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ANALOG MT-014
DEVICES E1e 7]

DACEZAIR#): DACBIEREIT (SE£M) DAC

{E& . Walt Kester

(b1

5 H A DACH N B AR A B i 3R IE 1, A0 1R =4 B H DACEEA R
¥, Xk EART RN, mmHARR AR SR, SNEERTYS A ERIDAC, 7
i 2R ] B A BT

AT THERFEARKIDACKEA . “B"DACHI IR Z " DAC, HDACHIEES IR XE LA
K, T 19MLE it R T RSO ESS . HDACHE S A sz il , 1 Al e A2 SR 53 =5
GBS IR AL ZE R R b, IR H DACIIFE A A S T AR A S L B, DA &
&K H 5 BRDACHIIR K 2 ADCHH A A B

FFR: EEBIIIDAC

O — AR I CR I BESPDT I R) B AEIMIDACR & BRHY, PR, IR AER
JE5 3z (Al SR 55 10 1E SR i i e 2 TRl DG . 3PP G LAY 2342 TV % ST DACES 11
Hpoth, FELRAER AT, EHAERAG R 2 e B VF 2 Z- AR DACH B A BT
. RIS RBARE B F A RMECMOS TE LB, Aid, B Rk TR$, A%k
THEbHE, HIEE AR RMER EA R,

Oo0———=O

VREF .
OUTPUT

!

BE1: 1{iDAC: H#FFX (8 TIRH#SPDT)
FF/RI 53 E2R (BBDAC)

B T itk 2 oh, B (A L D ACES #h & B2 7 R 3OO0 TR A B s DAC, XAl
DACHINALRRA i 2N 465 A A5 HL BHAN2NAN FF SR G W CMOS) AR, %45 S BE R AR AN 19 i
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MT-014

S sk 2 A — ARG, i s P& e P B — A IS8 DA 24 B9 il S 3R A Ot TN AL
B, B2 TR 135 R B R A B HR, BB RE E) . XADACH)
IR AT UGB W BRSBTS R B, e E e LR g S, 4k e
19205 A B2 & LB (S WS KL, 2, 3),

VREF
E—O)
3-TO-8 3-BIT
DECODER [—° DIGITAL
, INPUT
8 |
4--//--J
TO
SWITCHES
, ANALOG
OUTPUT
CIRCA 1920
SWITCHES WERE
RELAYS OR VACUUM TUBES

EH2: RiELrEERLERETTDAC:
FFIRX 53 2§ (“EBDAC”)

AR A AR R, B A S (E R BT S AR SG), A S HLBi i, BRI
PHEAME RS, fthnth AR THiiin + 1, WeRArA BRI FAEAH S, MIeR&Mm, |
AR T ZARZLPEDAC, W] DIl ek it AR 2tk iy, fE— KBTI A R T
e, PILER—MIEBRRN, tsh, JRBRSRIICIS, P ek E & kKB 5
Mo TR ANMIERIE, BRERHXHEER, Pt BRA 5 R s A T DACH i % &
HARDAL, WA RAL T DACE B SR 8B, RDACH EEF N ZEHEEREHRME
HRA RGeS R e, BB A B IR R DACKEH, B BIH i He/ RSP ICH (R
B, AR PERDACYISE A (T, 4, ZRMET ZH THRBEDACH, ks
RS, AEJESChBATRE B B, S ek oA —— i B DAC WA 1 3 S A & 43
e 5y BEDACES ) 5L,

XA RS, DACH it b2 e i k1 LSB, PG AT 5 7E @ FIDACH) Hi DACAERE e H
JES S B —A IR Z HA —AHEE, E2R7R,
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AR RAL T WA, X T A0Fn A 1ACRS,  BHF n] 22 4l S 3% 4 21 HL BHL s i) — S ol 5 —
. PlIb, BARECFRALH SN REDACEAMFE, HAE D >—ARMH, JFHAHSNE
fl—um A e WARERE . B3R A — A H R B R irit .

[e—o0
TERMINAL A
o \ 3-TO-8 3-BIT

DECODER [* © DIGITAL

O °
R INPUT
L N , o
R 8
Ay
R \ SWITCHES
% O

O TAP
R

R

R

R

O
TERMINAL B

H3: 3—MEDACHIEERERA— 1 HFBit”

i (] LR AL I A L A SR8 OK 2, AT AR — AN SIRIER A ol Ak T-5V
SIVZHEIELISMIRAL, (B SRATRA B, PR ERE fEs &
JERLIES MY, AR EIEHI R -ERIEG VIS V), [HRALH SRR KRG 2 R IETEHE,
FEFOL T Al RE R iA+15 V., Ber AT W N EAE S R R, ek, HiER
VAPRAT o

i 5 W, ERDACEA K& B (IE i fr 4, NAIDACH2M ), % BDACH
AR FL P DR F5 i EDNLAININLE ALy, —i IR B R %, i —i50
DR R R BELG /I wfe LA o, B PR DR X AR ORA K & o T B RF AOBR ), 4l e
DACH) 53 R — B LASBI 101 AR

EH A4 R BE i (SEE A#EE)DAC

A —Fp e i tHDACS 53 DACHIL, & i 2N-1RT JF5C Ay AL i O (AT DL A BEL A0 B o R )
B, BERAFARREA R, X RIEERS Ao, %% 55U T 5
AT AL, T XA AR AR I T e 2 RS DAC, B4R T RXH—AN R
HDAC, B il %45 21 5 o o T i HR REDR ™ AR HLURE o
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MT-014

l R
o | [ L[] s

GROUND

*
. L..iTo (USUALLY AN
SWITCHES OP-AMP I-V
l l l CONVERTER)
3-BIT
DIGITAL
INPUT

E4: miEHEAE TR E I (T2 E5)DAC

RS A TR IR TR, anESPToR, fa i T RE R SEORABAE Al DS — A B fh gk
Ay R, TR B R G 2, AR AE SR O H R R, i 5 IR R AT 2%
BL T 8UE MM L B A

M'@'@W@P'@
]

T TO COMPLIANCE
__________ SWITCHES OF10R2V

3-BIT
DIGITAL

INPUT

E5: BipiREXEEAE KL ERITDAC

— Hal a3 S 8 AU R B T DACH R L I DI B i vp, B ARAS ARl ik — 2D 32
R TBRIZRR, Rk, ZEaAR S R, SRRMRKEETILK. FE, BIFR
O RS —H, RA ISR EICT ZA M %R D)L w17 1M T 5L BLE A rp 35 o3 PR
DAC, Avidk vt i i )12 A8 2 B ) — A g S 28 RS (I TR . 5 IR A3 K
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A, HRBRBEADACK A LM AR, (HMFRB A LRy “ih " DACH “58 4
firr"DAC,

HL JEAE 79 2% i HH 2R 2 T DD (O DACCH p— e e, (ELSE — B 1% DL mT RE R 15 )R A
H o) S 3 S v R, PR AYAE T A i H i 2 (] D048 R P S R R (R RS %, PR
BRI AL T R R DI 0. XA AR mE6F R

OB OB b b D
AR

/

I
2107 i LTI TL T
DECODER ¢ ¢ ¢ i
; % TO
--l----»¢--i SWITCHES
L l l S CURRENT _°
OUTPUT OUTPUTS OUTPUT
SBIT '\ MAY HAVE /
DIGITAL COMPLIANCE
INPUT OF10R2V

6. fRftE1hE ik tinEEiERiTDAC

HZ, XFDACH)HE I A7 25 bl 5 40 6 AR Fde & RS B A [l i A4, S 80™ 4“1 1]
TPASD) . XA [ AT DLl i 58 52 R P SC Bk g g, BIAEAE D T —AMAEZ AT, i
HURE R B0, ER, RARHAREEIEI0, HEIRSCH™ AERR, Ry,
ARV RESOCT . b I R BIREARIER S0, LR TCIETEmbHE, XS EE
CIRPS{iE =38 TR

XF X FDACH) E (Lo M)A, Pr A R IRAOARFRE A S . Rk O T a4, )y
VAT i 20 25 22 38 S AR R 45 v S RO I P R i e 2k P BE . — B OL T, ARAD0013R 25 JF
HUREA, fRIB0100528JF B IiEARIB, RAS0ITGLIFRMIEA, BRIC, KILIEHE, HAT
RN, X TEAFEEEE A, BISARR IR R i AR, R AR
WD EZE, MR MBI A, RSB SR AT S, Bgd A
R, AL, R EFRE 2 22 . ABCDEFG, BCDEFGA, CDEFGAB
------ HX PP AT REAEDACHH th ip ™ R AR HCE . SEUF YIM IR R A AN I Bl A 0 e — A
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HRTRPIBEALIR Y, XTEE L NEH, HIEWMBENFEn, EERZHERELEE
FHERMEE, mERASFHCMOSTE LM, & HEESRNEA, HHBHEAL K
HERERAL, Mk IRAVLEC RIS . FAE, ZEERAKRSE LR, PEAEILE
TRA TP EEATIHE . (EARTHE W2 2% SClk4I5)

SE M-

1. Peter I. Wold, "Signal-Receiving System," U.S. Patent 1,514,753, filed November 19, 1920, issued
November 11, 1924. (thermometer DAC using relays and vacuum tubes).

2. Clarence A. Sprague, "Selective System," U.S. Patent 1,593,993, filed November 10, 1921, issued July 27,
1926. (thermometer DAC using relays and vacuum tubes).

3. Leland K. Swart, "Gas-Filled Tube and Circuit Therefor," U.S. Patent 2,032,514, filed June 1, 1935, issued
March 3, 1936. (a thermometer DAC based on vacuum tube switches).

4. Robert Adams, Khiem Nguyen, and Karl Sweetland, "A 113 dB SNR Oversampling DAC with Segmented
Noise-Shaped Scrambling, " ISSCC Digest of Technical Papers, vol. 41, 1998, pp. 62, 63, 413. (describes a
segmented audio DAC with data scrambling).

5. Robert W. Adams and Tom W. Kwan, "Data-directed Scrambler for Multi-bit Noise-shaping D/A
Converters," U.S. Patent 5,404,142, filed August 5, 1993, issued April 4, 1995. (describes a segmented
audio DAC with data scrambling).

6. Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 3. Also
available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter 3.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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ANALOG MT-015
DEVICES E1e 7]

DACEAZE#, —i#HIDAC
{g& . Walt Kester

&

HIR B DACHIE E TH DACRIZ A e A LI DACKRK, (BF R PR, e
AN, CHHEIDACEAEH—A IR, BT 19204 (2 NS EICHKL, 2H03),
H UG — B R G, S A SRS 8 F s DA CHY SRR A

— & HIMDAC

Pl 1 i 7 ) PR AR 3 E A AL BLD ACIZ b b R W B 1 SR DACOR B, SR, i%DAC
ARG AR, T H bR EXECLRIDHIEH LM m R, b, AUERBR T HIDAC
g th BT 2x it i A RS Y AS TRl T X032

R/8 R/4 R/2 R

LSB MSB

+—oO
——0
o
—
o
Lo

VREF
O

Y%

Adapted from: B. D. Smith, "Coding by Feedback Methods," Proceedings of the
I. R. E., Vol. 41, August 1953, pp. 1053-1058

E1: BERNZ#HNERADAC

L A A RIDACIN I 2 AR F H B Fn 1 2B(RE F HL IR ) BT . X FINALDACH LL il
1:2:4:8:. 2N " HONAS DA L SR DR A i, R 3 3052 DU T AASC b e, REL I 56 o P PR T AR B, LSBT
2R, MSBIFSCLIMLE, k%%, BRI, (HZERHE AN RSFEBEIC, Stk
WIXEAR K s BI{E — /8T DAC, HLiEek i BH L th &5 ik $0128:1, JuH 2 H il & & %zt
[
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MT-015

(A) RESISTOR (B) CURRENT SOURCE

118

“ccces UL
\CURRENTOUTPUTS /

INTO VIRTUAL GROUNDS

‘ DIFFICULT TO FABRICATE IN IC
FORM DUE TO LARGE RESISTOR OR CURRENT
RATIOS FOR HIGH RESOLUTIONS

B2 BpR:=#5RDAC

IR MSBRURME AL, ER/ DT e, DACK A H (% %I RDAC
AR AR R P AE T RGN e 22) . SEbr b, XA A MR U T DACKE AL IS,
E%, H3BI4NLARAS CA A 3 2 R S5 R 4R 47

SR, A — P A GBI A R DACE Y, el P 3 B iy BE I
B, EHAANDACH —AFE. RS ERMILEBNERRE, Xk
HUADACHTREAE & ADACKH M, HAEBRKELMADCH , XIFARZRE, AR
SAE LR L 2 S AR TR Y S, TEORARAS R AS B 7 A AR AT B (8 RS i

