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Due to thermal time constant, temp. of Q; and Q, doesn’t change quickly.
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AVge = e X AT =2mV/°C X 0.1°C = 0.1mV

FIGURE 19. Thermal Offset.

SN—RBEHH—R, —MRITREFOVLESFNE
—NBEBSECLIBIERABRE, XFEMLTT DB 18 F1 A
RIERARBE AT . LIRS 6908 0] DU A
INEERBAER, BXWAENSNRIFREBEE. X
HHESKEAZDIMARBRESN “F” & “x”
B, steFmE#RiFEREYE, BERETEN TR 1848
NERFER . BT/ NN Z 5T A TR FE BT U &
XY . XHMRH BABANTRIEERATRE
E. EN94H T HLRBABRIFRBAMHEITE. XFE
THEAY THEEEEEZR, LWRBRENESNT
0.1mV. ZFHEMNEXHEEHNANEEFLERE. R
SR FET 8] M 10us B 100us A . 520 BT 8] 5 £X AT
REERAEENYERYT, BHRENHESTSMNE
BEAE. RMERBPESENBEHREZERESHNASES
BRA— "N EEFENDR, BNEZEMRAREN
RERIBRBIE 2= .




sy
Q
S

S

T~ 0

e

DN
L

e

Bw/STAGE = 225MHz

Loop Gain = Loop -

@SHIFT =4 X 45°C = 180°C

Open Insertion

Gain Gain

70dB - 20log ——
2n Rg f Cg

1
g
21 (300)(225 X 10°) X (0.1 X 10°%?)

70dB - 20lo

70dB - 27dB =43dB

When ¢ = 0°, oscillation occurs.

VIN
G =G, XG,XGyXG,=7X7 X7 X35= 12,000 — 82dB

82dB \
70dB ﬁr\j

Gr

100MHz
0° f ™ oosuHz

S

Q

(2]

®©

T

X" 180°

f (Hz)

E20. tb B Ix % =%

F—ARELTHARLREZBAENERER %
5TFR%. LB HBEHEARGBEELLRSE
M AmN, XEMNEREZRkBRLESHNEE
RIEBEMNEW. EAELENBEAT, SMARAZXERT
SHRYEMROEHERN, X SR X R R
7. E20f218 RN ILESEH OB,
X AL AR T I = £ B B0 R IR A RARHLER. BEZE
ERGHET, RF[BERDE—NRTmENRIA,
BHRBERI—NMERSRPR2EHFLH, Z
REFAREIETMURDFEETNERE.

WEIATAR, AP —MILRKF: “HAREN” . B
22 B X MR AR B m A R (LB RS . W PR IR fiE
BESTRN, XMARLRFBELIHERSERT
— “BBET . HIERSAERERIN, #EE
A QMQ,E DT PIIKF10dBA B RE. FIHRR
“BER” B, IFTRAZEXZI@AN “HFEN” Q,
QMR AEMNER. ABRSERQMQBMAE

Sl

* 3rd Stage e

Since the gain is proportional to |, a 43dB gain reduction occurs when:

| @ Balance
| @ Unbalance
| @ Balance
| @ Unbalance

AVge = 26 In = 129mV

Overdrive for 43dB gain reduction:

FIGURE 21. Gain Reduction to Stop Comparator Oscilla-
tion.



R ERESRIERE . XA HEIRE RS @8I A5
R AR Q, QR B R it HIRLBRARF T
MRHEENEEE . HEERHFLERFRESH,
RH|mAANTREENRTD, SHERBARBAEVIRRES
B, INRERBAEREAR B AEE T —MRERRK
SN, fCHNEBZMEB: 1) FFREEXERAEX
RS . 2) MRIBEMNEEE, BAATRESHE
FHERH O U SRR R BORE -

RROBEHERFSHETUSHAA L RHA
B XA RARAIRITR T AL RS AN AT E
—MEAR, ETMREHEBHELHRITUHESR
MRDHER. REERBNESHAARBEREH
BRPLOH. GaAsE—MFHXE, BEERMRA; 4
RBREGRESNEEN, EENRBEAIRN. A
HIERS=NFEHNE BT EX 2GRN, EFFE
KRR I & IR G X M R B (R — TR L B =R T E

ERERFOLREF

— N EIRRRSRRARN - N ERNENIBI EIRER
TRIFEEE . RER/REFMEA/REFREN, KRR
FEBZAERA. 1R RET SR AR 5126
HEEME, XRMXEREHEEN. —EREHRAX
HEAAEACHET. BNENR, ESHXE, RE
REF: FEUMTA T R MEREF. i ARERFRETA
EMZH, BBEATARGBNRFTEE AR RS
B AMRELET.

— M ERERARFF AR B RAF R R LERR AT (8]
(RBERFR — P REMERIFEN A REEE esz) .
BRI, EERMEES, BRAAGESRENEE
HEEERERELE, IHTMUBERENHIL.

1,
.___%38

‘® e

. e
% ’ N
To To
Output Output
Stage .) Stage
Qo Ny 0Q
g:l—q—,‘g‘t I,

ot ®

Latch
Enable

)

Latch
Enable

+)

E122. (A 3R LB A% B i

10




S
sin 2m ft

e(t)=

EFS = Full Scale ADC Range

de(t)
dt

de(t)
dt
EFS =

de(t)

=fEFS m cos 2n ft, t =fEFS~

f=

Assume maximum allowable change during ADC conversion time.
T = 1/2LSB and EFS = 2"LSB where N is the number of bit ADC.

1/2LSB 1
n2t T

T2MSBr
As an example, letN=12and T = 1ps:

. 12LSB o
= — =38.9Hz
MAXT T ovLSB &

With a sample/hold, the maximum frequency would be 500kHz.

