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REFRICR: BRI BT =

Bonnie Baker HIERER

wE
XM RBEBRCBEX TTIAEDelta-Sigma (A L)F AR, FREBILSF&(SAR) FIFRK
LABEA/D) IR, FEFEMEATEMNNAEINMESS. BERAXE—MESERAX
¥, BNRESIRLENSELRR, BSRX—RHE~RNEARFH. NETHFIFNE
® B ERRBOKIETMN, BEHETIASHMEwww.ti.com/.

RiBR
AR E):
SEBE1, WLEXKEIESFFRR(SAR) « KL MDelta-Sigma (A T )i #as = FEHIXER 8.

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

2 conversion 2
1 1

Dat Dat Dat
out L 2[3[4] T | out L L L2[ele] T "G [ Tt[2[3]4] |
Sampling SAR ADC Pipeline ADC Oversampling

Delta-Sigma ADC

SEE1, WILFEXRERLFER(SAR) . FkZHIDelta-Sigma (A T )§5i2s = AR &0 8],

o RENE], Delta-SigmatE$iitifnas

Delta-Sigma (A X )EiER BN T — R ERATZ AR, HeBOXEIEBEEXAERPE
WY (FIR) =& T FRM i R (IR) BRI AR . BELb, THRAEREFISARE H R K& REHELELEK,
AAEHEERERIGESHTRARE. B1EBRTSAR, RKELTA S REERF=ZFENRETEE
SHH—Ff. MRAFAA—TMKRANESHNEESHRERFRT VR — R BE, ZREFEL—

PCREFTZERFNHE FHRA SRR,
SPI REFEF R A S BIR.
HEBRRREAZ BN ASME.
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B, AABFREFRENFES. MREMEFESHT “RR” AFREEE-—BEMNEENGES, NKRFE
FISARTRE B 1 =% -

o REBHE, FIKZRMAERER
AR KRG ERE RSN, ERAMNGANSHN LTS CARRTEE, AFRARNERETRERID
HTEL. EMERANESERNIBE, RRSFITHNESHTENEE. FERI1ME?L.

Sample Error
(offset, nonlinearity)

4— Aperture time

Acquisition time
or sample time

—>|
Hold Sample Hold

B2 REEHE (ReFEtE) FoILZEE

o RERHYE, SAREREEEIREE

SARE BRI REMN B EHXFZHEHERBNEERREN. HXFHSRLEITHITH, FARRFE
BT RR. AOERSSNREE Winfg e H N mAESHTRE. MEEHSAR CMOSH et
X ANHEASCS (FREES) THARE, CSHETHMNIEASE, BISPI™, E3%T — iS¢
S RHMXELENGF, ERNERZADS7816. ENFIE2HERNZREN SR

A
\ Sample
Period Conversion Period
A
cs - ~
: + ; Clock #15 is
B optional;
i1 203 4 5 6 7 8 9 10 11 12 13 14 DO is clocked out
CLK on falling edge of
Clock #14

All data transitions occur
on the falling edge of SLK

Null Bit

BE3. — 1 Ei e RS RIISARE RIS

A FiE(ES TR
B NS SH TRIAZER T REHER.

BRI, BAHERE.: REERSNE DR ESHIERRKT 3dB.

BN, BEE, #E: AREXT, BEEASNERENENMESAANEN ST BHNAE.
BIMA, BRE, E58A: —MHEE0RANRRERSET, ERBA A RIRBEAA)ZE
MEBERE
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BUBMA, EZ98A: SAANEUNZENESH, EEERSNFRNGHNEETUESEE T, BEE—
MEEFHRSENE, H— AﬁAﬁ%Fﬂ%,%—ﬁAﬁﬁﬁ&%ﬁﬁoéﬁﬁAﬁ¢ﬂﬂﬁ%ﬂﬁ
TREANRESHERE, RHETHRNF . XXV ARRAELBRNERFPREL, WNdelta-sigmaz
MAKGERBEDWAR NMFARRBRMT HRNG, ABFBRE-—EHRIOBALEELN, AINFRETR
SN EZER.

BimA, B, £8: REERENEMRUESBHANERNS 2 ERET.

BimA, B, 258X —DHEFENWANREEEGRSED, ERBAA)FTRIREA A, Z BRI FE

.

BN, BEEE, EXE: REERGNENERCESRNEENRAXEMR/NME BN THFEMN
BIREE) « XMERRTHNGESHNENGAEEEE, 8%, XHEEFEMABRRENBEEER

RE, BREFRANREFE—PEEMNE. MREXA—HEEME, BABANLENER T GBI IEERM

M FR AR R 1E.

BimA, BEEE, WBMARR (E9EX) : —MRE T RRBARTHOREE RS, SHRAEE
HAENMASIHHE, ANTMERRALNMANRINES. EXMEET, AR AAEHHBASR

FHBLENBANBEEE. (ZE-RABECEEDTBA. )

RN, BEEE, HERE(FS or FSR): ERHFILWANESHFUIREENBARE. HAKRMI

MAEANSEEERE T X MHEREENRETLEE. BUNHERAANEREEESEARKERRMEME
. EEHNATIUSHERFENEEERFNARE.

. ﬁ? ¢ﬂ TR, FSET:
= (2" x (EREE)
. %HmamamMM%ﬁ%,Hmﬁﬁmﬁﬁ%m%ﬁ%ﬁﬁ&ﬁmkmo%m,ﬂuﬂmmmkmﬁﬁ
HFSRAY +£0.001% . XANBIFF, ADEBRBIMNTEETURZ 2.5V, EAFSRALV.
BI#TUSE: WA, Z08AN. ETRAGKESA/DEGRBNESAPIESERRE,
A, BEER, MHMER: —MUIBSBABEMNMINER, ALTA ME4AFFR. HEB—
AﬁMﬁﬁ%Aﬁ A—NRANEHUAWMANESRESELE. E-ANEH (MBEEEFESEAR REEE
—MRISERRMEE, KARFILEZRMY), YWAGSE—MRINNEERESF NS RENR
ﬁ,LﬂMﬁﬁﬁtmuﬁﬁﬁ%ﬁ%T CHEEXEXNREMRE, FEHiEHaE RN IEqRESHEAMf
WEMBAESZENEREER.

IO T

+200mV Maximum

E4. A/DRERBHIFIR S EX

BimA, BEEE, RiRES (RRFRER) : — M EnFSBANERERZERE—MAR, FE&
ANBEZMRAZERES. FRHEEREENKANERESHENEEERY, RJAVFIEEENRMNE
N. MAENEEREE (EINERER) WRHTAFLEEEESHNERESEAN, FEER I M EANiR.
SERNBAN, BEEE, U RN.
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BimA, BEEE, E58A: Z0RABEEESFTREBREMRNA)S RBmRINEAN A Z
Z. ATEXRMANER, WARERSEEA:

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

HBRMBMAZDES (AN, - AVZEEEN, HHENBFESHLRIEN. RBEEZMRIBAA, BHR
BEMNBFES. KZHHSARMdelta-sigmatZ itk S TEARMMNERT, FATHFRRELE.
MAZHCMOSTRKLGHMRBEKRBNTEERARE — M HIEEERE (Vo) REENEFRBEN—F
(+Vs/2)e —NHMBEIRT UH WM IR s =R, Tumimﬁrqw W UREDTRAN.

FHEDS.