BIGEITADCE TR L, DIAEME, T HH A= P et ], el fe &) 2
il FHADCHA, HAE19904E P, 73 RADCIHIE BURIZ KB L B ADCH 32 B AT
bk, PIA545rRADCHILL, % KGELERIADCH YR-2RH# I HL BHDACHE 155 i R~F ok |
AT, REDRADCHIIIFEE . LHCKRCMOS TR % AL AT R A/ (B il s
(), KRR CEADACH AR, W™ & T —R/M e, IKDhFE. &
R B H)Z GBI RIADC, X PR A4 PR T BT AR 1 AT R (B in ADI2 Rl #JPulSAR® &
5),
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MT-015

(@)
BIT1 BIT2 BIT3 Sc
(MSB) (LSB)

Crora,=2C _—__C “——ci2 —— cia Cl 4

SWITCHES SHOWN IN TRACK (SAMPLE) MODE
E3: EXRETEADCHRIEEZ # N DAC

HUA L T BCDACIE LA 75— Bt %, BIDACA & LL3E Y — AN RAE AR £ L % (SHA)
Pl BE AT ZEAMBSHA,, AT 200 Mo £ i A SHA S BB 1 i R

R-2R DAC

i W WL DACH @B 85 2 — R R2REBTE FL LI 2%, InPEl4ffrR . B AU PRl AS [l 1
MR, PHAEZ EEM2:1, NAIDACT ZE2NANHLPH, VR BeRH 24 0, i HL 2 0 B A F P&
XD,

2R 2R 2R 2R 2R

E4: 4iR-2R{E B M %

A MR 5] LR R-2ZRERTE AL B M 45 FAEDAC, 43 AR “ R AR i X7, A i
53 HIFR A IEH B SRR, (E R Ll 57 AR iR — A b 2 T FL LI 2% 1“1
HIRARB K2, WX —Fhay 207 KT RE Nk, PP AR A AR R s
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P57 o W B R 2REE TP FLBHDAC,  FLBHBR Y “BE R BB ALV S b2 DI, i i
MR BB B R AR T . T DU — AN, [l T4 BB S RS TE%, P ke vy
DL — MR R R, i Arie, %240 B, D. Smith T 1953454 tH (5% 3CHk3).

[ [

Y%

Adapted from: B. D. Smith, "Coding by Feedback Methods," Proceedings of the
I. R. E., Vol. 41, August 1953, pp. 1053-1058

+—oO
—0
0

VREF
o

E5: BERXR-2REFBMEFM%DAC

HL TR i 1R X AR — AL 3, fE5E A% HBLPLRE 5 —AMESS, I & (G i Bk th Yy
RAERBOR S E A SR E . Beh, JFSSAE A BLAE A B AE AR BE DUV JE 3 5 IR SE AR FHL
iz mYie, Pt A BRIRIE - RA SRS k. B5—Jim, HRLAE R
B (Vo BN AR, XL BT AHE Aafr AxE8,  Tin HLE o P A BELDTRE & RS T
RFeaAE, PR o L R A 6 i — AN BRI BB S . ibAh, DACH)M 4 JC ikl
GV 5 R AL BT R

Pl 6T A LR BE A R-2REEJE FLBLDAC, DACH) M % rf CLE LV, 5 [ E A s 3 L B £ T
P, XA, BRI ARE(R A SR IE R AEV 5,
F9 A i 2t (A e i &b Sl L 9 SR A HH ) 45 i 2 (0 AUBR R b ) 2 ] D) . WL IR
H5 BT P BEL IO 2% 0 HE — B B — AN EDM LR B R (U V) B i s i I OR 4%, (Hl
TDACHK:H LY & B P RIS L, s B BORS MRENLRI RSB Z 2% . Wi
&, AHEREXA IR RHR-2R"DAC,
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MT-015

v
REF  + R R ”
$ VW
<< R
2R 2R 2R 2R 2R %
MSB LSB
(@)
79 CURRENT
OUTPUT
. . : O INTO
VIRTUAL
GROUND
* GAIN TRIM IF REQUIRED V

E6: B R-2REFEHEM%EDACE FFFEDAC

DI s TARRE, PR RN, P cBR R TRIERXTHIHXE
Al SR, TR EURETE F B 2% R SR IR 2 AL T b AL, P HS T 2OR R, B
Aok, HHEBUEE AL WA R EBUE M IR BE A8 R 3 AE— 5 AL IR A PR
(AnCMOSER), WAL Wi vl IR A AE— il b, HEFTDLRACIRAE, XPhE5H 2 R
EDAC (MDAC)fi #; I — P&

IR FF R RS R R (FEM R DACH R k), JF H A B A EBRL, W h TR iR 44k
THARF BRI AL, mRRMERE T ZHAE, T CMOS MDAC, fEkH
S5V ELHL PR L Y [R]IRE 524530 VEE i v R (L 22 60V IR W 1 A8 e KL vl U ) AR 2 AL

FEFT A DACH, Hii th ¥Io0 BRI S8 AR AR B, b Bk, P A DACH & 3 i
DAC, fHALDACHEHSMTEHEHRIE, B UERBEMEE NI, KEA R —BRITR
MR EDACTEMDAC, HEHD & % T B A S8 R R, ENRETZ A H
MR H R E RN, RIBMDACH) ™ # o 3, ZHHILHEHR IR ZO0R, B R4k
WLAE, EXTAEL0:IE R 6 L AL R BI A TARMDAC, ARG NAIR 2™,
RAEPR AR " DACH fE 5
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A BRI FRTEDAC R BER I — Ptk (R R BB ML R AR, A7 2E I REAL BB P (1E
B O)RERE, EEEFTDCRHACHAE SR pR R R, SR AU P 56 v v R A O WA
PEDACHR A “PUR IR EDAC, FHEERRFIMDACK HFiRACE , HAEEMERE DL KT
LR

LR BSOS T HL BN 45 FICMOSH SR SEHFIE . SAAISE I LRV e, AT T AT 6P 7R
KRR L MDACSE B R, A HE UG R W2 AT,

R-2R DACH) 75— W A8 55 S i IR BIR-2RM 28 rh, tnEI7F7R . XA HEPSCO
(344 A Analogic, Inc.)fBernard M. GordonfE—AH ZE & 11450 kSPSZKEILHIADCH &
KL, Gordonfy19554F % FI| Hi i (575 SCHRS)fli ik T iZADC, ‘& 1 K 56 B 1 v ] e 46t
. Bz, DACH LY TR, W HE N T mEUWMDACY, B —/
R ITCR e, R 21 BBH, A, FERLER f, R-2RM %5 4t
PUHXTBAR AT /& — AR A,

PR R SR

Y

?;{?f?

MSB LSB

OUTPUT

Adapted from: Bernard M. Gordon and Robert P. Talambiras, "Signal Conversion Apparatus,"
U.S. Patent 3,108,266, filed July 22, 1955, issued October 22, 1963

E7.: 8RR EIR-2REE T B H M 4%
FI8Fr /s (DACK: R FDIMA L i DI e B 3. Hth Bl m, XMARB—BRAFIVAEA

Ada B R R, H AT SRR R DACERA — AL RIS, X2 maRE
FEORABHEL, A5 5 35 5 X
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MT-015

OUTPUT J J

R (CAN BE EXTERNAL)

B8 =it FI MR BRI R E 53 5
XF S DACH)— L 5 se AR

19704F, ADIZ Rl ¥ AD550“uDAC™ B i DU g i (460 L S TR SR A B IC, fn P9y
o TERL, REBDIIASUAR R A — AN SRR P £ A, TR PO R R R R LR R
HEBOFRA TR MR R B LB (8:4:2:1), T B PR Bt A ol PR 28 10 VL 0t % B A
%, DS AEV  JUhd,

O

. O
% CURRENT
OUTPUT

/4 l 1/8

EXTERNAL
R THINFILM R 4R 8R
RESISTOR
Vo NETWORK | .

E9: —##4{iDAC——AD550“.DAC”PYiEi&EFF K

AE DU 3 T 5% R 7 A NS R DR 55— Fh 5 TR AR P 10, kR IR0 PR R B
it PR A R S AR Y R-2RABE T HL BEL 19 2% S B
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O

-
% CURRENT
OUTPUT

1)

/4 l 1/8 1 118

/N
VAR

BE10: —s##Im#4{zDAC—
R/2Ri3: 7 06 B P 465 B8 i 18 B EB P

Pl 1 13 7 ] 32 ¢ =/ VU 3 1 - 5< AD 55070 16:12J% ] % % o A A% Il L2467 L i i DAC, T
B, P& KRB 16: 152 al e . XA LS R “PUaEIE k" (AD550 wDAC) 5 H
BHM 2% (AD850), FLEr IR, s HBORSE—i&, 19704126 DACH H HH i
BEge, BAEEAHEHICOR IR IREDAC, DU iE A & E HJames J. PastorizaHf ii§
LHRI(19704E Hiiig, B 3CHRG),

-
(O CURRENT OUTPUT

16:1
ATTENUATOR

16:1
ATTENUATOR

|
E11: {&RRE = %5 PEE I X 891211 B 7% i DAC
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MT-015

P12 7 A 19704 AR e B 12 DACHE SR T5 5, AR =AM BB i Pl E 5% . — AN i
B %, — AN BB I — AN EE R R BB VU E I 5% A VT BCHRS BE -5 410 A 1
ZCHRS REFIBRERRE N L RSB 7120 MR RE, R, S SCI7RXM R T @
EIFRA12AIDACHAT T A, FERIIHT.

LOGIC INPUTS
R
NV
i
—
AD550 "uDAC" ADS550 "uDAC" AD550 "uDAC" _
QUAD SWITCH, QUAD SWITCH, QUAD SWITCH, Vour
QUAD CURRENT QUAD CURRENT QUAD CURRENT OP AMP —O
SOURCE SOURCE SOURCE
“ { “ { :
AD850
CURRENT SETTING AND INTERSTAGE ATTENUATOR REFERENCE
PRECISION THIN FILM RESISTOR NETWORK CIRCUIT

James J. Pastoriza, "Solid State Digital-to-Analog Converter,"
U.S. Patent 3,747,088, filed December 30, 1970, issued July 17, 1973

E12: 1970F 4 12{uDACE FIPTEE B/ x. HIRBHEMLE.
EEBAEFFH_REREEBER

L P38 3 5% 07 i S B Se B 9 MU R 12 DACT Z iR sk 2 AN [, Hopz — R4
DACHRER 8:4:2: 1 LL P A SR AR, B IC TR B ISA AL R i B, X 20 b FAH S K
SRR, PUEE I SA AR B ] 84 J5 , ADIZ Rl fPaul Brokaw R B T —Fh AR, %
BEARAE AT FT A IR DR 2 1L B R S, e 2 A O O A [ Y PR R S B
B, BUARI RS E TR, RRRETRRFRE, AREEmZE/, Paul Brokawlly
EXER (L9754 HiE) PRAIE T RX —HR, %00 & I mT RE RS Bodl e 28 S5 | e % |
Ttk i) & FI (S % 3CHKS)

P TER, XL RNIC DACHT A B FEAS f i IR 2 A5 5% I 3
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SE M-

1.

Paul M. Rainey, "Facsimile Telegraph System," U.S. Patent 1,608,527, filed July 20, 1921, issued
November 30, 1926. (the first PCM patent. Also shows a relay-based 5-bit electro-mechanical flash
converter and a binary DAC using relays and multiple resistors).

John C. Schelleng, "Code Modulation Communication System," U.S. Patent 2,453,461, Filed June 19,
1946, Issued November 9, 1948. (vacuum tube binary DAC using binary weighted voltages summed into
load resistor with equal resistor weights).

B. D. Smith, "Coding by Feedback Methods," Proceedings of the I. R. E., Vol. 41, August 1953, pp. 1053-
1058. (Smith uses an internal binary weighted DAC and also points out that a non-linear transfer function
can be achieved by using a DAC with non-uniform bit weights, a technique which is widely used in today's
voiceband ADCs with built-in companding. He was also one of the first to propose using an R/2R ladder
network within the DAC core).

Bruce K. Smith, "Digital Attenuator," U.S. Patent 1,976,527, filed July 17, 1958, issued March 21, 1961.
(describes a transistorized voltage output DAC similar to B. D. Smith above).

Bernard M. Gordon and Robert P. Talambiras, "Signal Conversion Apparatus," U.S. Patent 3,108,266, filed
July 22, 1955, issued October 22, 1963. (classic patent describing Gordon's 11-bit, 50kSPS vacuum tube
successive approximation ADC done at Epsco. The internal DAC represents the first known use of equal
currents switched into an R/2R ladder network.)

