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REFRICR: BRI BT =

Bonnie Baker HIERER S

wE
XMRBRLCBEXTTIAEDelta-Sigma (A D)F AR, FREBILEF&(SAR) FIFRK
LABEA/D) EIREE, FEFEMEBTEMNNIEINMESR. BERXE—MESERAX
¥, BNRESIRLENSELRR, BSRX—RFE~RNERTFH. NETHFIFNE
H B EERBOEEETM, BEHETIA SRR EwWww.ti.com/.

RiBR
AR E):
SEBE1, WEKEIESFFRR(SAR) « KL MDelta-Sigma (A T ) #as = FEHIXER 5.

Signal Noise
- J )
Multiple samples,
Single averaged
sample per

2 conversion 2
m 1
Dat Dat Dat
out 1L 12[3[4] T out LT TR[e[4[ T "5 L TT2le]4] |

Sampling SAR ADC Pipeline ADC Oversampling
Delta-Sigma ADC

SEE1, WILFEXRELFER(SAR) . FKkZHIDelta-Sigma (A T )§5i2s = AR &0 i8],

o REB}H, Delta-SigmatE#itifnss

Delta-Sigma (A X )EiEE RSN F—HIRERHTEZREHERE, RRBNXFIEBEEXABRDE
WY (FIR) =& T FR M E R (IR B R M AR . BEIL, TR EFISARSE H R K& REELEEK,
FAAEHEFRERIAGESHT—RRE. BE1RBIRTSAR, RKELHA SR HRB[=F0BEHEE
FH—F., MRAFPAA—TMRKANGESHEESHRERFRT VR HEBE, ZREFEL—Ch

PCREFTZERFNHE FHRA SRR
SPI REFEF R A S BIR.
HEBRRREAZ BN ASME.
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B, ARABFREFENFES. MREMEFESHT “RR” AFREEX-—HFENEENES, WKRFE
FISARTR £ ¥ 125 -

o REBHE, FIKZRMFEMRE
Efiﬁﬁmﬂkéﬂﬁﬁﬁ’é?ﬁ&%ﬁi RN LT CARETEG, EFRRRRETFIFRAD)
THaR. ERERAGESERMNRE, BRFTENESHTEZNEZE. ZHER1MEL

Sample Error
(offset, nonlinearity)

4— Aperture time

Acquisition time
or sample time

—>|
Hold Sample Hold

B2 R&EHE (REEEtE) Fo3LEEE

o RIERHYE, SAREREHEIREE

SARFMABMRXEN B EHXFZERRAANEERREN. YXHFGSREFFHITH, RREREFE
BB RR. AERSFSNRFE Winfg My HSMAESHTRE. MEEHSAR CMOSH et
X BEANHEASCS (FREES) THARE, CSHBETIMNPIEASE, BISPI™, E3%T — i ¢
S RHMXHELENGF, ERNSRZADS7816. ENFIE2HERNZRFENSR

A

\ Sample
Period Conversion Period
- A

Clock #15 is
optional;

DO is clocked out
on falling edge of
Clock #14

All data transitions occur
on the falling edge of SLK

Null Bit

BE3. — 1 EitE RS RISARE RIS

A FiE(ES TR
B REPE S TREREE R T RN ER.

BRI, BAUHERE: REERSENE H RN ESHIERRKT 3dB.
B, BEE, $E: AREXT, BEEASRNERENENMESAANEN ST BNEE.

BiMA, BRE, E58A: —PHEE0RANERERSET, ERBA A RIRBEAA,)ZE
MEBERE
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BN, E98RAN: SBAEUNENMESH, REERSNONEANRNEETNEEET, BEE—
MEEFEARS LR, H— /\iﬁ)\ﬁ#‘a%}_ﬂ%, A—RANHRENAER. Z0WMAFTNTLHEF A
TREANGRESHER, BE7T NG, XXBNARNERBFENERFPREIN, delta-sigmasl
MKGERBZDWABNFARSRE T HRANF, RFEE—EPRNOMAEERL, BHERETR
SHNHSEE.

BimA, B, 8. REERENEMRUESHANERNS 2 E/ET.
BN, B, E5EX: —DHEFENWANRBEEGRSETD, ERBAA)FTRIREA A Z BRI FE

o
EiaA, BEER, &3E: BERRBNENEEERRHAEENEAENR/ME GEX T FIRH
HERBEE) « XIMHERHRTHACESHEXNGANEETEE, B%, XHIEEFEMGERERRENEEER
RE, BREBANBEGAE—PBEEAMNSE, MREXA—NEBEME, BABANLEIHERR T BT IE S RN
M RIRHEMNEEE.
BN, HEEE, WREAER (Z298K) : —EE 7T WRANERNNERELRSE, THREASER
AENMASIHAE, BRNTMNERGAENMANRNES. EXHEET, AE— 1M MOAEHBISRE
FHBHENGANBELCE. (ZEHGABELEZDEA. )
A, BESER, HERE(FS or FSR): &R B[IEAANESHEAMNFEENBABRE. HRIHMH
iﬁﬁﬁﬁﬁﬁﬁ’]f‘%%%E&mTﬁ/\, EREENEEEE. BRUNHERRABE CESERSBGAEmAERE
2, BEEZMNEDITNSERSENEREIGSRNTRE,
. xﬁ /l\n THERE, FSET:
= (2" x (HEREE)
. xﬁdelta-sigmaa’ai’éﬁ%%, FSREBHE AB LR RFEREER A/, Blgn, o PEEINLAYA/NER
HFSRAY+£0.001% . XANBIFH, ADEBRBIMNTEETURZ 2.5V, EAIFSRALV.
EI#TUSE: WA, Z08A. ETRAGKESA/DEGRBNESAPIESERRE,
BB, BEER, MHMER: —MUIBSBABEMNMINER, ALHA ME4FFR. HEB—
/\jﬁuﬁzﬁn\ﬁu}\ﬁt A—NRANEHNAWMANESRESELE. E-ANEH (MBEEFESEAR) REEE
—MRISERRMEE, KARFILEZERMY), YWAGSE - MRINNEBERESFNMESRENR
ﬁ, XM ERNEEREETEAT . TRBREXENEETNIRE, Hhkikas A3 EiREHHAMR
WEWBAESZENERER.

IO T

+200mV Maximum

E4. A/DRERBHIFIR S EX

BimA, BREERE, RiRES (BARFWER) . — M EnFSBANERERERET—1MaAg, FE&
ANBEZMASZERES. FRHEEREENKANERESHENEEERY, RJAFIEEENERNE
N. MAENEEREE (FINERER) WRATAFEEEESHNERESEAN, FEER M ENiR.
SERNBAN, BEEE, U RN.
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BimA, BEEE, E58A: Z0RABENEESTRBREMANA)S RBmRINEANAWZ
Z. ATEXRMANER, WARERSEEA:

Full-Scale = ((AIN+ max) — Ancoaing) = Ay — AIN—(MAX)))

HBEMBMAZDES (AN, - AVZREEEN, AHENBFESHLRIEN. RBEZMRIEAA, BHR
BEMABFES. KEEASARMdelta-sigmaR U Hax B TEARUNERT, FETTERELE.
MAZHCMOSTRKLGHMRBERBFNTEAERARE — M HELEERE (V) REENEFRBEN—F
(+Vs/2)e —NHMBEIRT UH WM IR R=RHRN, —ILXEEﬁJﬁﬁEE,J_%IXEJJ B UREDTRAA.

FHEDS.

Single-Ended Input Differential Input

+ fs + fs/2

Input V,
Vo IN tp =
g ADC ADC

s _ +fy/2 _
IN Vew IN

Yy

VCM

E5. Rk SR E EEEHFIE D HXBAr
BREEIMEE(ADC, A-DFEIREE, A/DHEIREE):— MA/DE MR BIEELIESEIR M B FIREER R B

=
%1:1_5

L
. ER-
B A IR R MM ARG EFRS TR (—RES0%MALE) FFiR, FIXNRNESHTT
RN —ERE. FE2.
o Hah-
LERSNZAREREXRFRERE M~ ENFERE. ANERILERNERAAZBARE. 7L
FEREin LR shEORRE), SWNENRRETENEBRILONR~EZMW. RSN ERIEMEZmARA:

SNR = 20log10(

(2nf t))

Hrp:
ot ENHMAILEMRE;
o fRERMRIBBHIME
FLEEFRS SRl s E T

2 2
b=ql(t, +1t,)

Hr:
o tERILERMNTHIRE,
o tENHRENNFTIRE
HTFN#HR SRR ERRMELMY, BEXBMIMUEHFEI—I, ERFEAMBFA
(rss).
o  FHEM-hEFLIER .
SERE: ADEGEBXMSRZ A EER LR E L, SESKAEBINRE
IRFEEHE: THEERARREIM TSRS, ARFENFFTZ#HEEES, 8FaAESHESH
W, RERFEHmMITEHEREEYE.
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Z#HIFMB(BTC): E —#HIAMEF, FFZ(0000, W FT— ML RS FXRITZHBPZIEEE R . H1EH
HEXIHEEMNERERENER, HEZBARITHERAEHEREN, RELAIENAEERENE
1000, F#EBPziEE, BEFHEN (FF—MILFHNES) , XBPZ/MNT —M&REAMALSE (M
1) o RXKBTCFRFR, EEAMA (MSB) JUEREHFSH. ¥MSBEEE'0' MR FHEREMN;
LMSBRZHE 1 MR THELIN. BUESHERKERELSBRET(0111), BUESHARAERE
(1000).EZARIES XK

1. BTC:@EEMQ

MNEMONIC DIGITAL CODE Vire Veone Vige
-Fs 1000 — ~5.000 —4.6875
1001 —4.6875 -4.375 —4.0625
1010 -4.0625 -3.750 -3.4375
1011 -3.4375 —3.125 —2.1825
1/2 -FS 1100 -2.1825 ~2.500 -2.1875
1101 —2.1875 -1.875 ~1.5625
1110 -1.5625 -1.250 -0.9375
BPZ - 1V g5 111 -0.9375 -0.625 -0.3125
BPZ 0000 -0.3125 0.000 +0.3125
BPZ + 1V,ss 0001 +0.3125 +0.625 +0.9375
0010 +0.9375 +1.250 +1.5625
0011 +1.5625 +1.875 +2.1875
1/2 +FS 0100 +2.1875 +2.500 +2.8125
0101 +2.8125 +3.125 +3.4375
0110 +3.4375 +3.750 +4.0625

+FS 0111 +4.0625 +4.375 —

O BIRAZTAMG. M AALLE RS, FSR = £5V.
@ Vig = TEIRBERLTT; Vip, = EFEIREBIETDIT; Veope = (BBTT)10 X Vise, Vit = Veope +(172)Viss; Vi = Voope — (1/2)Visp.