K23 358 RIF/FFADCHI R R N SR

e

Cour v TH

!
‘ ‘

Fourier Transfqrm of Output
tfg —

“— Cour

T
Eof) f vel2mit gt = eJZ"“)
) o
v o2 _ 1 i (oinfT _ oinfT)
T onf 2 T oonf 2
vel™T Magnitude
= sin fT
T
. f
) sinm —
Eolf) _ SN _ (ejn(f/fs)) fs
Eo(0) T it

fs
Phase

24 BREF/REFH 5T

1

VEMERN, BMNA—1NEXEEMHADCHN
WEE, URESEZXBRNOSEF=E£EL, BEHR
SEAIRE, EEREBHRABITUMNBREMRIFHIK
Pk, XPERREERB LS A TR 8] 4B
e HNE. B231TE TADCEUHFAERE, X
IRERFRIFEIREZE—PADCZAIA, T RUFKEX
Fhitige. E23%4H 7T, TJRI1usADCAIEAI AR KR
R, IR Z38.9Hz. Y REMRIFHEEIRFIADC
i, ADCHESAMETUS EFAEINpquistiiR—
500kHz. AN, HNBAELEREMRERNETR AT
PRIERKCHEIDAC, BRFEAIHL H T anfa & kg
?ﬂwﬂ]ﬁ% BG4 H MR EMRIFEMAOR S FEE
o T REFRFFEERARMN, NEEBEISE
J*H%E’mfro XthERSEBRELEN—NFHX.
E241tE 7 REMRITF w5, E25%4H 7 MEm N8

i E5 A
EA—DMNBNTE, ai%zkﬁﬁﬂaﬂﬁu{%%%%
WME26~. —NFETHAXE—1MBEAEEE, XIH

BaxfI TR, E%ﬁﬁ—’?%‘ﬁ)\ﬁﬂﬁﬁ%ﬁﬁl%ﬁ'—ﬂﬁ
HAERTR . RFESH, SNAERRREFETHIIR
EEN, ERATSEPREM. FETHRKEMEKIRE
ET HERRo, ERXMEMHT, ZhmBHEHAR
BRESNFFERCELNAAGES. BERFHER
MEBEESWALEE—E, EIESROEZEREFLRES
MFETEZ# L. XMIERT, RFBERFENMNX
HOMABE. E274HNRREMREFHSRHMERN
W . HREMEFRE —MREFE RSN, RITFE
Eiﬁﬁﬁiﬂﬂmﬁ’\]%{?%% Bl TR 2 A9 BB BEPR &) 7 1
o ATHERGIAIMERE, BATHSH—MRITEIBI
? R TRENRMEEMTEREN. —/ 8
BHMNED-MOSFETKR SFETEM —EfE A, XAFET
BEREEA—TEEFERERN, FETRUTSH:

1. Ron=50Q
2.V;=2.5V
3. Cga=0.5Pf
4. Cps=0.1pf
5. lpss=25Ma
6. lorr=b0pA
BRI F BB ES HEE 210V EIEE
F—NREFLREEMREEV, M L0.01%. &3



0dB

-3.9dB

A(f)

Frequenc:
fs/2 fs q y

On 10V
Sampling
Signal J LOﬁ —75V
E26 B AR KA /RIFEES

MY ARR T ARMNMORZERNE. RERT MUY
INARMUTERERSEH:
1. B EMMEIRE
2. AL
3.ESMRA
4. 1BAARE
5. AR
6. BEmE
7. SRR [E]
8. IREFEIRFFHHE
0. IR

1S M Bk R IR E
AT RIEFETREEMNSERE, TRELERFBITE
EES, KTV, BBAFETHIIRBER:

VON+VPEAK=5+5= 1 OV
ATRIEFETRZELER, RANERT, BFETREHR

12

Input Signal

Track/Hold Output

el

E::]Z::::::::::

JLI

Sampling Signal

— T

S

il

) IG
A
Von

Vorr

Allowed Error = V| X 0.01% = 10V X 0.01% = 1mV

D
fc

VOFFSET

L

Track ?
Track

Hold

CGD .
VorrseT = W X Vgare if Cgp = 0.5pF
GD C =0.009uF

0.5X 1072

—0.009X 100 X17.5=1mV

Vorrser =

REVE. XEMNRFENR/NEENIZeE5V, HEXHH
BRAT, BIEAREFESRINN. BIIHREH
B ESBER-75V. ME26A~. FETHMIREE
BHTZE170V, XBESEBENELESHAT. B
28% A = 01T T2 B AR B iR AR B A Cop MR TFE A C




—l— I C, —O Vour
Vg
) ﬂ
Off
Ron
Ay —O Vour

Small Signal Bandwidth =

2n Rgy C

]
" 21 (50) 0.009 X 107

= 354kHz

A ERE . IMRIRESIENBHEHEEREH
FER. HEWT:

Cep
VorrseT = VGATE (C N CGD)
A LB AR D B R RS AMEIR ZE 2
0.01% X 10=1mV
FRIFEBREMNITE

Cop ® Veate - Cop® VorrseT
Vorr

_ 0.5pF ¢ 17.5V - 0.5pF ¢ TmV

TmV

C:

C = 8.76nF

AL RFFBEDE (CH=C) WNE—B¥E, REMNREFHN
T (WE29) -

BW =1/2 n(Ron)(CH) = 1/2m(50)(9 x 10-9)
= 3b4kHz

HASIEnIES

BIE A T S A AR IR Z IR R, RIZ MR
Hi, EESMATLLAEN75V. WREAESELVH
{8 _E3 KA, FETHIWIMEE £22.5V, FAFETREEL

13

15X 0.5 X 10712

V. =
O 0.009X 10
75 -0.83mV

_ 5X05X107"
O 0.009 X 107
—-7.5 =0.28mV
I
1
1
1
1
1
Vt =25

E30.FET#I R ME A avIELk M

b, LERHAR EREBER7EV. BRHMIRESHEL
KD ZE15Y, BRESIEMNSMEBIED.

