipeline ADC 100 may receive an analog input signal vin at an input of the first
stage 102 and eventually produce a digital output Dout that corresponds to vin. In
operation, each stage of the pipelined ADC may be responsible for converting a portion
of the input signal vin into a digital code and pass along a remaining portion of the input
signal to a next stage of conversion. For example, stage i 106 may receive an input
signal Vi-1 and convert the input signal into an n-bit digital code Di and output a
remaining portion Vi of the input Vi-1 to the next stage i+1. The n-bit digital code Di
may be a one-bit digital code, or a digital code of more than one bit. The control and
correction logic 110 may receive the digital codes D1, D2, ..., Di, ... ,Dn sequentially
through a series of clock cycles (not shown) and assemble these digital codes into the
digital output Dont. The assembling may include inserting appropriate delays and bit
shifts. Further, the control and correction login 110 may correct digital errors. |

(HERR)

rfooo 1] AFEHREEF. —MBHIC, "ATSAVRT7FOGTOINEHR
22 (ADC) ICHT 53 DTHD. I, KEHAF, FaE—HLELGLLIFEERK
BOaVTUHEET., ERIJOVIDEHOIE—D S0 1 DITERMIC
HESNIE—DEREHFZESLADCIZEAT %,

[0002] H1IF, BEMAFTHONTLEIRKRMNE/NS TS VRA
DC100%#TRIETHSD, NATZAVFADCI100IE, HRT— FHEH
SENFEINFINTA RN TFOTEHE (MDAC) 8 102—-108,
FIHRUHEODS Y 1102BLENTES, MM T4 VFEADC10
OlF. F1IRXRT—V102QAHNICEHFET7FATAHNESEV i nEFRZEL.
=EMICV i nITRHEFTETIOFINEADou t ZERTEENTES, &
EBFICIE, NATSAVRADCREBEEFIANES Y i nO—HZETOHRILD
—FICEHL, ADEEORYDHREROEBMEBE~NRBBESELE5ELHS.
BIZIE, RT—2 i 1061F. AAESV i —1%22EL. AAEEZnE Y

FOTOBINI—FRD i [CEMBML, AAVi—10RYDBAYV i ZRE i +
1ICTHAT S ENTES, nEYFTPEILO—FDiIiKT1EYFTIAL
O—FTH->TEHEELL, TEY FULDTORIILOA—FRTH-TH KLY, HlfE
RUMERS YV 110E, —&D/ Oy o944 (RRET) 2RLTT
CA)aA—FKD1, D2, - -+, Di., =+, DnZEHKMICREL. C
NoDTOANA—FRETOFIILEADon t ITHAITEHIENTED,
HIMTIE, BUHEBEERVEY T REBATEIZLEEZSLIENTES,
EHIC, HEBEUBERS A1 10(F, TS—%TETH2EMNTES, |
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(2) T[0024] FIG.6 illustrates an MDAC stage 600 of a pipelined ADC according to
an _exemplary embodiment of the present invention. The MDAC may include an
amplifier 602 and four channels (channel 1-4 ) 604, 606, 608, 610. Each channel may be
a copy of a same circuit block operating at a specific mode. Each channel may
respectively include a flash (604.10, 606.10, 608.10, 610.10), input capacitors (604.20,
606.20, 608.20, 610.20), DAC capacitors (604.30, 606.30, 608.30, 610.30), and
feedback capacitors (604.40, 606.40, 608.40, 610.40). Four set of switches 612, 614,
616, 618 may be selectively engaged to couple the channels to input signal Vk-1 or to
the amplifier 602. When a channel is coupled to the amplifier 602, the coupled channel
and amplifier 602 may form a particular MDAC such as the one illustrated in FIG.3.

[0025] During operation, in each clock cycle, the four channels 604, 606, 608, 610
may operate interleavingly in one of a sampling mode, a pre-gain mode, a gain mode,
and a reset mode of the circuit block. FIG.8 illustrates the interleaving operation modes
of the four channels with respect to an ADC clock. For example, as illustrated in FIG.8,
during the first clock cycle, channel 1 may operate in the sample mode, channel 2 may
run in the pre-gain mode, channel 3 may run in the gain mode, and channel 4 may run in
the reset mode. It should be noted that the reset mode may also be a state of un-used
mode while capacitors reset is accomplished during other modes. The un-used mode
may be inserted for randomization purpose. During the second clock cycle, channel 1
operates in the pre-gain mode, channel 2 operates in the gain mode, channel 3 operates
in the sample mode, and channel 4 operates in the reset mode. As shown in FIG.8, the
four channels operate interleavingly so that each of the four channels operates in one
respective modes during a clock cycle. Further, with respect to a particular channel, the
particular channel may sequence through sample, pre-gain, and gain in order while a
random number of reset modes may be inserted after the gain mode. ]