Single-Ended Input Differential Input

+ fs + fs/2

Input V,
Vo IN tp =
g ADC ADC

s _ +fy/2 _
IN Vew IN

Y

VCM

E5. Rk SR EEHFIE S HXRAr
BRBEEIMEE(ADC, A-DFEIREE, A/DHEIREE):— MA/DE MR R BICEL I ESHIRM N B IR EER R BRI

F3.
ILE:
o JER-
B (8] A9 ZEIR B M SN N B i S B E FHR S TEER (—RREB0%MALE) Frih, FISLRXES#H T
EHERIX — At E . BE2.
. B
LR R RERAERFEFRERE M~ NRERE. ERERLSEHWRAASWARSE. 7L
FRE N LR s R, SXEAN RIS RRANFERIESNR) =ERN, R EFERIEAFmARA:

SNR = 20log10(

(2nf t))

Hrp:
ot ENHMAILEMRE,
o fREMRIBBHIME
FLEEFAS SRl s E T

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

Hr:
o tRILERMNTHIRE,
o tENHRENNFTIIRE
HTFN#R 5L EREERERMELMY, BEXBMIMUEHFEI—I, ERFEAMBFA
(rss).
o  FHEM-hIEFLER .
SERE: ADEGEBXMERZ A EER LG E L, BN ABEBINRE
IREEHE: TREERNRREIM TSRS, BMENFFT-#F8ES, BEaANESHESH
W, REXRFEYmITEHEREEYE.
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ZHHIAMB(BTC): A F ML H, FHFZF(0000, I F—MLFHNRG)MWRITZFEBPZIEEKR . HiEi
BELIHFHEENERRKERNE, REBRIENERAEREERENN, RELIEHNABEAERE
1000, F#BPzEEL, EEIFENT (FF—MILEFNRS) , XEBPZ/NT —MHREBERAILSE (MFE
1) . BXKBTCFBR, REBANM (MSB) TJIUEMEHTSH. EMSBREEE0' NFREEREMN;
LUMSBEZH 1'MFRFHEZNN. BUESHERKERELSBRET0111), HMESHNARAERRE
(1000).EZARIES X

1. BTC:@EERMQ

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 sz 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 HALLFE RS, FSR = £5V.
@ Vig = THEIRBERLTT; Vip, = EFEIREBIETDIT; Veope = (BBTT)10 X Vise, Vit = Veope +(1720Viss; Vi = Voope — (1/2)Visp.

Wk {mFE — TiE(BOB):BOBIEHEFF (0000, X T—MLLAFMES) 15, NRHAEASHERKE. BEE
BEREM, WNMENEEHERABENEER, F—PMRIEENA(SB)IEE 1K, FEZTWNRTE.
LR X R 8 FER1000 (LR FEMERMBAZRILGIER, HEMMNAZ ERAXBEEREFIE
RENT (R F—MEEENERSE) , K2, HEBBOBRME, ReBMA (MSB) T IMEMERNSA. 4
MSBRiZ%#H 0' MR~ EMBELAA, BMSBEIZHE 1 NRPELBEXFHEFBPZ

2. BOB=fg%k @

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 gs 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, = EFEIRBERDIT; Veope = (BBTT)10 X Viss, Vig, = Veooe + (1/2)Vise; Vi = Veope — (1/2)V se.
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BIE:

BFRERIEZE

BERREZEMERFREF, EERNATRHA-DHNESHENTUTHRRATRE. AERK
%, BRE5RNESHEENRT, MERBHTHERE. S—KNREAETHEERRFENEN
Gt FUNEBENNERERPER. ZRSNEEENSERRNERERER PEINZK
FRERLE, ANEEOSAESRERPYMERRIE.
B&IE

BXIEQTE, BRESIMBBNESHARINTHARE. — BEARIEFS, BR{FNT IR
REFEFZREREER, HEEZNRERRNSRERERTIEMIBEREREE.
RHERIE

BRIECHE, RARETHAERE, AN SIMPBAESHEER. EXMMERT, R MURBRES
I MESCHTREREMBERE, BREMANGES. SERFNIMBAIZTHELT, MTH
ERERIE. ENEREANSERRNEBRERERPENLBRERERLE. AERFNBANHE
REMRST, ATHRBHARE, ENEEhSESERERPITERRE

B
o Hh=LL

S S SRS S ES BT (RN MK B SHMEMONEZ. S50
ER— N ENBRET, — P REN TR ERRE &2 R50%.
)

ADEB BT RAERE (TR EFHASTHR, TATHENADRRS EHHH, &7
ERRRE. XM TRERSSRIEREE, BNERBRBRFNEA. BEENEANDE
AL EH AR, ARH.

2 2
b=t +t)

Hep:

o tEILERENYITIR,
o t =R TIR

LR ARz EXBEEENXEK, BEEXFRITMUNEHREI—T, SREFMBFH
(rss). BEBAT, HHEsNFWILA/DRERILERSNEZmMAvES, BAlt, Rz ET ZREGHE
HIEER. FER RS Xm0 I S MR AERIESNR= £ & m. MERSERERSEHN
RN ESR%, WERBEMURNEBRILSNRES A F M. B &k ERIESNRZ AN
me] S 2.

SNR = 20l0g10( —1—)

(2nf t)

Hm

o tERSREILIZ R,
o f BEMRARAIRT IR
BiEx
EN#ES (TURHFESaAIEmL) BI2BREREN, HMESHNESE.
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)?r‘r}
i
&~
[_r
H
gl
IS
i
Kl

TR ERA/DR et T f H AR R LB R B T RREDALSB. HES.

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
bigita | | Transition 5 to an adjacent code
igital Points
Output 100 \A Vi

4
—» |4 code width

Code 7] \ ’
011 ’

010 _| d 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. R iREBIEME L

BRERs (TREM) . SEUBATLR, BRENEFESHEOEERL, A—MREBREES—
MM, EPHBRESENTERS. MERFBONTRESRTHBTERANAHEN, EFMEE,

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

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

010 _| =

001 _|

Transition point; uncertainty noise
000
I I I |
0 1/2 FS FS
Analog Input
) 7. A/D BiRBHIFIR SR

HFRE: HHEUTHRENFERTRAE, BIREFRFENUBIRIC R TR AEL S ARS TR ME
FABIRE R PHRFE, HOOREERMMN. RAER, REHRETANBELATTHEETRE.

fgeK =f,*N

Hrp

fs =RAFHEK

K = BHRIC TR T RUK TR B HE (B 5
f, = IRTEHY SRR

N = BIRIC R P HIRAFE
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{R#s —#tH MY (COB): ZH#HHIMBMEIEZ (0000, HF—MILFHN RS FFin, WNMNEERN&EAE. B
EHERMIBM, WREHNENEEHANRABEER, SREU—NHEBERLLSB), FEHELREZTHE.
MR X A EBFEROM (AR . BEEBEMNEN, EURAEHANKRKELL, SRUBNAZAHEK
ARENKEFEKREN11, K3, MCOBERMBAEM, ZBCOBHME, ReAMM (MSB) TUEMENS
fI. EMSBREE 1'NRTEMBELMNA, YMSBREE 1'NRMENBERTHFTBPZ. I*K3

% 3. COBHEExR"2

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) Vqpo = TR R T, Vige = LGB R, Veooe = (BBIT)10 X Vs, Vir, = Veooe +(1/2)Visg; Vir— = Veope — (1/2)V .
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A= #HFIAMB(CSB): FRAE ZHFIMBRIET SERIE ZHHBER (BRAERBEEME) . CSBHRGHM
USBHIL—+, hERBRHRFMRE . YHCSBXY —MHFRGHTHRBLE, —HHIEFZMNEEZT(0000,
MF— MR RS) R, SNMNEERNRAE. BERFTHOEMN, XXAAKRINEEFER)N, X%
=M g BI—MRIEBIALLSB) TN R MEE. —EHRBUNEIOV, Frd N FE1111.CSBRIBFAEX K
RN EZ BIMX R T IS ERL. (FEFRLF, BPZRIXARIAZTRAEELD

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) VTRf = TE’;%&EE'EET_E; VTR+ = JZ?F%TQEEE‘—ET_E; VCODE = (557_5)10 X vLSB: VTR+ = VCODE +(1/2)VLSB} VTR— = VCODE - (1/2)VLSB-
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#i&, DC:
. mE-

LEBRBOFNEDPAANEXNTHENEER, HAXENTURERERE. XMEAEATTEZ
DN, LA, FIA, . HEERZE—MALSBERT.
o HANGH-

TR as M IMER M Z MRS, XRATE TADEBRBNENBANSTE, hmEHE, IMNEMRINS
NSCEL. XFMERHMAERRBOMAZDERE (ALHAL BT NIRE.
o (EB_

BWAREBESET AL + A) /2, IMREGUHERERE, XMERLUELERBOEOAEZESSE
E (AnFIA) HORHE.
o HE-

HIEBEETHEMIIUAANBEEZF, BERIMZ.
HEHFILL (CMRR): M F L2 AR EENFHRES (ERBZR) BEEDBMANEMES . XAt
RETFHENBFESE LA ANARESHELE.
IMB(CTC):EMEREF, HFFTE2—NHEMUNRBESH/NNENBESE, IFELE2NT —IMREEN
fL(1LSB). WEEHFHIILI, NNMRUBEFER), BEIGRRSERMMINIENMEESE LS, TK
01 (T F—NALL4FN R S) . XIHME, ZBFENNHNRBEMESHATRAE. T—TEHRLIEREFTE,
RELESERMMSBE HiBE"1, MECHEFANAZBEE0'(1000); XM FERET T RN ESHIERR
KE. Y¥FEBTIEAN, ANNAORMEEEFGTHE, —EZIBPZRoEH THRMUENHFEZEHN
xR, BBCTCHE, KA (MSB) TIUEREFSM. HMSBEEBH 0 MR FENBEZHM,
B N FRBEIBERZEMN.