WK {mE = TIB(BOB):BOBMHEFZ (0000, W FT—MILFFMERES)HHR, NEMNERSHREAE. BEH
EREMN, WNMNRMBEEPHERABREELR, 58— MREBEUALLSBIEE 1R, PEZTTIRZTED.
LE B ST M98 FE R 1000 (FR2) FUERBEELE NIRLLABE K, HELH NIAE]IE & KB ER T
RENT (R F—MEENRSE) , K2, HEBBOBREE, ReBMA (MSB) TTIMEMERSA. 4
MSB2iZ%H 0' MR EMBELAA, BMSBRIZBHE 1 NRPELBEXFHEFBPZ

2. BOB=fg%& @

MNEMONIC DIGITAL CODE \ Veone Vire
-FS 0000 — -5.000 —4.6875
0001 —4.6875 —4.375 —4.0625
0010 —4.0625 -3.750 -3.4375
0011 -3.4375 -3.125 -2.1825
1/2 -FS 0100 —-2.1825 —2.500 —-2.1875
0101 -2.1875 -1.875 -1.5625
0110 -1.5625 -1.250 -0.9375
BPZ - 1V g 0111 -0.9375 -0.625 -0.3125
BPZ 1000 -0.3125 0.000 +0.3125
BPZ + 1V g 1001 +0.3125 +0.625 +0.9375
1010 +0.9375 +1.250 +1.5625
1011 +1.5625 +1.875 +2.1875
1/2 +FS 1100 +2.1875 +2.500 +2.8125
1101 +2.8125 +3.125 +3.4375
1110 +3.4375 +3.750 +4.0625

+FS 1111 +4.0625 +4.375 —
M FSR = +5V.

@ Vi = THEIRBERLTT; Vip, = EFEIRBETDIT; Veope = (BBTT)10 X Viss, Vig, = Veooe + (1/2)Viss; Vi = Veope — (1/2)Vise.
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BIE:

BFRERIEZE

BERREZEMERFREF, EERNATRH -DHNESHENTUTHHRATRE. AERK
%, BRE5RANESHEENT, MERBHTRERE. S—KNRESRTHEELRRFENEN
Ghrat, FUNEBENNERERPER. ZRFSNEEENSERRNERERER PBINEIK
FRERLE, ANEEOSAESRERPYMERRIE.
B&IE

ERETR, BRESIMNBANGESHARNTHEERE. —BEERETH, BRHFHT IR
REFZFZREREEER, HEEZNRERRNSRERERTIEMIAEREREE.
RHERIE

BXESR, ARTHERE, ANSMPAANGESHER. EXMAT, BRETMUIRBRE
I MESCHTREREMBERE, BEMANGS. SHREOIMBBAIZTHELT, HTH
ERERIE. ENEREEANSERKRNEBRERERPENLBRERERLE. AERFENBANHE
REMNRST, ATHRBRRE, EINEEthSESERERPISERRE

B

HZ=LE
MEESHASHEENMESESEY (HHMOPER) eSS EMANREZtE. GEHE
FR—PESERET, —PNEERNTEIHED EZKA G ZEHEE50%.
#a3h
A/DEHERH N $ KA (T UE LTS TR, BURTHRENADE KR #iTiHH, &7
ERAERE. IMEHNARELESSRERIRE, ANTERERFRENER. ERFNEERE
EFL R eRlEh, AR

2 2
b=t +t)

Hep:

o tEIERENYTIR,
o t ERHREAHGIR

LR RshZEEBEEENXEK, BEEXFRITMUNEHREI—T, SREFNOFH
(rss). BEBAT, RN EmMILA/DRERFILFZRNZMAERS, AL, HRlsRET ZEnE
HIEER. FER RS X R P S R AERIESNR~ A& . MIERSERERSEN
FEhRIEE SRR, MERBBENIRMNERLESNRES=EF . REIXERFERIESNRFTENY
me] S 2.

SNR = 20l0g10( —1—)

(2nf t)

Hm

. ERSEFHRL D
o fRERBHNEITE
iR
ERHMES (TNSRFESHANGL) BDBEHEEEN, HOMESHNEDSH.
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TR ERA/DR et T f H H AR R LB R B

)?ﬂ
i
&~
|_|_
H
dl
IS
i
Kl

F—NEREBIALSB. TLES6.

7/
4
/7 g .
— ! PR Transition point = where

111 Ideal transfer function
4 for a 3-bit A/D
110 | N output code changes
’ from one code
101 _| iti ;
Digital Transition ; to an adjacent code

Points \ ,

Output 199 _|
Code \ 4
011 s

4
— |+ codewidth

010 _| Ideal code width =
v
001 _| ’ 1LSB
/7
000 ’
T T T I
0 1/4 FS 1/2FS  3/4FS FS
A Analog Input Voltage = ==

AR AEERPBIRE, THEAIRE, TDNLREMZTINLRE,

Ee. RiRERIEME L

BRERs (THEM) . SEUGATAEN, BRENEFESHEOEERL, N—MBREEH—
MLH, ﬁqﬂﬂ’]@tx,\?tmﬁ%miﬂﬁe o MERBHNATNRESE T BITERLINATHEN, SFWE,

WME 77w
111 __ Code ———-
] under test
110 _|
}100%

= 101 _{0% .
3 50% Center of code width
5
o 100 _]
s
> 011 _|
a Low side transition

010 _| =

001 _|

Transition point; uncertainty noise
000
I I I |
0 12 FS FS
Analog Input
§| 7. A/D #ER BB FEIHR R

HFRE: HREUTHFERSERTRAE, BIREFRFENBIRIC X TR AER D BHE TR MK
FABIRE R PHRAFE, HPNREERAMMN. RAER, RAEHRETANBEALATTHEETRE.

fs+K =f*N
Hep
o fo =REFAEK
o K= HIRCRF UK A (B

o f = RIHTE
o N = BBITRAPHRAE
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{R¥s —#HAME (COB): ZH#HHIHMBMEIET (0000, W TF—MILFHN RS FFin, WNMNEEHN&EKAE. B
EHENEM, WEORIEEHAIRAEREEX,
MR X A BFEROM (AR . BEEBEMNEN, FURAEFANRKELL, SRUBNERAHEK
BRENEFEAREN1111, K3, MCOBHRBAEM, ZBCOBHME, KBV (MSB) TJMUEMENS
fI. EMSBREE 1'NRTEMNBELMNA, YMSBRERE1'NRMENBERTHEFTBPZ. IK3

% 3. COBHEExR"2

TU—PRIEARLLLSB), FEIZSRIRTLHE.

MNEMONIC DIGITAL CODE Vrr_ Vcobe Vigrs
-Fs 1111 — ~5.000 —4.6875
1110 —4.6875 -4.375 -4.0625
1101 —4.0625 -3.750 -3.4375
1100 —3.4375 -3.125 —2.1825
1/2 -FS 1011 —2.1825 ~2.500 —2.1875
1010 —2.1875 -1.875 -1.5625
1001 -1.5625 -1.250 -0.9375
BPZ — 1V s 1000 -0.9375 -0.625 -0.3125
BPZ 0111 -0.3125 0.000 +0.3125
BPZ + 1V s 0110 +0.3125 +0.625 +0.9375
0101 +0.9375 +1.250 +1.5625
0100 +1.5625 +1.875 +2.1875
1/2 +FS 0011 +2.1875 +2.500 +2.8125
0010 +2.8125 +3.125 +3.4375
0001 +3.4375 +3.750 +4.0625
+FS 0000 +4.0625 +4.375 —
(1) FSR = £5V.

(2) VTR— = Tﬁﬁ%%ﬁﬂli VTR+ = tﬁﬁ%%ﬁﬂli VCODE = (ﬁgiﬂo x VLSB: VTR+ = VCODE +(1/2)VLSB; VTR_ = VCODE - (1/2)VLSB-

RFECTR: BEEREETIRERR
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A= #HFIHMB(CSB): fRE ZHFIMBRIEGT S ERIFAE ZHBIBER (BREAEHEBEESHEE) . CSBHRAH
USBHIL—+, hERBRRFNRE . YHCSBXY —MHFRGHTHRBLE, —HHIEFZMNEEZ(0000,
MF— MR G) G, SNMNEERNRAE. BERFTHOEMN, XXARINEEFER), FX%
=M g BI—MRIEBIALLSB) TN B E. —EHBUNEIOV, FrX N FE1111.CSBRIBAEX K
RSB EZ BIMX R T IS ERL. (FEFRLF, BPZRIXARAZTRAEENLD

4. csB Hmwmx"2

MNEMONIC DIGITAL CODE Vrr_ Vcope Vigrs
Zero 1111 — 0.000 0.3125
+1V s 1110 0.3125 0.625 0.9375
1101 0.9375 1.250 1.5625
1100 1.5625 1.875 2.1875
1/4 FSR 1011 2.1875 2.500 2.8125
1010 2.8125 3.125 3.4375
1001 3.4375 3.750 4.0625
1000 4.0625 4.375 4.6875
1/2 FSR 0111 4.6875 5.000 5.3125
0110 5.3125 5.625 5.9375
0101 5.9375 6.250 6.5625
0100 6.5625 6.875 7.1875
3/4 FSR 0011 7.1875 7.500 7.8125
0010 7.8125 8.125 8.4375
0001 8.4375 8.750 9.0625