(HEREN)

r[0024] @6k, AXRADHITHLEHEMEICES, 1TS54 VBA
DCOMDACEK600%RLTL\S, MDACIE, BIEEFE602ELU4F
YR (FroRr)L1—4)604, 606, 608, 6 10EFLEMNT
Td, EFvRILEF. BHEDE—FTHETSIR—DORBIOYIDIE—T
HOTHEL, EF VY RILIE TENENTFYPa2 (604, 10, 606.
10, 608. 10, 610. 10) . AAx+¥/N\2 % (604. 20, 60
6. 20, 608. 20, 610. 20) . DACHv¥/\>%2 (604. 30,
606. 30, 608. 30, 610. 30) . RUTs—FNRvIFvrn
% (604. 40, 606. 40, 608. 40, 610. 40) 25ATL
THEL, 4LV MDRAYF612, 614, 616, 618[FFIRMIZTF
vYRILEREL, ANBEBVK—1FLFIEEHRG6 0 2ICHKETHENTE
Do FYRILAIEER6 O 2ITHESINDLITL Y., BRESNEFYRILE
1BIE4R 6 0 2%, HSITREINIEZESBGRHRENMDMDACEMRLTH LY,

[0025] BfEHR., &RV OYIHAIIIIZTENT, 4BADFYRILGE604,
606, 608, 610IF. ERIOVIDHTYVIE—F, TVFAY
E—F. 514 F—F, RUVEY FE—FOLWTIhHOTREICHET S &
NTEDH, M8IF. ADCYAVYIITHTHA4F YU RILDA LV EZ—)—TH
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BE—FZFRIRTHD., HlIZIE. RISIZRTLSIC. 1ROV IHAY
LIS, FrrIL1lE, YOoTILE—FTHEL, FrRIL2FETIVSAVE
—FTEEL, FY¥RILBEFTA1VE—FTHEL, FrRIL4lFUEY FE
—FTHHELTEEL, Uty FE—FF., thODE— FORBIZER SN DT+
NOEAD) 2y FOXRFERE—FORETHO-TELINWILIZTEETRETH
5, RIEAE—FIF. SUFLIEDE=HIZHEATHENTES, £20y
GHYA o NFIZ, FyrIL1lE, TUSALAE—FTEEL. FyrRIL21E.
T4 2OE—FTHEL, FYRIL3IE. YOTILE—FTEMEL., FrHRiL4a
)ty FE—FTEMET S, RISIZTRT LIIZ. 4DF ¥ RILIEX. 4DDF
PRILDERN, 1909949 )LDOBIZ1 DOMIET HE—RKTEET S
&I, REIZHET %, 6IC. BEDF vy RILICEAL T, BEDF v RILIE,
TN, TIVEFAY, TAUDIBEIZHEY, SUFLBHED)EY FE—FQ
TAE—FDRIZBAING D, |

(8) T[0030] In one embodiment of the present invention, channel 604 may also
operate during a reset mode. During the reset mode, channel 604 may be disengaged
from the input signal Vk-1 and from amplifier 602 so that the comparator in flash
604.10 and DAC capacitors 604.30 may be reset during the reset mode. |

(HFEREN)

[0030] AFBAD—EEBETIX. FyrRIL604[EFEL, YtV ME
— FOMICEMET 2 ENTED, 779221604, 10DLLERFEDAC
Fy/NR604. 30ZFUtLy brE—FDEICUEY FTDHELIIC. Uty
FE—FARIZ, FYRIL604[E. ANSNESV k—1RUIEREIH60 2
Mo FEFIZEN D, |