% 5. CTC Hdx2

MNEMONIC DIGITAL CODE Vrr_ Vcobe ViRrs
-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, sp 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) VTRf = Ti‘%?ﬁ%}iﬁiﬁﬁ, VTR+ = Jii%?ﬁ EEEE%?C? VCODE = (557_13)10 x VLSB: VTR+ = VCODE +(1/2)VLSB; VTRf = VCODE - (1/2)VLSB-

10
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BIaAY: M EREANEERNERGRERE, 8REEEAERIBFHENER. 2067, mid
FAMRSARZ KB Hikes, HMIBEAERBERZEAFiH. MFdelta-sigmaitikss, ®HIRELHI R
Z)tDATA (BB EIEZ BB ENED « Bk, JLN AT REDATAR ERE T delta-sigmait i s&
TR

BRABREE: fEENIHEERARERANIEEER. MENSHBEXNRAERER THTNIR,
MBERRNSHFHRILE GFSERHER)

RMEIREE: 5/\HGREREERENTESMET, ADEBRSER/NHREEER.

BiER LR SH L ERFKOME (BSEXHER) .

BIREE: 55 EREE,

BiAtiE: SESHTRERE, SARBRBEEBRBIARKEERBTH R ERITEME NN ER2HGE
AHiE. XEMNFEKGEREAEREXENENZBEARNARRENE. —SRFNKREEENTFENEL
ERE.

Bl IMESARGEE—NMESWIEEESHTIEE. $E&GIET, SRE—MEENESHEN
R, CREEZBENADEKGLESET, N—IMREANBETFRA—NMEATNFEE. XMEETHHEHE
EXELEEERBENEEEMBASIREN, ERFESHHRRI RS,

HIEHE. MERINESHNEF IR RO LR (fFCUTOFF) — E X #EButterworthflBessel J& # 88 £9-3dB
mLE, HERChebysheviBEsEMIRET L% L. TLES.

A . fourore
M = filter order ¢
Gain (dB) \l/
A N
PASS A /I\
fstop
Amax

ASTOP

S
> OI————>
Passband Transition Stop band Frequency (Hz)
band

A

8. IR FIRR B IRITHIXBER

HiEE R BIRM R, X MR RSB SEEHTREFHHEE. XTFSARE KBRS,
CHEER HERETRIER, Blfs. MX Tdelta-sigma®ti®zs, HIEHH ERET 28 AIE (00 B
DU,

BIRFNEE: ©HA/DRRBHOMNELRRE, NE—MEIEE A HORE B 22 T — MU L
BB EhAROR IS B, P (81X B B (8] Bt 2 SR B XA 1)

S 0(dB): 5 M2 — NI BN, FAREERNENL: WERPH—IEE, 57— MEASEE.
XANLEETINAREGENE, FE. BEHERE.
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dBFS: dBFSZ AT RN K/ N R AL

dBc: A RRTFEHEMNBEL/)N, RBFE|ETHERBEXNOEE. b, —NEBESHRENRENT-
40dBc , XIRAZHIESHRENREZDILIZEEES

dBm: dBm RR-BTMVIIEMNESEEMNENESH NEE

MWEEE: delta-sigmailfHl 88 A9 X4 1 E K Fdelta-sigma 22 AU EUIR I H E R A LL E R 2 IMFE R . HREJE
AR R— NSRS B E S HER., ML RAE T IBEHSMNRIERENRE, BICBEFERINERTE
%, REBHER. SNXHERSERESNEERTEETY, ARBSENERPEFEF/)
Delta-Sigma¥#28( A 2 ): Delta-SigmakkikfmZ N —LbF (HZFF) NXERSE (LED AEXNRES
B, ZILEEURHIESIXE — N FIRERSR, ENREHGTEFECE. XINMNEXRETRT —AFIR (HRMH
M) Bk, P—MIERARESREIR (ERMHM) k. 55 EHFTIRES.

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-sigmafZ iRaR HYRILAR D BN —MRE, - EfBA T RRZESE AR FE
BE-—HETENADE KRR, delta-sigmaZ BB FHIBER —MEBHRFEERFEEEL—
S ER LYY E

El9.—“ 1 Delta-Sigma A/D%:1 280 5 EE

E5tEEs: ik,
EPWEEIRE: NIBHIRE
ESHMNRE: ENRNBHESSRAGESZBNBELE

E7IELME(DNL): — MERAMADERBIESH L DUEHIBM AN A1ER, FERSTPHEAI1LSB(ILSE =
Ves/2n).DNLER TR E SEB1LSBBERMNEE. H—MDNLIRZE/NF-1LSBEMESERBMALESX.
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DNLERGAE., AR ARGFE2— 1N 2ESE. AEUERNENGABENES, o7 NE
DNLEM— N EASH. HEMNERESHERREIRE. 522, INL. KABNEIRE(TUE) T EIR
=, EEN0F, BEEHREALLRET, DNLAELRT.

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

—> <4— Narrow code (<1 LSB)

G Analog Input Voltage — me—>

ER: DNLEEEBTREEMNERTREZRNERE.

E10. ZHIELMHE

HFimigzsE: BFREREAERR LRAGYXENBANGESHTHFITE. fEdelta-sigmatkitszd, kA
FRGHBEFRBEXANEENINEE. EFRERNTERERBIN T EEEESHTBFLNEFE
5, XPMEEMRIERSRA—, BRERETeRERTTH (LWEE. 88, BEESFSH) A
HY R B IR A M SRIA BT RO IR R, FF B R BE TIEFER I BB B U

Brigies, ARAPEIME(FIR)IEREES: BRPEMR (FIREESFE—XHMFIRESE. ZMURAIEREEA
AFCHET LEREMNBY XEHRRAT. XS MERAEME(IRARE, ENRNIBEREREE, B
el AR Y T k. BRPEWA(FIREESZELNMEERAESS, ETMNRBERERES, XEEXN
EHBEMNRSSBATESR L, WREERMERN, XRRIETEHNRENE. FIREBESRE—NEMENRE
BABRIEN A MR FTIRESE. B FRESRE— N ERIEEHENFIRIEHS.

Brieimes, FTRPHRBI(IR)EEEES: —MBomi A\ JoBR P 18 A (1R) I8 K 2§ S 72 6L 7o PR 1 B 8] A9 3F =
K. XMEAMAR MR (FIREEBEAR, ©REMMT EENEKERBRIER . SR 2% )
B LILIRIE K RSO THEE .

BiEEEO, SPI™: Ff75M&ZEOD, BISPI, B—N=4&HEMNL&HNED., BidX/MED, A/DHEBET AR
IR B HMEH. EAESPIHED, ADHEBRBIY IR F/MNBHXREMIINAHETERS, HPERGITUER
BAMIER. HFERHTE—NDIEORMESHEREPH— DB, SRR INEZFZEmASH
H, HER T EEE.