+FS 0000 9.0625 9.375 —

(1) FSR =10V,

(2) VTR— = TE?T%EEH‘—ET_E; VTR+ = J:?F’JJ:T%EEEEQT_E; VCODE = (557_'3)10 X VLSB: VTR+ = VCODE +(1/2)VLSB} VTR— :VCODE - (1/2)VLSB-
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#i&, DC:
o BE_

LEBRBOFNEDANEXTHENSER, HAXENTURERERE. XMELAEATTEEZ
DEANEEREE, LA, 1A, . HERZE—MALSBERT.
o HANGH-

TR M IMER M Z MRS, XRATE TADERBNENBANEE, hmEHE, IMNENERINS
NSCEL. XFMERHMAERRBOMAZDEE (ALHAL BT NRE.
o (EB_

BWAREBESET AL + A) /2, IMBEGUMERERE, XMERLUELRBOEOAEZESE
E (AnFIA,) HORE.
o HE-

HIEBEETHEMIIUAANBEEZ, BERMZ.
HEFEHFILL (CMRR): £ EHF L 2 AR B ENFI HEES (ARIATR) BEESBWAMBMNEN. XL
RETHENBFESHE LR ANEEESHNELE.
IMB(CTC):EMBRIEF, HFFTE2—NHEMUNRBESH/NNENBEE, IFELE2NT —PMREEN
fL(1LSB). HEEHFHIEM, MNNMRUBEFBER), BEIGRERSERXMMINIENMEESBE LS, TK
01 (T F—NALL4FN R S) . XIHME, ZRFENNHNRRMUESHARAE. T—TEHRLILREFTE,
RELESERMMSBE KB 1, MECEEFANAIZBIE'0' (1000, XMFERRTHRIUESHIERR
AE. SHRFEREEAN, AINNHNENBEEFIATE, —EFBPZRoEE THRHNENHFEZEHMN
xR, BBCTCHE, KB (MSB) TIMUEREFSM. HMSBEEBH 0'NRFENBER I,
B R BEIBERZIEMN.

% 5. CTC Hdx2

MNEMONIC DIGITAL CODE Vir Vcobe ViRs
-FS 0111 — ~5.000 —4.6875
0110 —4.6875 -4.375 —4.0625
0101 —4.0625 -3.750 —3.4375
0100 -3.4375 -3.125 —2.1825
1/2 -FS 0011 —2.1825 ~2.500 —2.1875
0010 —2.1875 -1.875 -1.5625
0001 -1.5625 -1.250 -0.9375
BPZ - 1V,sg 0000 -0.9375 -0.625 -0.3125
BPZ 1111 -0.3125 0.000 +0.3125
BPZ + 1V s 1110 +0.3125 +0.625 +0.9375
1101 +0.9375 +1.250 +1.5625
1100 +1.5625 +1.875 +2.1875
1/2 +FS 1011 +2.1875 +2.500 +2.8125
1010 +2.8125 +3.125 +3.4375
1001 +3.4375 +3.750 +4.0625
+FS 1000 +4.0625 +4.375 —
(1) FSR = £5V.

(2) VTR— = —F?F%%% EEJ_‘TSEE;E, VTR+ = J:i%%% EEJ_‘_EEE?C, VCODE = (EgiHO X VLSB: VTR+ = VCODE +(1/2)VLSB; VTR, = VCODE - (1/2)VLSB

10

AiBELER: BREEBRBHIEFIM R~ ZHCA068-August 2006-Revised January 2008

Submit Documentation Feedback



b TEXAS
INSTRUMENTS

www.ti.com
Glossary of Terms

BiRAY: T RGREPEEHNERELGRERE, 9FEEMRAERIBFTAENERE. E206F, nig
FAMRSARZ KB kihes, HIMTBREERBERZEAFiH. X Fdelta-sigmaktihss, ¥REH SR
ZtDATA (RMf i BN EUEZ BB EMRED « Eib, JLMEGIRREDATAR R E T delta-sigmafk ik =%
M FH L

BRABREE: fEENIEERAAREERANREEER. IENSHBEXNRAKBEERETHTNR,

MELRNUSHHKIERE GBSERER)

RMEIREE: B/HIREREEEENTESET, ADEGRSFBR/NHREERE

BiEER A RBAHERFKOME (BSERER .

BIREE: 55 EREE,

BiREtiE: SESHTRHERE, SARBREBEEHBRBI R KEERBTN —RERITEMBENNEREHE
AfiE. XEMNHKGEREAEEXENEBNZEEARNARRENE. —SRENRREEENTENSTM
ERE.

B IMESARGE—NMESHIEEESHTIEERE. $EEGIET, SRE—HEENESHEN
R, CREEZBENADEBREF, N—IPREANGETRES —NMERTHNEE. IHEFETILEHE
EMELEEERBENEEEMBASIREN, ERFESHHRRMAES.

HIENE. KEBEENESHEFIRERNELLIE (FCUTOFF)—M# E X 7EButterworthF1Bessel & i #5 A-3dB
=Lk, HERChebysheviBERBMIRETH% L. HES.

A . fCUT—OFF
M = filter order ¢
Gain (dB) \l/
A TN
PASS N T
fSTOP
AMAX
A A 4
STOP A e W
< P <I¢————>
Passband Transition Stop band Frequency (Hz)

band

8. IR FIRIR B IRITHIXBER

HiEE R BIRM R, X MR LRSS EEHTRIEFHEEIE. XTFSARE KBRS,
CHEER L ERETRIER, Bf;. MX Tdelta-sigmatthzs, HIEH L ERETIBHIEAE 00 B
DU,

BIRFNEE: ©HRA/DRRBHOMNELRRE, NE—NEIEE Ao B 22 T —MUB LN
BB EhAROR IS B, P [8)AX B A (8] Bt 2 SR A XU AT i)

S 0(dB): 5> MR — NI E IR BN, FARGEERNHENL: WERPH—IEE, 57— MEASEE.
XANERTNARGENE., FE. BERERE.
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dBFS: dBFS2 AT R AR WK/ R

dBc: A RFRITFEHENBEL/N, RBFEETHERBEXNOEIE. b, —NEBESHEENRENT-
40dBc , XIAFHIESHRENREZE DILIZEEES

dBm: dBm RBTMVIIEMNESHEEMNENESH NEE

WEEE: delta-sigmailfH 88 A9 X FE 4 1 E K Fdelta-sigmaE s MR B B R AV LL ERL 2 AR . AR
AR — N ARSI B E S HER., ML RAE T B SRMNRERENRE, BILBEFERINERXRE
1, REBEER. SNXERSERESNEEHRTEETEY, ARSENERPEEF/)
Delta-Sigma##28( A ©): Delta-Sigmafk kst 2 N —Ltb4E (L4 HRHRSE (WE AEXNRS
B, ZIEHHIEEESIXE MR ERERSR, EREETEFEEE. IPMERETRT —AFIR (FRMH
M) ek, P—MIUEFRAREREIR (ERMHM) kS, BSERFTIRES.

Sample rate (fg)

f
M S_DR (decimation ratio)

fo

Analog Delta-Sigma
Input Modulator

____________________________ Data rate (fp)

Digital M“'L J_LW Digital

Filter Output

Decimator

Digital Decimating Filter
(usually implemented
as a single unit)

ER: delta-sigmafFiRak FYRILAR D BN —MRE, - e ATRREIEEN AR FE
BE-—BHTENADE KRR delta-signaZ BN FHIBERA—MEBHRFRERFEEE L—
B IR R AR -

El9.—“ 1 Delta-Sigma A/D# 1280 5 EE

E5tEEs: it
EPEEIRE: NIBHIRE
ESHMNRE: ENRNAHESSRAGESZEMNBLE

E0IELME(DNL): — MERAMADERBIESH L DUEHIB AN A1ER, FERSPHEAI1LSB(ILSE =
Ves/2n).DNLER TR E SEB1LSBBERANEE. H—MDNLIRZE/NF-1LSBEMESERBMABESX.
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DNLERGRAIE., AR ARGFE2— 1N 2ESE. AEUERNENGABENES, o7 NE
DNLEM— N EASH. HENERESHERREIRE. 22, INL. RABMNEIRE(TUE)MITEIR
=. E10F, BEEHREAE%ET, DNLAELR .

’
,
4
111 _| ——
,
110 _| Actual i
Transfer 4
: /|
101 _| Function .
Digital \‘/
gg;’;‘“ 100 IR Ideal
1 Transfer
011 _ ,’ Function
4
/
010 _| -
L[> <4— Wide code (>1 LSB)
001 _| »
%
000 _L7

—> <4— Narrow code (<1 LSB)

G Analog Input Voltage = =e—>

ER: DNLEEEBTREEMNERTREZRMNERE.

E10. ZHIELMHE

Brigiges: BFRESFRAERR LRGN RHENANESHTEFEITE. Edelta-sigmakkifisgd, A
FRGHFFRBERAPVELTNNEL. BFRERNIERERBIXFEEEESHTHEFANEEE
B, IMSEMELEESA—#, BB ESERSRERFoM (LLWBEE. 25, REEE%) 4R
HO 28 RO IR MESRIA B TR MO TR AR, B R TETEARIN B BR i

Brigies, ARPGIMA(FIR)IEREES: BRPEMR (FIREESFE—XHMFIRESE. ZMURIEREE
ACHET FEAEAMN REHERBEAT. XMy NLRAIHEN(IRAR, ERNABEREREE, B
LT LRI & . AR AHEN(FIREERELNMREANFES, ETMRFERERS, X2EXN
CHAENRSSBETESR L, WREAERMERN, XRRIETEHNRENE. FIRBESRE— MEMEEMRZ
EABRIEMNE MR T IRERS. B FRESAE— N ERIEEHEAFIRIERES.

