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ADCIEFE ¥ — —1"EEHIRBHSH
{g& . Walt Kester

=]y

7 R B(NF) R REAG B H—/A 5%, EHTRIERFEORS: . RIS %41
iR, JFH) I AL T — A TR V2 PU55 0 15 A BopLis it o
ARXT R P R BT T A A BT (B0 226 S0k L), AN SCHR R T IR 1% S BUE RO e 2
IR

BUAE, RERHH 2 B2 5 R4 fIADC, X2 S R BRI ARG E %
R, S ICH2THE 1 1 5E 18 B BORE R A REE N 7 . BT 6 Z5U1 18 s B
R AN AL R 7, i EL R S RE S DI R B AR i PRI . E R I BB, R
HUBH, A7 9%, TR ADCHYME A R BN Bkt , RRMRPUR SIS IR,

4 RETRE 00 & 0T S 1 2 e i RO MR8 75 2 s ADC YR 75 R B, G5 R W AT REFH A = T
SLRIRFIE G R . (IR HOR A3 SR S PRI R 7 R, A T IEMR S R, & % TIRADC
G SEEPRNIE, Hik, MABADCHMEE RET, S50/ 0EE,

ADCIRFE 2307 X

FILE R T H T € CADCEE R B EEABIRY 75 P RCF 4R 19 72 ADCIY 2 A 200 A g
LR 5 PR Bk 5 SRR R DR LE

M T PGPS, PR AT DL W s nge 7 P 5 R AR R A I 8, MR A R BONFJE BRI Y
g A R %C, NF = 10loglOF,
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MT-006

= Filter f
SOURCE N0|se Bandwidth

\‘ Y FILTER T
PFS(dBm)

R
(TOTAL EFFECTIVE INPUT NOISE) 2
NOISE FACTOR (F) =

N

V2NN

*May be external

(TOTAL INPUT NOISE DUE TO SOURCE R) 2

(TOTAL EFFECTIVE INPUT NOISE) 2
NOISE FIGURE (NF) = 10log,,

(TOTAL INPUT NOISE DUE TO SOURCE R) 2

Note: Noise Must be Measured Over the Filter Noise Bandwidth, B

E1: ADCRIIRFEREL: /MDA

BRI ADCI AR B — AN HRHDARIME S B, B /28R, fiAsm A —4 g
PR 200 8 P A% o B W LARE— 2B IRBIEA S I 00, 7o AR R A B G, A
Ja R R XA L

R R R IXADCHY i ABLHLS TR, ¥Fr 2 ADCHA S ALY, Kb izim iRl
AJRENL T ADCHMER, B 5 PR BT R A, 7 A B A RV S5 A0 e L B

ADCIRFE R #ESIRE

T R A\ S 3 AR DA IR B JEE 1R i L AD C A VBBl IE X e i B, T RE &
PR IE X B H A2V PR IR BE , R T ADCRY IR I (B fi AT -

v(t) = Vo sin 2xrft 231
AR AL AT R EYOF

_ (Vo W2 Vo?

F32
R 2R A
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MT-006

R E KR AdBm (LAl mWRREHE) .

P .
Prs(dBm) =10logyq L IE\SN] %3

X D8 I A O P AT DEB R B LARE— B W bh ik, ARBE AR 555 08 0 A% R Al AR AR LR A
[l fy e Dy Rl i i, BRAHRE G IR ISR T AU L. P, — /N DR IRAR MR SRR ZR K
TH3 dBilF oL, "B TR M A B XA BERE . 28R 1 5 % SR i R 45 IR 22 08
Ve MR AEAi 30 53 dBAFSEMI K R, TR X T2MR, WEEA B S3 dBr B 2E11%; @
2R, RN,

NUMBER OF POLES NOISE BW : 3dB BW
1 1.57
2 1.1
3 1.05
4 1.03
5 1.02

E2: EfFXZiEREMREHRES3dBERENXF

NFiH 5158 — 2 R ARG ADCHISNRIH A B A e . ADCRuHE T4 1 ARl A
PR T HISNR, R A8 T 5 H ARIFR AR AH R BLAAE . e &hid B i PR SNREAH A 456
WP B SMIE R, A LADCEE F M ] BERF SINAD 5 SNRIEA —iK, FESNR)E, wEnal L
DT ST T 58 55 280 35 75 AR F P g e

v
SNR = 20logjq |— > RMS —
NOISE RMS
;kﬁEVNOISE RMS
—SNR /20 .
VNoISE RMs = Vs Rms - 10 R4
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K RAEFEA AR AW R T (DCEL/2) WA I S BV A 007 IR P Ll , 7 %08 7 4G
TR FL BHL A

T—BREhri s R, fERISH, R A LG R A H TR 5 T DR R
V(4KTBR) I HLEME A R A2, BIV(KTBR), 3% & PHl &y ADCHi A 332 L LT I T — A 2: 158 0K
oo

W7 PIRF I R IB ST LA B

2 2
V V
p_ YNOISERMS  _ [ VFSRMS™ |[ 1 [IO‘SNR“O] 1 o
kTRB R kT B
e FRAL dBIF T AL 8 T 45 e 75 R
NF = 1010g10F = PFS(dBm) + 174 dBm — SNR — 1010g10B, %;_Et7

Hr, SNREYEAAAB, BRYMAIAHz, T=300K, k=1.38x 102 J/K,

| +2 $ f

B = Filter
Noise Bandwidth

—SNR/ 20
Vnoise-rMs = VEs-rms 10

2 2
el VNOISE-RMS |:VFS-RMS :H: 1 }|:10 —SNRI1€||: 1 :|
kTRB R kT B

where SNR isindB, BinHz, T=300K, k =1.38 x 10723 J/K

E3: RIESNR, REBEFMAINEKFHIADCIZEZH
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o RAEFECF IS D 2 AR AL BRI B, AT KR P R R, X EAE ESCR B, XTI R
B, ESMTRBIRTL/2, P48 AR ENE, HmEsE 2R ARERN.

NF = IOIOgloF = PFS(dBm) + 174 dBm -~ SNR - 10 10g10[fs/2B] - 10 IOglo B. %iﬁS

B = Filter
Noise Bandwidth

O O O
. St -
fs | Prs(aBm
OB<27% (dBm) O

f

B

A4 AN
Measured Process
DCtof /2 Gain

S

where SNR isindB, BinHz, T=300K, k =1.38 x 10723 J/IK

BE4: &REFILERIE X ADCIRES 2 409 R4 00

16fiL, 80/100 MSPS ADC AD9446/YitE = i

E55 R T 16fir. 80/105 MSPS ADC AD9446NFit & =], —/~52.3 QHLFH 5 AD9Y44611)
1 kO% ABHPUHHEL, [5G AP T50 Q, ADCIEAZEMRE AT T/E, 82 dBHYSNR
THA ERSHATIHRIER, S A 2% 0830.1 dB,
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1:1
TURNS RATIO AD9446
o ( _——
FILTER 50Q
500 B = 40MHz ‘ ‘ 52.30 1kQ
o (

Vgs p.p = 3.2V
Ves.rus = 1:13V

2
(11 3) = 25.5mW

Pes =

Prs(Bm) = +14.1dBm

NF

Pes(sm) * 174dBm — SNR — 10 log,B

30.1dB

&5: 16{i:80/100 MSPS ADC AD9446

® Vg pp =32V

® f, = 80MSPS

® SNR = 82dB

® Input 3dB BW = 325MHz

Tfs = 80MSPS

+14.1dBm + 174dBm — 82dB — 10 log, (40 x 10°)

AFER R T TERIRE Z it HR B

FIFRFEERMEADCIRE R

Pl6 7R 1 Al A1 i LA W i AU RFAE R 8ok 05 e R B, IRI6A R AR R4 TR EL
1.1, W7 REORHKS)A30.1dB, EI6BHAYAE RS MELy1:2, 249 QHEL5AD9446 N
HUBHITIR, 77 A:200 QG A BT, HIT 28 s B “Tong e i el i, W75 R {6 d B,

Fl6CH AL TR ML b A 1:4, AD9446%m A 5 —44.02 KQALBHIFIK, 54 ABLHL A
800 Q, MR RENIFMLe dB, Bt [, [M&ckbilim, WIHEREEMOR, HbTFsefk