James J. Pastoriza, "Solid State Digital-to-Analog Converter," U.S. Patent 3,747,088, filed December 30,
1970, issued July 17, 1973. (the first patent on the quad switch approach to building high resolution
DACs).

Eugene R. Hnatek, 4 User's Handbook of D/A and A/D Converters, John Wiley, New York, 1976, ISBN 0-
471-40109-9, pp. 282-295. (contains an excellent description of the Analog Devices' AD550 monolithic
UDAC quad current switch, and AD850 thin film network—nbuilding blocks for 12-bit DACs introduced in
1970 ).

Adrian Paul Brokaw, "Digital-to-Analog Converter with Current Source Transistors Operated Accurately at
Different Current Densities," U.S. Patent 3,940,760, filed March 21, 1975, issued February 24, 1976. (the
most referenced data converter patent ever issued).

Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 3. Also
available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter 3.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
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ANALOG MT-019
DEVICES E1e 7]

DAC#EOEKRRE

{E&. Walt Kester

(k]

ABRERER SN E IR RN, B . B i i shak sl 3 I DACEHE 1L B AHSC Y
—SEE A, T ADCH T BA v IR AN B, BRI AR ZR b 5 X e R K %
Bt & R RS H T ADC,

DACE B E

R 2 N SRR DACHAE B A B A Fn— AR5 i 28 1k . (EURER0 B e T
e SAFAERR AR e R IR B G A, H AL M R TR IR B L P I 2 R DACHE X RS IR
IR 2R, FEVCELEE dE i R IR g #E e 2 i, BE i Fe R IR ] 5 (Voltage Reference Wizard) %
Wit THAeER A, mFERBGX e T EEHE, i ADIZ E W15 i 0 (Design
Center)#$43 .

ALADCFIDACH B AL L TR, 1A S, A e ADCHE L IR AR A AL i TR .
AR, SADC/DACE R EIFAH bR R D2 /b, AUERT, NERERE
5 R B 4 2 30 5 AT DA ok DL S A 8 PR e ) AR A o v e 5 78 o s R5 460 PN 50 56 v v e O
RIEESEWKEE, HEHERT, &t H SRR i i i 8, o] LSGE &5 P
ADCIF) JChg /5 i 53 B4

F AP 25 B ADCRIDACEL 2 25 B Y 5 XS H5 48 A A1 E 2 o Fia e TR B AR P R S vl
T, IR — e W E (H BRI AR 2 ER) . EILARTR o 5 B A A e v TR )
#eds . WHEWAEADC/DAC REF ING|IF I #0016 ) R A A . Bl i R R8O F it
TR T AR A E . A, B R IRAEAE 0 A P T B R R R AR
HEMEELT ),

FIIBRT7R o N B AR IR IR fe ey, HOh BRI DR 5 | B3 1 B EA S, X
e, HEMERAEEHUERE, MR eirE LER G, B, SR
{2 5 IR B B LA SR P R v P R DR RT DLad a5 | e R AR E T, ADCER
DACH I Tt Ll ¥ i R RE . Ao PR A i R %
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© =@
REF OUT
INT INT
ADC/DAC REF| ADC/DAC REF| ADC/DAC
(B) gm. (D) i [ """ c (F) i c
|
e > D
ouT REF OUT REF IN REF OUT/IN
EXT EXT
REF REF| | ¢~
- T | L b <
INT INT INT
REF | ADC/DAC REF| ADC/DAC REF| ADC/DAC
E1. —£E JEADC/DACE B EiRER

Ao ZAER B P e A E BRI, W™ R S 5 e A S SR M R e
FHRM . Beob, BZN O REAT R e B A 2, AT R R BE b DS AR B, IR %1
OUT, PIHARAEREF OUTS|IALER S GBI BORS M, RG22 AR 2 A
Hettsr.

PALCHIr 7R g 2R FiI P B A0 T A% v i e JRU(H 75 SE AN BE 38 5 [ R B ff 2 . S R AR Y
AL IR (AP 1C), REF OUT R FAMBEHFIREF INJARIE T AT R, IR
RSN AL e i R DR (I 1D), REF OUTRFFE %S, HAMBHE e He i e ad 2 8 5 i m T
REF INGIH, XPRECER 2 RAG, w8 A [R] A2 o f s JROR 3 U ADC DAC,
M SEBRE A 1] 1 B BRER PR RE

PALE o o 8 1 BAAN B 25 5 A DL AT v R s D50k 78 3 SR 3 P R B o e e TR AD I B, LR
RIIE 5 o EkQ, PRk fo el i R I BB /M i R TR DR B2 BIREF - OUT/ING | R
i SR AR R I Pl LS 75 FR9 R Jan e 3 4 R o F P OR3P R o P R

PR 7R Y BEC B AR ADCRIDACEE i FL I TR A M — L s Bk 1R SR I, el AN 25 4
HHTEE R, 1 A AR SR RO T
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BRFEME R TROTIEA S T DO AT B R R A RGP RIS XFET™ WY, (5L PR LA 2k i
JEUEARE A S AP I T [k th 22 ph S s BOR & . 8 TR A% B o L e ROC R 5 i Y S B
BIPRIF ISR MR B D RE . Ak, XA IS RBORES 46 5 <F 538 BHOKR 23 Fa e PEAH SR Y —
FRCAB I, iR i ¢ P e R 25 R 34 AL R SO RE S B PR B £

R, ADCEDACH)E e R A 5 ADCHIRE R A FHEL, B A A0 4 e ik 2 ] LUAE 1%
S EA B SRS, XREOR AT FRORRE R MER T, IR LI RE T RES
BOL SRR e R IR M BLARE , BB Tl ROk i, =5k, ZRifEd
FE R B T AT REI A 24 i s BBCORS AR TR B, X AE—E R g Rikikit
NGB ESEH, HORGRBREREH A ERERE, REBHT, ADCH
DACH I TR 2 #7253 1 Fh B 5 v i e TR WL R N %

Bt B R A R DT UE R T A PR LI R E . AR, A8 RO
AREMBNX A, JFHBAMK, BEmiiRs s LaWm, T L €—
SE AN AE, DRI e S RE v v P D AE B0 40 4% L vh S P 22 TE AL

F e L T JRA RO A3 Z R AT A IN & I RO a8 2 0% . A, AR Z i R 4F
5% v FL T 5T DALEASE P it P A B DR AR o B 40 25 I D o o7 4 e 3K b S R g i
ERLRIR, AR S — 4 S s RO I S A PR ARA

DACER i th B BE R

DACHIB D S th T e LRl iL it PR OL T, PTREARTS 2 mui i th Y. nsRRTHER
AT 72 eh, G H BEDURARAG T HR I A0 R S e A R e R AR AR R R BB
e rTRERA itk B UL R AU YR B 8. fEH SeDACRMI R g /b, iRl
PSS DAC BB i BRBAROC &, X s 2 AE RS Tt b B W

B b, RO N 2 2 R PO TR s AL, AESEPRRIR P, 2 AR AR S
BHAHTAIH He o MM PR Hr 8 T~ RO 5 SCT 2% H v i 52 9 P HS s 22 K0, i 45 P it e Y
DACI P 24 {7 75 2 e I 5 RS

EAMA, RESIFRH R 2 8mEDACE AUk, B8 B8RS IR A i m i i
45, Bitn, 20-mAH Ffi tH DACH LAFE25-Q 6 38 (FH 24 T 50- QUF 0 F 3 i 452 v B0 B0 EL IR HR
BH) L7 H20.5 VRS, KREZEOLT, B JEEHECMOS DACEA £ /D0+1 VI IEH i
NGNS ity QSN R E fe i) UG WA
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MRZ I T (INTxDAC R F), [AlF =25 B IE B i A B A ik i . 220 f it e DA A
BRI E SRR GA, IF Hadad fi it Se gl i — M, T DIER g 4l ad = 1 B o
5%, SR MMDACH itk th < — BLER DU H 5 S f L et M, XFI5 ik
i H AT DU iR R A AR TR RE .

PACHL IR H DACTE # HA A 205 i, DM ScBla JEEMH1F s D B R 5 =1 .
W UL G 8 R R TRVE T N2 mAZE 30 mA,

FEVE % B, T 2R DACH) 2250 fi th Pl il & IR B Rl R ki 1 M f5 %5 . A EZTEFH AR
PRI, P 218 i REAE e 2% (8 nT AR S I aX v, P27 s pp 5 1 g S B 7R i, DAC
A e BELDT AL it 5550 QRBPH 22 53 m i,  DATTINRE 28 TR A% MO IRBILPLSE SLA50 Q.

R R EI1:1 REZRRGHIRIHRSEA, M AE R FSE AL v ™ A B o
JE. 50 Q LCug &% H% th 550 QR f FHRLAHVEAS , BET fe 28741 Vp-pHyfi th HUE.

MINI-CIRCUITS

— ADT1-1WT
0 TO 20mA

Lo Vioap = ¥ 0.5V

1:1
FILTER
Rpirr
=50Q
H ‘t10mA RLoAp
=50Q

—_— -
20 TOOmMA V

E2: Z5TEZRES

lout

CMOsS
DAC

AR A AN T8 22 50 b B O i 15 5, T HLEFF DACH i th 5 LCIR I 25 9 i1k
BIRE IR, T A] DA B R P RE

i B A= DCH B i oz B, ] DL 8 da FROR & 1 O 22 50 e B i % 8 25 R 2R DU P i
the  FEESH, BRIBKEGFADSOSSH T Sedl & il sE AR |, A itk th DA CHR Sl iy (1)
25 QREMEfER, MmFER G ke 05 +0.5 VIS E, XU A TR LV
e, AT B Ak R R DACH it F BUSCK S i G AR E 2 Z/) DA B DACH
HF A7 T UM H R (Ve L 2 Y
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ADSOSSIHYIE TR AL E M2, DA A2 V p-p H LA e 2k i i S tH U R, AR,
Tha i E 53R TACT e, Pl 2% ADWCR s B8Ok A

1kQ
0 TO 20mA c000 MV
0V TO +0.5V
» NN/
lout +1V
25Q O
-1 CFlLTER
500Q
lout —
20 TO OmA
+0.5V TO OV 250

1kQ

1

faag= ——————
2m * 50Q * Cpy 7R

E3: RAREFREEMXZFHBES HRgEHt

Crpree B AR AT 50 QA 30253 Fr HBH TR 2250 DR D 2% o ML I 2% ATk /D38 SRR 2% Y
FEERRRIR T, %R A% s ERUL WO LB EN, SRS RERKR
HPERE

REHE R ROR S BB R R B R R IR R (+2.5 V), 3P AL 2l 2 R R FTLACR
R IR, BARmE4FR, Hep s B ORERADS06L, f it i A2 Vp-pH
DIFCEEE+2.5 VAL, e ICBIRL T DS FL B0 e ds +5 VIRTE ™A, sRE M
+2.5 VICHERRIE A, R +5 VIRFDREEPICE AR, WMLaErREEM, Ui
JBOR L R 7
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1kQ
0 TO 20mA s000 5,\\//\/
+
OV TO +0.5V _ v < 425V
IQUT +1V
25Q AD8061 ——O
-1 CFILTER +
_ 500Q
lout AN\— +5V
20 T0 OmA ; 2kQ
+0.5V TO OV KO
+5V 1kQ
f3q8 = 2.5V
27+ 50Q + cF,,_TER REF SEE TEXT

<7

E4. mﬂ?ﬂfﬁﬁ gﬂ*#ﬁﬂfﬂﬂfﬁﬁ/mﬁgéﬁﬁw
6 ik B 7 B R A 3

il AE A B TR S AT/ VRS ES 8 T B kn AT B o L R R T B e, I P S BT

o AD768{)10 mAf & FRDACH it i \TLAE200 O REWFH Ef=2E0%+2 VIS
H.
| CF
[
Rp = 200Q
0 TO 10mA AT
lout RosclC 0 TO +2.0V
AD768 DAC DAcC _, | AD8055 O
16-BIT N fu = Ob Amp Unit
. u = Op Amp Unity
B'S,'l"gs _py Gain-Bandwidth Product

lout

Rpac (Cpac * Cin)
R

Cc +C
For R >> R, make C _DAC " "IN
DAC F F~ \/ 2nRg fu

& TF16{i#5# DAC AD7685) & ijil/Vis B A 250

For Rppc ® R, make Cp =~
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il i SR B ADS055 18 SO & HI A, AT Lhdie KA i stk /D> P DA Clin H BEL Bt P O A 2k
i SRR E, b b, XPRBIMDACK £ B FIL/ Ve 2k 171t T Hi,

HXEMER, 520 TAEBGNHEE, PLXA5 308 FIDACH) Husmd i, JCBCH]1EfER
TR, H2Brkm ke gm,

CER IS HLA B 4 A TILAL, DAEHL B b Se Bl (R Bk vhma g, Pl vp 2 tH D S5 AU & %

Fe T R-2RA L Jic i th DACH fii th BLBL S5 7 A 5, PRt Ho i th 6 20 3R Bl i BE80OR 2 1 I
I, DME4ERR2kdE, 16/140DAC AD5545/AD55558B & M Ah 2 AR GF 3591, El6F R H
—Fh A ENE DR, HPADROIAME2S VILMEREIR, mAD8628%T Ik fax id Bl K 4%
RS L/ V#1545 o

Vin * 5V
2.500V Your I
I ADRO3 | I
L~ 1 |
gGND |
\‘;\3 loyt =0 TO +0.5mA
DD _—
—{)—-—A.JF\S'-.-—-—eee A W . ()RFBA‘
VRerA ZR% ZR% ZR% R% 5.%% —l—C I Voo =
F 43V ouT -,
Jq J€ J Jsz Js1 IGUT.I e ‘ I 0TO -2.5V
L ] -eee—d ¢ O e A k\"*UT
| AD8628 >—>
- sl
AD5545/AD5555 i I J;'V = '_I_'|L0AD|
Y AcnpA |—/$.