SPIFEE T M S: HEES(SCLK); ERH&EH Y, MNBFBGEEHAMOS)); E848URmN, MM
B H (MISO); NS HFIEF5S(SS). EMES(SCLK) R A ERRM~4E, FEREAFRBHMNEME. M
HIRWMAMOS)RERURELANBHNEIEES, MSHEEEG D MISO)NZMNEHFRE ER/ENES
LEBHAEMNBHRERECSESH, ZMBERKET. ATHRZANENFGHUIED, YFEBT
— N EMOMBEHRE, SPILLPCVARFTEESHRMTBNESHEGHTR. BERESNS (—1F

B, —IMBH WIASTRT, SPILECMIRESESEANEER, HASPITARESHEIELS
B,
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Big#EO, PCc™: P"CR—/MWE(SDA and SCLIE K FIEPhilipstREiE O AR, ERE—NH MUNEEEEH
SEbHFHR TR L. PCHEHIERTIL100kbit/s, 400kbit/s= & =3.4Mbit/s EAME G2 T I UM, FE
it —. XIMEOMUEFEARENERS, SL AR IHES ER40ME, SeB S HE IR
PHEA

WERBE: NERAGSEHARRIR/NESBWARERZESEE. s15SEE T L FASFDRESNREREHE. X
NMRBISEORE 7T RIESHERXTR/NTHRNEE.

BN LR RNEELARNER, BTHERAEXRESEANEL TADRBZFNEME. XEEHE
#E: {EMREE(SNR), EIREEAN E K E(SINADSESNR+D), B EL4FEENOB), BB K KR E(THD), T2E a7
SEHE(SFDR), B A% E(MD) AL hEH % (FPBW). JLE11.

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
$ _e0 C. Signal-to-Noise Ratio = +85dB
K D: Spurious Free Dynamic Range = +96dB
2 -80 E: Average Noise Floor = -125dB
S
E
<

-120 R

-140

-160

Frequency (kHz)

BE11. sS4 (FFTRE)

ﬁ?&tb#*%&(ENOB) ENOBENXEMNMESE, TEERFIRSEFICKNF, FHEEN AERBKGLE,
X, B, RESAMBEEREFT. INEXBSERFHRRNZBADERBANSTEE. AHSEHNTHE
'I‘L
o BHHHHHSSINAD—
BEERIEIN K E(SINAD)A/NBAIEdB, BE2EENOBsHIEAIE L4 bits. SINADE#: HENOBHI A
R T AR

_(SINAD - 1.76)
ENOB ===

BB SDelta-Sigma¥: it 2SR EESNR—

ii’l‘%lﬁi)‘(?delta sigma A/Di%?ﬁe%%ﬁ’]TFﬁ’ﬁi)‘(ttﬁ ENOBMSK/NH—EIEKXR/)N, EFMARIUE
MEERAE, FRLJLRETRITEHFARESE . ASHLZENSHETROTEHRENOB, HItEAR
=F,
ENOB = n - log,(0)

Hep,
o o = HEBMITARE
o n= BBBHLISAK

14
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WMR2.72L 4500 (DA, HRIBEFFT3.3) BHILFIOTRELTEK, MEERNELIIEEE
ELRE s, ESMREEEEEEVPPFTREEEYTR*2*CF. BREEIEELFEEFTRENEISTIR
{E- BCFILZR6].METIERICF (MRIBEF) oS MBI EERFIA TR MR, Re2E TIREE T,
A TTIR I BEME R IEERFNREE M =FNRR.

x 6. RIEEY, BFiRIEEFRREMEHRR

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 A EAHE R

BRPPE. AHEEHNESRENRE, BROHERERTADEKBRBHOENEER, FTENLER
(ENOB). EMIMEMZRIFNILES. BEXMN™ KB RRNR LENLFDFHELRER. LEA/HERIAREHR
AR AR AT LS NIER, MAEBXLILFNEETELRE. EFEAN BRI ARRTE RS
R, HPBHEYARZARFTTHHEEN. AERBAGSHNELT, BRUOHERER TAE70.1%8
EMBEENME., ST RABNE, BEHARVausHV ) BAXRKTRABEN. BSEHN
EL45E.

BUOMEEE: EERIESNREIIMAFERBENIBHXN A L, BREFEEZINRSBARER
AN HETR.

THEBEE: —NMESMI0%IRE T E]10% IR {E P & A AT i8]

PURIEE(HD4): 15MREFUENAEMENES.

WEBFER(FPBW):EX MK R L, ADERBEMNENRHESRELANGESHHERIEE/3IB. H
CHEERNZRSHETE: E%EE (SNR) |, EBEEN_EXKE(SINADSESNR+D), HREL4FE(ENOB), 28
W R E(THD), T &R S 7ASERE(SFDR) M B IAKE(IMD). a5,

HETESEE(FS or FSR): WA, BESER, HEFRSEE (FS or FSR).

WIS NERANER, XEREERERE.

MIHRE (BERRE) : BGANRX NTHEIFERELCE) S5XLHRFAENME NENSHEIFEER
SEED ZEIMREMBBRIRE, W TENBANA/DERE, FEETEHEREARENFHER. HHH
RETEABEREREZ. BRAREENTERENSH, ANREERNEMBAAEERNE. HEMNXE
BERESHEREREIRE, DNLINLMITERE. WE12
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ya 7/
A
111 _| 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 _| 2

/’/
'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 BaREZREAESHE (X% SEFNEEEMLE (E%) ZHNERE, HhFAEREERE.

E12. #25iRE

WRNREZEBSN: ERNEE RS RRARREBEMT WELE T WS RN EE L. EET
BMNRETUXENEBAMNRAREER Ty - Tun)e ENSHNENEEFE AP Z—FEKE(ppm /
C).

BIRIIE: BNERAHEBPNETHAESAEEMLLER, HEXRTAI O/ v, HFORZMNHERE, BEAR
NE, oRARE, BNRNEEM (0 FETF2pf), EHRIEMNER (MREFREUF HEAL, NfABAZHF
%) . fEdelta-sigmaitiesi, BNERHR THFTRIKEIIEMN.

WEEKE: AANGESHUARSBEEENYAREZENLLERZIEELAE. —BRANESHERERILFHS
FBHRAE/N05dBEI1dB, XEANTEFZEMAE. YWAGSHHEERRAENMRZHONE, HEXEFA
HRAETSHEE, REERESHHSELNE. ENE—IMRFNEREHENNE A —ITBEIESEHE
HiERRE. EHA/NBRAESHERECEJIBFSHIBER R, HERWAESBEKA/NIBcER. (WX
WIKE-HD2, = RI&KR-HDIFMKI&H-HDA)

PCEOMNA $5E0, I°C.

AN TRE(q) RN FERRAE SRR - #FRENEE. HEHESET:

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

e FS=REEEH

BEA/DRBRBOEREILY: ERUBEZEInTOIHNEFES, HPLEERRERE. BARE. &1
BiRZE. NES.

WE: RERERMHdelta-sigma A/DEHZRSETHIBAHRSBFRERZBNEEEASIEN. EERIX
B, ER—1MRREN, RETHNENEE, HRWATSENGHEEE TEE-—MERL, MXMRIIEHT

16
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EHFRERTEERN. XMRERNSREEO, —(NHEREFSREE, UHZ=MH=TREFSRBE, F
L, FETARBTRFARBERNESEPRENE LR, XNMREME=ENHFRLDENBTEBR,
ARTZHN. hEail, RAEUTMNEERRSAEN—HENE, BZNERBAGRESR —BEMNEIERE
5. EAREFABARTUATRERNSRETROFIE,

HASEE(FS or FSR):A/D# N5 SIEIEEMN K/EE.

RO ELMHINL, LYBENMBEEIRE)ROELUERN— N EA R EN N EEEHMMENRARELR
B, TEERERENERARE. INSENREXFARESEHAEZHERBE—ESERX. ENER—
BEME, RERDPELHRENZRHRANEEZRZN—MN. RECARBUTHAR/)\ZFRFTEST. X2
—NERENSE, NEMNEEERNENMABRE. CHEMALSB. RoEEHAERGOER A LEE—
MEEXBNSE, HeEZENERSHEREEERZE, Gain, TUEDNLANIS EIRS . TLENS.