TR, 3R M A RS — I AN AT 1T .
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MT-006

2,1:1 TURNS RATIO ® Vg p.p =32V

e f. = 8OMSPS
B= see, 'AD9446 ® SNR = 82dB
40MHz ‘ ‘ 52.3Q @ Input 3dB BW = 325MHz
NF = 30.1dB

PEs(dBm) = *14- 1dBm

1 2 TURNS RATIO

. 200 ' AD9446
40MHz ‘ ‘ 249Q NF = 24.1dB

PFs(dBm) = *8-1dBm

1 :4 TURNS RATIO _

o 8000 ' AD9446
40MHz H T aoxe 1kQ NF = 18.1dB

PEs(aBm) = +2-1dBm

E6: FIFRFZEZSHEADCEBFIREZL

REXIRFE R

B R FH M e A 14038 TR S, AD9446RYHERIE T R ¥ th A 18.1 dB, RMRFARE, X—
BUEARE . PISTER, AD9446 ADCHJ82 dB SNRIUK 1 H ey ra ke, REehi Y
fiE JIp L RRAEADCZ R b PR i e . AE— AN IRIRIHLH, ADCZRIZE DA —
AR BORF (LNA)RTE RS, BRETRIEE B S rIE S E, MR ADCX R gk kg
EEXgibp A4l

KAl B 7R BB, Horp SR 1 n el ) Friis S5 20K T 53 20 k0 2 2 R s R g,
B, BRI R 18 T IR, DR e SR — 2 R DR R R &
b ki S0,
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RsS | 1 I:I k2 I:I ks I:I | RS

F2-1 , F3-1 , _F4-1
G1 G1:G2 G1:G2:G3

High gain in the first stage reduces the
contribution of the NF of the second stage

NF of the first stage dominates the total NF

BE7: FFFriisE=X it BRBKRE R

FEI8E /R T8 T — AN AT SINFZ (30 dB)Z Hif Y —AN i 34 25 (25 dB) Ik 5 (NF = 4 dB)Z: (1)
M, 5B RN REOE S READCHY MR R TR R B, Rk R R EOM7.53 dB, XL
— 2 S Z%(4 dB)3.53 dB,

RgS R_
NF1=4dB NF2 = 30dB

Ay

G1=102910=10925=316, F1=10410 =1004=251
G2=1, F2=103010 = 193 = 1000

Fr=F1 +
T G1 316

= 2.51 + 3.16 = 5.67

NF =10 log4,5.67 = 7.53dB

€ The first stage dominates the overall NF
€ It should have the highest gain possible with the lowest NF possible

E8: WIRREK M7 BI
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SRE

WL R P R O SR RAE DI ADCIE, 255 A0, B kA 2 NIR RIS R I IE ]
b Ao AR S P DR BRI 7 R T RE G e R, S ECRBR BT T2

Biltn, ARPELL RS, NFRE A T A B A S R (%, (3 ii i P 32 S R s g i, 5
— A Bl 5ADCH R A SEBA K. MIEHENX, RABEFENF, HXERRHET)E
[, PIATR S ADCH A B bn b2 P A U A . AELL EAN B, AL R
P, (ANFREL, NERER A R P % I R B caid SE 02 malbl, 55 PR | S e 7 vh I R
. BRI, AR R E, PIAADCS RS R TS S, Wik, RE
X, NFRRAR, (HSCPrApgig =2 m,

AYTIE, MBADCH, 281/NOABENF, R A SCH 1) % 20T DL A U 45
TEIn 2R AN 2 i B L vp 88 R B JR B, XSS UnT RE 2 NIR I

MAIRSLHI SR, BIMERARME A ADC, e R & 2 X & T LNABR M 2% 55 HERF
arflh. Wi, FESERRi RSN Y, ADCHIT 2 /D2 iCE — /MK R A, MR Friis
%R(WKES), B iBADCH) LS SRR 2 I IR K P,

L3k
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ANALOG MT-020
DEVICES E1e 7]

ADCZE#3l. Flashitifizs
& . Walt Kester

(=]

FUAE L4260, 709, i lashi 4 25 L JFAA HY B AE (28 B J AL s, FFAESOE £
I S B, B P Sfiflash  ADCH L2804 M5 RUAS IO 17 ki
W14, fash 4 2F: % 450 ek 2R K ADCHU RIS REBESE, Tk 2R 2 RO S HE R s
SR, 3 FLAEAS DIBCET MEZI A HE 4 SIS 10BL 5 sk TR, Sl E e 13 flash
Felf B SR T RAEE S8 GHRGRLSSIADC, st Bl i R Wb L35 T 2 i
it.

LT HAE A @5 PR iR RADCH R BN B 51, G0 = 1 A filiflash B 6 Y JE A JiE
B AHERE AR TR flash B g H A B B LE 32 2%

FLiR2s: 1{ZADC

AT R R IGIDAC, 1 28 & L ADCUL L), TR A e, il B —
ANBRE, TR ET BER S X2 5B —/ME. 1k4h, FrA ADCRME SN =D —
e TLE SRl E

O LATCH

ENABLE
o——1 .,
DIFFERENTIAL O LoaGIC
ANALOG INPUT OUTPUT
o—— ~
COMPARATOR

4+ OUTPUT

|

— l——V

J HYSTERESIS

1||

"0"

0
DIFFERENTIAL ANALOG INPUT

E1: Lb32§: 1(ZADC
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MT-020

i W R S s BB S A AE— SE L2 AL, fn s FH 22 0 B 1A X B FETAE o Hodi A
%, MEBRBORSGARNE, WESIFAEHIMNRTUR G, HHEq AT RmA A+
WA AL S R LT, s BERORASIF AR T R Ay s — B g, RO AR T fE
KRR, IR,

FESRZESBIEHRERR, 28R AR W FAT 8, I H MR
D EREZHECEHRE . A, ARBilTRT EUBRIRORGSENILEDS, 2530
LA BT 1B IR

FE M ADCHIE BT LRSS T BRI PR, OB E BRI, 220 AL
Fhf, XTREFBAZIEGNIRG . A 78RR A XL, 85 T A D= R Bt
P as i B H

Pl L3775 Sy 3R 0 e AN 3 SR B W, VP 22 LR R 9 12 8 AR R i, LAk ik sl 1%
e, P IERERRBAE L B S BORRE .. HTER, BRGNS PERARKT RS, W
MRR AR E i — BRI TE AL .

FIM RS AR = &Rk, — BT IRg i S0 2s b —— 4 PR op “ S a8 "
AR R . ADCH 2 2 BRI i s N B — A Bifrds, T DUERR # e 2y A
VERFESE . E20r 78 A Advanced Micro Devices, Inc. T-19724E 4 H I AM685 ECL( % 5 # 4%
BB B LA Y LR 2540 (5 WA 3CHR2),

A A B ORSR R B — AN S SO A BiF . BT A BBan i, Wi AR e T
BBt AL R RS . T, BiAF SR TR IRFFINRE, AERE RS 5 nTAR 21Ok B8
E— A E, BT RS ERET TRAS L, IrbMESASBEtE— P B ——aT DLk
HRBE LM HIES . S8 HLERA L, BifF LR 3R R 15t S B AR g Ttk
B BE A
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LATCH l
ENABLE
O—
Q|3\' — . ~—|'/Q|4
O BIAS
+ Q Q3 Q4
DS 17 19 >
PREAMP LATCH IS
( ) —_ O_ 53 54
Q OUTPUT A R 52 | outpUT
%5 RI3 ° ; 30
41 42 R4
Q Q;

From James N. Giles, "High Speed Transistor
Difference Amplifier," U.S. Patent 3,843,934,
filed January 31 1973, issued October 22, 1974

é

E2. AM685 ECLLE3:28(1972)

YRS NETIC ADCH, HHmE RS PR, @, d®IKE. hFe. KRBk,
D FEL B A B e 2R o S R il A, EL AR E% 0 — Bl B AR BIb AN 2 N THIR I, 2
AT REARAROEEE, WA REEADCH FEERARMIRE ., XMIRENFERE: HHEHT
BANRIZE T A PR A R T2 R P, RN AR E N, KPR PRI
R —— 1R LRSS AE B T A I (] Y PR i O E