DIGITAL INTERFACE CONNECTIONS OMITTED FOR CLARITY:

SUWMIITALIES G4 AMM G0 ARE AL AGER
IWIITVACO 91 ANWY O£ AREC vLVOLCUW,

E6: AD5545/AD555537i&1&16/14{iR-2RE8 ;7% HiDAC# O

ShR2.5 VAR R IR IR L IE0.5 mA, TERE, 5 KORBHLMEA{EDACH, H
TSN, BT S RE . e, IS RHOCR IR R LR -25 V. CE
S B AEH EEDACH LG, PRMLIE 4 e FEAE Ot AL RE, 2 A8 J920 pE

Page 7 of 14

29



30

MT-019

ETHRRREDHERR

2R SR MR i R DACARF 2% o 22 43 FU e i, WU wl AGE ) AD813x & 81 22 53 UK 4%
7R

2.49kQ
AVAY,
—_—
0 TO 20mA
0 TO +0.5V 4990
—\/\ +
lout N
25Q 5V p-p
DIFFERENTIAL
AD8138 OUTPUT
4990 ————O
lout = —\/\/ -
20 TO OmA
+0.5 TO OV 250 2.49kQ
N\

Vocm

E7: EHE5MAIFADE138K X BEDACHITE

DACH LR B e iiid25 QFmfE# ik, #E, EHADSI3SREAL MRS, X
AR TR B VIR, MM B k& B RDACH R S BUR RS L B M IAKE,
W 5/ ND AL BRAEED A Ch Y HL AV T H M L R 35 (L TE Rl 2 Y

AD8138HyVOCMHi A A J T it B ADS 138K A% 75 il P9 Y fic 2% HH AL A AL s . Tl s —
xF75 QA H LB, FF VRSN S iR d i .

DACRIERMAEEER

PG DACILF A ZHAEN, HETFMALAAEFITER, ARERHLT
fath, M4, LR ADACH S #iF, HRTHHPEANEIE, mAHEgER, Ak
e P = BT AE S R B 8 v AE SR WT R IE i

DACHR N EFAE TR ML X, AR ——0 4, HILPFHAEFR A W&,
ZIPDACH A MBI a5 . B R W BUAFAESE — b, RIGERBISE %, mE8HR,
XAECEAEE AN, BARALUTILMEA,
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DIGITAL OUTPUT LATCH
INPUT INPUT STRUCTURE: TRANSFERS DATA OUTPUT
o—Zs MAY BE SERIAL, AR TO DAC - DAC o
PARALLEL, BYTE-WIDE, TIMING IS
ETC. INDEPENDENT OF
INPUT

l f. = SAMPLING FREQUENCY

OUTPUT STROBE -
MAY GO TO MANY DACs

E8: WZEHDACK FEFRMABAIFIRIE EFHT

B, HAWLEMAR G R H ADAC, MEDACEA Bifr fs s LA — A Bife
&, W2 LT 7 KRN B A AL, 75 DU HC 8 300 [l (0 i tH mT g 25 5 L 52 B 9 27 5.
HArNESEEAE. R, WEMPDACH UUMBIF T8 . BT8R, AR sishr v sl
fIHE N2, HEAAEREIEME e K EDACI R #1542 2 i, Wl Z oM,

W DACH) 75— BURHBAE T, @k PIIFA7 77 ARB B A 5 I AIDACH H % s i = 5
AN B AF, AT DL KRR BE sk /D 2 AN I 5 1] R R ]l o SR T DA die R JE S O
WEEVILISUIP I & SR

WG pp 5 H I 55 =D L5 2 vl LLR] 26 B £ AN DAC, B RIRBA S DACHSE —%, 4
—Vkg 2 )G, Bl 83 r A DACK i th 2o &% . /U ZDACKH I, %ADACH)
o Y 6 2R IRE A AL, T B A X % i 45 4 W DL B A S BX A

B R R PERDACK 2 B B AT okt im 1, JF HAEEER BT
PR AL AL %, SRR AR RS A5 es s il S 257 T ik, (229 47DAC
HARREBGANA, 1HERTDABATEI X 50T — 285 R AR R 5 68, HIFA
RAEFH W, )DACEZ BB AL, DRMBEESSDFEMABED ML, Hit
1fi 4 % DACR B ATRUR 4 . RRGHEAE 52 B Lk 12 m (R 3 & 211
N 7 5 | RS /D) ELASE PR 5 RIS 2D, PR ot ot P PR B 2 il a3 /D s A2 SRR il 4% OR
2R BATRAR NG DDA, KRB R E N TTE, R FBHITDACH L(HIf
B4 E0) BoA Bolfn i A, PHOL B DACTT LA BRI, 1i i o DUl ot B A Hic o
S FUBAN A TR X e . SXPPEC B8 W PR A RE
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32

HATDACS IR BB AR SR gl =, iltn, LA192 kSPSk =% 55 (1 24 W %7 35
FER AT AR R 2 /D 3R 124 x 192 kSPS = 46.08 MSPS, 1l CMOSZ 4 A LU A 4 B
TR, Ak, BRI EHERE, BRSO R, P R i
H1TDAC,

HIATRRE AL 29100 MSPSHF, BT AKATRES ™ A CMOSZ AR HL-F UL LB 22 T
P, PR R A R T A R SR 22 4 B B (PECL, BRI AU PECLELLVDS S ) (WL Kl
9)o XA 5 Bl die KA B M 0 /D PR R A 5% B i AR B k. i, AD9734/AD9735/
AD9736 DACHSIRM1.2 GSPSHZLVDSHIAZHHEF, b LOERERE, Lk
BB AT T DACHT #h B A IE AT,

OUTPUT DRIVER v+ V-

| Voo +3.3V) v A
v

~M2V——— X ——— 350mV
| @) 1T (3.5mA) m
AV V- / \ V+ \
—_— —> Q2

Q1
A—)—h—. v '|—<A+ 1000 Rrerm

-

+1.2V \|/ \‘ V+
35kQ [35kQ 7> —> —> —>20=50 > —> 4 LVDS
‘ \! RECEIVER
1< < < < < < 20-00< <— V-
Q3 | Q4
— N/ —
A+>—|' | o—:l—(A—
Vs
v
| ISB
v (3.5mA)
E9. LVDSIEzjHEE
DACHI$hE EE &

I “BFRMT-007"F ik, ADCHREHTFLARFIANG, #a e & SNRAN P8 2 1E 5% 3 B A0 iy A%
fZ AR RIT .

SNR =20log !
2nft,

} 1
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SRR 2 R REE T T B HIDAC, %R B M I B ADC/DAC, Hr— iR 22
R, SNRIE B9 5L A 2 AW TEDCRE /2, HoPf RDACEH %, ik, %
AL T R T I 0 L E A o DRI 0 T 5 1 15 02 5 35 5 1 PR R b
9, BIE 3% 00 R/ EL PR 38 M BT A, 777 A PO SNIREL A (AR T il )

PR, ST IR R Bt MADCHERfLER St F Hn s XA AR AS
M, PR AE TS R (rss) 2 ab_E ARG .

t.o=t "+t =X 2

H—Ji i, SEBEMDACH RN ERFERFBORNS, WA N Lert s, 5%
DACTFAE N BRI Bh ¥t s 2, (Hil T EZF S IMRE shtgh, % I A N2 TR E

[E¥ig P

120 |

1
SNR = 20log 10[ 2nft :| 1

100 +

80 -

ENOB
SNR

(dB)
60 -

40

20 | | |
1 3 10 30 100
FULL-SCALE SINEWAVE ANALOG INPUT FREQUENCY (MHz)

E10: #zh5/#2a93EiE SNRFIENOB 5 i B # IE 5% B 1R #l 4 L ST E Z BRI X %o

Pl 1022 il 1 S5 X1 i 26 B I LD TR 2SR 7R 1 25 ik 2R S 40 4 th R 4 g in ] 3 24
SNRTFE(ER, ey &mAaRahii, SlNEDACES), Filtn, wWmH70 MHz IF
B OB T R AEFR 120SNR (74 dB), W3 41/ T0.45 ps(WL 4K,

Page 11 of 14
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I “HRRMT-001"H ik, ALK (ENOB)FE 4L (SINAD) Z IAFFEAE A H K &
HAmT .

SINAD -1.76 dB
ENOB = . 33
6.02 dB R

HTHHEHB, REDACHTRR, HELSINAD = SNR; #3340 .

SNR -1.76 dB
ENOB = . £ % 4
6.02 dB A

Pl 10772 il = E b b (9 SNRAE EL 20 4 ) % 54 5 e A7 D 2 B %h_L I ENOBYH,

BV B X SENE RN, WEES - HEE TGRSR (RMS) £ RAE,
FI11f7R, 741800, 74HCTO0FN74ACTOORYE#R A& R Fl £ 2% SCHK 155 53 Fr ik 19 77 Tk LA
PEREADC(FLR# S/ T0.2-ps rms) WAHH, H b FLh R M L2 AR TR BRI S B FFT
SNREFMLH AR, A5, WEBREVRERTT SRR, 8l o 55 SAS BT i
WFtal, HlE R4t T MC100EL16FINBSGL6HI#H B »

¢ 74LS00 494 ps *
€ 74HCTO0 220 ps*
& 74ACTO00 0.99 ps *
4 MC100EL16 PECL 0.7 ps **
4 NBSG16, Reduced Swing ECL (0.4V) 0.2 ps **

® * Calculated values based on degradation in ADC SNR

® ** Manufacturers' specification
E11.: BEEIRITEIEIHR(RMS)E S

P12 7R R 5 P TORA ] A 8 H , (8L v e 0 25 o 53 1 25 S SR 2 ) ) 55 BB 400 i ) 0036 il
BRROR R R ST VRPN AR i K 3R FIEN OB H T 75 73 M 5ORE BE R AR I PR A
AR, DL R AR R E ], ELA bR vV CORYPLL Yy # ki = A SR A ek b g — o
AR, HpEiRRMS) FIIERR LA psslibl b, Add, MR R 2R R A
TVCXOMPLLEG % F KRS Wik IR % 3% . “BRRMT-008" 4743 1 UnAnl R 9 ¥ 4 AH AL 75 %
Bk Pt
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1000

0.03

1000
SNR —1.76dB
ENOB =

300 4 / 6.02 1 300
- 100

30

L 10

3

-1

L 0.3

0.1

DEDICATED LOW NOISE XTAL OSC '
- - - # 0.03
300 1000

1

T T I T
1 3 10 30 100

F

ULL-SCALE ANALOG OUTPUT FREQUENCY (MHz)

E12: #EHE$FKS S REFRIHE HITEZ B X F

RER A T R FEHS L Y EEDACE S RSB IRE #h £ Zh 2 B SNR By #3808, A
i, FTEWDACHCRFERF Bhik s AL T, AL AAR R, b & BB AR T i s dish

A phPtgl, dEm e R R AR B A fE

ARRENPESSRARFENEFESIFTMAL, HEaPARBmEmSBkae T
R Sbr b, 250k B AT S th ADCHY & i Bt i & BIR AR Bh, A2 T Bt o
i HAR W] S AN IE R, PR BT R R AR RS WRESE S A K,
BT R e R O SR B R AR — e, WS RS RS9
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ANALOG
DEVICES