BriRizs, FTPRAPEIMBI(IR)GEESS: — M AoR% N JCBR % 7 i & (1 R) 5K 28 = 2 B EBR A A (8] A9 FE =
K. XMEAMAR MR (FIREEBEAR, ©REMMT EEEKER BRI . SR 2% )
B SIIRIE K RS A9 T RE

RO, SPI™: F75M&ED, BISPI, B— N=4&HEMNLMNED., BidX/NMED, A/DFEBSEFT AR
HIRE MR, EESPHED, A/DRBRBTPLEL F/MNBEHAXRMINRHTERE, EPERGTUER
BANER. HEHRMT4E I BOPMESIHEPHPN—PNSR4E, SRR ITNEZFEZBRASH
H, = B R AT E X

SPIHEET M S: MHMES(SCLK); ER(H4KEHE, MEBRGHERANMOS)); TR4HIEMAN, M4
B H(MISO); NS IR F15S5(SS). REMES(SCLK) R A ERM4E, FEREAFBHMNEME. M
HIEWMAMOS) R ERUREANFBHNEIEES, MSHEEEG D MISO)NZMNEHFRE E/ENES
LEBHAEMNBHRERECSESH, ZMBERFEET. ATFHRZANENFGHUIED, YFEBT
—NMNEENMBHNRE, SPILLPICYVARTESTSHRMIBNESHNEFRE. BREESXNS (—1NE

B, —IMBH WIASTRT, SPILECMIRESESEANEAR, HASPITAREBHEELS
B,
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BigEO, PC™: PCR—/MNWZ(SDA and SCL)AY X FI5EPhilipstrfEZE O A, ER—NT N EEIEEH AT
SEbAFERITR L. I"CHYEHIE R T4 100kbit/s, 400kbit/sEEZ3.4Mbit/s EAMEZHNEHE2 ]I, FE
it —., XPMEOMNEFEHIRENERSE, YL LEFANNED ERFHE, EBME HIE T I EIE
MR,

WEBE: NBEAGESHARRIR/NMESWARRZEMSEHE. shA5SeE I UHASFDRESNREEHE. X
MREBHSEORE 7RG SHRATR/NTHRNEE.

A4 . XEE~REIEZARNLE, ATHERESRESHANBER TADEREBNEME. XEEHE
¥E: {EMREE(SNR),EELEINI LR E(SINADEESNR+D), BIXEL4FE(ENOB), 2L IR K E(THD), T4 Eah 7
SEEI(SFDR), Bk E(IMD)HE R 56 (FPBW). E11.

F: First Harmonic Magnitude = -105dB
G: Second Harmonic Magnitude = -96dB

-100

FREQUENCY SPECTRUM
(8192 point FFT, F) = 10.0022kHz, -0.2dB)
0
B )
-20
_40 A: Fundamental Signal Magnitude
—~ D B: Headroom = -0.5dB
S _e0 C. Signal-to-Noise Ratio = +85dB
K D: Spurious Free Dynamic Range = +96dB
2 -80 E: Average Noise Floor = -125dB
S
E
<

-120

-140

-160

Frequency (kHz)

BE11. sS4 (FFTRE)

ﬁ;&tb#"ﬂ(ENOB) ENOBEN<ERMEE /*iz THEHFRSEFICKNF, RELRN BERKRLE,
X, B, RESAMEEREF. INXBSERFRRNZADERBANSTEE. AHSEHNTHE
'I‘L
o BHHELHHSSINAD—
EEERIEIN X ESINAD) AN BRI ZdB, HEENOBsHBEAIZ L bits. SINADE #: HENOBAY/A
RN TAT7R:

_(SINAD - 1.76)
ENOB =602

BN S5Delta-Sigma¥ ik 230 (SR ELSNR—

J‘X’P%ﬁﬁﬁ)‘(?delta sigma A/DE AR T A LY. ENOBMIA/NE— TP EE KR/, EMMENE
REFAAE, BFESJLATRITERICERESE. NSHFLLEHASHETIATEERENOB, HITEAR
£F:

ENOB = n - log,(0)

Hep,
o o = HEBMITARE
o n= BBBHLASAK

14
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WMR2.72L 4500 (Tt HRIBEFFT3.3) BHLFIOTIRE LMK, MEERNELIIEEE
PR s, FSMREEEEEEVPPFTRELEYTR*2*CF. BREEEELFEFTRENREISTIR
{E- BCFILR6].MFTIEAICF (RIBEF) B UG H BT EEERFIA TSR, R6L2ETIREE T,
R TT IR BB R IEERFINRER MR =FNXE.

x 6. RIEEF, BFRIEEFRREMEHRR

Crest Factor Crest Factor in Bits Percentage of
(CF) (BCF, bits) Occurrences (!
2.6 -2.38 1%
3.3 -2.72 0.1%

(Industry-standard;
accepted values)

3.9 —2.94 0.01%
4.4 -3.13 0.001%
4.9 -3.29 0.0001%

(1) BT IEE IR H A9 FAHE R

BROME. AEEPANESBENNE, TSP EERTADEBRBOB L, FTHEMLEER
(ENOB). EMMBEMERFHILSF. BEXM~RHBABR ESOXRIHELRE . KRDPHEIAZRKGE
BRE RGN AL, MAERXLLLFNEEELRE. BN TENEMTMUARKTIENS
R, HPBHEYARZARFTTHHEIEN. AERBAGSHNELT, BYUOHZRER TAE70.1%8
EMBEERNME., ST RADNRE, BEHARVaiusHV ) BAXKTRABEN. BSEHN
EE4FEL.

AR EER: EERIESNREIANFTERBENIBHXN R L, BRBFEEINRSHENAERHR
TREGEHE: — M55 MI0% IRE TREEI10% B E T H AT E .

PRIEHE(HD4): B EUENABMENES.

HEBER(FPBW):EX MRS £, ADEGBRENENHEESEELLHAESHHEREE]I3IB. H
EHMESRRRSEHEE: SR (SNR) |, FREEM ERE(SINADSEZSNR+D), BREL4FE(ENOB), 2H
W R E(THD), T & E S 7ASERE (SFDR A B AL E(IMD). WSS,

FHERTEE(FS or FSR): MR BN, BESEE, HEFESEHE (FS or FSR).

WIS M NERANEEH, XBELEERERE.

MIHRE (RERBRE) : BGANRX WNSHEIFERESE) SLHFAENME NENSHEIFER
SEED ZEMREMBIEFIRE, W TENHANA/DERE, FEETEHERMARENFEER. HbK
RETEABFRERZ. HRAREZENERAENSH, ANREERNENGALEERVE. HEHXE
HERAESHERRBERE, DNLINLFLTERE. IWE12

ZHCA068-August 2006-Revised January 2008 AiBELZR: REERPAEFIMES 15
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i d
A
11 _| A7 Full-scale range =
Actual v d Difference between the First
110 _| . iti i
Transfer J P and Last Code Transition Points

101 Function \ , )
Digital 17 Gain Error =
Output 100 _| e Full-scale Error — Offset Error
Code /] 4

011 _| ot

V7
'I 4
l 010 _ 7/’ W ldeal _Gain errors can be corrected
001 Transfer in software or hardware.
— T Function
'l
000 _L%
‘4— Ideal full-scale range | —p]
—| Actual full-scale range |€¢—

AR BaRZREAESHE (X% SEHENEEEME (E%) ZHNERE, HhFERREERE.

E12. #25iRE

WHMNREEBEN: RN EEEREHRRARRIEEEMT WELE T WS R EE L. EET
BNRETUXENEBAMNRAREER Ty - Tun)e ENSHNENEEE AP Z—EFEKE(ppm /
C).

BIBIIE: BNERAHEBPNETHESHEEMLLER, HEXRTFTAI /0w, HFOREMNMER, BAR
NE, o2ARE, BNRNEEMN (wFT2pf), EHREIER (MR EUF HEAN, WA EAZHF
%) . fEdelta-sigmaitiissf, BN EEA TEHFIRESFEM.

BHEKE: ANGSHARERFEENYAREZBDNLEERRRIBEEELAE. —RANGESHNEERILFEE
R AIE/N0.5dBEI1dB, XA TEREMAE. SAAGSHHERRAENMRSHONE, HEXEFR
MAETSRER, RERERGESHHSIELNE. ENE— TRENEREHEENNE A — " 2MESHE
HERRE. EWA/NBRAESHEECEJIBFSEdIBER R, HERWAESBEA/NIBcER. (WX
WIK-HD2, = RI&EKR-HDIFAMKIEH-HDA)

PCEOMNA $5E0, I°C.

AL TRE(q) AN FERRAE LSRR - #FRENEE. HEEET:

FS
q9=—7
2
Hrh,
o FIBEMRmIEE=2"
e n=LbEFEL

e FS=REEEH

BEA/DEBRBOEREIY: ERUBEZEInTOIHNEFES, HPLAEFERERE. BAaRE. &1
EiRZE. NES.

HWE: RERERHMHdelta-sigma A/DEHZRSETHIBAHRSBFRERZBNEEEASIEN. EERIX
B, ER—1MRREN, XRETHVENEE, HRWATSENGHERE THEE-—MERL, MXMRIIEEHT

16
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EVFRBFRLTERBR. MRS REROY, —FOHEEFSREE, NP =AHEEFSREE, F
F. BFIARERFORRIZNEIEPRFHNE AR, IPRERRFENBFROENGFEBR,
ABHZH. hHER, AFTNEREEZRFALN—FERE, HE I ERBANERER—EZNEIERE
S. EARETNHBRARTUBTRERZTREHRNT W,

HASEE(FS or FSR):A/D¥ et N SIEIEENR/IER.

RodELE(NL, LM BAMBEIRE) RO FEL RN EH R BIAXN BB E LR KN FEE
&, TEERREBREMERRE. IMSBIREFRRBET R EFRRET —ESERX. aNER—1
AR, RERPEFLMRENSRLANEBZTREN—R. RECARHTHR/NZRETESE. X2
—MERENSE, NENEEERNENBAEE. ENEMNLSB. ROFLUERGLENYHER—
MEEXRNSE, HEEZNERSHBEREEIRZ, Gain, TUEDNLIIEERE. IE13.