RS EmMESRR, KRR T =MMESMARESRMA: (1) RESMMABRE; (2)/h%
SRIARIE; (3) FESEARE, FR#E ARV (ORE %X

Vo (1) = AViyAe 7, sk |

Ho, AV = BifFRT RIS AR A = BB BORSHEBUFRT 3G SR = BifF B ERE
BIHEG t= H RSB E TSR R (S REBEICS, 4)

XF/MES AR, S A8 A BEEE R R R R R BRI TR
BZ LTS R ROE 0" Z ] B DX BB, WPEHE T RESE B IR . IR T R A R
Wikr A%, HILE LB 54 P, WIREA 02 H i P& R TR IE R (Blik
EOATERK) o SR, AEf A LR EAREER T, XM ARAENI . MR8 R
FESLPRADCHETFI T 3K, HR & T BGE B T O BT A Tl
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MT-020

_ tit
Y vo(t) = AV, Ae
\ LARGE AV, wqn
COMPARATOR T~ VALID LoGIC™
OUTPUT
SMALL AV AV } UNDEFINED
""""""""""""" \T VALID LOGIC "0"
~ ZERO AV,
>t
DATA1 DATA2 DATA3
VALID VALID VALID
LATCH LATCHED MODE (HOLD)
ENABLE

E <— TRANSPARENT MODE (TRACK)

t=0
E3: BRI ETRE

Mt S ERE, LA DT SRR s e s 12t (A), SBifr i
B LU/ L B (), IO B B i s B 0 i T4 HH SRR BRI (Y, 437 2
FE. DhETNAL R A R Pk ] A2 2% AU 5k &R DAL AL B B a3 W ANEEAR SO BB Z N, A
WSR3, NZFBBEAT TR 3T

MR SRR, HBe R S MR (AR 2 0 ADCHPERE ) %) HRBLAE IR %
(BER)—— il 5 K % BADCHEUR TR I A BRI A, I H IR, B ok
.

ERZEMN AT, &4 MADCH AFFEIRD A, HRG RIS MAE, P
GO REAFAER . FERC TR I 2 v R ADCOIR AS: T /1N B % BE AL S 15, mT R AR AE3X P ]
B, WMRIRRA /N, ADCA[fEA HAVRINIEE . BT RINBINE 2 5HE, 8 W S
MT-011”,
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14

Flash#£3 2%

Flash ADC (HIFRA“IAT"ADC) REEHRMMADC, Hpfd A &S, — AN
flash ADCHLE2NAN L FHFI2N — IAHERES, BARHESIT K 4FR . A LG R
PHER R A L TR, HARAN S R LLBE P T — AN ERL R LSB, M T4 €A
HUE, T A SRR LR AR B A B = T AR v TR HaZ B i oh "1, & T
2 3 WP A LB E3 WIARRE Hh B e F T v T A TR HZ e il op70", Pk, 2N - 14MLE
Bedsim MAEAT O ERAUT /KRR BE T, % w0 % AR BERROR IR R TS, HT2N - 1
AN I AET LR, P BT iR 2 A BER 7= AN BE il i

SAMPLING
CLOCK (L
ANALOG +\
INPUT
. P>
+VREF 15R
. R +?
—=1
R +N L o
% _j>— PRIORITY
ENCODER DIGITAL
é R £ AND OUTPUT —°  OUuTPUT
> LATCH
-j LATCH
§ R N
|+ >—
I
§ R sy
>
T
e

E4: 3{i2H{T(Flash)¥izs

W T A S5 W RSN T B A7 b Beds DRI B o Y 5 A 2 AR AE — A EL 3R 2 S
iR, 1 G h &% NALfan AU FEROAS TTREIR , oz R Wl s, sesh, &4 ELiR A [l
A RERFEIIRE, HbHg B, N RS a3 EBILAS, flashfedf dsmhio® M
SHA, AidLSchrfErp, T HB S Z A al 8 e b A7 AE AN it e A DR S, IR K % %
flash 46 2% 18 1 AT B US55 5 O AR SR AR AR 455 FRL S OR B0 S AR TR BE .
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MT-020

M1 T flash 4 g % Al 1 R LB A L B2 HLRRBIAEMR 7 pE R, Pl Rk Bl , =
A LR R S LR X B R i D #E K -Fia 1T . Pk, flash ADCRYRIE G5 HER AR
PR R K 8 v 3 L A 23 R HL R SR A 8 1 50 MSPSIN) i S 3 D HE 5 & ke b 48 K (Bl ik
JRAEE ) BB T RSE . eah, 5 v i BELBE 1 L BEL2A 2 PR PR AE R AR KT, DU 1) el B 482
R E R B0 B LR, DR O R v R R DR B R R ) TR AR B G K 1710 mA)

BB ) Flash 3R 236 FF

P57 7 g 301 05 flash #5425 (84, 35 MSPS ADO048)RyfajfLit Fy Pl SRAEI Ak T
HUEIRASRE, fA RS T IR S EII B SRR PP LT+ 7R LB B T R
FEP BB R ORI RIIBT ], R 2 AR AR AR L AR e A PSR SRR BRAY T
et T AR R RO WA P BT 2 o SRR BRAY T — AN L Th 3 K A 705 500 A% i 22 )
frdeo TR, XWUAEf H B b A AE R T 6 LSRR B By (Y — A “DRK S IR R I
Hh ] B A 2 O VR T S8 O ST AR O PR R AR U5 i . Bl PR A da H OHE e SR R R Rk R
I AE R AR I Bh ) T RIS BUAE, SR A2 “BRERT IR [R] ] B PN P ff e ki), 1 2% AR A
JA T foe KRR B 0/ DRl 5% bt 15 L e i Y 1T S B PR ™ O 6 DR oIl A 2 R 22
MPEATHiE, ES W BRMT-011", ) teflashfe 4033188 FH 2 38 0 2 2 WO R i 75 %
K 2 5 3R 6 i — AN I b 30

N+1
ANALOG N
INPUT N2
—»| |- APERTURE ‘ |
' DELAY
SAMPLING oD
CLOCK

—-> |<1— ton

OUTPUT

> tpp [

~ ~DATA™ ~ ~DATA
DATA CHANGING DATA CHANGING
VALID VALID

ES5: ##Flash3i%#ize (8(i, 35 MSPS AD9048) Ry#iERTF

A SR A B SRR DL S RS O i, WITET i th 7 A vp Rl A7, B Al ELER MR A a2 4
ok AR B BRI . A, IR RPN BRERE W] 1] B P e 2 AT
24k, WIL“DATA VALID”I [i] ] B BR A R AR Bl R I — . Rtk I8tk =0
R —ABifER, DA % o7 DAERR D 2 “DATA CHANGING” I 8] Z AP EEAS R JH]
WMARFEAZE, mESPHR,
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MT-020

Flash¥% {128 5 52 fR S8

e A L & W flash #5428 & Paul M. RaineyWft & B FL FHLIPCMAL H R4, Z R4 H ML
FE19214E — 5 AR 5[ 2 BRI L b (B % 3CHKk5), FEADCHr, 5028 58 B ik Lb A5l i ¥, I 3%
PR, MEENXBEH S R RBME2ANEREZ —, BAREGT B3 i 2
JE, BASEHRE I BOESR Ah 2E 4%, D e A S AL T ERIRED, anElepT R,

2 ———————
72 SERIAL DATA TO RECEIVER
OC’C“:Q —68 «—— ROTATING COMMUTATOR
6 7~ 2%

STATIONARY
ELECTRICAL CONTACTS
PARALLEL BINARY 73

OUTPUT DATA
W LIGHT E—E'f
SOURCE (4
RECEIVING
:/J' —— +«— PHOTOCELL
N T L
0z N
¢ 6
V4
RELAY DECODING TRANSPARENCY
LOGIC (NEGATIVE) - GALVANOMETER

2 /i U
L DEFLECTED
' |—= LIGHT BEAM

IS BB y 17

by L s 5; 16 19 «—— PHOTOCELL BANK (32)
7 56, 4 = ] k\/ym ?