A
(=]

LR AL B OIS Z RIBI G RE T, O hp e ifds . AR T 2O RARUE D A
T2 A i RS R T — A E R 5 k. B MR XTLLEE. SRR, WA Fi g R
W, WSS, A, AR, AUARFEALTHGZE MG iE 2 s, Hrh AR RSE, Bl
PR, Wrhnigge, RELER, XRaEh. METR U, FHEEZI), A RA RS
i,

o A TBE S 1AL FE AL T AE B AT [, IR ) R s 2 B 5 — A B A ok
PPtV EE S S BT I T A B AR AR = i o X TIREE AN AR i Bl dl 2 RN,
it TR B mhnit, SHRRALTEARE, ERIhEmR b, SR iritarbl

B AL AE T AR AEMT-01445 B Pl iR (I CMOS“BiDAC 2 4y, H AL Rl s 2 B n P&l 1
o HIER, IR BDACEE h, At FIByHES: TR R Z [, 0 W (AR b N
DACHiih, HRDACECEHIEZ H— AR, FAMmSEHERIEHE.

| Vb

l€«<—O
TERMINAL A 3-TO-8 3-BIT

© DECODER [< © DIGITAL
R o INPUT

8 |
R &
R TO
POLYSILICON SWITCHES
OR THIN FILM O WIPER (W)
RESISTOR
STRING

FOR N-BITS:
L oS 2N SWITCHES
SWITCHES
AND RESISTORS

R

O
TERMINAL B

[ Vss

E1: BF“BDAC 30931 CMOSHF B it

Rev.0, 01/09, WK Page 1 of 10
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Lhr b, B AL ECEAR T XA HSL . CMOSIH SRR A R w] LLAL T HL IR 2 1]
AR AL B —— R AN TR I T 5 FURE Rl b 55 HRLBEL s AR D S AHGE . A BRYAET
WPt fE R IE, WrlRER T,

HUBHL A Fnm 2 AL AR, MR SE R “DACH ™ By By AL T i AR . HUBILATLUR %
Atk (TC ~ 500 ppm/°C) R (TC ~ 35 ppm/°C), BURT Frili ZHIRI I

HL L R o ) R B R ok s 2 BT D 2 B R BB KT, H R, VB EIDR32(5r) £ 1024(10
i), PIgmAEHLBHAIE A : R,,(D) = (D/2Y)eR, + R, HR,(D)=[2"-D)/2":R + R, H
i, Ry, AW S5BG Z [RIALEH, R, Wi 5 Ak 2 [0 RLEHL, D225 RAR A+ 2k il 5528
B, NMAigk, R, ABUEHREL, R, AR,

FFRACMOSTERT, Al AR 4 € 0 2k 5 i th 2 1] 19 53 HR B A AR R =8 i IR . A
B LR DUREME, RERTHRIEREV, IV REm,

SR FUINE SO0 TR M e 31

PI2IE R TR AN B R SR . BUAPCT AT B AR R AT, IR R )
IFBEUESPI T/t BT B R R B

(A) POTENTIOMETER DIVIDER (B) POTENTIOMETER DIVIDER
ALL TERMINALS AVAILABLE ONE TERMINAL GROUNDED

Vo 2.7V - 5.5V Vo 2.7V - 5.5V

O
S

AD5245 AD5247

e
N4

I2C INTERFACE IC INTERFACE

A0 ¢ e

WIPER WIPER
SOT-23-8 REGISTER SC70-6 REGISTER

PACKAGE PACKAGE

O
S S

GND GND
Voo 2.7V - 5.5V
O

S

AD5246 ALL: NOMINAL RESISTANCE
5kQ, 10k, 50k, or 100k

I2C INTERFACE TC = 35ppm/°C

# w
SC70-6 WIPER B
PACKAGE REGISTER

SCL
(C) RHEOSTAT  SDA

ey
-

GND

E2: RE/NEEEN AR FET R
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FI2AH I AD5245°% FI85 | IISOT-233F 4%, A 256 AL (BISAL), AOT| IS 5 2% 1 ok it — 7
%€, DA AT AR ] — S 2k il & AN gk, S PR (R )IRHES KO, 10kQ, 50 kQFN100 kO
PURhEI, R, RECH35 ppm/°C, WALTFII =AM mai v . TAER IR ERTLE
+2.7 VE+55V, HIEHERARKIE NS pA, FERNE A4, HATRWras i, ik
AFDFERTE, BERALYE TR, FREE, (FE, —~ALRQBHAERR TR 2
4 nV/VHz),

FI2BJT 7RADS5247 5 AD52454HEL, R E A 1284 E(74L), Budi, I HRJTHIRSC70
65| B, ADS247 A& AOLhfE, )5, KI2CHRAD52465AD524538bk, HEERL
AR LR AR R, W SR FIBY AT BESMEREEH

fERHRLALTH(ANADS245, AD5246f1AD5247)LASh, B ALTHRIRHFR B0 . =% . DU
MBS RRAS . LA B PIRA 2 A G F, XAk nTAE L & F AL T 1 v S2 3 1%
AUVCECPERE, [WIFHth A F T 0 DPCHR S RI T K . B34S T IARECF AL A — 2245 1

Resolution (wiper steps): 32 (5-Bits) to 1024 (10-Bits)
Nominal End-to-End Resistance: 1kQ to 1MQ

End-to-End Resistance Temperature Coefficient: 35ppm/°C (Thin Film
Resistor String), 500ppm/°C (Polysilicon Resistor String)

Number of Channels: 1, 2, 3, 4, 6
Interface Data Control: SPI, 12C, Up/Down Counter Input,
Increment/Decrement Input
Terminal Voltage Range: +15V, 15V, +30V, +3V, 3V, +5V, 15V
Memory Options:
Volatile (No Memory)
® Nonvolatile EZMEM
® One-Time Programmable (OTP) - One Fuse Array
® Two-Time Programmable - Two Fuse Arrays

E3: CMOS# 5 uitagtsle
REIES Kt F iR FE iR

B At (InAD5245, AD5246f1AD5247) EZ MAE L BRI A, BB EMRAIES
KMArfinds. Hik, MRBRAE, WikESEL, R, 28SREEFBRATE—M
TR INGE, b AL SR AR R P R,
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B, Wi BT EREB AR IR BRI AR J5 AR BB AR R AL T, OB B R A
FAE S It i A% 2 R A fik B AR E . AD5235J¢ —3OBGl & L0fr g7 firit, IR
E'MEMA7fifi H bR B (S % 3CHk4) . DhREHE Bl Pl 4P,

DDA AD5235

>
DECODE RDAC1
REGISTER

>

A
SERIAL )
INTERFACE

EEMEM1

POWER-ON
PRESET

RDAC2
REGISTER

EEMEM
CONTROL A

EEMEM2

V' 26 BYTES
USER EEMEM

[E4: AD5235 JEGKIEFEZS. XUEIE 102411445 B {irit

KB AT S B S AL AL T AE Rl B - R R DR, HOR A SR s PR BT RENE
A B B (R B R A PERE . ADS2353 i — AR BT EE L AT S B Z Pham AR, SCHF16Rh T
e AR, OREAEXEE. fEHR MR, SR/ E. X8 kL A
Wekr i B | DL & P A I BIIPEPMEM,, AD52350) % — B4k &, Schrr iz &
PLO.1% K5 J& A7 fits TEXMEM,, BRI i ] LAAJ J60 <2 o B9 o 280 s L BEL, 33K 005 28 i L v 9 A2 ofe
T IR B A EEE L, HiMWEMEMZR 5] £ 7 W AL i (AD5251/AD5252
/AD5253/AD5254) [l AR X AP OIRE, FEEFX MR T, WU EEF A ERES
RDACS fid% , i H % B W-Aus fiW-Bi 2 (8] Y HL BH . RDACS #£ 4% th ol F LA i f7fig T
E’MEMZ¢ 74 P —/AMER In# , EEMEM A8 ] DA SE sl 47,

Y YRDACH fFasit, W Brit BmERAEZEMEM, DMEERGMABN Aaifk%E
RDACH178% . E°MEMA A DLl it B B gm R F AN P 5 i HOR A R . Ltk 20 3 ek 3 Fn
Bk A A RDACH 2 P Ry & M _Edem T L, |Rk—20, X FHEbrist & b X 52
1, W —AN 2GRS o 4 546 dBRYAD BER VRS HL -, AD52353% F i B TSSOP-163:13¢
BT A 2 RO PR UE T AR TR B Y Bl 24 9 —40°C 2 +85°CH™ Jig Tl i FE il
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— R mIE(OTP) BB it

AD5172/AD5173 R XGEIE256 0L, — KTl e (OTP) R F AL, SR 22 R AR 5K
BUAEAFfif 4% b AR B L BRI B A DO RE(S B 3CHRS) . DHREHEEI ISR . 1§ HERE, ADS5172¢0
BA—A=ImALE, TADSI73MER HAEFL 235 IS, AD5172/AD5173524#2.5 kO, 10 kQ,
50 kQAI100 kQPUFPRRA , HLBH R A6 B2 R B35 ppm/°C, HUIEALEIBE 2.7 VESS5 V,

e
A

A A

FUSE

5 FUSE 5
: LINKS 2| ¢ 1 LINKS,

I I I
RDAC RDAC RDAC RDAC
REGISTER 1 REGISTER 2 '>REGISTER 1 |'>REGISTER 2

A I f §
1 ADDRESS

¥ 8 AD5172 DEC?DE f8 AD5173

SERIAL INPUT SERIAL INPUT
REGISTER REGISTER

A

ES5: AD5172/AD5173 256fi;, — X4 ol miEXEEI’CHF B i1t

X T ARLEA T BALAF 4 A B AT B B AT — R A R (B — Rk 5 ) i ok
Wi, OTPLLE'MEMJ ik B HRALY . X 28251 ] SLI 5 2 BOp LA 1 B 25 70 n] 32 F BHL 45 41
[l (F - AR D RE, i HL R R SESR A S B, L3S Al SR PR A0 S AE T B R RCTERE.

AD5172/AD51735d it —Fi2 R PCIR AL F IR G . TATRVFE KA % & B PR Z Hif
BEAT PR K e . [EOTPHUGIAN], BAEME B MEZ FRIE—ANIKAIBWI I L tn 2 45
T b AL B [ T 45 e B BRI TR B IR IR fEALR R AR 2% 1), SR RS H
fOTPRLFHALTF AR, ADS5172/AD517384 — AN IGI OTPE 35 DR, IF/ELE
W BT R AT R RE, fEE: TR b A& Rk 2 OTPi & . % DhRE i - s
AD5172/AD5173AH P B & STk T shishilni i .
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H T BAE KA B gm R R By, ADIMOTPRSIEHLHI AT TR 1181, 858, v EERuR
K T BIERL IR B 2R3 . X TFAET) g AD5172/AD5173 /) i R i, ADI$2
LT TSR mARK M, XFFWindows® 952 XP T &, W4 Windows NT*, %KM
WL LR FIEER 1R FAMBTPCES i 25 B EALALPEZR M0 5, MR Kb &l 7 P ¢
Kt AD5172/ADS1734@ BEiFA & 1E, Horb @6 v DLEtxt ) g i fk e i ik . &
A Mg, AD5172/AD5173:R FIMSOP-103 4%, Bt A7 % 1 i R E A I 52 76 161 ¥4 o —
40°CHE+125°CIREP IR ETEE . A KIOTPIIRELISN, AD5172/ADS5173 [ 35 4t
B HBA iR R e RN RSSO, PR E ¥ & & H A B v AL i
.