, INL = maximum deviation
o Actual .7 betwggn an gctual (dashed line) c;ode
A Transfer  |NL<0 . transition point and its corresponding
10 _|] Function d ideal (solid line) transition point,
7/ .
101 / after gain and offset error have
Digital N «— been removed.
Output 100 _| = _N|
Code / .
o011 | 1 Positive INL means
[ 7 TN\ _Ideal transition(s) later than ideal
010 7 Transfer
] Function
v , 4
R Negative INL means
000 ’ transition(s) earlier than ideal

—» |[€— INL<O

G Analog Input Voltage = ———

E13. RO ELMIRE

HEifKHE(IMD): X AN EXESEMAEBMNGBIRE, ADERSBESTEFHNNERE. BIAXESTE
PHEMNNESEESHNATIENILE. EMNEMNIJBc(YANRLENINEMSENRE), HHFIJBFS
(YAHRERTEMSENE . BMIENEBELXERIMDI, &K AREf N, MIHKRS5E K
RHBE R 9> (PR AE2A, — f,502f, — f,) AOThEAMLLE. IMDIMERIRdBe (HEMEBELMEdB) , XE2EEH
HERMNEXNNRMSENNE, NBEREENHERCENS®E, BN IEdBFS (HERSEENELRIB).
IMDR— N AEHSE, HNBAESEL. By, ¥yiBE. BENRTHRTERRERE. ETNmtSgE
REHBIEEBRLL (SNR) |, EBEEN_EXKE(SINADSEZESNR+D), BRELHEFEENOB), B A9 K L E(THD),
T 2% i s 7SSE B (SFDR) M2 TR 38 (FPBW) -

PEBEHES: MRADEZBBE—NAAZIRENCTHAN, TEHBABERARTUEERS, X UE
YR INBM NG SERMNREIN W, FiiRSH ARG,

Bah: I 7L R AR SRR

KIES: KESEE—NMESHREIRIEE L EA/DEKRBIEINESHERTEEN0% U L.

LB 4L b
A
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B 3E :
BHBE: X TA/DHE KR, BN EETAANGSERNERRE T M SERNELRZEHNT
ERERHH. ENECEn B, EPn2EH. B4ELTRHAENENTRE. B14ABHNE—
NADRRBFN T ER B~ EE: E14BEMNEADERHFNIEAHNENETERE. — AT EN
AD¥ R T IXNE M AR R AR S E B AR BRI &

A. Zero-cycle Latency

Single-Cycle
Conversion

Analog IN

I
i
Data OUT N-5;X N+0 >< N+1 >< N+2>< N+3>< N+4>< N+5>< N+6 >< N+7

Data
Invalid

B. Four-cycle Latency

N+0
Analog IN

Four-cycle latency

i
Data OUT N-5!X N-4 >< N-3 >< N-2 >< N-1 >< N+0 >< N+1 >< N+2 >< N+3

Data
Invalid

AR NTERHANEA),XEBHRMNLON BTG, FEEN+ONMEIENS L R2EEN N RE B
Z 1. FEAFHMIED(B), XEFRHEMN+ON B R, MEN+OMEIENH L REINBAHZE.

E14. A/DF R 3005 N5 H i
(A)ZEHARIE 5 (B) 4/ HARIE

B3ERE: B FERT BRI E— N EENMKEAES, MLERE, IREEEHFESHENE.
XMREGBINERBFLEEXNHEBEERNBEN—ITENLLL. BRERNERNANGESHREHHRE
£, BT MESHBMNAH L, PENXBNEMBRIGERTE. SERNERL, BIRFE (R
ERE) NASETFE.
3ERBTE], Delta-Sigma #:1%28: ¥J Tdelta-sigma A/D#k#ss, FERAEIEMHE, B Hdelta-sigma A/D
HBRBFARAEE—RZAAN—NMES, EREANEH—MRED. A EGIFNEHRDE— R E R
BMAGESHREMEY, RN EMEFTHRFORENE. Bk, FKMNWE—delta-sigma A/DF R
HERAT B M RHE, AR BN REARNYSE S TG, KL EMEERESEENA—%, Lt UL
BEWHIEFRENNEOEHRERNEHRE, FAdelta-sigma A/DERBEEFLANRTED . XN THMiE
B, XMPOMIERMEZMIEER, EESREMEINGLHE. I TREsinciBERNEE T ik
22, ERIEEE RFJLNBFIEL. T delta-sigma A/DEERES, FE AAEKRSS S 2HHRNE, I
RN BLEX DB EMIEIRAE T . delta-sigma A/DE 1288 HY FEIR B (8] & 1 fiFa E i ja) .
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EiRRE, FRBIESARIERES: W T—/MZFKIBIESARIE R, MRBHEEMRE: BN EREMESE
IEEAESHITE, BRENEERETUI LER. XIMIRERERETHGMENRE, EhREE
KEERTIE] . X TFSAREE RS, 1B % EBTERTIRIME— MELERT B MR IEIR AR, XMIER T o] AR fEE 57
HIP G R, B X B A TER A 8 — A2 SRR XA

EiRBYE], FkLEFEIREE: MEIRTTIAEI SR P s A9 ST RS ShE HAER.

RIEAHLL(LSB): HRIEARRET 6 %iﬂﬁ&E’J?/J\#ﬁ?b‘liﬁ}\ﬁ%ﬁﬂff&E’\Jtl:#%1ﬁ, EMZHBEITREER
A—1RE. REAAMNRFERTERGELINRARE, COEBFTHFNADLRRA.

FiHfuEHR: REEERTENT S, ‘i’,?jﬂmé SBEMMMSBMNELZZSENEEMNEEER, HER
SHAEMMMSBMASZEMERNECMNMEZESHME. AXEEBRINUE L, BREBRBEEFRANM
E. (AESBEMAHMSB)

BEEKX: SADEBRBEERABATAENEEBTATREN, MEMRTHITER. RUBENEAESS
Bt HFESHATION, TRT/hSHERFAET. LE7

TAHIZE: LT —FAsSENE AR, ESEBE—NMERASE (LE1S . ESEEHA—IRORER
A—PEER#H, XBEERBIMB— M SN HFRDLSRE. MEtRBREEP R, —BRaA— 1 HFRE
KRR, %—Eﬁi&@ﬂ—/l\1tl:‘%”%ﬂ’*]%ﬂﬁ(D/A)iﬂﬁ@%%, 2IID/AR AR I RIBEI NG, &EREBE®BNKHINE
. AHRENEE I —RINEFOM. XEmERiIrEFYE, SHENESHEANEEERELL. BF
BN HFETRYSF|BNRIRIAEEAEE .

Summing Comparator
Amplifier Integrator (1-bit ADC)
Analog
Input
Digital
Filter
1-bit DAC
R BEEETEMdelta-sigmalR B RRADC RIRE, FSEEI.
E15. —FriA%IZSERE (Delta-Sigma A/D#:1528)
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EHIzE, 4.

E1eEMNE ZMIAFI8. 7Edelta-sigma A/DIREUELHERN, FH=M. TN, AMEZNAIBAFIRD
ARENNE. GHmALLESBTT IR R —A. BT U ERE—Ndelta-sigma A/DIEE eSS H
A, B ME— MR, AFISFAERE (TURESNEFTREROINGE EBHEHEHR—1TS
BENADREEIRR S,

Integrator Integrator 1-bit ADC
Analog Digital
IN ouT

| AN

[e]

-

1-bit DAC
IR BB BT EMNdelta-sigmatE B R AB[ADC EHRE, F5EE9.

16. ZBriAHIZEIRE (Delta-Sigma A/D¥5i538)

BiEM: IMEHRANEFARNEENBER (FERK 22WREFESHAZIEM EFHd) . #
AMHAEREREBTERNIAR. cEBNEFREPENXBHOSH. LENT

4
d
- N toni I -
A on-monotonic as well as , If the Output COde
a missing code 7 .
1o _ - always increases when
101 | L the input increases, the
Digital i device is monotonic.
Output 1090 _| ’
Code
4
011 _| ’
4
Y
010 _| S
v v
o1 _| _*
4
000 _L7
| | | |
0 1/4FS  1/2FS  3/4FS  FS
D Analog Input Voltage =

ARERKETR, FSHERERHER.

17. ERFEREAE R

BREARLI(MSB): RSB N—MEIA N - #HHHFTARAED M. EXNREHRSETR, KBTI INY
S, XF& ﬁxﬂzuMSBE’JEéimxl% ZEWRRTFE — TS (BOB) , W% —i#HE M L(COB), #rf
— 3 AMD(CSB), MG (CTC), B4R B 1 — #HIF5(USB).

SBRERARMUX):ZBEERASAE MNP EFE-—NMESENRRES. EFA SHBERARNA/DERER
A, ZNMESBEREEF— (XETUR—MBRESHEREZNBANES) FABAES.
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TR : XMEFHIFARNERAENERENER (HERK RoWRERaENEFESHEM (SR
). BIAMFARERESFBRITERANIAR. —MIELRBNEGRFBEFTRAMNES. LE7
IRFE, A/DFEMREE: AEAZE—NEREBRAENELNGAN, THHLHSEREFE. BENBRESERE
IRFE, JELMBRE, MEEKENMLETRRE.
o [EVIIERE-

ADR R H 5 S AR
o ATHEMMRE-

BBREBEAR—IHENHELE, ME—BAHEHNBEETEE. —MMERONERSSER
HIMEX—BAHENEEECER, EXLEEEHIMNERAH#TRITTEY, REBHRELNERS. X
BT ERENSH, HEHNERESHEHEEERE. BHRE. INL. RIBABMEIRZE(TUE). LA
18. (EHBSEBITERS)

Code
"o under test
110 _|
100%
= 101 _|0% ]
3 50% Center of code width
] Transition Point
o 100 _]
s
S 011 _|
a Low side transition
010 _| el
001 _|
Transition point; uncertainty noise
000
I I I |
0 1/2FS FS

Analog Input
AR XASLEFNADRGSNIFELFHRAEL TENM RENERES. B, FSRERBERTEH.