LM; ¢ ‘n—z?s? =z0

[E6: Paul RaineyiEHiAY5{iiFlash ADC, 2¢4EPaul M. Rainey“{£EHEIREZLE",
XEE%7F1,608527, 19214£7H20H Hi&, 1926411530 M %

L 404ERIBIE], READCHE ARG 7 —WE K #EE, TP WURSEREHERH T H
TR, ME7HR, ZHE R W. Searsf£5 % SCHK6 H ifi i 1) BE 8 L 96 kSPSHf ¢
7L PER AT RAE, EOFT R A 4R a3 R HL AR G 2 i & . % 8 R M
B R AOR " flash" e 2y, AT AR X175 i 7
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Collector

Y Deflectors

Electron gun I:I L] g H I:I (I
mi= (1Y O

B | (] O

= O

(A) BINARY CODED (B) GRAY CODED

SHADOW MASK SHADOW MASK

E7: DURSEISZER)HE-FR4pmtE25(1948)

TR - G B 2% R A R g i 0 B (7 A), I EL A SR RS T A AR AT A O
HEIR5E, WInTRES BB R IR 22, Z Jm i ad R A% TR A B S IR BR 15 eI A R
MiRZE, MET7BFR, Bemhh R SEHR AR 378, &4 HiElisha Gray T 18784 K W,
ZJrHFrank Gray T 19494EHHT R WA(S WA ICHKT). R RRDIT, AHABH P35 B iRk
RPN Iz 22, B, GnREH R E - FADAIBT A R 2, WAy —dER RS 5
FIXT IR ZEAN T LSB, XfFrr s F, XMSBHUAE, fEfFERERRE, TR miiR
Flash B 4 g n] RE 1 T LL B ds AR B MR AR X — IR, D EEMFI T, AR Ar
dE RERIRRS AR, W BL A i H AT RE 2 AERL B e b AR BRI, DA L]
FERILG . W2 HOLT, A% Al DA% /R A DR At L e as e i, AR5 e 8 e it — ik
A i

JUEAFAEIR 2 5 8 SO 55 SC BIALAR AT L - [RS8, (HUR H A5 A R AE b 22 604 AR
HOUE B T i, BRI TR EEERATE12 MSPSHY SR ORI i 2. (B% Xik8),
i, ZEAARE2BBADCEARMRERE, B ERAREHREEER,

MVRBOgEIN RS, SHERMMLL, flashfeedsiRAEE SR R, HEXMIT 3N
AL T, BT RIS RRIMEEYE, HEas s A B 1 = PEKm HAR S 28,

Page 8 of 15

17



18

MT-020

T LR PR AR, A BT L B A BT HR R — PR AR S, AR
PR AR YRR (FHH A LR BB A LA DI SLPR, #ATH, Robert StaffinfliRobert D.
Lohman#E |- 28 504 A H S0 604 AR DT 52 A 1 i% 0l A%, FEABATIAR A % Rl b ifiak 1 —
o ] B A5 T PR~ P A BOR B 23 R (S5 3CIR9) . iZ I FITHE T & AT 05 T
AFAE R [RIBHAR H1 J0 TR e ek 2 3 4 JIHEL IS e 40 R A e e B RE S IR 15 48

b 22 604 AR OR300 S 0 P flash Bk 400 25 35 5% IS 3 — M 5 1 L B R B (U TR
FE AR IR R B LR 2 (B L5 25 30k 10-13),

19644, Fairchild#fi i T B 3K ICH K 2EpA711/712, %241 HiBob Widlarfa 3tk it, F4E,
Fairchildifb 4kt T B iR ICE B IR 23nA709, Widlarfy 5 —I0i it re . S G HE i H
BICH 5 2% {04 Signetics 521, National LM361, Motorola MC1650 (1968)F1AM685/687
(1972/1975), Bl X et B H LA 2R AU Y AN TTLAECLIZZRICH) I 1fi, Computer Labs,
Inc. i T 6 WLZR 223 4y srflash#E 4 8% , L5 VHS-630(64ir, 30 MSPS, 19704E)f1VHS-675
(6fr. 75 MSPS, 19754F), KEISHT/RAYVHS-675% Fl T 63/ AM685 ECLELA: 2%, ELA#:hi
B R FERFRECLIR D B, M BRI R IRCR &R H), BREFEA130 W(9754- 8
r£379$10,000), B RACEE B F RIS AR R B, BLHE 4 SRk L

3
2 .
1 LM
AID CONVERTER
MODEL VHS-630
TEST
h TesT. OPERATE
N <
F ﬁl é
i MODE

19" x 17" x 7"
VHS-630 VHS-675
€ 6-Bits, 30 MSPS € 6-Bits, 75 MSPS
€ 32 dual MC1650 MECL Il ¢ 64 AM685 Comparators
Comparators € 130 watts (linear power
¢ 100 watts (linear power supplies included)

supplies included)

[&E8: Computer Labs, Inc.#{HJVHS ZF|JADC: VHS-630 (1970),
VHS-675 (1975)
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AMG685 L 8 25 318 I /E4H1 100 MSPSHE, f& # 2l flash ADC MOD-4100(9754E 4 H ) i Aoy i@ fi e,
WEFR,

14 watts total AM685 ECL COMPARATORS
(16 TOTAL)

oo

E9: Computer LabsF1975E#HHA94{iz, 100-MSPS Flash#£ifi 28

19794F-, TRW LSIERITHEH T 1 2k 4E Wl L i 8 AR A i 30 MSPS flash %45 2$ TDC1007) (%
% CHk14F015), Z e AA XN T M ESE et i A, BITDC1014), RIFEFEL9794F,
Advanced Micro Devices, Inc.#f i} T 4417100 MSPS IC flash# #i 7% AM6688

B flash % 46 25 75 b 20 804AR ARAR AR AR W T AT, T 12 i F T i el S A3 g PR P o5 40
PR R F R, BRRFRE S ADCH R E B, Ok B ADIZ &) 2% 247 i £ 45 AD9048 (81
35 MSPS)FIAD9002(8fir. 150 MSPS), 4% flashftH#es35% FICMOS T &%, LA IERE
o Aid, ik 2 Ak AR 2R 5 15 29250 MSPSHSALADCH H 25 Z Xkl i, 8
fr250 MSPS ADC AD9480% FH & ik BiICMOS T. 238, FEAEMLT-400mW, MiRABMTE
i 4= flash 32 FERE WA EL

1ELBREEVE, IC flash#5#a2% H Al i & v AR 10461, BB WA P R osi8hr, itk
KRFEE R E [kl GHzGX RS — R FH R R it HIhdE A%R), HAeThRiEA
958300 MHz,

HIEM ESOFTiR, 2l i A —E it 20 PR, BARNT, flashikids by
P B2 A2 LI A A TR 1 L 58 4 PR

Page 10 of 15
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1T SR BERE B I E BE 0T A E e 8s, P dbflashBE 40 88 A T b RFEREHeBS . AESLPRiglE
W, PR AT AE S AR e 22 S LB A T ASILRS , X BEAE & i A\ 4 6 R 5 B0 2
(ENOB)#/b . X & P A M A IR R A5 LR as Fede b R AR EL O it , 0 5 B AE flash % 4k
o Z BB RAE IR FF LR, UTIAE @it A 5 5 L SEBLR SEFDR,

flashBI ADCHY A LIIFAT 7 I T 2 A LU s o A ELRA AR B A v A8 WL R 7 S LAY
T X Fh 5 15 540 56 1 HL 22 13145 K 2 B flash B ADCAE = 4 A B3R T #0 A B ARENOB s i
SRR, ik, K2 Bllashiilds 4620 DL GE 18 FOROR SRS, HIJR % ZAEB M 52 %
g ARk S B R A i b Y R R

flash % e 65 b B L2 23 T2 AR A 2 ™ B HUE i B0 1 R (BER), B 10 s Ay BT — 2 BEIl AR
A2 R 1 ) B flash 540 2% o AU S T TREIF AT L B3 RO BE T G hth i H e 00 B “ "R
SR I AR — AN BTSN, 5 R R ST & B2 (ECL) i W — T AR, fRE bR
AX I H B s B bR X R AR A R . PR RS R 01186100, HISHER, Rk
A5 M- T RE H BL000RS (W AN I 1 H 3400 v L) A L L LR (B AN [ 1 HE BB IRHLF), FoRY;
FSiR %,