KU, WRBWUFESHRFNZANE-SVAIK
¥, MABSMRRAEZEV. EREAED, A
HETHNRMBREHEEZ17.5V, BAFMESIERN
AEHBEFRZEImV. WE30, KFELEFSENS
ENZARESEEET, ENTUERMNERRA
0.83mVE| A #RFRAI0.28mV. HFWFIMZEEE/NTF
ATHREN, IHEALAZEZE—1E-A; ENREFER
AXRKR. ARANRRPRINEER, XAZEA
P Bk BaE® TIEMBER. HSERI—PTEMN
RERN, BTXMEWE, BIEHFXERETLIE
Bit,

ESiRiE

ESHRBZNAEZRABRNTE, X1 HE
BEMNRREREDIFETARRER . ZBEFHTHREAHN
FHERITHMEBE MM ~ENFTEER. NE
31, KHMNERBWAGESHEERFER, WT:

Veeeothrouan=(Cos/ Cp) (Vin)=(0.1 pF/0.009uF)(10)

=11TuVp-p



CDS
VFEEDTHROUGH = C+ CDS X VIN

01 X107 X10=111pV
= =111uVp-p
0.009 X 10° +0.1 X 1072

E31{ES5HE

BRE—AAVHRE, RERNBER SRR F
BE, SRR A ARRBMORISEE, T
B AR HE—FF A SHETAS -

HLizsiah

E—INEEMREEBREEZE, SXENRE
FXRITHE, RSB FAHEESHENTL
2. (EZEREXHIRFNSHLANE, A
EITAREERANTX. ) EENLREE:. AT#
IR7E, BEMSSIERFNRAET K. MRBINERE
FEMNSREEER, mMRMNBRZEFNBEER
—t#, IBAZ—MILERE. A — PR F
F, AANENEBE, BEAEHNINRAEERSES
BRRER. XENRSEEREIZ — DT ZRNKER
ARAERFBFAETEMNRE. NEILRRIHFTAR
BHENEDBNEE. RESEZEREHEINBEER
50NvV/Hz1/2iX EL B BU 2L ME AU K BRAOIR A K15 . St
—SHRIE, BEBENTREROHRE SRR
300MHz., BEKFWREEZHLE (LE32) : Kk
27 HELLE = (50nV)(V300E6)= 0.87mV

MREBREZEESILRZ0.4V/ns, BAFLEZHE
= (FIEs3) :

LR =(HERE) / (BBEIHEEK)=tA
= (0.87mV)/(0.4V/ns) = 2.2ps

XAESKERNBIERRSFD T B, fLi28E
EHEESRENRERTERBERE. XPMREMN
TH7R:

14

To T/H Gate

Circuits
Logic
Input
Logic
R, Threshold R,
O V-
Logic Noise = NOise  x yBw
Density
= 50V x 300X 10° =0.87mv
VHz
E32.1B 3R E
Threshold
Variation
Logic
Input
Logic
Output
Aperture Jitter = M
Logic Rate of Change
_ 087mvV__ 2.2ps
0.4V/ns
E33.7L =Rl 5h

FLIZSIEARE
=(MEMESE) FLIEEE)= (de/dt)(ta)=(FS)( 7T )(f)(t,)

BRIE—1M12MADCHRHEERZ20MHz, FS =
4096LSB, f=100MHz, t.=2.2ps-

FLIZSIERIRFE = (4096) () (t,)=(4096) (p) (10E6)
(2.2E—12)=0.28LSB.




0.28LSB5| MR FE X FH &E10MHzAI1.2LADCK IR
O DUEZH. E34AMIBAHE THERE,

FLIZER

LEERZRHFIRIFNNSHLARE, FTHRE
RAFHFFX. MEICHT. YSTBREZEFEHEE
MECR, RHARERREBEET . MR REMRE

Input

Sampling . Jitter
Signal

Output

B34 FL1Z5I Mg E

Input
Sampling . . ]
Signal Aperture Jitter
Output Range of Outputs
Due to Aperture
Jitter

- @ @

Aperture Induced Noise = Signal Rate of Change ¢ Aperture Time
=Ergemefety
=4096m*10X 1022 X 1072 = 0.28LSB
For f = 10MHz
Epg=2"et,=2.2ps

E35. 125 RIS

15

BEAERHER, REFETHNRERMSHRAH AR
EERESEARFEARR (FFE) B, BHHEREREE
25 CHIZ50pA, EBEAMRSUMTHERENE (A
E38) :

/C = 100pA/0.009uF = 0.011V/s

MR RFEFRFFI10us AL # B B8] XN ADCHY,
BLEEZBNEIRERRFEENERSHE0. 11UV,
EE—FENATREZImMVE, EEETXAZER
ZBE. RERBI0CEMARE, YTHEEEEME
125C, ATREIERZ, BENTHEZKRNITEF
BIBZE01MmV, XMAKTAGFE. HMwHRITH
FMERERINRERES, TNREZNHEXTE
X, TERMTR, HtboT EEERERMBEDTIN
EZHKENTTE.

W SR B 8]
REMRFREN B RITESREER L IER
MITEITERERE. (BIEEBMERL. ) XHEAR
B —PMANGESHENARRNEEWY, X
BRAMERFNRFREN A ERELMEEEZA.

Input to Sample/Hold

Input to Switch Driver

Gate Signal

-
Aperture Delay

E36.ALIZER




Q
Vin O 3 +
I I p—" ) .
— C, 1 o
x T .
+15V -
Track/Hold
Signal I\ Ry
In O I/ Q
V%6 7417 6.8V
Vaias Q,
V-
E37FETH XK &=

S/H Output

Sample Pulse I I i

I Ip+ls  50pA + 50pA
- = = =0.011uV/
c ¢ 0.009uF HVIHS

Droop Rate =

E38.BEmE

MV, BT R EFETR, REFENRREET
R (A39) -

Slew rate = lygs / C,= 25mA/0.009uF = 2.8V/us
XENRFRABER L AEXRFENRITFNE MR Z
MNBER, 7B, (LE40) -
V= (Ron Nlpss ) = 1.25V

SF—MOVEAMNHE, XEMRERAFSHE
BEAERAER1.25VES. 75V R A S OEE, XS
FZ% (8.75V) /(2.8V-us)=3.1ps. WEEEMHES X
£, BERF125VRMAAAERELENTIMVZALIE.