(4) T[0035] FIG.9 illustrates an exemplary circuit of an MDAC stage according to
an embodiment of the present invention. FIG.9 illustrates a circuit block of one channel.
However, circuit blocks of other channels are similar and may be coupled to the
illustrated channel in parallel. A common differential amplifier 902 may be selectively
coupled to one of the channels. Within the illustrated channel 900, the circuit block may
include a 3-bit flash ADC 904, capacitors 906.10, 906.20, 908.10, 908.20, 910.10,
910.20, and switches 912.10, 912.20, 914, 916, 918.10, 918.20, 920, 922.10 to 922.40,
924, and 926. Capacitors 906.10, 906.20 are input capacitors that receive input signals.
Capacitors 908.10, 908.20 are DAC capacitors. Capacitors 910.10, 910.20 are feedback
capacitors. These switches are controllable so that they may be selectively engaged to
transition the circuit block into one of a sample, pre-gain, gain, and reset modes. [0036]
During the sample mode, switches 912.10, 912.20, 916 may be engaged so that input
capacitors 906.10, 906.20 may be charged with the input signal. Also during the sample
mode, switches 914, 920 may be engaged so that DAC capacitors 908.10, 908.20 and
feedback capacitors 910.10, 910.20 may be reset. During the sample mode, all other
switches are disengaged. Thus, the channel is decoupled from the amplifier 902.

[0037] During the pre-gain mode, switch sets 918.10, 918.20 may be engaged so that
DAC capacitors 908.10, 908.20 may be charged. Since the 3-bit flash has 8 outputs,
each switch sets 918.10, 918.20 may include eight switches. Further, switch 926 may be
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engaged so that the charge on the input capacitors 906.10, 906.20 and DAC capacitors
may be distributed during the pre-gain mode. During the pre-gain mode, all other
switches are disengaged. Thus, the channel is decoupled from the amplifier 902.

[0038] Switch 924 may be engaged briefly with a pulse to reset the amplifier 902 at the
beginning of every gain mode of each channel. Subsequent to the quick reset of the
amplifier 902, switches 922.10 to 922.40 may be engaged so that the feedback
capacitors 910.10, 910.20 may be coupled to the amplifier 902 and the charge that
stored in the input capacitors 906.10, 906.20 may be transferred to the feedback
capacitors 910.10, 910.20. Since the charge has been pre-distributed between the DAC
capacitors 908.10, 908.20 and the input capacitors 906.10, 906.20, the transition to gain
settling during gain mode is more linear and faster. In an alternative embodiment of the
present invention, a reset clamp switch (not shown) may be coupled to the output node
of the amplifier 902. The coupling of the output reset clamp switch may be in sync with
the timing of switch 924 to achieve even more linear settling for the amplifier 902. ]

(HFEREN)

r[0035] MOlF. ARHADEHEDHAEICHEDIMD A CEEDFI/RE % B3
2RI ETHD, MOF12OF v RIOEEIO v I ERLTWLS, LAL.,
MOFrRILOEERIOVIEELULTEY., LHIEREATLESF v RIL
[TfEEShTH L, HBOEHEEEHF I 0 2(F, FrrRILD 1 DISEFEIRMIC
fEEINFEDL, BARSN=FYyRIL900NT, EERIAVYIF. 3EY LT
v aBADC904, ¥v/X42906. 10, 906. 20, 908.

10, 908. 20, 910. 10, 910. 20, R4 vyF912. 10,

912. 20, 914, 916, 918. 10, 918. 20, 920, 92
2. 10M5922. 40, 924, 926%BATHLL, Fv¥/i¥5%90
6. 10, 906. 20[&, ANETEREFEITIANXTY NI THS, ¥+
/IX%908. 10, 908. 20, DACKF¥ NNV ETHD. Fv/\U4
910. 10, 910. 20[F, Z4—FrN\VIFvNRLVETHD, ChbdD
Ay FIE, BROICER IOV V&, YT, TFIVTF140. T4, V&
Y EDE—FD1DIEBRSEL-HIZ, FlEHTETHS.

[0036] YV TILE—FDME. AAF¥/X2906. 10, 906.
OMAAESTFYy—oOSNBEHEIIC, RAvyF912. 10, 912,
0. 91 6MREBFICENED, £, YU TILE—FDOME. DACF Y /Y
2908. 10, 908. 20&£T74— kY Fv/XV2910. 10, 9
10. 200Uty FSNBEHELIIT, A4 YF9 14, 9200FFHICS
nNEd, YOITILE—FOME. thOITRXRTORAS v FIEFEEICEhDE, ZD
SIS, FrRIVIFBIERS O 2h BTN TIVS,

[0037] FUSA4VE—FDM. DACF+v/i>4908. 10, 908.
200Fry—OSNBTAHEIIC, AAyFDHE918. 10, 918. 204
EHDhIZEINBED, SEY LISV LalE8EDHENEET S LMD, RA
YFDHO918. 10, 918. 20 FFhETh,. SEDRSA YFEEL I L
MTED, £z, R4 vF926[F. AKHF¥v/A252906. 10, 906.