, INL = maximum deviation
o Actual .7 betwggn an gctual (dashed line) c;ode
A Transfer  |NL<0 . transition point and its corresponding
10 _|] Funtion 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

EifKHE(IMD): % AN EXESEMMAEBNGBIRE, ADERSBESTEFHNINERE. BIAXESTE
PHEMNNESEESHNATIENILE. EMEMNIJBc(YANRLENINEMSENRE), HHFIIBFS
(YHBEREEMSENE . FMIRNERALRESIMDI, 2EF EREfHNf,) NMRS5¥EmE
REBE R 9> (PARAE2A, — f,502f, — f,) AOThERAMLLE. IMDIMERIEdBe (HEMEBELMIEdB) , XEHEH
ERMNE RS ENE MEREENFERCEMSE, BRAMEJBFS (HERSEEMNEALZIB).
IMDR— N XAEHNSE, HNBAESEL. By, VB E. BENRTHRFTERRETNE. ETNmTSHE
REHBIEEBRIE (SNR) |, EBEEN EXKE(SINADSEZESNR+D), BRELHEFEENOB), B A9 K L E(THD),
T &K BN 7S SE B (SFDR) AL TR 3L (FPBW) -

PIEBLEHEE: MRA/DEKBBE—NRAZDIRENENAN, THRHEAERARTUESRE, X UE
iR INBM NG SERMNREIN MW, FiRSH ARG,

Bah: I 7L R AR SRR

KIES: KESEE—NMESHREIRIEE L EFA/DEKRBIENESHERTEN0% U L.
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B 3E :
FERRBEE . X TA/DRKeE, BN ESTRAAGSERMENRI T —MESHRNERAZBNT
ERERHH. ENECEn B, EPn2EH. B4EHTRHRENENTEE. B14ABHNE—
NADH AN T ER 8~ EE: E14BEMEADHKRRFNIEAHNENETER. — BT EN
AD¥ AR T B AR B EH T S B AR SRR 8

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),XFEBHRMNLONEEFE, FEEN+ONMEIENE L 2EEN N RE BT
Z 1. FEARHMIED(B), XERHEMN+ONBHF R, MEN+ONMBENH L REINBAHZE.

E14. A/DFE R 3B N5 H it
(A)ZAHARIE 5 (B) 4 /8 HARAE

B3ERTE: A FERT BRI E— N EEAMKEAES, MLERE, IREEEHFESHENE.
XMREHFINEREFLEEXNHEBEELNBEHN—ITENLL. BRERNEENANGESHRESHKRE
£, BT MESHBMNAHNILE, PENXEBREMBRIGERTE. SERNERL, BIRAE (R
ERE) NASETFE.
3ERBTE], Delta-Sigma #:1%28: %I Tdelta-sigma A/D#k#ss, FERFEIEXMHE, EHdelta-sigma A/D
BRBFIARAEE—RZAN—NMES, EREANMEH—MED. A EGRFNEHRDE— SR
BMAGESHIREMEY, R EMEFTHRFORENE. Bk, FKMWE—delta-sigma A/DF R
HERAY B M RHE, AR BN REARNYISE S TG, KL EMEERESEENIA—%, SEhr Lt UL
BEWHIERSNNEOEH#ERNEHRE, FAdelta-sigma A/DERBEEFLANETED . XN THMiE
B, XFMPOMIERMEZMIEER, EESREMNEBINT/LHE. I TREsinclBERNEE T ik
£, MR EEE REJLNEEIEL. T delta-sigma A/DEERES, FHE AR A2 HHENE, AT
RN BLEX DB EMIEIRAE T . delta-sigma A/DE 188 HY FEIR B (8] 5 1 f4Fa 2 i jal .

18
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EREE, FBREELSARIERKEE: XN T —MEREBIESARKBK R, TRBEEHRE: HENNEISENELE
ERIMESHEE, RRENEERE IS LFER. IMIBEALRFTERMFTHNGE, EhAREHE
XKAFmfal. X TSARF AR, &% &AE R wIME—MESR B AEDIER =R, XMEL T U RENEEF
HITfE R R, F X R AYER B 8 — AR Z SR AR R A .

SEREIE, KL MEHRITIREI iR I e 695 B I S A L

RIEBWAL(LSB): RIXFUARKT EBEHRHFR/NEIUBNE SRR, EMZ#FIRTEEE
B—1REER. REANEFORFERFELINEABEE, EhERF_#ENaHEAR.
FHfE#R: REEERCENTR, URBEIRSEINMSBARZISRANEEMMS TR, HER
SHEMMUMSBLNE R RENEEMMNBERZSHMNK. EXEERIPVNEL, hEERRBEERANM
. (MERSHHMHMSB)

BRrREKX: SADEBRBAEZRBVBEA TAENAEDTATAN, RERTHITELR. EUBENBEASS
Bl BFESHATIN, TRENHERFAE. LENT

AHEE: LT —pARSENEAR, FSEBRE—MINERAS (LE1S) . FSEEHAN-IRDIFER
A=, XERRBHE—T1ILFNEFHRDSE. NERSREEDTRME, —BaA—MRFIE
BAg, B—EOREE —N LR EAR(D/A) EiEs, ZSID/AKBRSRABR A, &R E AN IE
7. FFSRONE L A—RINHEFOM . XEHEZINEFHE, SENESHRMABEEREL. BH
AR EE TR e MR IR 95 E

Summing Comparator
Amplifier Integrator (1-bit ADC)
Analog
Input
Digital
Filter
1-bit DAC
AR BEEETEMNdelta-sigmatR B RR[RADC HIRE, FSEEI.
E15. —BriAH 2= RE (Delta-Sigma A/D¥; R ES)
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EHIzE, 4.

E1eE 2 M iATI8E. 7Edelta-sigma A/DIEEELHEAN, FHA=K. W AMEZXNHIETI D
ARENNE. GWHmALLERB T AR —A. BT U ERE—Ndelta-sigma A/DIEE RS H
A, MR- MR, AFSFLERSE (TUREEINEFTRERNOINGE EBHEHEGHR—1TS
KEERNADIREEIRR S

Integrator Integrator 1-bit ADC
Analog Digital

'“ AP [ s
{7

1-bit DAC
AR EEETEMNdelta-sigmatB s R asADC K], 552 E9.

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

BiEM: IMEHRBNEFANRMEENBER (SERK 22WREFESHAZTIEM EHd) . 8
AUFABRREXFUTERNIAR. EEBNEHRHFRNXENSEK. LENT

7
7/
B N tonic a Il a ’/
4 on-monotonic as weltas |, If the output code
a missing code 4 .

1o _ - always increases when

101 | L the input increases, the
Digital i device is monotonic.
Output 1090 _| ’
Code

4
o011 _| 4
4
Y
010 _| S
v 4
o1 _| _°
4
000 _L7
| | | [
0 1/4FS  1/2FS  3/4FS  FS
D Analog Input Voltage =

ARERKETR, FSHEERHER.

17. ERFEREAR

BREARLI(MSB): RSB IN—MBIA N2 #HHEFTARED M. EXREHRSET, KBTI INY
EHFSH. 2THRS ’ﬁ»‘(hl\/lSBE’]Eé?EX SENRIRE _ T (BOB) , Wi _#HFI¥NE(COB), trk
— 3 AME(CSB), #*MB(CTC), B L% B 1 — #HIF5(USB).
ZRERA[MUX):ZHREABASMIANTEFE—NMESEIHEES. B8 SRS HRMNA/DE SR
ANifi, ZMESBEPEF—D (XETURE— /\imﬂm X%E%Mﬁu\ =5) EAANES
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TiRE: XMHHHPANREAEMEEMNEA (HERK) SE2ERERGENEFZESHEM (R
). BIAMFARERESEBRITERANIAR. —MIELRBNLGFBEFTRAMNES. LE7
IRFE, A/DREMREE: AEAZE—NEREBRENELNGAAN, THHLHSEREFE. BENEESERE
IRAE, JELMBRE, MEFKENMLEFRE.
o [EVIIER-