0 11 WIRED - OR
ANALOG ;D ® * *
INPUT O [+ 0
OFE
o—¢ y 0 110
+VR @ @
> 0
OF
y 1 0 101
% I ‘
100
% P
o011
. 3 ®
0 010
2
T 1
oN
0 0 001
®
n 1
ON
- o o o
ONE; HoT BIT 1 BIT 2 BIT3
X = METASTABLE 7 CODE '

v BINARY OUTPUT:

R STATE 000, 011, 100, OR 111

BE10: LL3ces% i #5725 o] e S E M IF ¥ 1025 b i F 8 1R 15
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Metastable state errors in flash#&# 25 P A fa iR Z= 0] Ll B ARk i, Hpz—3
KB UK TR % LA i BEAT RS, SRR T dii SO ik ) DLU/R SE 6 28 WL R G 25 v —
BEATAR B A 2 R . AR E AR R RAAE T, AR AR IR R A A PT FEA% T A i
thrp =l LSBIRZE, BiffhG, A& ihEes el —BERIS, 1 5 3 iR KR 22 XA 1
LSB, WE117R,

% FIARIC flashf a3 ARR A 1 HH IR IR f5e KRR BE /D 225 SCHR3, 16FN17 56 Hh Birid
AP AR AR IR 22 R

(A) 4-BIT GRAY CODE (B) AFTER CONVERSION
TO BINARY CODE
1000 1111
1001 METASTABLE STATE 1110
1011 ERROR PRODUCES 1101
1010 ONLY ONE OF TWO 1100

POSSIBLE GRAY CODES 1011

110
111 1010
ONLY ONE BIT 101 1100 1001
CHANGES _ .
BETWEEN _~l1hoo 1000

ANYTWO (0100 0111
ADJACENT 0101\—'0100J0110

CODES 0111 0101
0110 0100
0010 0011
0011 0010
0001 0001
0000 0000

E11: #EEBEERLVEETREGRE

hFehh 2% e flashfeife s (0 — I L B R, JUH R Prk @ L 8firht, 104z, 210-MSPS
ADC ADOY410H R H | —FpFr o A" BRI TS, AR KRR /D T flash e a5 v
H R EOR A i, i LGB 1 IhFE, 5 mE 12 (B AS%3CHRS)

Page 12 of 15
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ANALOG : '
INPUT B ANALOG

* INPUT
A2 LATCH v2 _ _ _______ A
2 :
V2 - "y VIA ————————— _____i ______
L I DECODE VA ———_

V1+V2
§ VIA= "5 LATCH |
1A

LATCH
A1 1

T

l | | LATCH
| STROBE

AD9410: 10-Bits, 210MSPS

E12; “fE{E Flash#Ei EHA B ERL—%

R ROR 25 (B AL", "A2"SE )R ARG i g, P HAlF D05 2250 X R R LT EL 1, R IE 17
R A RHMETAMP ALRHERIEVL, SAGSEEVIN, AINESmihRE%
(A = A)HBKG RS, ALRIIIESILATCH 1HES A, BS54k 1E )
B, ABRSPIEMAZE, MBIAPI AR, HA = BE, BI#EmEI R, BE
AGEHIER L, 4B = B RISRNEE =A R R . XM 25D T ADCHi A HL
2, PR A de KR BE ok /D HBE 15 5 - R AE R SR R . AD941038 R Hl i A R
FEORF AL R B R TR E

S

[ 3= =]

flash #4525 75 1H X 45 € IC T Z PrRE G I i R ADCIRM . A, DB 0 AL B AR 22 1] 2% 1E P
W B PERIRB 6 8AL, # M AL lash i 8 R HE R R P11 GHz, A
R JRAS P FEAE A HAR MR IZ RO o i SEAE TROK 2RI, MR DAB AR SR A 1 R (U
LB MSPS)SE BT PR T . DR AR A EAREIADC, X AR HE 53 P flash #%
BAHE A, BACRAE B REMT-023" LA THE
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ANALOG MT-021
DEVICES i1 7]

ADCZE#I. ZEEIREADC

{g& . Walt Kester

(b1

BAFLOR, BREIEMADC— BRI RE RGN RMKE . TR R EXRADC
HIRFEBUR YR 2 JR B SIS H 73 PO 184, ADIZ H]HJPulSAR* RFISAR - ADCR N
TERBAR AT A SRR, DICMOST ZLII8AL, 2 MSPSHEAE(AD7641), MTLH #EAT
SRR BOE A . fE160I9 A, AD7625(6 MSPS)FIAD7626(10 MSPS)i AR K & SEm MLy
AR,

FHARBR BT ADCIPE LT 7R, %4 PFARIE Ay & AT 86 i . TRBEAZ RS 5, SAR
ADCLZR A A it A RFEDRFF (SHA) S REA S B AE Fe46 J5 101300 1|] PR 45 5 5 A o

CONVERT
START
_ SIART
l TIMING
Am:bc%c- COMPARATOR
EOC,
o DRDY,
jf OR BUSY
CONTROL
LOGIC:
SUCCESSIVE
APPROXIMATION
REGISTER
DAC . (SAR)
OUTPUT

E1: BXERELEADC(RIFHITEADC)

CONVERT START#gA BAL, RAERFE(SHA)HB & TRFEEX, mHEDACE A
B, A e SHAR R K Tie /M TFDACK T, IRE R (L1, R mAa
ﬁ)f?ﬁ%ﬁﬁﬁiﬁﬁﬂ%ﬁ%(SAR)q” ARG, DACHIZE e sE (R TAL1H
), T L5 2s WA S e ir2, 85 RFEIFAEEAE T e h, iz BRaksietT, HEBIW
ETAAMLBE Ik, Mr A se ik E . M REREEM G, SARKYN 2RI R
T’]‘ﬁ?ﬂiﬁ)\ﬁ’ﬂﬁ T F A B M e p . 31X BEAr “TN 74 ik R 47 % HH AIRSARBIADCHY BE Al T
, BB 51" SAR" LR A Successive Approximation Register(iZ {X 1@ 1L I 25 1725 ) ,
Eﬂf%ﬂ%?ﬁ%ﬂffﬁ’]ﬁiﬂ*ﬁﬂ%, THNAT1RES 2 P AR IZ A AR S 45 E

Rev.A, 10/08, WK Page 1 of 14
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SAR ADCHFF

HLRISAR  ADCHYEEA I Fr Bl N PE2 7 Bt 85 G o e il i 540 25 R (EOC) . Bk 4%
(DRDY) B BT A5 5 (L bn b, WG S FREREF)RFIR . M TARKSAR ADC, b
ESREMAR TR AR, EEARMERMFN, EEREREIFGER, E5%8
o P (SRR ) IR AR IZ IR A, B BIRRSelom 1k, RGBSR ),
TR RN A R B, R A E R RO T A S ADCH T RETR A AP E
B, IR A AR

SAMPLE X SAMPLE X+1 SAMPLE X+2

CONVST

', CONVERSION __: TRACK/ :_ CONVERSION __: TRACK/
| TIME ' ACQUIRE ! TIME ' ACQUIRE |

EOC,
BUSY
OUTPUT DATA DATA
DATA X X+1

E2. ##5)SAR ADCHYF

NALFE# N AT, Pk, 16Q0FEHd R0 U2 AL R s I A, X B EREARH
W HGER, EEPRIFARXEE, (ESIFidsh, DACRLAUEST BRI, RG4S
ATV, I AE Lo e 46 2% b 06 25U ST R 16ADKE B, i X 75 B SR IE ], AESE B R4
t, 8ALZIRIE UL BRI ADCAE R ANAD PR B AT 52 ek fie, 1l 164034 X 3 1 2B AD C N 6 7 28
b,

BARFAE— 38 M, (HRZ BADCHZEA KT & 2 A HARXT B, kgt F2 ph Er
CONVERT START{E 5K JA35), CONVST{E SR tlkoh, H@IEBHTLbr Laahikit,
PN R SR A DR A7 (SHA)BOR 2 AE BL B i B TR FFBEK, I8 I SARBE TR # € 2% AL
CONVST it 5 i1 s F3AEOCHK BUSY £k 5 A5 Ay vt F- . et 52 I, BUSY £k A5 Ay Gy
F, RO, REBAEOLT, BUSYZERM TRl TRk o A 2
I rT R G T BRI AR A ds . Ak, T ARIEMR T B EE 22, Hik
15 FH 5 € ADCHRE 7 24 A4 25 B2 AH G B8 T, SAR - ADCHYER B P 2 — J& B i [l 45 3R
i, B AR AR B TR AR Bl AT AR, B K LTIER . X AEAFSAR ADCHEH
KRN 2 % S L R R T A R
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ERERERZ, BRCONVERT START#HA2Z4h, HEESAR ADCIBTHR BEIMBE M8, K%
HIEM T, LFRCONVERT STARTA AL & m it 8, WRTEE, SMERIN b5 %8
WAL T 1 MHz% 30 MHZ{E I N, BARIRUL T ADCHyEE I [ fn sy PER ., HESARADCH &
P2 K T AT AR AT B CONVERT STARTW 4, BIAHEZEH), SAR ADCH#li ¥ fif
DAMDCEI e 2% fe KL i R B N B EE BT k8, Ak, F/E—2plsh
TEOL, DA b 2 Y 2 g s Tt .