AD5170(%7% 3CHk6) J& — Kk il IR Zme IS g frit, ZhREHE B mE 6 R, TR,
PRMLSE R 2 BEA, USRS IR mfRRE )], S ADS172/ADS1734MEL, fEREAT /R A TRiIXE
Z AT ATERR K it ADS1700HL 45 PRI T AD5172/AD5173,

FUSE
1 2 LINKS

[, RDAC
|_ REGISTER

ADDRESS
DECODE 8
* AD5170

SERIAL INPUT
REGISTER

[E6: AD5170 256fir, B —K4miza9I°CE#FE it
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REIR 1% 8 F BT it

AD5291/AD529234) % il G . 256/10240 K R AL, SRFRE i LA 2EIR /N T 1%,
IR RBCH35 ppm/oC, HEA 20K PRIk RS . X e B PR AE S T T4 I
SCFF£10.5 VEXLS VAR JEFI+21 VE+30 VIR,

AD5291/AD529211) i b v B vl i i SPIEC v 45 D42l . K i P 2 5 A 200K v G R A7 fif
WAL, AIHEATICRR OO, XSS ATE B AR TSN R BRI B W 22, IF k20
JOKA SRRl 2 . AE20-TPHIGIAM], — ANk A e W Hr 22 48 % 2088 D b B 8 ] 52 (BB
TR IR AL AR 25 1)

HF R ITHIRRBRER

Boer AL AT T AR A H, HF S R R R A ™ A Al LR R R, P 7 B o —
PP AL TSR R, o, RASAIRRAC,. CHIC,,

SOURCE

&

N Ras BW

FOR AD5245: 5kQ 1.0MHz

10kQ  500kHz
Cap = 90pF 50kQ  100kHz
Cw = 95pF 100kQ  50kHz

BW MEASURED FROM A TO W WITH B GROUNDED, MIDSCALE CODE,
DRIVEN FROM A LOW IMPEDANCE SOURCE

E7: gFafiitmERE

B At IR TACE . TSR w, RN BASEE. B, WRAEN
FiA, BimiEdh, WuambHith, WA AKBW = 1/[2n(R, 4R, )C, 15K Haf 58 I ME
e (AT S8R T b AR, R, XMPECE T RIERCRO R RME, BB ERT
ADS245 S RIAHE , DL Ke AE Hh ] HL P T DA 25 b AL BEDGE 2 A AR D2, 12 fA AL R T /£ SPICE
PiE P A TR PERE . tein, FESCECT AT R BOBORSR BB N 45 1 — R 43 B
FEREEACECFRALTHE T5 S e T 2B A 5 — A RS, R B i g & 1 24
BHMA ARSI, XM FBDBRE,
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Bildn, fEpEIEETH—A1Vrms, 1kHzE ST LAEER, AD52458)THD Y
0.05%, X} FEFHALTHEAS M A P AR, E2RARTRERE,

Rz RZE 5

BB R & —H, Ber A R i 2 s R s . i T8 AL SR R 1 R
X, kR 7 EARN PRGN A 25, ST RAETEHEFINAZ S, Bilm, BB
ATV RAE R a2 L IR 2 b, anPEI8ART 7R, ML Ay ] IR 4 He 22 4 e 4% (UnanyCAP R 51)
—ANFBS M, BB R & 5 2 Rl A f th i e . PR, RUFIR243 5104 ) 15t L
BHANf A HLPH . FBRLBSAH — AN E MRS , AIAE 1.2 VAl B i i e O 4 %2 H
brdan b LR

(A) PROGRAMMABLE POWER SUPPLY (B) RF POWER AMP DC BIASING

Vout = Vgg |:1 + R1IR2:|

ADP3336
LDO

VIN
2.6V-12V

Vout
(500mA max.)

IN

SD

VIN VRer

Vbp
2.7-5.5V

o

Wl

DIGITAL
CONTROL
+»

R, W3 A O re AL R DR R R LT, AERTEEPE IR rp, VR R R R AL
BB ERESM . XAREREMIEDT Raome e f, Mg kiR,

GND F

AD5227

Vbp

w

cs

CLK

uD
GN

éA
DT _R2
v

Vs
~1.2v

REF.

GND

meiz

AD5173
DigiPOT

E8: #FEB{iithmihE R H
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M TR AL SRR RO LIRSS, DAMAEVF 2 MR b, R T ERIESDACZ
o Pltm, (ETCLEESGH, SR RBORSAE A i, Hoe B (8 B R B AF e R 22
o XFNIESR 2R R G HME TR FEAIh L. MR R RSO 22 RO & i il 2 2

R, GHRMETIRTLMGEPAILRE AT, REDACT IZ H T W& M B Rk, |

, PRI, B BEAXEMA, FARERBAES KA HES, AHT
m%uﬁ InPI8BRT 7, e A — % AT 2 P A HL A DR A ¢ Shf A B 5K % R LU Dt

B, TORHENIH L) R T oA, TCW AR AN S . R, b Ein T

T, DIAMEIROR AR RO TRE R AL

&4

[ 3= =]

SHUA R AL TR AL, Berm At BA 2 BENY, WmABRRSE PG T
JHZRIH . S AT RN, RIGHEA SR, BB T &g AT e R
ARt o By AL Tt AT AR 2 T2 8l 2 0 0 H A Rl e A R B

Lhr b, EMRE T RGP, ﬁ?%ﬁﬁ%@ﬁﬁﬁ%%%%——ﬂ%ﬁmmW%ﬁﬁﬁ
PR RIS 2 ARG R B AR B — . 5 BTRA TR X eSO TR I AEAL,
Pe 2% 3CHR1-13, UL T B85 DROLRP R A -

o BN : fREASARME, ROt AR TATAEE . AIYmARIg SR UK RS . W gmPRIRIE RS, W]
mRRLy R HBOE . o ks . IR IRy, iR BHBIILAL,

RN gmfRm i, RIEARON, bR Ba elitte. REEHS e
BRE .

WRERS: T, MELEMRERE, WS mA B R, v MmESsIE; W
B E YR TR R A2 .

HY TR . PDATOEEE, B Eail,

SHUEAS . SRR & . DDS/PLLIE B A% . VCXOSRIME, A K
BRSO RN R AR AR . XE ST A A5 5 f AAH AL AR . REID B 24

R RIPEHERES EEBE. FRa i, Taisml, U AGkEn, =
L/ R R B A

TAb MU . RGekeiE, IFEEMEHREIRDAC, W 9fE4E20 mARL TR G .
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o ML WOCIBERRIE., BOCHBIRmRAE, e E 5, ey, %
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SE M-
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ANALOG MT-018
DEVICES E1e 7]

AR AZBYIELHDAC
{g& . Walt Kester

(=]

WH, FATTAR R AE SR VA B et P IR R AP AR R B R, At FE—
RO, AREAZIAELEADCRIDACHEARFF RUFIIR B AR A M, L RAE
Ao BB BB A R S,

B
i3

LR MEDACFIADCRIHE (S

JE LR P B 40 3 1 5 R 2 — R Rk v i I R (PCM) 2 G2 1 18 35 W (5 5 AT 8 7 1L
WeEE, EMFERTIRE R, JURSEE M TERTEK, EHAEZLEADCHDAC
HIBNHLIE o T 080 R i A TR AL BT TR B S, MR AT i, |
BB T A A TR RIS T Z118 1200, HRHEEF NS kSPS, LHLZ604E, DUURSE
WA AF LM E B ZIRFE70EAR, AT T R FH 8L Lk 2 At A ek
fE(Z 7% 3CHK1-6),

FERMITERIN, ARZeth i R/ ME S BC R BB BB %, B R FE 15 5 4
Do FLbr b, XHERT LD 5 /M ME S G B A A (VRS R R A ), K AE
S A (B i AU, 8RR RS R — AR IE R AR A SR T X

TE T8 B A% 26 bR BOPR A “Bell p-2557Fr i, ik g Wik N, Wil A — I 307 Ui,
FRA AN, Bell Wik NISZ Hii@ad 8Ar S BLZI4000: 1 S A5 JEEl, 1M 8L Lt Ko da Sk i 2
#E256: 11975,

FER Gt g, o — AR 23 2 (D 1)RE A DA RE 2 il 4 i B M A% I 45 PR D 7R R EADC 2
Rl PR P 4 o R 7 A X Rt A R, AERRM AR R, 7RI PEDAC)R $ HLR J 17 1% 36 R R
FE L LR AR Y AR, T — D2l s 4R H AR R TEADCHIDAC, DA—Fh B Al %,
S HL A G 1007 SOR S BUE S /9 RN RE, I HICH i BE$2 i A4S 45

B. D. SmithfEH 19534 F KL Mg SChfeth, =R Btesterp i ALtk WEDACHEH, &
JCE B ADCHY £ 2 s RO 1% DACH) B IR A5 3 BB (B 5 3CIKT7) . I, HH R ARDAC
ATUATADCH, Wl U T HMDAC, EihZl604E AR 704, EZktADC
FIDACH Al i R 53 Be 2 k@ 3 1 3R A B il A i R g, SR8 TR . RMLBE (2
FHRL-6), XLEARLLPESAL, 8 KSPSEH Fkitas Tt A i WLIY e (5 i i e

Rev.A, 10/08, WK Page 1 of 4
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8HRLDACHE LM A% 38 A B S 3 A 164 A AR R R B (5%), BARRHR I T B fi i
ARLPEtL A%, 4 MSBIUGE LS RBIR mME, A B —2 mfIyiy4 LSBAY
PRI RS, FLE R TOMDACKROL, HAP RIS EsNM Itz —, M
AL — B MRYE3  LSBAYSE LA i8NS %4, 3 MSBil il FHE L H3DAC)™
A, T3 LSBIASE I 3AL —#EHIR-2R DACY Az,

v
REF  NONLINEAR DIVIDER v LSB

__________________________________________

R-2R DAC OUTPUT '
Te) 1

DYNAMIC RANGE = 2048:1 | ‘ | | | ‘

001000 011000 101000 | 111000
(LINEARLY CODED 6-BIT 010000 100000 110000 11111
DYNAMIC RANGE = 64:1) DIGITAL CODE

BE1: JEkft6{isERDAC

19824, ADIZ Al TLOGDAC" AD7111H0GE v e DAC, 3%t v 8 FH R4 A% 2 kA %L
BAGshZEGE, LOGDACH EEADACRE —Ph I jii Bt A7 80 A f# A 2% 1 174 v i 152 5K
2R kR & "R-2R DAC(JLIEI2), LOGDACH§£LL0.375 dB#: 3, £E0 dBZE88.5 dB3i il Py % Fi .
WA SV TR, DAC LY R B BT i A5 02 58 i JE 2 1 S i 8 o 7 g
RE o XA IEML ST BB 170, AREIEH T —AN176R-2RESIE L, LOGDACH)
DhRERER B2 R, BRIRBEXT B fE 2k 2 /b, LOGDACKE HAE2 S R DAC,
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Voo Vin
i\ )
~ |
T i RFB
aorn L— S tonr
17-BIT DAC
,—3; AGND
VIN R R R
- 2R 2R 2R 2R 2R3
DECODE LOGIC Reg
;ﬁ—‘ MSB LSB
,_"I_I“_‘ °
I
8-BIT BUFFER T « T ouT
CONTROL LOGIC DY . 0
- 3y AGND
= O
O O - 7
= wR D0 -D7 DGND

E2. AD7111 LOGDAC® (19824 % 75)

Wi o PR & MEADCRIDACHHE Y , LOGDAC R MW7 kL EL) ™12 Wl T 5L b & Ak
ePErR e AR, (5 B B N op T R I ik WA A TR W e ™ R s g, R 3BIr7R A BLAR
Jitk i E R,

INPUT M>N
DATA
N-BITS | DECODE | M-BITS M-BITS
LOGIC M-BIT
O (LOOKUP LATCH
TABLE)
LOW RESOLUTION DECODE LOGIC HIGH RESOLUTION NONLINEAR
NONLINEARLY CAN BE HARDWARE, LINEAR DAC ANALOG OUTPUT
CODED DATA SOFTWARE,
OR FIRMWARE

E3: #ERAFL4DAC

DA podd W) s A DU 245 3 R PR i N 80 00 R 53 R v 2 9 8 DACAR s R 5B O B e o X
SaT DL A PR s 1 b A 1] 55 A FOR AR SE B . Tl A8 R 20 DR ADCX U,
PGS AT AL BE, 5K )5 6 B 3 1 1% 286 oA BORF B0 et BB e, AT I
RAELYEADC, XMIT N — BB RBAET, ToF 5 URIDT & — A B & LBt
fheih i ZeHEAT AT DUAL B, PRTRS S8
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S0

1.

B. Smith, "Instantaneous Companding of Quantized Signals, Bell System Technical Journal, Vol. 36, May
1957, pp. 653-709. (one of the first papers written about using nonlinear coding techniques for speech
signals in PCM).

H. Kaneko and T. Sekimoto, "Logarithmic PCM Encoding Without Diode Compandor," [EEE
Transactions on Communications Systems, Vol. 11, No. 3, September 1963, pp. 296-307. (describes
several methods for nonlinear encoding speech directly without the need for diode compandors).

C. L. Dammann, "An Approach to Logarithmic Coders and Decoders," NEREM Record, Boston MA,
November 2-4, 1966, pp. 196-197. (more discussions on nonlinear coders and decoders for PCM).

H. Kaneko, "A Unified Formulation of Segment Companding Laws and Synthesis of Codecs and Digital
Compandors," Bell System Technical Journal, Vol. 49, September 1970, pp. 1555-1558. (discusses the
piecewise linear approximation to the logarithmic transfer companding function).