ADR R H 5 S MR R
o ATHEMMERE-

BBREBEAR—IHENHELE, ME—BIAHEHNBEETEE. —MMERONERSSER
HIREX—BAHENEEEER, EXLEEETHMNERSHATRITTEY, REBHREANERS. X
BE—NERENSH, HEeHNERESHEHEERE. BHIRE. INL. RIABMEIRZE(TUE). LA
18, (EHFSEWITHEBR L)

Code
B under test
110 _|
100%
= 101 _|0% ]
3 50% Center of code width
] Transition Point
o 100 _]
s
o 011 _|
a Low side transition
010 _| el
001 _|
Transition point; uncertainty noise
000
I I I |
0 12 FS FS
Analog Input

SR XASLEBMADRRSENIEEECHRNEY TEMRENLHRE. Bh, FSREFEREE.
E18.JE X8 154 B B (3-bit A/DFEIRES)

IREThELL: (NPR):ENE—NTRTHAANA/DEBRBNINESE, TUNEEHNREINELL(NPR). &
ADDEHBBNEAT, YPGANESEAAEEFMETHAXRREHESH, BEERBBESHIRNTHE
WERE (XENKEHSNRESSIE) FrTit. MTADRKGRBEBHIHEIRD, BENKRILNPRETEESN
MR EZERICEERNMNNERIEZE. NPREZXEBEFXRNABSE, FFUERSESKAPIES
EENPRIEFEIBEKFEHADE H2S.

BEMHIEL(NMR): EEMFLER2EENFHRES (ERIR) EMEDBWAGESHEN. EFTIH
TUHHERBANESEHFHLESHLE. NMRTICMRHEX 2— 1, BESHHLEIMFItE.
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HIRELAS I E(n): BB AUE(NBIEEFEE FIRALLEFOME. A/DERRR HAX En L FFEET X
AM209n R TT M ] BERI JR 10 o

FEHRTEE: SAERNEERMESHTRENIE, XNMEEAER ERRXFRRDAKTRENR
ANESHR. REFFRRIRFHRRMN—F. SESHRUERFNETN—FERONEK, EREFRGERES
B A E IR E K

ﬁﬁiﬁi ADHE BN EEE - MBERIMLERBERRZENEEEE, RERERE. X2
ERENSH NENREERNEMAANEE, HENERESHEMIEHIRE. DNL. INL, HHRIR

==

o
REIRE, 2. £—PENHEMT, RERZEEE—IMNERINESLRR (BE—IMRINER) 55—
MEEHGESZENREE. LE19. EREERZENITEARO TAR:
Offset Error = (V[0:1] - (0.5)V, gp)
Hr.
o Vigs=Vae/2" =328 LSB TN A BETE;
e V0] = B—MELR[NRINEEE,
o Ve = AEEMNHEIIE;
o n=FHIGRIBFAVELRE

4
e
7/ .
" 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 1 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 1/4FS 1/2FS  3/4FS FS
t— Analog Input Voltage =~ ——>
EREXKEF, FSHE HERE.

E19. BRREIRE

REIRE, WHR: T TF—PWKk=FE, B PMHANESHEB— P ERBEN, RERBFEBHIERF S
(FERD NHERRRERE.
RBIRE, BEEL: NBEET. BTy i, RERENZCERSREERE, ©ETENEBEXESE
ENREENTRAEUERR Ty —Tun) . EAREADZ—FREEKE (ppm/C)SH A SREE(V/C).
BIEMEER: IXREHE T (BOB) , wmH%ZiHEFME(COB), FrA&EZ#HHIFME(CSB), *MB(CTC), K
BREZE_H#HBUSB)
Wi RISES B AR aR s A BB A AR 8
SEEROS (WHEEROSNTHERS) : EENGAGSBIWAERNETE, FEREFNENSE
ESEER, R GRFIAERERIREEREENRER2TEREE.
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HERHE: —MEEXHNEGRSE, ENADXHRIHEE—IMLZS THERNBMESHERME. €N
%%%Hﬁ#%&ﬁz%‘zﬂ\womy- .

favauist > 2 X fgianac

B, foou BRAESPHEEAE. LERANELETTURMESNOELRS, 3 LI L
WEBEBHZ S . ERHETHAHHE, ERLSNRREEMGIB. BAFAEEHTLUERBUR
BRI,

B TTFENURER, MEASEENERIELRERNE LR, IRXBEEXABT. BT RE
STREMBISLEEE X HAPASS, E20.XLEBTHME LT UEFIEM, BEENR, mEEMUN
Butterworths{ & Bessel a8, 1R, ChebysheviBK S BKLENR, —HEEMEIBILMEDEL. XN
EAERNBEREEX A €.

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

E20. RELERBFRITHRESH

FITRO: HEFTEOMADRABEBE— M ERBE— M ANEUE. LERDWADRAEED
gEFEN.

LR AR A T MBS SEEMRARRIIUEE (RENE EWRE) . AEREEE
BOR— MRS BEAENENRISIERETENES . ANEBHWRRETUER, RIESESEE
SERBRT, FEGELAE MRS, NRATESTUNE, BEARRE R QL TRE T
HHREROTL. BRAAGIRERBIELDERE, KGR HNE TR AT AR & —
N30, AR EMERRERIESNRIA /N, HIRR BB B RIS R.

AR BTSSR B T AR

FOKETEMEE: — M IOKLRIAT B —LE R AAR, ST U S HEREATRE (UE
21) . REBMERIBSED AN, 3 AREBR—DHTENLBOKIE, SIBEHE—RIERS
#, —MEBENDFADRRBEN— AR, BE— M ARRBEEBOTERIAR. E—SENEA
Rt EME—SHERORS, BENLERRRETREMSE, FREHAFE—9EB(Latch 15—
BIWIfERE, IESHEEEREEAT B9, YE—NRADEONREURRE T HnHBLE
. MSBRFEN S8, EHRBNRENRISAIEL ST L.
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kL%, 4

WME2VPR, HRSFIBENREMERBENILBEEEZ 88, SMROE D EHENG T 3T
&, REAENEIEASEITEL, IHRTMNEFTERESL ELERENT . BN ERIRERNEE
IR (RED BNLANHHEY BSEENESHERSFTRD .

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

Latch 1 Latch 1

Latch n Latch n-i

1]
1

Digital Error Correction and Output Latch

Bit 1, MSB Bit / Bitn, LSB

BE21. Ak ZEA/ DR IRBR IR EN

FIKEIRM(REIR): W AR, K.

WERIE: A/DERFEENIERAE T NMERX S ENBSERLE. AN EEERRBRE=ENGE
XEMNCENSH, FAHNEETHESEFRENTE, SEEMERENER, WHEETHNENEE IS
FFr G A= 8.

BRI, 4 EEFA/DERISFEFREHABEEEA, ELEERREE. SHEFREVIMGE, HEID
SFENN, EEREF MRS AAOEREEM L.

BREFF, 3. T ARG EXESRR, —EADERBE - NS EREMAFERIZTIREESER
RS, WERELLES THERSHE RN

B3R B EHNFILL (PSRR): R A Tkttt E EFF5I AR EURAN Tk, HIREEIH LB L2dBEpVN.
o ERHERBEMSILL(DC PSRREPSRR)—

DC PSRRE# & MR TIHE MEFBARR) L EERBERNEETILE
o  FiFHREEIFIEL(AC PSRR)—

AC PSRREH H AR, EMETEHBFEEMNBANZTRIER, XENNKRIENEEMIRNILD
R, SEMENERILERARFFTE. EABRBERSNEERNRH /N TF100mVep. 3RERE EHIH EL 2
fIZdB.

T RIS K2R (PGA): U R R M AR E— M F HEG S ORI RS

Bt NESERENENSAEESRFZAEENTXE, XMNMIERMENL. EA/DEBRBNE L
i, BNFRE#EHRIM—LT N EENEE. XNELNEREEL FRE T HHRBHERIESNR (L5
Et)
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BURE: ADERBFTEBUREZATEAANELESINBHNEE. AEERRKEST, XEBH
HEXNETHRFNRIEAUOLSBAIN N AHIE. FA—NA/DEBRSFEFE£1/2 NLSBHAHEM,
REFMAXN —MEBAREENFLMRENERBREZA L. REXPIELXRFEZERANEIUES
LEEM—N=RK, XP=AROTRE®RFTESHREERMU3

+(LSB) .
= 0 == - _ 2 _ —_
ELREYHR= = = \/ﬁ

Hrh:
o q=BEBIHE

EERBME: IMRNEHEANEZERRFERBRSEFEEBRATHORE, HEEKNESER (LLA—NER
&), XMRET, HHRBOESFEESESHENLENRY, TEHGHRITSEHE,

HIRICR: ADEZEESH TR, EXEXHEERKERRELIELTE.