E18.JE X8 1540 B B (3-bit A/DFEIRES)

IREIELL: (NPR):ENE— M HRTMANADERBINESSE, TUNEEHNBREINELLINPR). &
ADDEHBBHNFEAT, YGANESEAAEETETHARYEHEFESH, BEBERMBESHRNTEE
WERE (XENKEHSNRESSIE) FrTit. M TADRKRBHIHEIRS, BENKRILNPRETSEEN
M REZERICEERNMNNKRIEZE. NPREZXEBEFXRNABSE, FAUERSESKAPIES
EENPRIERIBE/KFEHADEH2S.

BEMHILL(NMR): EEMFLER2EHEENFHRES (ERIR) EMEDBWANESHEN. EFTRH
TUNHERBANESEHFHLEESHLLE. NMRTICMRHEX 2— 1, BSHHEMFILL.
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HIRELS I (n): HBIEBUE(NBIEEFEE FIRALL M. A/DERRR HAXEn b FFEET X
AM209n R TTF ] BERI JR 10 o

FEHRTEE: SAERNEEREXNESHTREN R, XNERAER EERXFRXDAK T RENE
ANESHR. REFFRRIRHRRMN—F. SESHRERFNETN—FERONEK, EREFRGERES
A A E IR E

REIRE: ADERFNEEE - IMRBERIMXGERBERIZENEEEE, RERERE. X2—
TEHRENSH, NENEEERNENRARE, HENERESHBRIBEIRE. DNL. INL, ik

==

o
RERE, AR £ ERHRMET, RERERF—INEBRINESRS WHLR—IRINEE) 5F—
NMEEHEESZENREE. LE19. EREEREMNITEAROTAR:
Offset Error = (V[0:1] - (0.5)V, gp)
Hr.
® Vs = Ve /2" =324 LSB A A EB R 1E;
e VI0:1] = B—MELRLNEIEEE,
o Vo= HEERMNBEE,
o n=FHIGIBFAELRE

4
e
7/ .
LRI ol P Offset Error = Difference
eal .
110 | Transfer R4 petween t.h_e actgal (dashed line)
Function P first transition point and the
Digital 0t 4 N ideal (solid line) first transition point.
Output 1o _| First(ideal) L’ Actual
Code Code_ . ' Transfer
o1 _| Tanston Function
010 Al Offset errors can be
v r corrected in software or
001 | Y. hardware.
-—;’ ¢— Offset Error
000
T T T |
0 1/4 FS 12FS  3/4FS FS
t— Analog Input Voltage =~ ——>

AR AEXKER, FSHERRHER.
E19. BRREIRE
REIRZE, Wk: T —IURSBH, SEIMHANESBERB— P LELEN, FEREHBRERTA
(HERED) MBERERBIRE.
REBIRE, BEEB. WEBET,, T8TWwH, RERENTLERSEEIBME, CETENMREXESE
ENREENEATLER Ty —Tun. BRLEEASZ—EEEE (opm/C)IMREBEEWV/C).

HiRmHER: IR E#Z =t (BOB) , R ZHFIFNMI(COB), trAEZ# HI%M3(CSB),#MB(CTC), X
BN EE T H#FIRD(USB)

Wth RIFETIE): iRaat b A BB B AT ().
HEEEE (LWEERESENIHEERR) : ARIUAANGSBEIRABENEXE FREZINENE
ESEER, R ARFERREEM RNt d8ERE.
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HBERE: —MEEXENERSE, THADXERIHE—PZe THERNEINGFESHTRME. EMN
%%gﬁ'}r%&ﬁ)——%zﬂ\womg]- .

favauist > 2 X fgianac

B, foou BRAESPHEEAE. SERANELETTURMBHNNELRS, 3 LIS L
WEBEBHZ S . ERHETHAHHE, BRLSNRREENGIB. BAFHEEHTUERB IR
BRI,

B FTFENURER, MEACEENERIENRERNE LR, IRXBEEXABT. BTRE
STREMNBILLEEE X HAPASS, E20.XLEBTHIMEMLE T ESFIEN, REER, mEEMUN
Butterworths{ & Bessel &/ #8. 1R, ChebysheviBKE S AKLGENR, —EEBEIBILMEDEL. X
RAERNBEREEX A €.

A . fourorr
M = filter order ¢
Gain (dB) \l/
A TN
PASS N T
fstop
Awax /
A A 4
STOP A e W
< P <I¢————>
Passband Transition Stop band Frequency (Hz)
band

E20. RELERBFRITHRESH

FITRO: HEFTEONADRABEBE— M ERBE— R ANEUE. LERDWADRAEED
gEFEN.

AR AR L T MBS SEEBRMRAIIUER (REN I LWRE) . AEREES
BOR— MRS BEAENEWRIIERETEMOES . ANEBHNRRETUER, RISESEE
SERERT, PEGELAE NGRS, NRATEMTUNE, BEAERFR GRS — AT
WHRERTL. BREAAGIRERBELAERE, KSR HTE T E BT N AR & —
A3, AR EMEREERIESNRIA /N, MR R BB HR ISR,

BRI : BTSSR B BT AL T AR 1.

FOKSRME . — MIUKERINB B RN BEN, § BT U S HEREATRE (RE
21) . EEBMERIESER AN, 3 AREBR—DHTENLBOKIE. SIBEHE—RIERS
#, —MEBENFADRABEN— AR, BE—MARRBEEBOTERIAR. E—SENBA
Rit, EHE-SEROESE, BENERERSHMAMSE, FETHAE— HHRLatch 1. 5—H
BIWIfERE, SESHEEERBEEAT B9, YE—NRADEHON XU T MK BALE
. MSBRFHN S8, EHRBNRENRISAIEL AT L.
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kL%, 4

WME2VPR, HRSFMENRETNERBENILHHEEEZ 80, SO0 R D EHENGE D 97
&, ARMANBEMBESTFE L, INRTMNEFTEELLELERENT . BRI EEMOEE
IR (RED ANLANHHEY (BSEENESHERSFTRD .

Vg O—— - L
_N Stage 1 > Stage i g Stage n
ViNO— ———— P ————

Latch 1 Latch 1

Latch n Latch n-i

1]
pind

Digital Error Correction and Output Latch

Bit 1, MSB Bit / Bitn, LSB

BE21. Ak ZA/ DR IR BR R EN

FIKEIRM(REIR): W AR, K.

WERIE: A/DERFIEENIERAE T NMERX T ENBFESERLE. ENIREEERRBRT=ENGE
XENRENSH, FAHNEETHESEFRENE, SEEMERENER, WHEETHENEE IS
HEr G A= 8.

BRI, 4 EEFA/DERISEFREHNBEEEA, ELEERREE. SHEBREVIMNGE, HHEID
SFENAN, EEBREFH MBI SAAOEREEM L.

HiRETF, 3. AT EARGEEXEER, —EADERFZE NS ERETM AT IRFTIREFESHR
RS, WAERELEE TERSHE RN,

R EHIFIEL(PSRR): LR E E AT (L EEFr5 AR RN (L, BIREEMNH LB AL2dBE VNV,
o EifRHREBREMSILL(DC PSRREPSRR)—

DC PSRRE# M HEHMRIEHNELE (REMBARR (L EERBRENEETLE
o NiHEHIEHEENHILL(AC PSRR)—

AC PSRREH HAIIE IR, ENE FEREMABMANIRINE, XENNRIENEENMRMNILED
R, BMENRILEABFFTE. WA REERSIRENRHZE/NT100mVep. 7R EREEHNE LA
fI=ZdB.

T RIS K2R (PGA): U R R M ARSRE— M F HIEG S RS

Bt NESERENENSAEESRFZAEENTXE, XMNIERMENL. EA/DEBRBNE L
i, SNTFRE#EHRIE—T N BENEE. XNELNEREEL ERAE T HHRBNERIESNR (5%
Et)
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BLRE: ADERSKBFAEEBEURERATEGANESESUIRMBHRNEIE. AEBREST, XEEH
HEXNETHGRFORME RSB LN EIE. ET—NA/DERFZEFE £ 1/2 DLSBHAHEM,
REFAN —PMEBAREEDFLMRENERBREEA L. REXPIELXRFEERANEUES
EEM—AN=fAK, ENM=ABENTRERSTESORERM

+(LSB) .
=R AR 2 .
EUEFEYHR= : = \/ﬁ

o q=IERRTHE

HERE: IMREFRANREERBERBERSEBREBRATHRE, REENESE (tbm— ek
), XMIET, HHBELESFEESESRENILENRY, MEEREMT TSXEE.

BIRIOR: A/DHEIGRSSESMM TR, EXEXHHIRREERMEEIBICE.

SHRE: HE—NERSFSN—MRIEMENE DPPEE—NA/DEBRSF —REHRATRER E LS A .
DHRELRE—IREARNAULSBHECERNNAR/NMIAUEE. XNKBSERE T RikFMED TR
AN SHR/NEE.

EFHiBEE: EFREER—MES M10%IRESE B _EFH 2190 % I8 E St E Er & A9 it ia) .
BHR(rms):RMSE— M EFEE1E, AXRKTHBIERNIREREZ. WARmMs)WITEARETEAE (&
‘BEFIHNE) NERFHEFTRFETR.

FREFS R (rss): T—AHEEHEIE, rssETFEAHMBERIR.