M. R. Aaron and H. Kaneko, "Synthesis of Digital Attenuators for Segment Companded PCM Codes,"
Transactions on Communications Technology, COM-19, December 1971, pp. 1076-1087. (more on
nonlinear coding).

C. L. Dammann, L. D. McDaniel, and C. L. Maddox, "D2 Channel Bank: Multiplexing and Coding," Bell
System Technical Journal, Vol. 51, October 1972, pp. 1675-1699. (still more on nonlinear coding).

B. D. Smith, "Coding by Feedback Methods," Proceedings of the I. R. E., Vol. 41, August 1953, pp. 1053-
1058. (Smith uses an internal binary weighted DAC and also points out that a non-linear transfer function
can be achieved by using a DAC with non-uniform bit weights, a technique which is widely used in today's
voiceband ADCs with built-in companding. He was also one of the first to propose using an R/2R ladder
network within the DAC core).

Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 3. Also
available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter 3.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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V{4 B EDACH: B
{g& . Walt Kester
&

ADCTH ZFFTALHR 23 K PRAN S 26 B, DACWIA], A% S8 B BRI 53 BT (Ut RE B 2
WSS E BT O . DACTEAG R BRARAE T 28)™ He M B35 TE 52 0 1) 52 24 Bl CDMATE
SHIBMECERA . BUFIESE DT DR BB R A R AR, B IR ECF
ESWEEMAERSE. HHA T RS,

P DACHT, 5 R SZIRMERE R R G . ST Bk bR, R TEARAEK
B ZAVE M (SFDR)FMEEELL(SNR) . ASCE L FHER iR bR, 2R )5 PHEBISAR R,

DACE LB d]

HAE L AR, DACHIRS g I REER %, thrTREAH B, (HX T BRI
HDAC, MTRRENFNGERREN R, ZSBENER, DACKL AL FE5%2)
10%H B R M FRIF A, M AO0CE P ) LB 41, XA AT REA 28, Fildn, BME
S AEXT R WAI1024 x 768, 60 HzRlH7 R W has, HARZFR M FRI ]d A KZ16 ns, X
A DACTH BAEAF2 nsHyI} 1] Py L 21 2 D8k B (T80 R 5E).

1 R ST I ] B AS S SCANPEI LT R o %8 A5 38 SO 2 S S I 1] B 5 SCAE AR EL
TERR, EESLEa] AT L i Wi 5z BN AT Y 75 sOMBASE L. Bl ge iy s SO fan th i S e i /Y
e [f], AU DR 224 AE N T DA CHCHR 2 38 Jik v 19 50% kit REAT I 2 (A 2R A — AN AT A fr s O
FDACHR), e HM T IR A far AN B S I I ] 5 47 D00 8 (A 2R 8 IR A7 2% ).
T3 = R RO R SR HE T Hi H B R0 i % 22 3 A e ] O 5 SCRESE IR ], X ] DA L
BRI p R SEDX B ], Bilhn, FEAUSDACKH A, i iR i S B [l g — AN SR e br
IF] 7 S 38 (FEIX B[] I TE o 38 2

IRZEHF I T FILSBE I SRR A EH 4 bb (%) kM, — kiR ZW M E H1  LSB, HXIHAR
SRR, R, AODAEPRRYTE, FE12FARERT &L LSB (0.025% FS) A i & F5 i 37 I [a]
S IRERY, HZEAEIAFRUERT M E1 LSB (0.0015% FS)fyr it mWFEH W, Bk, &
DAC(INTxDAC® 5156 )— e T 120 b5 #E(0.025% FS) iy 144 Fin 16y 2 vr ik ] (S BYAE /N F
11 ns),
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SETTLING TIME !
WITH RESPECT —‘—>:
TO OUTPUT :

ERROR BAND

et

SLEW RECOVERY LINEAR
TIME TIME TIME SETTLING

i SETTLING TIME '
! WITH RESPECT TO INPUT g
CLOCK OR DATA UPDATE

E1: DACHEEZIRTE

Hh ] P ST R ] R AT B RS, BROAAE BRI DACH, fRA%0111...15 444 1000...0
Z A RRIE = A bR AR e R . Sk b, QRAFAEAH SO M, 0 W 2 ed B8 ] e A 1
B, B2E7R T —AN 00 Fm A5z 209N AT A Hp ] B P S R S, Rl R A S e ]
—HF,  Fp ] P S S T DARE DR T B el vk o (i 2R B R Bl AT, AR
TALERIE).

SETTLING TIME ;
WITH RESPECT g
TO OUTPUT i

SETTLING TIME
WITH RESPECT TO INPUT
CLOCK OR DATA UPDATE

E2: DACHH|E]EEFEIhHE
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ER B ER

FEBARE LT, HDACH 2wt , E R M —/AME R —ASFE. HEShs b, faih
ATREStob . Ribek A . BT IEIDACK H XA 2RISR BRI, B
AR . —RECFBRGE A RS BB 1, R DACHRLE IR 1 U i FE P
THEI, M ™ A ik A il .

PR A K BOH R IE R A S R IE (R I RR A BRRH), MKIAE, ek
Z /D BRI, PRIy 22 5 AL B — B AR PR, T H KRR %, HAESE R

BRI LUR BRIk op m AR R, AR A Ef AR O BRI R, “BRIRET R —
ANBRPR, PR B bk o i R B V-S(SE W DI e R uV -sBpV-s), “R UG B0 1l #1745 IE
EAEEATTE AL = FNILNTTE AR

ARHR Pl 3 75 1 o ] FRSF S ST R BT, ARA SH A SR bk o i AR, PUAS =00 Y AR
TirsEEBRE R, =M HRE TR RERDLREN 22—, mRIETHEAL
T e AUS R, &m0, KR 8 F ey iR - BRm R, A2 il
AT RE R AR AR

AREA OF TRIANGLE = % BASE x HEIGHT

AREA 1 (PEAK GLITCH AREA)

AREA 2

N

AREA 3

NET GLITCH IMPULSE AREA =~ AREA 1+ AREA 2 - AREA 3 - AREA 4

E3: EFAER
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FA 7 28 i 2 2 31 B+ i8] F0 £ 50 Bk P E AR

T DR N R e AR T ST I AR N B OSCE , IEMRIEROR SRR BB,
e B 58 ] UARSEDACH HBY ETH/ T RERRITHE, fldn, i A0 BTk R Fn T B
FE] A1 ns, WL A 98 40.35/t, = 350 MHz, Xk %% 0500 MHziF SER /R Ids . A
TR KM=, UMERGIIER ER AR, RS 92D RO E S %
34,

BUARE - A7 71 I 5 (DSO) Fn i 7 ¢ 7 I 23 (DPO) I 32 kil , AE 55 16 7 T & g S I ],
PR AT 2 H e IR i b Sh e (W2 2% SCHR3), X BeR % 25 He e GHzIF) Se i SRR R
o} 1ok % A SRR B T AR T [H B R D 2% AR SR SR AR U 2% o b BK 8 e o I i) 0 5 v Y
—ABEEZERE, FYMEDACH Efhm I, RS —E AR K RBE,
Bilhn, MR Vi (20 mAF A0 Q) 1207 LI R, {5510 RO BAEL VIR B %L
2 F0.25 mViRZE#N,

MDr R, IHRBRUR B3 IR EUE, FEAMBIIRENGE T, JTodH TR
T2 G 8K R R ST ], 19804FAR, b FHAEFRL B T I #EAT T ORE AR, A AR M
. BIRESRHERIRT B R, S5 3CiRe, ST RIRUFAIBIHE, B4 T 4t
PR SR 73 0 s 3k 08 [ AL 1Y) % o L 8

B {5 32 FHELARDSOAMDPO, thpii S s B I IRAEOL, J5 ke K7 Dl s R B0 S8 — A B
2, WRBOCHIIA AR B BIAE AL, s (] fE P S RIE, A R AFAEAR K BB,
U7 96 25t ] BB 52 AH 2 R ML B o 73 D 19 SR B0RE o 2 DA B0 R iR 224l . R/l
SLERAYIE, 1 mV/5r XA PATE0.25 mVIRIE (—AN LR B X A LA BMX, A
/NI XA T0.2 mV), WRDACH W RBHHORES, WA MR R R, Flin
10V, 755 2% I 7 408 2R i LE PR A1

R AR A% A LTI 55 TR )2 96 2 L AR, ELR ISR LT i
HSMEDACHE S ), DACH: K B VF % B JE Gt 00T, 45 92 12/ o8 3 85 4 B = 1)
DAC, 5B 2kl 5 b e S i 22 7 A

Page 4 of 16




MT-013

D& L R, DACHH 550 QR i s A Z [l ik if BLHEAHE, JF B8 Al ¢, FET
BB A A A N DR AR IS ST I ) S5 R T A AR . R U PR B, A A
A TCIEBEr, T E RS NG, B REAR A, I = S 12 1 ()l Pl At 2 A B R A
Pi, XA RE S BUS BT RS IS5 R . EDACH/R IS, 2620 R F R AF Y BT
e, W LI BNCIE#: 23 H H ZIR B2 BIDACTIAMR D et )=, I8 L BN CHE B2 5 2% 1)
50 QfA . SDACREATH DN, HERAIEASIRATREIR WA W8I, nAaRet, NN,

e, WPRDACH % 115 T R IR S A0 GR b it i e s 2 B R P03, 1 36 A J2 A8 A
L CAAE S 3 W BEL b = A mT A D 2y P B, I A6 P AR s ok 2%, Ul i T 2
DAC/iz it &SI [a] , X PG LT, W ar v ] 2 /D e i MIDACK 331505 ) is
SR AS . Rz i i S I [a] 5 DACH) #E 7 B [a]AH 24, DA DL g DACHY it 37 )]
PIADAC/ is i & 1 2 58 S vt 0] % F DACHEE 37 I8 8] 5 s il g 7 IvF fal 9 5 fndit . it T X
Al B DACH) 7 i} ] .

DAC Settling Time = \/ (Total Settling Time)2 — (Op Amp Settling Time)2 . AR

DACSRH

W FEDACHE B B BRI B BUE G, MR, B MRS (EH —A
AR, BRI T ERMIERITER)LS, B4 AR,

B R A K (DDS) 24—k, Y4DACEM —MECF = EMIEZ B, XN
BRI AT AN NS D . Plhn, FEEAIESZ DA —A SN, il B2 LM
RAEGA PRSP ), P2 R R AR, mE4pR, EER, E
5% MBS B D th TR S B R BRI BL(DCEL/2)N, Tokx H TR .
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+ FULL SCALE

fo = 3MHz
MIDSCALE
fc = 10MSPS

- FULL SCALE

AMPLITUDE fc
CANNOT ]

BE FILTERED f f
c—'o

fCTZfOI ZIfo ‘ | |

6 7 8
FREQUENCY (MHz)

2
E4: RiEEK09ERIXISHE L 9720

BRI A] AE 53 BEDACHAER R R RS AHSC BRI 5 R AR, HEEMRHERRE,

AEBARIE SR, RTINS Pk s SFDR, R INDACH R Rk Pk e S HE N R e
MR E, 1o, DACREER 8 SDACH AR 2 MWK R A REMAG LT
FERE DT D b, DA A 28 s L RAE R

HTDACT {Z i il Tl fE MR 4T R4, P JLF Br A i ELARD ACHR 2 25 Hh i 14 fiE
bR, FEARMZZHPEREFRAR LA IR E, B AE(THD), fE%LE(SNR), 2%
RKENEEF (THD + N), TR @& H (SFDR)S:, A 1 MIXDACH X S5 1, %™ 1
— AN BT A RS SR IMDACHI I, —A B E % IR,

FE19704- X4, 2 ADCFIDACH UM REHF A3 A5 s 20, “BEE " WHKMUA 17, ADC
SECEDACERAE—E, EHE 2 NRIE S EORMZNADC, IR )5 FI B 53 AL
KM BEDACH RS, XM G, POYADCHIDACKH HECA/M, —
B ZICE— N E SR B R BT B IR, RS W, ERESRIRED, ToikdED
g ADCFIDACSH il stk % /b ik %2, B4, ADCRIDACH:AMSLAE AT, PR ik 2 260 B i
AT
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EISER T —/AH T NEDACKH KB g m iy B s, BEBELRRE T ER T
SUARFIDAC, FIHBURAT R DT & A 28 (1 iy Ze 14 Tektronix AWG2021)8 7 & A= 2%
(Tektronix DG2020), R[LAEIEKE A ILPAEEIETE . 1M FDACHISMNA fr, 24
PR AL 2R (B CHR3), ZHUE T, Xk ARG Mg mrr ke, Wik
M= %, R, F2BEMHEREAVEROUZER, MBERZEEZE.
QAM, GSMFICDMAWIRIE S5, W2 WMOL T, v LM H % R Fndk % 7= A X e 2R
RNES, Ml K KINE TGS,