REBELRRBE, RENEUEBIETEANLARSH
(WE41) -

V=V - e—n/RON-c H))
BEMT:

t = (Ron)(Cp) In(V/0.001)
t = (0.45ps) In(1.25/0.001) = 3.2us

REFFRFT AV ST B 2 B L M i2 E R RS (8),
HEE:

Acquisition time = 3.1us + 3.2us = 6.3pus

BN AEREE PR TR T B AN IE A 2
Bt EE IR 2 A96.3usE B/, LEfr b, KELIERTE
KT 1usH MR FFETH AR EE TN, WERES
3%

ERER B fREFRVTRE

BREFRIFIR ERS B A AR A B A Ak : —ERFMR
FABEERTEROMRE SREMEHNEE, &
- ERBR L IRRFERTENRNTRME.
WITHXHENRFEREEBANRFER, FHILR
BRERFHREFCERHNRFNEEZRER. HHh—
AN T IUSE 47 B AR AR BR BR B AR5 YR IR

EMEHER

XERFOENEHFREMNIUTETXNSERAER.




IDSS

IDSS

0 Vo

1HH

VGATE

E39. BRI B RN TE

Linear Settling

I
|
I
I
I
|
I
I
I
I
I
:
-

7
— :<— —
A Ll

Slew Time

Ioss __25X107°
C 0.009 X 1078

Slew Rate = = 2.8V/us

Linear Response

de A eRanC

1 eYRaxC de _
dt RonC

V=V,

When de/dt = Slew Rate, response follows exponential:

I
I
|
______ B

Ioss Ve V, = Ipes Ron
c RonC =25X 10X 50 = 1.25V
E40. W S A 8]
_ (10-125)
Slew Time = —2.8V/ps =3.1ps
Linear:

1.249 = 1.25 | 1 — e7V(50)(0.009 X 10°)

0.001

t = (50) (0.009 X 107) In =3.2us

Acquisition Time = Slew Time + Linear

=3.1+32=6.3us

SEARES i

17

! Voyr =5 sin 2r ft

av,
Slew Rate = o 5.2xf cos 2 ft
Max Max
Slew Rate 2.8V/us
f= = =89.1kH
) 2n) ton o9 1kHz

E42. £ NERHT

-

BMNHELHERGTRBEE, ©FLEENTRER

KESENFERAELE., RiTHGFOBER T (LE

42) : Vour=(5)sin(2 7 fT)F0
dvour/dT=BR K E#E=10( 77 )f

Bk 2MEHIH= (EX) /10(p)=89.1KHz.
EFEHFFAYE T EEL RS 2 AREMRIFNE
it. REE®, BXTL2MEHREINkHzREA,
XMARS FRBZESEB T . WEREIR6.2us
B9 KPR R IFIREN — DL AT 8 5 10usAIADC, XA
RXERFBEEBHRERENLEZMES. FlE—
¥, XMBERSEHES-10ET, MR ITHX FeE RAE xS



O
Track/Hold Signal

EA43. SRR /R

BE, ERRHBAHEE. RIS H LD REMERST
WIFEBIT, I RIE IR KR, X B AR AN
AR L &M E DR

XM T RENENRZ, BRMNRELEHRFNR
P R AU SR Y B R D £300ns. XAMRITELESERTHY
XHEMNRFEBSBRD20Z M ER. FTERIN
FREFERNSE QD JRNE2009EFIXT, MBI
SATEM6.2sE/NEI0.3s. MR EEEE LML, 7L
ZolENatEMBEERESE BRI R ZBIMN.

YXFIRITHNERREBT L0001 %NEHER, &
E—NRUTH. F43BEH 7T XHEMFRFAELER
B, EXHEMERFTURENTE, BHART R
REFMNEME. RIFMERFOELSHRIERR, RE
ELEMFETQ,MQ,MF#iEE. HiXMIREMRE
MREFFREFEAREN, MEEREANRFERSS
—NFETHEX, ER—1MENEE, AT UZEE
HE|RAMMEMBOTBFEMIRE. E44BETRER.
X Fh e BE X 4N ILEZC, MC,, FAFETAICres— FHEZ AIE
B, TEAY T BRE5RZAMIREND:

Vorr= Vg

Chss (ACRSS+ AC )
C 'Cpss C!
=17.5(0.5/450) (0.05 + 0.05) = 1.9mV

HTHIRAFEANIENREEBRAFTERL
1.0mVIRE. MAERMNPATUER XFMERERMY
REME. RAEREREA—#, 0.01H&MET
UHERBERMEEEL, XINENTRETENVM
— XK. WENBS5REBAREZENILAR, ®RE
REFMRFWEREZ300ns, —BAFEER, F
N AEREMBMNETZEHNRE. £AFETEHA
30nsIBR B M AT T E, FiZEMWITENKE
A 8] G AN . — RN IX F AR A U SR A 8] A9 L 75
R “RMS” BAIERSE . YN EERAHE TR, U1K
SR EIR424ns. Y HAXFTABEXAN A, F

\
\
Chss2 >//< i‘r

O
VGATE

Chrss
Vour =Va c

0.5

=175 (m

ACpgss AC )
LAl
Chrss C

) (0.05 + 0.05) = 1.9mV

FIGURE 44. Capacitance Mismatch.



MEH T —PMRTRER B ML . FIEIHE R
HEMA TN RERFERNRIFNESHEXNE DT R
2NN, INTFRELEHEFAEGEN, BNBEEE
EIT e XM REEN. E—LRENYAF, RIFH
BEEHEMZNENEHE 2 BNESNEREEM.
BT ESERASTEATE—MHEENARA. X
FhEE R LR TR ENRFRSN T — MO REER
ADC. EZRBZEEEEAMNANGES. EX)BEE
TSN MAERBE—3. E4546H T RFB
AfIEI00NsH R BES, ME N L 7E424ns
A 28 E AR S .

XA E IR B A9 6 B 19— Mk S 2R R BB A A9
MESHEREEN, NE44FRR. EERNEHEE
FETRENAFEN, MAMEFETMFTF & LAY
B R EORE M-, XSRS MERMARE
AMFRIEN. REMRSESEEERNENERT
TRIANNER. REMRFEMN—DEHE IR
Pza, o] DUBBRIXFRE)E

A EEMNERNELIF T, REBUEELEER
Z. MBEHBBHAZ0.1pF, RIFBAE450pF, FHiE
BERZ (10) (0.1/450) =2.2mV,H#BZ T 1mVAIE
E. ATB/NRBEE, REFBABIIGHINZEIOPF.
IR IFEHE B AIEE990pF LUR D RB B EE N, @i
RIFE B ERE H600ns.