20B8&LUDACKTYNIELEDEFMN. TUTAVE— FOBIZHEEING
&S IEEFICENE D, TUSAVE—FOM., thOFTRTHORA v FIE
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2
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TMEFIZENhD, COESIS, Frr/LIFEIER 02 LRSS TS,
[0038] RAYF924(F. BFvYRILENETNDETDODT A VE—FD
RIS ICIZIEE8 0 024 Uty T B/LRIZEK Y —BRICEERIZEAE S,
24— FN\y 9 X¥/82%2910. 10, 910. 20HEIEE902(Z#HE
SN, AAF /842 906. 10, 906. 20ICEFHONEERN T4 —
KAy Xv/824%910. 10, 910. 20IczET B ENTEDELS
[Z, BIEEE 90 2AFEL Yy MIHLVT, A4/ vyF922. 101592
2. 40h, kEgFRIcEhBEb, EflE. DACFr/8242908. 10, 9
08. 20&,ANF¥/NUR906. 10, 906. 20NDETEHAIIZHES
NTVWBEDT, TAVE—FIZBT5T54 VREDEBRIEILYERH. S&ET
Hbd, REBPDAHDEMIETIZ, VLY ISV TRAyvF (RERET) A
BIEZRR 00 2DHA/ —FRIZEESATHE LWL, HAUEY RISV TRA Y
FOFEEIL, I 002 OOICKYVERNLTREEERT HLD. A1 YF
924MRAAIVTICRABISETEH KLY, |
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[0022)
D—KFEWLEEY FMEXD T/ DBEDKEIZAEY BILLAERESH, &
HEELTmxnfBDAEYEIMCOO~MC (m—1) (n—1) A, Tk
) ZRICEESND, GTH. T—FEWLIF, 7—FEWLO~WL (m—
1) [Ck->THEREND, £, EVYMEXDT./DBIX. Ev FMEXDTO
/DBO~DT (n—1) /DB (n—1) IZ&>TH#HII5, |

(2) T[o026])

Ev MMERDTO/DBOIE, FUF¥—LREEPCOE, ASLELY A
BIRCSROE., ZNLTREAD#EX (XBESHEX) YDT.YDBIZHE
ichd, EHRIZLT, EYVv FEXRDT (n—1) /DB (n—1) [, TV
Fr—IEEPC (n—1) &, ATLELIZAEKECSR (n—1) &, %
NMLTREADBXYDT /YDBIZHE#HidNd, CDKIITLT. nFlIZE
BESNAT)ELBELAZENEAXIGT S5 T)F¥r—2EBEPCO~PC (n
—1) RUASLELYEEKCSRO~CSR (n—1) ZHALTHENR
EAD#EXYDT. /YDBIZ{EHEINS,

[0027])
READ#®YDT.YDBIX, VA7V THTYF¥—CRKEPCs %
MLT, EVRFPUTSADANHFIZENEFNERSINE, E2RAT7UTS
ADHENIHFITFEAREEZEEDONTE DI FICEREINS, D2FY. £V X
7oJEIKESAIX, READ#XYDT / YDBOEMEFEEL, *EY+
IO oDHEABLT—2ELTHAT S,

[00 28]

ASLELYVABAIKCSROIF. hSLERAIFSVIVRZ (BE1DRAY
FHRF) T102¢, ASLERARSVIVREZ (B2DRAYTFHRF) T1
03¢, 2H9 5, b, XERDIBETIE, PSP XA2T102, T10
SHPFYRILMOS FSUTCRETHABEEHIIZEHRET 5, |

(3) T[o033]
T, AEEOMEDFEEAREEREE. YDTICHMEhEZFTERSE L
YDBIZHMENIFTEREENEFELLALDEESITLTWVS, THHE, EY
FMEXDT  DBEREADBMYDTLEDEOFERELE., EVv MERD T/
DBELEREADYDBEDHDHEREL., NEBMICA—ICHSLSBE
B EREZ 5. |

(4) T[0037)
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