SWE: HE-DEHRSNMIEMEENNE, 2RI PADERSE KRR H LB
DPHREHE P RBEEDMULSBRAERN R RNMRIMEE . XNRBSEORE T HREED P
NEESHR/NMEE.

LFiBEHE: IR ERE—MES M 10%MRESEE L FHEI90 % tR{ESE B A i Ay A ).
HFHR(rms):RMSE— M ¥ 818, ARRTEELEKORERE. HARMIPVTEARETEAE (X
ESFHERNE) NERTFHEFSRFEIR.

FBFEFR(rss): F—EHLEIEIE, rssFTFEHTHMBERR.

FRHE: REITRICESN EAES I HE B B EAEEE.

RESRFE (FS&H) : XFEMRFEREE NI UVHRARIEA, BT () —MENENRE (&
) RIBAEE

KEERFE: XHENEEXE-—MRINAANGES (INERXE—ERBE) MENNE. SEXERE.
REEE: BRKSBESERSMIEEMBEREINEERRRFR. XIPRBSERE T WANRIESH
AFHRAHERE. BEMANRNERF RS (sps) % (Hz). (RHFIBESHERAERER)
BREESAREMEE: ETFOHRNPERNEITNERFDEEXAEREBILSARE . ENEREBE
M8 bitsE]18 bits, HIHEEBE/NFIOMSPS. EEFMINFEF/NERE FHFFR. E228 7 #EFSAR
R R AR AL
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SAR¥E#52§, 4
[-—— R/E
Clock . L ’ . -
Successive Approximation Register and Control Logic ~~—— CS
— BUSY
CDAC Comparator

S [ MsSB
Analog Input O———© Cap Outout
5 Latches Parallel
------ ad and :"> or Serial
Three Data
Veer

Vrer State Bus

Drivers
Buffer
Reference Ska Int |
\/vv\ nterna

Input or Output Reference

E22. B REELSARREIRFERIER

ARIEMRITT, SARBESERGNAMEERATBEIMENTSKRITIE BT REMNRITTT
%, R2REIMEEM. EAERMNFL KT ERITHSARESERGERNBARE —1MERES (LA
22) , ENBEEEFFMECHHTUERCMOSHIE T Z#TH/E, ESARKRRFER S Sz
ERERE-EXBNE2Z2RTHHRNENE, BIERRANESERDPHRHFER, WEMBNBEEHT
MEFRE. IMMERXHVRFXRTN. IHEENFZ—wE5SFEERE, —BERANRNEENER
RiE, RRBABHNBEEIANBNGES. SEHEHMEITT .

BRABMANESEEEFXE, RBNESHEIMMSBERRNSEHERET, AINAENBEETEHEET
Rogthsk. X1, ReBANMUMSBERNEHHAMIHETEREEL. ILRFNAABERREFD MR
MAR LT 5, MRMEBEFMEI ENBELLLERFNSZFEER, REAERUMSBRHERAT, R
MSBE A E EAE B EVper. MRMELBTES ENBEELLILRFBNSEBEN, REFHNAUMSBHBIRAK
“17, EIRMSBEARHEEAEIRBLE.

LERSBEINMSBREZE, HBRSEHFHRRLEMSBH T—RAEE. ExKiX—H, TJUEHLECHEED
EHMERLT, BMSB-IMNMNBERERSEHE L. (EBERF—REE—FSHNIE, LEBRXNMBEEMAL
SEZBEMNAN. NREELLRBASEBEEKR, MSBIBMEIEAT, ANMSB-INEREEEER
EVero RBELLLERBHISEBE/, MSBIAIBEIEML “17 , ERNMSBERWEEEBRBL. Y
FEIRAMEES, BEFEEEIETESFIA.

AE—PRGRBOILEFZEEASRNELT, IFERGAFTREE/LDME—INENER, HEE
BRERENEBMNHET, XHSARERBMNEMHRES. ENERNEESMERTHBAZLENE, @
B 5mKE&Mdelta-sigma¥s#hag 1Lt , SARAIRFF-AEIRAS B EIRAX1RIE. FULSARBERABRMRES AT LA
MR AZE, mINvES . BERES. BREE. EBEhE. PDA. MK SMNESEERE.

26

AiBELER: BREEBRBHIEFI M~ ZHCA068-August 2006-Revised January 2008

WWW. B D T I C N CO m / TI Submit Documentation Feedback



*9 TEXAS
INSTRUMENTS

www.ti.com
Glossary of Terms

ZRIER(HD2): —KiE R EUR R S .
BERE (A S A/DERBERBRXK) : delta-sigma A/DERBEFHFIRERNBER B T EKikENE
HFRESRONE . INHENEVCSEARE, eETESTLRESMTNERERE. ARGAZKBEHR
BATVHRBER, SERBRENED, XNREN BN LAEENEE, BREERAN—NEKmEK K
EEKNEZEEREKRBHNERLT, WBOLAEERERE.,
{SERLL(SNR): ERTREME—EMEHT, RAGSMEERMNEREINE, TEMBLENSATRAZE
Bt H, BENEAGHBEEESHER.

— N EEMIEZESHWASARSUR/KELA/DIRRE, BENERIEZES.02n +1.76dB, EHnFE T Hhae
LS AiE. ERLE2ATTINRIBFSHdB (M FREEMAFES) HHFRdBc (FFEFWAEFES) - H=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=&HEABRALSBX IR/
o n=HEHRIBFALLERIE

3FFdelta-sigmaik sy I —MIAHIRE, HIBEMEBRILEFT6.02n + 1.76dB + 10log10(fS / (2BW)), EHfSE
EMBHREMNE, BVERSME. HENHSRNEXRSHEIFE RN EKE(SINADEFESNR+D).
BMLILAFE(ENOB. BHMIEEKXE(THD). EAEHMASSEE(SFDR). EIAKXE(IMD)MEINE R (FPBW).
(BSEEUBRE) .

ERE N LR E(SINADSESNR+D, Y 2iEKEEKEMERE): SINADESIHE TSNRMZEKAER
(THD). EMEJTREME—F (REHFEER) BEXHGT, eETEERANGESHNRENARERIMFER
CHIEE SN AR, SINADHNERR/NMVESE TIEEERILSNREF6.02n + 1.76dB (R ZSARFR
KRR o

SINAD = _20|0910'\j(10_SNR/10 R 10+THD/1O) or

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

P
SINAD = 10Iog1o[ﬁ]
N D

Hr:
o P, EEESHINE,
o P, FrBEMIZHNREIE,
o PRTESEMAENR,
YEF N R AL REREGER, SINADMEAZEdBe AX TR NED  HEFMIIERYEIN
BRI RBOFHERE, SINADIVEALZIBFS (HEXNFHEEMT NED .
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SINADEHFIRH/ B KNP RN XESH, AR ZTAGMRYIERE. BRLE. k. &
W SESAT. WAL BEMRTHRFERNAT. HEMNNSRETASREERERIL (SNR). B
H(ENOB. RMIEKALE(THD). HiAKE(IMD)MENERH R (FPBW).

IMES: GINESHIEEESRENFADEEBHEERANENI0%, BREZ/NMES.

TR HBEE(SFDR):EFFTEF, MAANNEEESHEENIEESMERENER (BAZdB) .
SFDREAI T INZdBFSHdB (X FHERHAEE) , B INEdBc (N FIFEMNBAESEE) ,
(WE23) . SFDREBGEMNUMN BFENXESE, HENNEKEZTRSHBEERL (SNR). F1&
Ebfn £ & E(SINADE ESNR+D). A ELAFE(ENOB. REIEHKE(THD). BIFALAE(IMD)MERH R
(FPBW).