AIEMITESE 7T MERITSH, XESHEZE
HEZW, BEEERITEMZ, — NS HEMRE—
MSHBEEEHER. BE300nsHENIEITT BIRAR
TREIAE], EXFREEEATTREAR, Bidat, T
BERTFHMRE. XFREMRFFEBOLAENE
&, RARI10E16ETTZ(E. KBFENAH, —METF
50ONsAIRFEFRIFEE T IMNIEEFH, W EENE
BusfIADC, FFoT BRI A BB A R/ N R IR AT (8]

IERMER TR ITHEE 2L, XDERITZE
300nsMIRHFMRIFRIE. H—MEBEZENEHN
El46fT~. XMERHE—DNITRFET, MR
RIFHMA|BINETE. XMERNOLRE, T)
BB R NMRESHFET, XMESTRILRITFER
THE N RMEMBERRERZETNAOMEFET, H
It X AR e B RIS ILECAIFETEUR, M X Cres FULEXHE R
R, ERERIKRMT RMNHEALTRE. HRHFM

19

FIGURE 45. Difference in Acquisition Time Between
Buffer and Hold Cap.

REELFTIERS, XEZRER/NAEENFETE
5. BbERESHR/NMENBATFET. RETHE
MREEZEARGNRGEEE SR, BR@OAR
IMEHSEB R AR B TR EREINAE N F. THRIK
HAESTUR/D, BEFRPETFERARMS.
BMABHRFERDTERNRNESEKAIEST. Xt
ERREMRFEMANIE, LYEFIRMMMER
BORMBERZMIMESH, XMESAEFHIRIT
HIBNMES. I TRIEFETERITAN, EXERNRE
R H, BTASVHES. A7 RIERFRSFETR
B, RMNAZMNBEER-2.5V. B2k EL
ER75V. ¥ERMSMEZRER, T INERNS
NEIFETH R ABEZ0.6V. MBTEAIH FFHATT UL
EH, — B REBEEREETERNKFES00pFHF
BHARBEEREMVE. EFREBREMNRFEEE
FETHB U A BER/NZE0.6VRFFE AW MU AY
"/NE60pF. XHMERERFIRIFIEZEMNE RIS SH A
T=(2Ron+R)Co



W

Gy
I{

o—\/\?\/‘ Q

Vin 9 1 -

é i — ——OVour
IR :
R/2 Q,

L,
1

Sampling Signal

(a)

R
YW
C
| ([
1\
R
Vi o— M\ YW -
Ron —O Vg
+
t=(2F{ON+R-)C
(b)
46 R/ RIFH T
c BRIZBTEIREIMFETHERZK H20V/usFI/NMES
Amplifier will slew until slew rate =~ W A30MHzZA B A AR L, R:A300 Q. MARE

T =(2 Roy + Re) C = (2 X 50 + 300) 60pF = 24ns

200V

E =T X Slew Rate =24 X 10° X 00 4.8V
Input— E E
Acauisition Time <
cquisition Time Slew Rate Error
10-4.8 4V
=————— i 24ns|
200Vips o " 0001V

=26ns + 203ns = 229ns

Feedthrough

/ Capacitance

0.1pF
P p-p

- =1mV
60pF

Feedthrough = 0.6Vp-p X

Feedback

Input Clamped by Diode Capacitance

47 RIRRFF/RFF 1 8E

20

HEIRFEERENTRE, XMBAERLAEEHH
SUMERNENEEZAN. XHRERMRFER

SUNSREE P
T = [(2)50 + 300][(60] = 24ns

X5/NMES56.6MHzAERF, EIEREEFREFA /N
S S W RmAINPHRNRE, MAREMR. BHib, HR
BRREFNREFEEEMAEL4QVA, REMFRIFITE
FiEE% . RIERMEEEERZ (10-4.8) / (200V/
us) o (JWE40FI4145 U ERT A, O REFATE 2
241n (4.8/0.000198) =203 ns; R ILIREEFREF
BT B &229ns, El46%5H A2 T RUAEI300 nshyLh
1. B473E T RIRREFARFFAIMRE . T ERERFNR




Mo od—ls
R,
M
CR, CR, High
Speed
Op Amp
Vin Buffer °
l Aq —O Vour
CR, CR, :I: ¢ -
> —W—
Ry
e ocf—TI1
|
V-
El48. B E KA / (RIFERES
FEWREBRBLLRENRE, X2 UEE AR A MEBRPENE. ) XENERBIEBRAIRT

K. YEABEIMEI0QR, TSz B RSN L5V
BWARREN, BEXRXFRAEEERANRNTREL
.

BE—MEERMRFERNERELL I EREB
BHER LM HER. BEMNRE, ME48FR,
RERHRNEAEN, ESHTEIRINEHHEL
HoeERN. EeRXEMRITFEFEHR AR
RF-WREABRENT . ZREZRABRRER
FHEEREM, BUMNRKESSEREERE, ERET
—AFETHRBEREMELL, FEEMNNEELR. 24
BlF, — PNTHEESMASHETHRER T RS
ME5Q, Vp20.6V, BAZE6pF. E48%GE NI
%*ﬁ%ﬂﬁ?—%%ﬂ%ﬁﬁéﬁ’]l X R & /Y B8] 240

, BEMTMHRENL0.02%8FH#HE2V. REMER
%%Eﬁ,ﬂu$¥L1IHTIEU/J\$3pso CUEFLIERS B AR AR

RE Cr B Cr, I AKX PR R EZF A 7|<1‘$7F§TT,
RHCRESNERARBIEQITFQ,. Q,FQ, &L,
Q MQ,SB, BEHFXEZRFREFER. SBQ, Q.=
XNCr FC = HE— N AMRE. HHEEXEREDE
NEEBERN, RFE—NMPHMNCy EICLHRRE
BEFSESKELK. HXMTHETT BEHMME
HEEREMAGFESKENELENEN, IKEXR
HREZEN—TTHE. BECLESHEEAXBHEREQ,
Q. EMERFERBESERERHFMEM AR E
REMEIE Tl . XEBHBESRAREA
wEEINELESLTX.