* MAY BE PART OF DAC EVALUATION BOARD

PROGRAMMABLE i ;
ARBITRARY ! |
WAVEFORM i :

GENERATOR
OR WORD
GENERATOR
A

REGISTERS,
DRIVERS

SPECTRUM

CLOCK
ANALYZER

* TIMING AND CONTROL

BUS INTERFACE

PC

E5: BT WEDACKHEFIERER Wi iRE
ADIZ 7] B oAb i PEREDACHIE R R BE A bR, X T LR KL S Wik & i n . %
il {5 DAC(INTxDAC® R 51) B A M 24 % 1 i s dil 2 45, PR o L 9F fifi bz T LA i SPI,
USB, JFATH 7o N SPCLBLE O, Beshad v] LUl id Windows®3fe A Bk - 35 By ik B DAC
H & Ao A AR

FMRAEA B WUR 5 i (DDS) R 58— i 5 FIDACH XA R B, ROBICHIDDSHER 53
AL FE Y DACH B a5 R AE#H . MIKXEDACH, —if A% wHlEd M PEi#i. PC,
Fe s [ Bt B PR AN S PR RE AU S0 A (LB AT
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WP T M EDACK E g i PERE IS o pr L, HBBIEH 2 /D Wi b IDACH 10 dB,
ST 53 BT AL “ B R T A8 VR 181 R ke e R i e S R P A R AR (LB % S0k 7) . AR
SB35 A4S 365 v Rl e 2l it Hee 5 R R Bk A, B [ DAC(INTxDAC® £ 51)) %
RAEH =k RE S 2 HT(L . AnRhode & Schwartz FSEA30%: (525 SCHR7).,

TR s — e, B I3 T At S50 i AR . X T Ll b 07 i e . e —
AXERLTDACH SR M E S, MERBICZRRMIKRE, RERE SRR dBAS,
60 UE A5 5 R T D5 P AR R A R ) o R T 00 PRI RAR W R T B T 15 5 O R et DU BP0 4 0 A
& s 5 R,

FEHOLT, HBAERUE 53 T A A i e e — AN B DR e s, FH LATHBR AR AL B 155 1
Wi, A2k WPk REA LB AT B AT DER . T UBCRERIAR R, R %
WS R R 1 AT I D 23 R0k, XA HE AR —RABREB IR N BN R, B
R, RPTEEASZ WA I, ARE A M B g 0 & . P % 3 DI AR AR

a i Z U, fEdEfE. IS SR, A% L AT O B . A
)z 18 il Tektronix VM-700F1VM-5000 % 51(Z%3CHK3), M T & 55000 ODACHERERT ,  fic 4f
A FH & 1100 8 BT B T RO BR S 5 0 BT AL . Bl 52 bl B & i3 AT AU Audio  Preci-
sion System Two(WLE%EICHKS), MK, BH UL HELMSHIXATHER, LT @M%
AT, XML REE I . A, — MRl A AT R 7 A B R Bl B 2 AR
FMRAES

— Bl SR AT, AP AN A A SR M (ISFDR,. THD, SNR, SINADZE) il
R BRI B, AT 2 PR DL S B B R AR, DA RE OB AR AT 5 T A SIS 75 1Y 1
D=, El6fT g I 5 SFDR iy MB35 % 4y
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FULL-SCALE (FS)

f"  SFDR (dBFS)

SFDR (dBc)

* WORST SPUR LEVEL

s
S

f f

BE6: JEDACTEFELIZERE(SFDR)

Pl 7 S 7 e AR PR A 53 AT S0 D0 S 2 A R g . B P B OR TRTOKIEDE . R, RE
A6 TR 100K 185 Dl T3 [l B /278 A Wi R4l T Y

dB SIGNAL (CARRIER), S

A

2nd - 10th HARMONICS SHOWN

SWEEP

SINOISE FLOOR) — ;|

V2

3

vioV vava  vevs | [vive g v

‘ I I ] |_J

f f

€ BW = ANALYZER RESOLUTION BANDWIDTH

f./2
@ SNR = S/(NOISE FLOOR) - 10 log,, |:BCT:|

E7: FIRBHSTES T EDACKEFISIRLL
i A AE 5 BT AT LA A AR o AL B S e R R A O . B8R T —ANEA20
MSPSH# AT RAEH7 MHzE A MG 5 R EIOUIE AL E , f IIRZIE AL T 2KE, + nf |#y
PRALE, Hphn ARk, K=0, 1,2, 3,.... BOEFR—BAOEH R M=0K1E %,
PRI A 3 L8 e A
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AW, A 2R T T &S NE. ADIA RO MM 17—k
RHNEE BB FARF, BB R UM =000 P AL 5 AR FIDAC B 3 ol %
X Z, HAh, % T HIEREE Rsink/x 7 R B HUBERIE I 58 10 32 080800

RELATIVE  fo = 7MHz
AMPLITUDE

HARMONICS AT: [+Kf 2nf)| f_ = 20MSPS
n = ORDER OF HARMONIC,K=0,1,2,3,...

HARMONICS HARMONICS

FREQUENCY (MHz)

BE8: FiOXIERTHIINE: WSS =7 MHz,
DACE#Ti# % = 20 MSPS

DACIEFE

PRI M R IE R B, WIS 53 b7 (Xt w] DLRDOR M S SNR, 7587 1 43 B A i 414
HWHBW, EARZEMEILTHE/NT/2, G5, EBEPHMIEIERE NGRS, WA
JECHE P OKF A (5 SOKFAE, XA T B “S/(NOISE FLOOR)™ ., DCZf/24ff 5E
95 bR SNR % FS/(NOISE FLOOR) g 2: AL il #4453 10log 10(£ /2-BW),,

SNR = S/(NOISE FLOOR) — 10logo(f, /2-BW). A2

AT ARIG RS ISNRES R, 20 Z0URGE 43 AT AR W DIAte B o i) 7 Y SO o I 4 23 45 HH 93T
LRy SR BEAh, ISR AT ACRAE R T AEME SRR, WX ] G e AR IE &
.

A TSR BRI R T 5, DA BANLSB, AERXEESAF T, DACHISNRYE fE B 4 i 2 AR
B, B, MBMKRE, KEH12, 1480160 DACHSALSNRIE, HAR R BIE S5 R,
M2 SNR = 6.02N + 1.76 dBi}- 5, BEIES8AISNRAS50 dB, K5 o] AR T it S AL BE 3G
i :
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52 K5 B L HEATIRIE ,  J7 TR SR I REDACHY SN, I AR 3 B A D AR JEEnE 75 ik 6 d B,
WA JECHE 7 B A P Aik6 dB, IR A FIDACHY 6 AL 2 W& . WAL KT T 845 5%
BRI PR AE YSNRYERE, W32 MDACH REATE & E e 75 Ik PR REAY S IR ML

PROCESS GAIN = S/(NOISE FLOOR) — SNR.

SINAD, SNRETHDZ [k & nl L@t in 5 ik, THDRARRE 5 5REE SHHEE
B UE D 077 AR (rss) 2 b . TEEEAR#E1241-2000(5 7% SCHik9) i B (L 16 AT 10K i Dk . A
[e] 1) 3 W A2 T 5 b AT RERE B0 T 10K Y I o . Bildn, ADIARIERATOR IFH (K, =
K. MR, HIKFZNR)E T TR 2 L THD, sz, FIF 10K 35 3 5 1 F 6 4k 1 i 45
A THDXAH ZZH + 432 —dB, BAEREBRAK, &KIEHK(V2EVe) MR T 155 TSl
=, PAhdBe, MRIGREHAEGOILE, DRSS KM, Pic#nldBfRASTHD, 590
EESINAD W] LAt i R BXSNRS THD HRSSFIA i 5«

2 2
SINADZZOIOgIO\/(IO—SNR/ZO) +(10—THD/20) ’

ADIZA B ¥t o W 3 it T —4SSNR/THD/SINAD & 5882 1, 0] LLFI & ok #5 Bh ik
TH 5,

AT PRER R BN ELR, REZNH R — 2 R RDACK i A2 38T i R el
KUEP WA, RO, MBARZEAZBEILN, MRSHHBEHAR, XHIH
RALNE e R A P AR D N RIS I b, T AR R, (IR E R A R R P
&, MARDACHAELIERN . B TR, PHASADCH T GE H BRI O 1

X THIIE 5, F9RAR T AHAI2EDACHI AR, HhoARRME/E = 408 045
. TERESFDRE 77 dBe, 1 MBI (OB BRI SLL/E A R R R 0L, e
IR AL RBALG, SFDRJI93 dBe,
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(A) CORRELATED NOISE (B) UNCORRELATED NOISE
f. = 80.000 MSPS, f, = 2.000 MHz f. = 80.000 MSPS, f, = 2.111 MHz

SFDR =77 dBc SFDR =93 dBc
SNR =74 dBc SNR =74dBc

5

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
FREQUENCY - MHz FREQUENCY - MHz

[E9: BH121DACHE(A) FIEAG % (B) B LR

H1 T AT R B IRE Bh A0 RS EAR )T, s R E PR RE, ADIARREERT
TxDACHFFER PR I Fe &, FIH X —EZAAR S, KoLl nl DL fir gk 1755 00
X, bR R B AT R H R R TERE.

DACH)SFDRPE:RE ¥ ¥ AN & F 45 2 40 4 0 1 85 RO o, i & FH [ 5 b e K % T SEDR 5 4
B 5 R M BOR R 1K — B % A A ] 2 PR TE 5% e i Hh R ARTS Y, Bildn 10
FRIILI6ALTXDAC AD9777, TR, %A AR S AL 7 5 5 5 A7 AR 58 AH SC Pk (B St %
55 i R A BUAR R — AN B B0 BRI e B8 153

0dBFS
/|

~——
A
—1‘2dB. S

SFDR - dBc

10 20 30 40 50
DAC OUTPUT FREQUENCY (MHz)

&10. AD9777 16{iTxDAC™ SFDR, ¥IEE#1i%FFE = 160 MSPS
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A A R, H & 25 R AR AB AR i 3t ) e DA CHEAS ] By fan H At gt e 21
THREARMERE, BRI S, ©FE WU AR & T /3ff /4t ki, ek, faih
TR SR — MR/ EAL, ACRERAERER B, BIAf=Kkf, Hok <<1, Y%
FRETL/3 - A, BRBORIE D AACHRIFE, 5340 A5 D fa i ARE BB, 1R, 8
A~ [T B o R (B KA SR VP W e R R ) T I & I 2 B %, Rl AR ¢ Bk Ll
A, BRIGER R RS /4 - AMTREERIFERRT, A br 2 S 80R 1 D38 A0 i fe i
R S El, nE 12PN,

. BEAERIIE: =1 /3-AF

f
fo= 2 - Af

: FHRTERIE: f;, =fc/4—Af
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BB ART B A I, P — BLDDSEECE R R AL B HiSrt SRR, B4 24 TR ph
PR, Z LR R A . B3R T — MK B DACKES /3F0f /4P P da H A% T
HISEDR S ABUR MMM 2. K BRI T . £/3% AURFR B, W1 F BRI
HIDAC,

56 7% 160
CLOCK FREQUENCY (MHz)

E13: REERSH#TERXE :
= f /3 AffOf, = f /4 — Af

DACHi tH ST FISIN (X)/ XS0 H FF

HADACH i th AT LIRS — KA bk ob,  FE90 8 5 T shodi R A B8, i 14578,
R, fERENRIERL2, ERESEERK3.92dB, 28O, TLMERH —A fsin
(/IR AFARAMEBLRLDE , %08 D 85 — O AF A PUBE B IR W 2% i — AR > AT BT . R
BESMBEEAE R RS R NI, I H AL sin(x)/ xR ER I
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SAMPLED
SIGNAL

RECONSTRUCTED
SIGNAL

-3.92dB

™ IMAGES

s
G T

f 1.5¢ 2f
BE14: DAC sin(x)/x;ZFE(I&EHT—1t)

IRAKMEEsin(x)/xIRRE, WIAEDACH: Hi i #EA T4 DI I 220 DA% 1, fEDCEL/2/9%%
BRI DI, TRREXT L FANSNRIN & H 5% i ] DL 20 ANt

ADIZ AT AL M fe it T —3 s SN i B i Ry, BREE R IR I=Ki%
B AL E S 5 1R MDACH BT RIK £, #ob, 1% THAERE R 7nsin(x)/xi B M th
UGG DR 2% 1 3 BB
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