HRE, SAR  ADCHJEEMNS 2 B2 - Z g T NIDAC, HEI&RIT, KEZHKHSAR
ADCHER FH 30 v e TR D ACOR S B BT 75 WO RS RE A 2 Pk BE . 5 v BEL VR R 3 2 2 3 BUm
AYEIN, I H R L RHLAR nT B8 2 52 BB AR ) B2

ik, FRR A (B 2 L) DACAERT K SAR ADCH H 23 iit1T . JFR LA DACKIEHAE
T KRR RO T R e, A AR A A, A E AT ECRR
JE, A, WSERAIR/DRE, JFdEd A3 IRERREHEIR G EANRE, M
ToH MR HOC R, TSR AR . JF SR A & TRl AR B R ER RE D TR T L
ppm/°C, Rt Al $2 Bt 8 i it BE A g 1k . BUAREHZLCMOS T2 3F 3 1 15 il 1 T 5C HL A7 SAR
ADC, PHIbBAEAE,

TSR3 A DACIE3 R, BRI SRAL T BREF SR FEBE, b BADA A L EA
XA A ERA A TS e i . PRI AT RS DR Ja 3, R SR R B
ARIEREEREMSIP, 85, JRSHATIH, M STV s AKL 1 L RS & A 55 1
MR, WIRS1, S2. S3FS4REHER M, WA AL HIKR/DETF-A R, W
RBESLERL BNV o, W ESAEAInRYEERE B3NV, /2, R)G, HERSHEEMSBAAINT,
M SARPRFFS LR BV, Bk HE S B, B AREH T He e th (i PR, 235
IR T RAL R IER R ), FARRIWABLE G I LR e el il il B 45 3
if, S1, S2, S3, S4FnS ERMEWIA . SERENM, AW CHER AN T —RI,
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28

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

Crota,=2C ——_C T —_ci2 —_ cl4 Cl 4

SWITCHES SHOWN IN TRACK (SAMPLE) MODE

EH3: 3fuFXxBEFDAC

ERE, T RMEABIMILSBHRA O T3MDAC, HC/4)4 A it 2 51 e A1 %5 T°2C,
DA AT AE 45 458 25 A0 P A B 58 ) — Al 43 i

28 DAC(cap DAC) M AEM FR2RFIEDAC, B i e Ui eV, I, i%fr e
T R D 53 T 25 0 2 W 1 2 (2C) B 2 S 00T A AR H TR, LB 8 5 % B A
i, Ui AR, T2 T AR R N L,

SAR ADCSh fREE

U8 1 (B WP A “ BRI 0451 2 ™) AD CH A aod 7% rp A T ISR AC B3 T LLGB B B 16 i 22
GBI RS, B I iR 7 S R S 4R AR A e R N 8 (B2 30k
n BRTE, %R H I E D PR ERE, MmAE R REFRE 1 16240 b7 N
HAREBUER E R, 15565840 K Tartagliafg Ui T Rz — R M1 b, 21b, 41b,
8 1b, 16 1bFn32 bHFREFS, EbFREFESMRBRELRIADCH M H % 5E M
[, (RiTERE, SeFpfgoeds 2 950n Bn] AN & iR 63 IbRg AR nE &, i A ] b ik 40
b, )izHEmEAFTR, HhARMERA451b, MR R P EHORERIZRE,
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ASSUME X = 45

TEST
ISX>327 YES & RETAIN32 & 1
IS X > (32 +16) ? NO = REJECT16 0
HHEH  sxz@e2+2 YES > RETAINS > 1
Hi sx=@2+8+4)2 YES 3 RETAIN4 > 1
11 ISX>(32+8+4+2)? NO 9 REJECT2 & 0
O ISX>(32+8+4+2+1)2 YES & RETAIN1 > 1

TOTALS: X=32+8+4+1 = 45, = 101101,
E4: &EREEEADCE %

7 K1 I ADCHY 5 SEE I AR R FIDACTNIZ R &I B 25 fE 2%, (HANLL X 5 A seh 1
KThte. Lhr b, FIISAR ADCHRA“ELIMISEE". R AE" B SR R IE 25 g i
7 ARiESAR ADCRFE FiH42704E Al & National SemiconductorflAdvanced Micro
Devicesi 2503125045 75 H i i 8L 2 77 A7 a3 Z R ICT H LAY . X R ML 2Tk
i, FEZBRIEIEBADCH T A A ar Fishil DhRE , I B VF 2 B b SORiR & B H R 4
A bR e R

MBI EAR TR, BRELMADCRMMRTL PCMELN R HIEBE, I H A%
RS MR 2 —, RN T DR BOFARRERE . RRS5EKEL AN
Bk AR AR SR R L FIMUR TR, (HX Se L B AR BB AS BB

19464F, DURHLIESLE ). C. Schelleng i IR AERE % F| h$ig BIPCMIAIE T~ 13 K & L Y
ADCHEH (S bt E S a3 ) (575 3CHk2) . %I AR NHARDAC, i jE AERR 5 &
W RERIASURS i i R B T SR BB Tl . AR R RS IRITEHEE, 1§28
Wiz wmiE i,

Page 5 of 14

29



30

MT-021

19474, DUR AL TG SE 50 % i) Goodall fE 5L A 1 SC P ik 1 5K b i O e B ADCHY SE 4F 5 Tk
(B%3CHR3), WADCHA SN/ HE# I LA8 KSPSI#E 3} /i 35 W il 1T R AE, B ERHiBS
ESHATRAE, JRX R ER S B, KRG, FHSRPDETHEREE I
WEREIEATIOER. MR K FRMERE, WMSBEILHA"T", FFMEHEFHE R NETLE
FRADH R, WORBA FBREDT%ER, BAASBRAEMER, JHHA &L A",
MSBHIWT SE R Je, BFXH 58 ALARSRIZ RIS, Aad dbi B el R e . % R R 2
Fe A LRI SE A 1k o X R ) P20 B S 2R LT IARTF SR A DAC,

SchellengF1Goodalli% it i) ADC35 R F — 3 HIIASCHES i Fe e sk Bk A TSARBE i . AR
HFAEDACTIRE, HIEARMEHAESGH 3R DACK #4T. 19534F, H. R. Kaiser et. al.(%
2% CHik4)FnB. D. Smlth(ﬁ%lﬁﬂtS)uﬁE’JADCmﬁﬁEEE’L BERIIADACK ™ A A 55
B RGE N, X 5IACSAR ADCHEL, Smithif+g iy, it fd AR 2 DACH PLsLHl
L PEADCAL 2 BB, XA B 1 FLIHPCM R 8 v iy F I 4 1 Je& 18 5 A 2 it 1 2%
A, (2 W BFEMT-018: AEANZNIELEDAC, EXTAELHEADCE R fitZ
A, RHAMRZLHADC, HEH R E /B EM S RHIITES Y RIGE, W %/ HiH
W 8% o Z5 B R A T A i LA SR FRFE TR 1 T, DAS N BLEE RS 15 22 (225 3Ciik6) o