ER—FhEb RT3, BATEBRIIITTE S X MR
BEMARFEEANSHARAMESE. RMNT BT
TEHNRXAITESE, ZREBHFSFETHELELE—E
ER R




(Co1-Cp2)  2(0.025)

=1.3mV

Vorr = Vg X =
OoFF = Va 6 40

Fh KB FE FNPNFIPNPH XX Z (8. AT AR
KENFTEBERN MR, ZBERSH—NHEMY
FRBHFEMMESHIG0pskEL. FMBEMNT (K
E50, RIZRBHERE155E5Ma) :

Vorr = 1(T/C) BMa (50ps / 40pF)=6.3mV
BT BFEHE, XMRNIRT TESBEKT.

ERER B R A9E IR

BRERRIF YR R 2 IR ER AN (R A5 R B RIF RV IR R
R E A EE. BIEIRE A = FhEEREIR L T RAFAD
2, TRER—NFETEE—1MRE, FiREHRAZX
MAREME TR M. BARN, XRFREREDN,
XEERA—NMNMESERIRANEREN. RERBREF
MRER—IMEXMITEIDE, REMKZHES
Bt

E49. — R E B ATRY Ak B Hh B

B 5| A AR E B IR E

ATRIEZREEF R LR TEHLRES, HRMNAR
HE TR M R imH BAME SR ZRE L. BT
“REBBFNKE, EEslENMPRBBETIREE
BARTRSHE (WAL -

Vorr = (Vore (Cpy = Cpp) / C

BRIPZHRETINEBEBANAEE0.025 pf, (EFR
ENREH, BRMNEBERPFEZXFMKE, —BIFE,
TIREERT URIFE0.025 pf. AT HBEEEN
SR, Vo=2V, REFBEAE40pf. KALEHR
%:

Vorr = (2)(0.025 / 40)=1.3mV

AETFETH®R T, HPHBEEFMEZXFIRLT
SSHEHEKFENWMEEEN, IsE -1 HMERERF
.

FFRIE Rk AP EEFIRE
“IRERTRE-DMMAIRER, MAEFETH
KPRAX—IRZER. IRBREBFNERELEX
ME9FF R, BARFERBFENBEZHECBRR
ME. ZREARFRLH, HBER—IPHMEEE—
. ATE—REN, XXBEZETHEKXE, X

VinO

IXT
OFF=T

5X 103X 50X 10-12
40 X 10-12

=6.3mV

50 351 R




—-— 9

Ve
Veo
—O Vour
‘ \  Vour=VeRC
- |5
Track to Hold
Settling

—| [=

/ Voyur =V (1 - eRC)

‘

-
Track to Hold

Settling
FS1 R E RIS KT
fESiRE 5mA
S TFHIEREN, RN TSRS BE— )
MEBE, BEEBTESEREELEE. ATR 2000

HNEE, FSREB-—ESKE, HHERPBELER
0.01pFa IMEE B AT Hin R IGHRBEE. B
HiRBEER (Eb24H N ASIERSHER -

Veeeorhroueh = Vin(Ce/ C)=2(0.01 / 40) =0.5mV

B O£ hF0ER

RGN NT3psIBE AR FM3ns & A £
. MAZHMECLAVEOBE, Y MNBEE/NNE
AR

B E =

A — X EEAHRBOR T IRE T RSN
MEMLLFETHERRESHRE . XKIEERHRKFHN
HRE, TTINFRENnARIRER, BERZMNITENT:

ElERZE = 1nA/ 40pF=25uV /ps (25C)
5256mV /ps (125°C)

23

Vi O I{ , +
l —O Vour

IS

= m
> VW
2009
2(0.01)
VEEEDTHROUGH = 40 0.5mv
E52 L IRZS A B AR




KB Ef1 2 Th EHFR

AT EALEE, B AT EREMIERATER
THEKEREMENERTR. RITRRAORENRE
BERRETE2VIER, AEEFREN0.01% 2
0.2mV. BRIZM KM FESOMHz, B4 FEZ300V/
ps. EIB3GH T XFMITE,

EMETERER, BEMRFE—ROIEARET
BRFBART RSB AR . SEEASNRE—
NP NIEA —F A, XM AL AR RN
RIFWMETRE B THRIEKPADAC. F=MNE Az
AP R ER AN R 5 B B A T B E— DMB T Y (B IR
#r. EBAMH TIEERNFNER. BREMILEKR

E
Amplifier will slew until slew rate = -
1 _ 1
" 2nBo ~ 2n80 X 108

=1.99ns

E =T « Slew Rate = 1.99 X 10-9 » 300V/ps = 0.6V

Acauisition Time = Input — E E
cquisition Time = -5\ ow Rate " Error
.2°06 +1.99ns In _06
~ 300V/us . 0.0002

=4.7ns + 15.9ns = 20.6ns

Slew Rate
(Vegax)(2m)

300V/ps
- = 47.7MHz
(1)(2m)

Full Power Bandwidth =

= R A S B BUE R IEROR R & B R EBFTT %
tbi s 9% A VIR ER MR IT BB ER PR 5 S E 2 g {E
W E. —BIEESE, ERFERRS, FILRR
BFEMRFEERETREHRN, FREEERERMNEHE—
HHIALE,

BiERiRes

BT ~MREER — NS RIS IR IR E
#ZH, ES6 IR REFRATECLBSTTLHR
BHDACEREZARBNZEEN, IO ER
BHIS 2EMN. &L, CMOSHAEZKRATE
TS MR EIEHELEE. CMOS DACE 129D 3R,
BAREFRBSNRFEARBRNEE. ERGaAsHEARH
FRBITEBEEDAC, EXERERInsAER, TEFRF
BELSXREITEEEXUNHRINGD. AT @
WIRF AR S ERIEE R BT ERS RS DR
DACTHXRAE. Eg&EHAXx—i, HMhIotbm “a
FRAIA=E” , HEEBEHOEIRE RIS E A B K
INFbBns, DPEEREI6AL. XMFEITEEITIEHDAC
B2 3R, IR EIZ25ns, 7] DA E] £0.01%
HEE. BT TEE-S5CEI25CHERER. X2
—FMHBBNERER TZ T LUAR e . DACT
E7E20V, EEE—"MN1GHzANPN, iZNPNE®EE—
NEREEME, FERMNEZHE, BSEEEEAET
FEBARE—NMRENBEEERNFESH12MLMEE
B9, #H—FiE, BEBERE— KN ERNRSTER
B, EXTHESE, aoix, RELHREHRER