FH: XS RIEESN B AES K9 07 B a8 LR,

EHSRFE (FS&H) : XHEFMRIFHEEE —NOIVRARIEAN, TIAF (R —PMEREMKS (R
) M ANBE

FHEEE: XEREEXRE—MENAANES (ARERLE—EBE) FENRE. S%&RERE.
KHE: ER[EESERSNBERERELZNEREREREE. XNKESERE T WANEIESA
ATFNRATH. BEMANEAERESEM (sps)iff(Hz). (FHIESERAZBREZR)
BRBIASAREIREE: HEHRENPHEMPERFRNERB[PEERAZRBIESARE RS . THRREE
M8 bitsZ]18 bits, FHIEFBEE/NTFIOMSPS. EREFRINFEF/NERE FHER. E228H 7 H#AEMSAR
EE R A .
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SAR¥E#52§, 4
[-—— R/E
Clock . L ’ . —_—
Successive Approximation Register and Control Logic ~~—— CS
— BUSY
CDAC Comparator
Sg | MSB
Analog Input O—— 40 Cap Output
Q Latches Parallel
H and :"> or Serial
- v Three Data
Vrer REF State Bus
Drivers

Buffer
Reference Ske Int |
\/vv\ nterna

Input or Output Reference

BE22. B REESARBREIRBFERIER

ARIEMRITT, SARBESERGFNAMEERATBEMENFSKRITITE BT REMNRITTT
%5, R2REIMEEM. EAERMNFLXTERITHSARESERSBAERNBARE -1 BEEMES (WA
22) , ENBEEIIMEEEHHTUEACMOSHIETZ#HTHIE, ESARKRRFER S SHIZHIsRIHL
ERENAE—EXRUE22RTHHRNENE, BIEERANGESERDHRXHEES, MEMBANEEHT
MEFRE. IMMERXHVRFAXRTN. IHEENF—wmE5SFEERE, —BERANRINEENER
RimE, RRBABHNBEEIANBNGES. SEZHEHEITT .

BRABMANESEEEFXE, RBNESHIMMSBERRNSEHERET, AINEENBEATHEET
Rogthsk. X1, ReBAINMUMSBERNEHHOMIHETERTEL. ILRFNMABERRETS MR
AR LT s, MRMEBFMEI ENEELLERFHSFEER, REBERUMSBRHERAT, R
MSBE A E EAE B EVper. MRMELBTES ENBEELLILRBFBNSEHEN, REHHNAUMSBRBIRK
“17, EIRMSBE R EEAERBLE.

LESEMNMSBHEZE, HBRBHARKEMSBH T —NNEE. EXMX—H, TNAEETERE
EHAERT, EMSB1AMNBEREZSEBREL. (EEFBHE—REEFT—ITHITHE, LLRXNBEFIAD
SEBEARN. MRBELLLEER/OSELEAR, MSB-IMUBMBIERET, BERMSB-1NERHETHES
EViere MREBELLLERBOASEBE/N, MSB-IMFBIER “17 » ANMSBEAHEEEBRRELE. U
LTEBRAMEESR, BEIEASEIHTESFIA.

A—PREGRBOILEFZEEASRNERLT, AFERGAFTREE/LDHE—XNENERL, HEE
BRERENEMNHET, XHSARERBNENHRES. ENERBRNEESMHERTHBAZRENE,
B 5mK%Mdelta-sigma¥s ez 1ALt , SARAYRFE-IEIRAS B EIREXRIZ. FULSARBERABMRES AT LA
MR AZE, MIvES . EXES. BREE. EHRbE. PDA. MK SMNESEEXRE.
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ZRIER(HD2): — Kig R E R R 45 .
BERE (A S A/DERBEWBRXK) : delta-sigma A/DERBEFHFIRERNBER B T HKikENE
HFRERONE . XNHEINEVCEEARE, cETESTELRESMFNRRERE. ARAZEREHR
BATURBER, SERBENEE, XHNREN BB XAEENER, BREERAN— N EKmE K
eEKNEZEEREKRBNERLT, WBLIEERERE.
{SBRLL(SNR): ERTRXHEME—EMEZHT, XAGSMEEKMEEINE, TEMBLENSATRAZEE
Bit. H, BENEAGRHBEEESHER.

— NEEMIEZESHASARIUR/KLA/DI R, BEMNERIERES.02n +1.76dB, HHnFE T #has
ML AIE. ERLEBAITTINRIBFSSHdB (MFEEMAFES) HERdBc (FFEFWAEFES) - B=H
AR AT INFRRSNT:

P
SNR (dB) = 10log,, P_S , where Pg is the signal power and P is the noise power.
N

o0, 9
\z
KN

\12
Hr:

* g=HEABALSBX AR/
o n=EHRIBFALLFLIE

3FFdelta-sigmaik sy I —MIAHIRE, HIBEMEBRILEFT6.02n + 1.76dB + 10log10(fS / (2BW)), EHfSE
EMBHAREMNE, BVERSME. HENHSRNEXRSHEIFE R I EKE(SINADEFZESNR+D).
BRLLHFE(ENOB. BAEEKE(THD). EZ#ENASSERE(SFDR). HIAKXE(IMD)MEINE R (FPBW).
(BB EZEMLERRE) .

ERLE M LR E(SINADSESNR+D, B 2iEKEEKEMERE): SINADESIHE TSNRMZEKAE
(THD). EMEJTRHEME—F (REHFEER) BEXGT, eETEERANGESHNRENARERIMFER
CHIEESHMANYTR. SINADMERKR/NMESE TIBEERESNREFEG6.02n + 1.76dB (R RZSARFR
IKELEIRER) .

SINAD = _20|0910'\j(10_SNR/10 R 10+THD/10) or

@ )
SNR (dB)geq = 10Iog10[ ] = 6.02n + 1.76 (dB)

P
SINAD = 10|og10|F%]
N D

Hr:
o P EEESHINE,
o P FREHILHIREIIE,
o PFIBEMEMKEINE,
YEF MR AEN I REREGERN, SINADMEAMEdBe A THKAS NED . HERATNRESH
BRI BOHERE, SINADIVEALZIBFS BN TFHEEMT NED .
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SINADEEFZIRF/EIL XN P RN XBSH, TRMR ZHAEMKRYESE. BERLE. Fk&. F
4y, SHESH. A, BENRETHFERNAFT. EENHSHAEIRSHBIERERI (SNR). B
#(ENOB. BHNIEKALE(THD). EFXE(IMD)MEINRE T (FPBW).

IMES: WAGESHIEEESBE/NTADEKGRBHERHANEN10%, PRELNES.

TR BEE(SFDR):EFFTEH, M AMNERESIRENSEREMELXENER (BAZdB) .
SFDREAL T INZJBFSZdB (M FHEEHASEE) , W IREdBc (BN FERMIMAESRE) ,
(JLE23) . SFDREBEMMME AHENXESE, HENDHSHAEIRSHEFERERLL (SNR). B8
Ebin E R E(SINADEESNR+D). BRLLAFE(ENOB. 2MIE KL E(THD). EFLXE(MD)MEIhREH T
(FPBW).

BEEY: B BRADERBHNAANNERENBEATHANEMNSH. IESHBERERE. BHIR
. DNL. INLFI#:#IERs.

Mrdme: YEBRENAANEENFRELAZESE (FFERIR B, BFESHHLELIIEERE
FFr 7 B9 Bef (8] 55t A2 Bt M R

SPI (BiTHMEED): W —EFEOSPI.

BRBIET 028 (SAR): See SARF 83

R AT XERRAGES S — M ERXENESHEAUYE, AERSADREGESFNRIEMERMIE.
mE, 88 BTRERBTENEETE. MRB[ENTEXRRBENERESTE, PLMARIEIR. &
ARNERSEEABEA.

mE, BR: BESCERS T FERE . IRBAFHNRAEEERENTFIRE, TRESNBHERRE
mE, &: ATNRANBEEE. NMRENEEBINEE, RETERSEFELETE mME/SBFEMIRE.
mE, ILE: S[HREBPBETHENRERS, XNMNFHERAZLTHEEN.

PIEE. MIRFEREME~AEN. BERIET, RBREET.
B3 BH A 75 = [4kTRB
Hep:

o k=iRMEBEL 1.38x107%,
o T=FREE:

e B=Ti

I : AEMEE—DEREREORRES, ERFMP, RE—RAES[ENEFE~E, HFNLE
NMTHNBRBERMRER T REAS, HESHERY BB THTHHREREHXRR. IMSHEEX A6, B
H°C/W.

=RIEHE(HD3): = Rig 2 E R MR N =1E.

FHE: FHEREETHEMNKLL.

FHE: HHBRE. WE. BFAMHES T —HBRAENERE, XA EhREE SRR EERSNR/E
8]

BtiEdEh: I fLiERlEn.

BB RIR RS L FLERE.
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BIERRE(THD): &/ MER RN TR ERAGE SR, XM LENBERSTHESD IE(JB)SY
71RdBcEk =, THDITEARIT:

THDgys = 20'°Q10\/((1 0'-”:)2/20)2 +(1 0HD3/2O)2 +(1 0HD4/20)2 +.. ) or

P
THDRMS=P—Z
He:
o Pg=—XRIEKINEK (FSNXK);

o P,=i8EMN— /Awﬁ,&lﬂz
o HD2 = T RiEFEmIEHE
ADHREIFENIR D ELEMIRZEINL—REBE A R K KETHDF ., THD—REHILFHFEENBANE SIS

E, WE23.
FREQUENCY SPECTRUM
(8192 point FFT, F = 10.0022kHz, —0.2dB)
0 B wn 3
-20
_40 A: Fundamental Signal Magnitude
) B: Headroom = -0.5dB

-60 C. Signal-to-Noise Ratio = +85dB

D: Spurious Free Dynamic Range = +96dB
E: Average Noise Floor = -125dB

F: First Harmonic Magnitude = -105dB

G: Second Harmonic Magnitude = -96dB

-100

Amplitude (dB)
|
©
=]

120 Rilbeallia el i

-140

-160

Frequency (kHz)
AR THDRBAEBIRFESA)Z LHIBKEF G, etc)f 1t
E23. BigKAEFFTE

LEENNEARNNEERGER, THDMEAMZdBe (XN FHEND NED ; BEEHNHEREI
WHHMBAHERE, THDWEAEJBFS (AN FHERATNED . THDEMKYEBEZNBHENX
EHSH, HEMNDESREZIRSHEEERIL (SNR). FRLEIMEXE(SINADHESNR+D). BRLLFFE
(ENOB). LZ#a7ZSEE(SFDR). BIAKXE(MD) £ 5 (FPBW).