WK, FEFHEADCH; Sy, IRk FEBIEPSCOLA b] (BAE A Analogic, Incorporated)Bernard
M. Gordonfif H} BRI AR TAE, ﬁBZﬁ%?ﬁTn%o Gordonf£19554F- 14 il H1 1 (£ 7% SCiik
R T MR EEIL, 50 kKSPSHRBILRIADC, XK E e 2t a2
Feim(LES5), DATRACR 19" x 26" x  15"4ph5%i%it, IhEEAMEE L, M4BT ENLH
$8000.00,

TER G — T L Fl v (% 2% C#k8), GordoniTE 4R T P17 K18 i B 3 1 B 5 1y 28 R A
e, BEAE 42 704E4%, National SemiconductorfliAdvanced Micro DevicesSEZ it | SAR

EH I —— 8 Z AR HY2502/2503/2504 RAICE S R, fE L HEAL70FI804E AR, X 4L
R LR B A BB iR & R R @ I T ADCAb A n] /D B R i AR B
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Courtesy,
¢ 19" x 15" x 26" Analogic Corporation
8 Centennial Drive
& 150 lbs Peabody, MA 01960
¢ $8,500.00 http://lwww.analogic.com

BE5: 19544 EPSCO4g/Bernard M. Gordonigitag111i.
50-kSPS SAR ADC "DATRAC"

ADIA B F19695F #t E X IR I 1R 28 g

19654, Ray StatafiiMatt Lorber f£ By % i Z& &5 th QIS ADIA W], ADIA Rl ) 7™ it 4 i
PERERE P S FBOR 2%, HAE19694F- 3y T Pastoriza  Electronics(% 4 75 46 2% 1 i i 4 S 41t
Pif), MIEIRE A MR B T B R 4 gt = dh .

Pastorizaffil F — R FIEHE R E =, 1 EI6F 7~ A19694F 3K 1247, 10-psid F 4 K & i 7Y
ADC ADC-12U(2% B 4y £7$800.00) i #& |y, ADC-12UR HI ) e & @ B 284, HFIH
—/ANUATZI0HL 5 2% . — AN H 1241 "Minidac " Fi1144~7400 £ 5132 i 851 56 R AT 38 Ik 18 I Y
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74 and
74H LOGIC

SOON REPLACED
BY 2502, 2503, 2504
SAR LOGIC ICs FROM
AMD AND NATIONAL

"MINIDAC".

MA710
COMPARATOR

E6: ADIL\S]Pastoriza$y 4y 5] F1969F#HEH 891211,
10-us SAR ADC ADC-12U

"Minidac" BB S i 2 B “PUIEETIC (AD550) FnE i 2% (AD850) K it i Ji, A 53X 22 HLID]
DACHEEB B — B bHiE, WS W BEEMT-015. DACRMIL: #HIDAC,

&, (EADC-12U, B iE I 5 1 1 SE s 2 oK R 144 R B4 . 19584F, Bernard
M. GordonH1i§ T —Ii% T B IKE I B FIE AT B L FI(S%3CHK9), IEAE E#42704E
R, Advanced Micro DevicesfiiNational Semiconductorffk i T i F 2 UK 8 it Y &5 1545
IC: 2502(8fr 34T, AR[HJ&). 2503(8fir, wI¥J@)Fu2504(120 347, WH &), XKLLk
it EZKEERADCHHITA A AIEHITIEE, AR 2 B &
RUEHR S 2 WO AR dE A LB B,

19694F 2 Ji, ADIZA R]ARE: PR AR e e S SE 9K E s i, R0 704 ARIBIR], BEHig
WK R O TR A R . TR P R LA R eSO R SR Y PR B R AR . BRSO AR R
B CGE RPN NR), T LRI SR BN S 2 I 4 . TR P O a0 O SR ol
R P e mER ST BB . KRl AR R M B 2 5 . B Al R SR
o AR PRI SE B o )6 W SR PR SR I 2 | 40 S B HRLBEL MR VS i A P L eI
RIERHAS.
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ADIA R F19774EHE 1247, 25-us SAR ADC ADS725k & IR & He AR B — MR I 1,
ADS72[e AT NI b, FEMER TR, LS AZ PR KES . SARZFF8 0 W
2504, PIRDACH —A~ 1240 JF 38 i i — A 2y i e 2 36 S B T2 v OEL IR0 285 Al (B b daf 2%
FWGE i AD562 DAC), AD572 &kl N E1267ADC, HizBMIL-STD-883B4x
#E N T H A {E-55°CE +125°CRYBE AR VLB N TAE, E7Rr R AADS720 B,

E7.: 1977 FETFEFIANUERY12(u, 25-us;E&Z/ADC AD572

ADIZ T i 2 B T B0 45 23 USRI S 90 % o 1978454 9 120, 35-ps ADS74f 7
AL UARRERKSAR ADC, ADS7T4REH —Aseefids %, Hp wHfm)z o
HERE . BFRBM S AR Eh Bk EESS. RRIMEHBAgEN, B
e, ADS745R i &2 & HUE i S5 M 5 R 5 T A —— b — AN R 124 FL 3 o
DAC ADS565, (A v R AR R B B i 55— U 35 3 UK T I %5 /783 (SARY)
AL PR 28 He T2 A D RERIORS W BT LU 8% . ADS74R PR b 228045 A0 9 Tl A
#1207 ADC, 19854, Zas B KDL KB, Bh )5 BRI m A 7 FH 20} e 2 1k
AT RE . ADS74fALAE BT A8 BT
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+5V SUPPLY -/ STATUS
Viosic ! | | E STS
DATA MODE SELECT [ |——pm] MSB_E DB11Y,
128 —l—> N msB
CHIP SELECT E CONTROL - I 'E DB10
BYTE ADDRESCSSI 3 g
SHORT CYCLE 4 ¥ TV s|E Hzs] peo
0 T
READ/CONVERT [5 SAR A| A H24] pss
RT E |CLOCK| | HE :|
CHIP ENABLE I E | |
CE [¢] 3k | o N 23] pB7
+12/+15V SUPPLY E u g —E DB6 | DIGITAL
10V REFEREN‘:;:]; Comp 12 IT: L DATA
* 8 10V | - 21
REF OUT — Toac u ; 21] oes | outpuTs
ANALOG COMMON [g > loac = L 150
ACE 6 4 x N x lper B — ]DBA
REFERENCE INPUT 75l — - uln U
REF IN 10 bek Fli E DB3
-12/15V SUPPLY B
11 E H1s8
Vee [ 9.95k R| D ] ve:
BIPOLAR OFFSET [5]_x s|e Y
oFFSEr 12 o E E DB1
10V SPAN INPUT = 3 | =] DBO
10V . LsB[16] | 'sg /
20V SPAN INPUT [73 T DIGITAL COMMON
20V, L AD574A [12 J=__E DC

E8: 1978F T tx#121ii, 35-us IC ADC AD574

HWASAR ADC

b5 2 KGEITMADCH 22 2 X, Hoorpe, SRR fa A/ 2 DU A 46
ZFAL. BUE, RZSARADCRMH R A Z S M6, EWES 2 MBI RE RS,
ARBETE——N A AR IAISAR ADC, i HUg B i 4Lk B A Sk B SO BAR ™

Ao

ADIZ Al HJPulSAR® Z 51|t it BAR HE 467 173 AL 18 K& i B ADCH— AN il -, AD764157% —3k
18fir, 2 MSPS, 4x%4r ADC, RM2.5 VEHRIEMBE(LE), Z&HFNE A 18R ER
FEADC, —AWEREEHET o, 2BTRE . — AR MERRIRUU R BT R T RGN,
AD76412 3 ) REAF A dE R 2w MK, ATHORER — R ELIR S 8 O¥ R . (B M&TEE)Z
b, i InfERR L (SNR) A 7 K 1 (THD) S i 2 R th & P 45K .
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B TIWRIES

TEMP REFBUFIN REF REFGND DVDD DGND
P~ P~ P~ P~ P~ P~
AGND O
ovDD
AVDD
REF > AD7641 OGND
REF AMP SERIAL
PORT ?
IN+
SWITCHED .
PARALLEL BUSY
INTERFACE RD
PDREF CLOCK cs
PDBUF MODEO
CONTROL LOGIC AND K )
PD CALIBRATION CIRCUITRY MODE1
RESET
S o
WARP  CNVST