E53. & E X/ RIFNREN BN RHRHI
"
Track/Hold
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XME RGN T ®IENFHNES, EILDACH XD
MEECLEA®BEHEOD. — 6. 8VHTFHEFTEIE
EEANEEERSEG, ERMNELRKR, KAE50
M, XN TRESERRELE. BECLAAE-1.7V
FREEF R, QERMEBER-8.5V. HQMERBE
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FREBRIRMEER-10V. ERANBERT, H2EHM
HFHE. B, AXMEHT, QMHHKE-10.7V.
NFRHBEHRERD, RUBNSE—DNHIRARR
BE. RABE~ETHRBER-10.7V, BRENSB
ERER LEE-15V, &ER-13.5V. EXFHEET,
ERRIEEERE: 13.5—10.7=2.8V. SHRREBEE
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REIE62, EHALNE—NHENDACHXMEB
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X=MREBRT PRI A EDACZ EHIAERIEER.
BITEIT, DTHEBRFEMRER. = /MRERETRIA
BETHRTHREAEN. RAENERFEESE
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i, ENEERETE2EM/MMN. #0601 8FEHN
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ER NEERTAFKBERNMNEELERZ150/ 1561 =
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11, BEEF200kB#H—FLR/NETINEBEH,
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/2.8V=0.36ppm/C. &fa, MRBEXFSEMNIE,
o] UFK150.5ppm/ C BIPEHLITES . B AN A9 IX = Fha R 7=
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=0.47+0.36+0.5=1.33ppm/C
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fA—M00CHIREN TN R E = H XK 133ppm
BT L. XK E IR IX LRI AR ERE T Y
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AV,
DAC Error = AR = A8
R IR B
= 0.5ppm/°C + 0.36ppm/°C + 0.47ppm/°C

= 1.33ppm/°C

FIGURE 62. Trimmable DAC Errors.
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HEMMRERYT MBI SEMRITRIER: @it
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ARV, WHERETREGE (LE63) -
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=(150)(200/10)
=3Meg

LTSHMENE250Q, WMEERMNRERER=Z
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FIGURE 63. Error Due to Royr.
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Settling Time = Digital Delay + Ladder

Response

=3ns+R C In (;) = 3ns + (250Q)(10pF) In (+0.01%)

0.01%
=26ns
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FIGURE 66. Skew.
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FIGURE 70. Arbitrary Waveform.
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FIGURE 71. Block Diagram of a Flash Encoder.
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HFE, BAXHBEIAMSKE, —BEFEXME
S, BALLBBOWMEDT DURE B XN IRERFK
E, ZRERFRERAEZN. B72BBETX—5. W
FHERBOEFETNEFS— M EAHNREG, FAT
PURIFLSBRESmV, RELSBEZ10mV+1/2LSBZ 4 E
B—F, ILERBOHEBEHEZAR— TR,
XHETREMLE. EEITHRLESEERRES
MU HF@E . A THRESREER, RINEATFR
BRI RETHTRKERE. EVHZHEF
R =B, XEMOFLEDT U=E— DX
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MR HEEEMEE LEAEMN. HOTR
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T, EXTHRERFRASHBRE—NESEIRE, ®RF
RERRHEREFINMONRHOILLRER. XHEET
—MEBHOD AL IER R IR R, XHERSET
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PRNNGFERSE., 2248387 —NRABFADCH 5
ELER AR R BRAE A

B AR 2 AR N R e AR IT EHEICMOSH
R, ENEBREZE20MHz. CMOSELIRBEMH—/NER
BREMNMELENIRLL B R FE S . RAMELL BT

BENAEMNEATHRAEE . A7B3BENE—1EF
AT RFMNIER. CMOSKRAERITEMNEATILR
A AR Z, RERCMOSHSHEIEE. B
HMEAFLLRB[AEHANBNEATRAN TE, EREGH
BAZNERN. HAEBHATERN, WABE
BANERHFIMEEERE, AESERKETNE
RN, BEREMNBEEEXF—1ES, BUET T4
R AR AIAME

SRR NFILRSFN— I TTE. ShSMHeE
E—PMFILRFRAEERBFUNSMES T X,
R BEREAEESE A Hs, BAEREEMBA
R EHMEDNRGHME. BATENRSRE
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MRAFLEER ENENERFBATOLERAEN
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XE:

T,= @ QA8

E.= AYFHIIRZE = 1LSB

F. =12 S#iK

Dr, / Dr =R AESHEE = (2")(LSB)(7)(Fs)

VNS
T,=LSB/(2")(LSB)(m)(Fs) = 1/(256)(m)(100E6) = 12.5ps

MREBRBOEIELTRRE1GHz, tERBHE
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BARER, aHEIVEBSREARIT. &I, BHE
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VN =2.120V
DAC Comparator
Logic
DAC Full Scale = 4.096V
COMPARATOR | DIGITAL
TRIAL DAC INPUT OUTPUT
1 2.048 0.072 1
2 2.048 + 1.024 -0.952 0
3 2.048 + 0.512 -0.440 0
4 2.048 + 0.256 -0.184 0
5 2.048 + 0.128 -0.056 0
6 2.048 + 0.064 +0.008 1
7 2.112 + 0.032 -0.024 0
8 2.112 + 0.016 -0.008 0
9 2.112 + 0.008 +0.000 1
10 2.120 + 0.004 -0.004 0
11 2.120 + 0.002 -0.002 0
12 2.120 + 0.001 —-0.001 0

Analog In V= 2.120V
Digital Out 1000 0100 1000
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LDACEERIVRESEE . 88, FRBILEADC
HENTFHROEFATETRENRESEE, 200CHIX
gt RTEN. BRIECREHERB|BEMMRE
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Bit 1 I

Bit 2
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Bit 3
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Bit 4
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Bit 5
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Bit 6