BESH: BN SHREADEBRBNUANERENERATHAMENSH. XESHBFREIRE. BHIR
Z. DNL. INLFI#k#RIRR.

BrfiEp: YinSNEmAREMNRRELAIESE (FERIK B, HFESHREELIBERE
Ffr 5 B9 B () 3 A2 B A ) R,

SPI (BR{THMEEEDO): I -EFHEOSPI.

BIRELZ 2R HREE (SAR): See SAR¥ =R

RAER#E: BSRXERBAES5 I —MERENESHEANE, KERSADEBRBIREMEBMIE.
B, B8 BTRFESTENEEEE. IR[ENTERRBENENRETLE, MLHAEIEIR, &
REBNERSEEABER.

BE, TR ORESCERG T At MEREEMNTEEBENENFIEE, TESWBHERRE.

BE, &: ATFNRANBEEE. IRENEEBINEE, [SAHTRSELTE mB/SEFERIRE

BE, Itk SEEBRETENEERS, INEFHERZLTHRHN.

WMIBE. MIZESHEE~ERN. BERLT, RBEFST:
BE BE IR 75 = [4kTRB

He:

o k=iRMEBEL 1.38x107%,

o T=FRXEE;

e B=Ti

BB : ABEMEE—PTHERERGOBARRESN, ERFHF, RE—RHBEBHNBE~E, BNLE
NTHNHBERRER T REEHAS, FEASERT HETHINRERLHERXR. XPMSEEX RO, B
H°C/W.

ZRIEB(HD3): = K 2 KRN =1Z.

FHE: FHEREETHENKLL.

FHE.: HHRBXHE. KE. BFUFES T HIEAILAKIE, X EthRESEREIERRN&R/
i8],

Bt Eh: WFLE R,

B iEI4E LR RS 0 AL 2Rl E.
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BIERRE(THD): &/ MER RN TR ERAGE SR, XM LENBABSTHESD IE(JB)SY
F1RdBcEk =, THDITEARIT:

THDgys = 20'°Q10\/((1 OHDQ/ZO)2 +(1 0'-”:)3/20)2 +(1 0HD4/20)2 +.. ) or

P
THDRMS=P—2
Hr:
o Pg=—XRIEKINEK (FSHXK);

o P,=i8EMN— /ME“,ELIJJX
o HD2 = T RiEFHmIEHE
ADHREIFENIR D ELEMIRZEINL—REBE A RIEEKETHDF ., THD—REHLFHFEENBANESTE

E, WE23.
FREQUENCY SPECTRUM
(8192 point FFT, F = 10.0022kHz, -0.2dB)
0 B 1; 3
-20
_40 A: Fundamental Signal Magnitude
D 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)
IR THDRBANRBFIMERFESA) Z LAEIRE G, etc) MBI
E23. BigKAEFFTE

LEENEARNNEERGERN, THDMEAMZdBe (XN FEHEND NED ; BEENNEHEI
WRHMRBOVHERE, THDWEAEJBFS (AN FHERASNED . THDEMKYEBEZN BHENX
BEH, HEHNHSHBLRSEBIEEBREL (SNR). SEREEEMN L E(SINADSESNR+D). BRLLIFE
(ENOB). TZ#zh7SEE(SFDR). BIAKLE(MD)F £ TS 3 (FPBW).

SIEEKEMERRE: LEREMEXE.

SHRFERIRE(TUE): TUERNERESH, ERETHFREHEBELEENLZE. TITEYT, IMRES
BRE. EAMELERE.

fEHEE (FHMs) . ADERBOEFTAEROHEIRASENBNESHNLE. (LE10)
BiRR: AENEFESA—IREHRE T, RNEOEIEARE. (LE10)

BIREFS: AR SFAHE M.

WRERAKE: WEIFAKXE(IMD).
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REHE: EXXBRGH, ADEBRBFOXFERLBNARR, EMMEMAEERR. XHEAXHEE, &
MBRIE SR T (A o) IR B — DL ER B RIFR (fvpe) ES IR L.

fsampLe > 2 (Afgig)

Afg IR/ NRIERIEBIRE SRS, XNRESRERFEPRBIURE IR . A/DEBREEHRERFFEEN
HRLTEBKR, RBELEXLESHNES.

FREMY: 5% HRRIDHES

BRRE:

o RE-

MIREBIRE.

o FF-

IREIRE.

BRIEA:

o 2E_

TG IR

o FF%-

MIBHIRE.

BREEZHBIRD(USB:MBER/NIRATIR, BHFANRIBAEATARIEN, REFLEEKIIHERR
No BEEZHFRHERATERBENRFTRD. OVEEMEF0000 (MF—N-bitlIRS) R, LLH
ERENMNREENALSBAEM B EMN N NHFE NN INRE TN AINHERENEFET . IR

0

|~

K7 BREE_HHITB

MNEMONIC DIGITAL CODE Vire Vcope Vrgrs
Zero 0000 — 0.000 0.3125
+1V s 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) W EEZ#HD, FS=10V.
(2) Vi = THBRBEBIT; Vig, = LEREBEIBIT; Veooe = (BBIT)10 X Visg, Vig, = Veooe +(1/2)Viss; Vire = Veooe — (1/2)V g
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SEHE (BUMRMNSERE) : IMNSFBEERE T RIUBALEE. X THERMTHLFRLUBASE
B, BZEFmNARR. XPMEERTNEADERFNENIEIMEN.

. BERE-
SHRERRGFEEBEMEVorr — Voer) RVoe BEREREHSE. SEEENE—RATHLREE
TR E T

THRL(HTHEL): NRERZ(EA)

S

T E AYSCHERERTT LM B MRS (TH IR 3G _E (www.ti.com) TE, NEERE T 2 RS 45 2RAR AR
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

REFEHRERIN

GRBEZHZRHLTFIEMNAET HEEN T =&
#H?%%ai%ﬁiﬂﬁﬁ¢m,3i$%%
HT#ast, mEMmSERE, SHRRE

8000% MR MR EFH HERBEELE

—@ 7%24 /\E W L RERTERIE

AN TERRNBEIRIR

ZERTLEANERB
T}ﬁnulxﬁ'o

IBENEMmMY. IR R, BIEREEH,
J%EEE?EM:%?E Byt

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

BEYH—NREEEZHMAEEFRSEG, HE
B A E 7= {5 2 1l 800-820-8682 Tifia] mE

mm B fRIE

BRRER—#5,

RiFER

THERR . LREZCEEM

her—5&,
REEENLX, Bh

(Green)Hyi3s,

www.ti.com.cn/support

BEAHNEFTTRRERATEEET 3¢
1995 &, TIH*E
FEBRRSITRIFEETE, Z2EN R
REGHERTHEFBHELKER R

Xt T ARG, BE

TI RER#FLAFANEEYE, H—EBHNTFEEU.S)
REFHEEEZREREZE, EAFRTES KNI R
KTl 3IRE
TMETE(lead[Pb]-free)itXl,
B&. ZitUHT LHE80ER, BEIKFRHTER
MESH, EASHNTIFRYTRELHERER

BRI HABRANERRE, TI5
FEEA T %7 E I

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

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

- MABMLMRMA 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 7R www.ti.com.cn/radiofre

* RFID R4t http://www.ti.com.cn/rfidsys

« BIBH#HRA http://www.ti.com.cn/dataconverters

- B EFIITRT SR hitp://www.ti.com.cn/clockandtimers

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

- RESRSEM MRS http//www.ti.com.cn/temperaturesensors

- BiEHE

5K R R 4%

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

« TR A http//Awww.ti.com.cn/industrial

« HEAMR 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.cnivideo

« HFER http://www.ti.com.cn/audio

« BESBE http://www.ti.com.cn/telecom
« E4IESE http://www.ti.com.cn/wireless

« B3ETF http://www.ti.com.cn/consumer

« BESTHF http:/www.ti.com.cn/medical

(MCU) http://www.ti.com.cn/microcontrollers
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IO http://www.ti.com.cn/amplifiers
BEEds  http://www.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

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

Tk 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
et 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

To2k http://www._ti.com.cn/wireless
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