SEEKEMERRE: LERLINEXE.

SEHRAFIRE(TUE): TUERTMERESH, EAETHFREREBELAENLRE. BITEFR, IMRECS
FBRE. WBafELMHRE.

EHEE (FHRML) . ADERBOEFHEROHEIRASELNBANESHILE. (LE10)
BiRs: AENBFEESMA—IRERE T, WESNAENRASRE. (LEI10

BIRRE: IRBEERSMATHEN.

WIRERAKE: IEIFAKXE(IMD).
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REHE: EXXBRGT, ADEBRBOXFERLBNARR, EMMEMEEAR. XHEAXHBE, &
MBIVE SR (A {0 BN B A — N LR AF R R (foaye ) SRR £,

fsampLe > 2 (Afgig)

Afgo M R/NEREREFBIRE SRR, XNMEERERZTRETREE R ADERSFRERTREDN

HRLAEHKR, RBLEXESHNES.

PREM: 5% LinREMRRE.

BfRiRE:

o IRE-

NREIRE.

o ZF-

NREBIRE.

BRIE:
.

RE.

25—

NIBHIRE.

BREREZHTIBUSB)MBER/NNBATG, BFNREBMAEATHRIEN, JEFSEKIIFERER

N BEREZHFIRERERAATERBRENEF SR, OVEEALF0000 (F—N-bittI RS RN, LLiH

ERE/MANRIEEALSBIRINSE EAXN N AHFE NN XEM AN R HERENSFET . IR

0

S

Bk

W18
p

SHEd

R7. BREE#HHIE

MNEMONIC DIGITAL CODE Vire Vcope Vrgrs
Zero 0000 — 0.000 0.3125
+1V sn 0001 0.3125 0.625 0.9375
0010 0.9375 1.250 1.5625
0011 1.5625 1.875 2.1875
1/4 FSR 0100 2.1875 2.500 2.8125
0101 2.8125 3.125 3.4375
0110 3.4375 3.750 4.0625
0111 4.0625 4.375 4.6875
1/2 FSR 1000 4.6875 5.000 5.3125
1001 5.3125 5.625 5.9375
1010 5.9375 6.250 6.5625
1011 6.5625 6.875 7.1875
3/4 FSR 1100 7.1875 7.500 7.8125
1101 7.8125 8.125 8.4375
1110 8.4375 8.750 9.0625

+FS 1111 9.0625 9.375 —

(1) L B Z#HI58, FS = 10V.
(2) Vip. = FEEREBERDIT; Vin, = EEHEBERBIT; Veone = BBIE)10 X Viss, Vine = Veoor +(1/2WVise; Var = Veooe — (1/2)Visa.
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SEHE (BUMRNSERE) : INMNSEFBEERE T RIUUBALNEE. X THERMTHLFRLUBASE
B, BEEFmOANE. XPEERY NRADRK RSN EMNHEIMNER.

. BERE-
SHRERRGFEEBEMEVorr — Voer) RVoe BEREREHEE. SEEENE—RATHLREE
3R E T

THRL(HTHEL): NRERZ(EA)

S

T E AYSCHERER DT UM B MRS (TH SR 3G _E (www.ti.com) TE, EERE T2 RS H5 kAR R
Albanus, J. (2000.). Coding schemes used with data converters. Application report SBAA042.
Anonymous. (1995.) Understanding data converters. Application report SLAAQ13.

Baker, B. (2005.). A Baker's Dozen: Real analog solutions for digital designers. Burlington, MA:
Elsevier/Newnes.

Institute of Electrical and Electronics Engineers, Inc. (2001.). IEEE STD-1241-2000: |IEEE Standard for
Terminology and Test Methods for Analog-to-Digital Converters. Available at IEEE.org.

Oljaca, M. and Hendrick, T. (2004.). Data converters for industrial power measurement. Application
report SBAA117.
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#hEREER

REFEHREREN

BREEZAZREMILFIEMXRE—REEN TI =&
¥R W auillﬁi TI#HRFL, B ERBFE
HT#ast, mEmSEnE, S0 RIRE

8000% MR MR EFH HERBEERE

—@ 7%24 /\B W - RERTERIE

- AN IERABEIRER

ZENTLEANEFAESRERR, MRSZTR
T}ﬁnulxﬁ'o

SLRIEMmy. TSR, BEREHER,
J%Ei‘ﬁgﬂldﬂi‘ﬁ A3,

http://www.ti.com.cn/freesample

BESH—NREEEEMNTEREREE, 505
B E 7 s 2l 800-820-8682 B ifia) mE

mm B fRIE

BRRER—#5,

RTER

that—R,

AZEEENLX, #kR
(Green)Hyi3s,

www.ti.com.cn/support

BEAHNEFTTRRRTEEET 33
1995 &, TIH*E
TEBBRRASITRIFRIE. Z2EH &
REGHERTHEFBHEESKER R

Xt T ARG, BE

TI RER#FLAFANEEYE, H—EBHNTFEEU.S)
REFEEEZREREZE, EARRTES KNI R
KT 3IRE
TET4E(lead[Pb]-free)itXl,
B&. ZitUHT LHE80ER, BAEIKFRHTER
MESH, EASHNTIFRYTRELHERER

BRI HABRANERRE, TI5
FEERA T %7 E R

Vi

www.ti.com.cn/quality

Safe Harbor Statement:

This publication may contain forward-looking statements that involve a number of risks and uncertainties. These “forward-
looking statements” are intended to qualify for the safe harbor from liability established by the Private Securities Litigation
Reform Act of 1995. These forward-looking statements generally can be identified by phrases such as Tl or its management

Trademarks:

The platform bar is a trademark of Texas Instruments. All other trademarks are
the property of their respective owners.

“believes,” “expects,” “anticipates,” “foresees,” “forecasts,” “estimates” or other words or phrases of similar import.
Similarly, such statements herein that describe the company’s products, business strategy, outlook, objectives, plans,
intentions or goals also are forward-looking statements. All such forward-looking statements are subject to certain risks and
uncertainties that could cause actual results to differ materially from those in forward-looking statements. Please refer to TI'
s most recent Form 10-K for more information on the risks and uncertainties that could materially affect future results of
operations. We disclaim any intention or obligation to update any forward-looking statements as a result of developments
occurring after the date of this publication.

IMPORTANT NOTICE

Real World Signal Processing, the balck/red banner, C2000, C24x, C28x, Code
Composer Studio, Excalibur, Just Plug It In graphic, MicroStar BGA, MicroStar
Junior, OHCl-Lynx, Power+ Logic, PowerPAD, SWIFT, TMS320, TMS320C2000,
TMS320C24x, TMS320C28x, TMS320C6000, TPS40K, XDS510 and XDS560
are trademarks of Texas Instruments. All other trademarks are the property of
their respective owners.

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications, enhancements, improvements, and
other changes to its products and services at any time and to discontinue any product or service without notice. Customers should obtain the
latest relevant information before placing orders and should verify that such information is current and complete. All products are sold subject
to Tl's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with Tl's standard warranty.
Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where mandated by
government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and applications
using Tl components. To minimize the risks associated with customer products and applications, customers should provide adequate design
and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by Tl regarding third-party products or services does not constitute a license from Tl to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not responsible
or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing such
use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and acknowledge
and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any use of
Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be provided by TI.
Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in such safety-critical
applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are specifically
designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military specifications. Buyers
acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at the Buyer's risk, and that they
are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are designated
by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated products in
automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information
on other Texas Instruments products and application
solutions:
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« DSP - HFESHER http//www.ti.com.cn/dsp

- BIREIE http:/www.ti.com.cn/power

« MABMLMRMS http//www.ti.com.cn/amplifiers

« A http://www.ti.com.cn/interface

- BHFFXFIZEE AR http://Awww.ti.com.cn/analogswitches
B4 http://www.ti.com.cn/logic

« RF/IF 7 ZigBee® fRR 77 R www.ti.com.cn/radiofre

* RFID R4 http://www.ti.com.cn/rfidsys

« BRHEHE http//www.ti.com.cn/dataconverters

- B $FIITRT S hitp://www.ti.com.cn/clockandtimers

« FREE MR http//www.ti.com.cn/standardlinearde

- RESRRET LSRR http//www.ti.com.cn/temperaturesensors

« FIEHIE (MCU) http:/Awww.ti.com.cn/microcontrollers

5K R A 4%

- RBFR A http://www.ti.com.cn/security

« TR A http://www.ti.com.cn/industrial

« HEAHR BB http://www.ti.com.cn/computer
+ TN http://www.ti.com.cn/broadband
« SREHTF http:/www.ti.com.cn/automotive
- FIRFRR hitp://www.ti.com.cn/video

« HFER http://ww.ti.com.cn/audio

« BESBE http://Awww.ti.com.cn/telecom
« THIESE http://www.ti.com.cn/wireless

« B3ETF http://www.ti.com.cn/consumer

- ESTHF http:/www.ti.com.cn/medical
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IO http://www.ti.com.cn/amplifiers
BEEds  http://ww.ti.com.cn/dataconverters
DSP http://www.ti.com.cn/dsp

B0 http://www.ti.com.cn/interface

L http://www.ti.com.cn/logic

HL Y http://www.ti.com.cn/power

Tl i 2% http://www.ti.com.cn/microcontrollers
87 F

=Y http://www.ti.com.cn/audio

P http://www.ti.com.cn/automotive

ik http://www.ti.com.cn/broadband

HeriEi http://www.ti.com.cn/control
P S http://www.ti.com.cn/opticalnetwork

w7 http://www.ti.com.cn/security
CERFT http://www.ti.com.cn/telecom
WS A% http://waw. ti.com.cn/video
Tok http://www.ti.com.cn/wireless
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