Bit7

Bit 8

Bit9

Bit 10

Bit 11

Bit 12

DAC

Comparator | |
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37




Analog

DAC Comparator

0.1% 0.01% Error

DAC
Output

Comparator
Output
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25
2.0
Sub-Ranging
o
ﬁ 1.5
>
(&)
I
3
§ 1.0
Successive Approximation
05 b\*‘,
((

)

0.8 1.0 1.2 1.4

Conversion Time (us)

1.6 1.8

E80. & EE5BHER LR
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Sample MSB Amp LB |—[ Digtal |—o
. Flash _ Flash Error Digital
e Ij nlc(ij Encoder DAC Encoder Corrector | Qutput
o M Bits L Bits (Adder)

E82. R L RADCHIAER]

XA B FHRERERERSHZN. ®ITEIAA
MDRILBRERREERREXFTES PR, &
BRERIET UBEMNZBREBERRNE . #4061,
HRAGIRIMFEDPRN, BRERMET 1usH,
B EFE DRI, SFBREDFHRHEREIEM
DRUEBZENERRISFRIEAE. FRELER
HEART0.5ushy, TINEBEN0MAMEE. DRILR
FRTHEEINRITRANARDD . FE—17
RILBRMRITZRAZ AR, ZRITEHATER
B, REBEILRB2LRS, ERALRHER
BE-NERBEAFREBT . BRAEBRRAZRNHH
— 7, — NI RSRS G ANLARFIL RSB
NEE. FEANF, —MONINFFEBHFS 023
tbiss, M—PEXRENRASHE -, e
BRIt EAR62 RS . HMNB\EEE, WiEH
KIEEADCRARNMEEH BN EREL. 2H%K
W, TUBENTERS, BRNEEEsDHRE
et HPHEIEN. ENTEREZHEMULN, #HE
AT EENBEEN, RMNANBTHRIN. £E
E82, EAEMNR—1MERILRERRFIER. &
ESRAMONERECHERFENRTEEN, BH
ER/NE AU MILCACHRE . RFEMRFTN A L
FEEIMULANFFBERMN—NEERT. EXHEEE

REBESZRE, XNIRHFREELER, XHE—
FHERNESHELRT .. F—MFNRNBLHRE
TRANESHVMPOAHRE. E-—IEERNETFE
et BuR ik idy, MEENGES. ZESEXH
MRFFRERNEERES. EFRESE - MFNHEZ
B, REEGSHEBRKT, BoRFBEHE LA
DR, HFMBNEEECRERFINESRN, 2
FZEFEWH/OIBWIR. BFMERHZERENH
F,

BIT— 1M REILENERIL K H F R,
(M+1)>N. BtANGa7EF AR BRE=EIRE,
ZIRZET PRI RHEEEARIE. E86HEL T XME
BLLRERBABREREIERE. GENDHTNE
83, ZE%A Y TADCH@mY, AEIEMSBIFHEFNIR
%, ZADCHFHAIRERIEERE. XMBEKRETNKSE
NNNBEHRE, REMSBERBNBERFSM. &
HAREBLSBEMB/IIRE, ZREBITHAFZA]
FOIE 28 SRFR(E. TLMIDACIRZEHIER:, E83%B/H T
EE, B8ttt 7T XMIBRIZREER. DACIRE
B AITER, BERERMNZERE 7T DACER
ERBEHN. SEDACT B4 INEE, BlXE
—NEENRE. EFREZF—PRIIANETZ,

MSB
From O—e—» Flash
SH en Encoder en + Aep,
(Analog)
e + Ae,
(Digital)

LSB Digital
Flash CoEr::(’:;m
Encoder Digital
(Adder) Output

System Input
MSB Flash Out
Input to LSB Flash

Digital Output

e

ey + Ae,,, Ae, = MSB Flash Error

e — (e + Aey) = —Aey,

Output from LSB Flash -Ae,, + Aey, Aey = LSB Flash Error

e + Ae, + (-Ae, + Aey) = ey — Aey

FIGURE 83. Error Correction.
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FIGURE 84. Waveform Digitizer.
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4R SHEBHMBREERLHRHA, B OHD
Tfﬁ?ﬁ?&%ﬁ%fﬁ: Analog
Input
TA:E / (dV/dt) O—| ADC || Register |—» DAC
n f
2
XE: Oscilloscope
E,=NEmEHs Sampling
Signal
(dV/dT ) =B AR B i 22
f + Af
TESARAM FIGURE 87. Block Diagram of Beat Frequency Testor.

FIEMENR2EMANR, SRET —MRAVE
BN a7 SADCHRES YR . BS7THEME—D
R AFITEAREEOER. 8RR T %
BEANBEANE. XBEE MEZNuquistil RN =
K& FTHMENBRBR T X DMK A, EF
XM EEZ NN E—NM g E (LA g
88) . BIIEFE—MENITEHME, DACHIENASMEE Af
RASEMUENERHE. EERPRNTUEE,
ADCHIEI B LN BIE R EE RFER, XM T T T T T T T T T T
PUEENuquistsiR . BITHMEREN, 1% REH Resampling Signal (fs + A7)
SERBNTE. EERNITERES MM LLINFET
MR, ARERE, BON—RABITHMEEN FIGURE 88. Beat Frequency Waveforms.
%, EeEIRAENTESR, RETRANSMHRE
WERTTE. RITIRMESESRE R R IR,
B R, REHRBEO®RE. XMARXETH

C1
EXAMITENNEXARBTFEL. TR ERMEFZRY |
Burr-Brown#s ! 7 28 A9 IR BAAN-133, XM BRI ADC == R,
TIEEADCHEMIFZ HibmiZS MR . Analog U_Ped;r Comparator | VVV .
In
EIRIFEE R ST

E89AH T A TIHEDARS MM LM EMNNER
GAEE. XANDCHEEIE R B AT EERIE,
BHIEEABEEETENNESILESE. ETADC
W AT RIDM LR R, SRR REXES
RRE, HIAHTE. SEARNEESE—4
ETRDEBBEN, KENTESSBIRE.
DVMBUXF AR B E, WERBADCAMIt G, o9 ARMRENER
BRSO USSR R EADCHI M BE . XA A
BHEXRBTFOVM, DVMT LUBIE7IEE.

Computer | -=— DVM B

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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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
“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
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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, T will not be responsible for any failure to meet such requirements.
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