E9: 18{i2-MSPSH X H &FPulSAR® ADC AD7641

JUERIHE T 2 AR E R JESAR - ADC, HH 56 A6 Bl 5 PR A /T 30 T i i
. BEMOLT, IR ARE,; HRE, PIHARZ Tolk v 2SRRI 1 5 (n
+5 VEi+10 V)BETECF LB, £S5 R IRADCH: O, Xk 2RSSR, E108
T ARATRETT 1. AT LURE I AR i B HOR S R AT Bl W L PRl fn g ik, LAREX10 V
{55 5ADCHIOZE+2.5 Vg A TEEIAHVCEL(EI10A), 8535 F1 A H BH 1) 45 SR $hF 7 22 Ik i v -
16 (FI10B), Wiy @8l LM T,

(A)

VREF
avaY, | +5V
+15V +5V
+=10V +=10V
O—"\V\—* O—A\NV ADC
ADC
O -15V
VoFFSET

(B)

INPUT RANGE =0 TO +2.5V

E10: TARNRMISESSEEBFADCHEDO

Page 11 of 14
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ADIZA AR %A TokCMOSGCMOS™) TZITHE I — M INFaZ R 5%, %5 K Auvr
Fi N RS AR E Tolk+ 15 VALJRfEH, I ADCPYAZAE FRHU R HLTR(S VEEE/) i, &
1112 /R 2 134783 i #i AADC AD7328,

iCMOS
PROGRAMMABLE (+15V*) I (+V5V*) o
INPUT /o N/ /cc
RANGES: I AD7328 h g Y Y
V{NOL 2.5V y |
V|N1 6 N VREF / 12 01T
+10V Vin2 P SUCCESSIVE
’ MUX TH APPROXIMATION
o - G
+ Vin \
e 4t V|N55:
0V to +10V VinG TEMPERATURE
VinT INDICATOR
| I () DOUT
CONTROL LOGIC SCLK
AND REGISTERS a5
CHANNEL
SEQUENCER <) DIN
A
VbRIVE
O O O
AGND Vs DGND
(L15V%) *SEE TEXT

E11. EXIRMEHA. 13{i, 1MSPS iCMOS™ ADC AD7328

AD73283% HiCMOS(T)LCMOS) T. & ik it . iCMOSE —Fh¥ & B CMOSFl i B, s CMOS
SN TE, Sl TE, AJHRMEBVERE T LIENSEREIIC, HARPERE
be R UL i R 2 A e 5B . 5 R AR GECMOS T E R BICA R, iCMOSH A
fH AT CA S AR5 5, [RIBHEREfR A PERE, KRB IRDhFEI /i 38 RsF, AD7328%]
BAFIRMERIME S, A PRI AVl . £10 V, £5 V| £2.5 VAI0 VE10
V., BANBD A E SRR R, AT A AN A TE B Z —, AD7328 R 46 A
A AR A e, HES B ZES SR, IZADCHE —AN2.5 VIR R,
AR FAMER L, an R AEREFIN/OUT 5| B _E e 3 VAR i HL E, AD73280I n] 252 £12
VR R A . AT 212 VIRATEHE, 2R ARIR£12 VRSV iV IR,

Page 12 of 14




MT-021

AD7328HEHLE AR TV LIRPE AL, B 8E PR RERIARFRELN A5 V(4.75 VES5.5 V),
XT2.7 VRIA75 VZ AV, s PEAF & MR . AD7328R UV o 5 IR
EI/OZHHE I HEQR.7 VESS V), VGHBEARMEEV &3V,

AR — AR EE TR D, Bem Ak k1 MSPS,

S

[ =

SAR ADCRHE—M5eE . AHS TR, FHEEWRHMLCMOSTE, %R
HIBEA “WKRELTIER , RIbAR & & R 2 8 S B R ER K , CMOST Z L m
FA R BCE DR, A Sl E R R A Sk dESE . kA, P2 SAR ADCHIA R L
Tin JE A& IR A AL EL R IR, BARSAR ADCIR A 16T 2L Rk A, HR H AR R I L
EEAE R E RGP BRI FE0ES

S0

1.

W. W. Rouse Ball and H. S. M. Coxeter, Mathematical Recreations and Essays, Thirteenth Edition, Dover
Publications, 1987, pp. 50, 51. (describes a mathematical puzzle for measuring unknown weights using the
minimum number of weighing operations. The solution proposed in the 1500's is the same basic successive
approximation algorithm used today).

John C. Schelleng, "Code Modulation Communication System," U.S. Patent 2,453,461, filed June 19,
1946, issued November 9, 1948. (an interesting description of a rather cumbersome successive
approximation ADC based on vacuum tube technology. This converter was not very practical, but did
illustrate the concept. Also in the patent is a description of a corresponding binary DAC).

W. M. Goodall, "Telephony by Pulse Code Modulation," Bell System Technical Journal, Vol. 26, pp. 395-
409, July 1947. (describes an experimental PCM system using a 5-bit, 8KSPS successive approximation
ADC based on the subtraction of binary weighted charges from a capacitor to implement the internal
subtraction/DAC function. It required 5 internal reference voltages).

Harold R. Kaiser, et al, "High-Speed Electronic Analogue-to-Digital Converter System," U.S. Patent
2,784,396, filed April 2, 1953, issued March 5, 1957. (one of the first SAR ADCs to use an actual binary-
weighted DAC internally).

B. D. Smith, "Coding by Feedback Methods," Proceedings of the I. R. E., Vol. 41, August 1953, pp. 1053-
1058. (Smith uses an internal 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).

L.A. Meacham and E. Peterson, "An Experimental Multichannel Pulse Code Modulation System of Toll

Quality," Bell System Technical Journal, Vol. 27, No. 1, January 1948, pp. 1-43. (describes non-linear
diode-based compressors and expanders for generating a non-linear ADC/DAC transfer function).
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7. 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, 20kSPS 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.)

8. Bernard M. Gordon and Evan T. Colton, "Signal Conversion Apparatus," U.S. Patent 2,997,704, filed
February 24, 1958, issued August 22, 1961. (classic patent describes the logic to perform the successive
approximation algorithm in a SAR ADC).

9. Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 1 and 3.
Also available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter
1 and 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-022
DEVICES E1e 7]

ADCZE#l; =-ABIADCE il
& . Walt Kester
[=ib]y

Z-ARIADCRBUE T B0 . B 3UR R 0 P 508 8 Ml 005 57 P BT ¥ IR R e 2% . R R
FRAEEE SR LCMOSTE, P L FRiads g 2hae, XA B &R
Ao BEH LRSS AN, TR HEA R R AR R,

HTZESRERRK, Z-ARMADCE 53 A MA BREMT-022FMT-023K i, A
(MT-022) F e PHEZ- AR P i R ke, B A RETE . B IR DL R Al U A 2
T A FEMT-023 1) SE- AR SR EE, UG, SA2-ABADC, %95
FRIEE-ARIADC (MASH), Al Z-ABI ADCU Je— 26 )i H 7= 1

mERE

Z-ATIADCHAG IR A Wk o i i il (PCM) FR Se i RLIIRE R B Be,  JUH AR LL 5 FR 4 “ AR HI™Fn
“FPCMTHE R B AR, (ES % 3CHK1, Max Hauserd| 3 {H R sttt ik 1 2-ABIADC
B b s it AR AT BB EITTLR S JE. M. Deloraine, S. Van MierlofliB. Derja-
vitch T 19464 R W (&% 3Ck2, 3).

PR BEAERAE 2 5 A7 22 BRI Se g = HHT R BT, 1% SRR B TR T 19524F F11953
ERF T AL ARSI E RBP4 R (B H30HR4, 5), 19504, €[ UIJR ALK 5K
BEMC. C. Cutler i | —TK T 24 PCMIYEELF], Heptifzs 7 HF Y EZ S
(&% 3CHK6),

A ) A0 22 53 PCMIY B 22 90 8l ) 2 i i A% i i S HE AR 2 R B 3R AL (A HE RS HEAR A
%, Uil saiEmies,

FEAPG R, BOE Sl E M ADC(HL B 4% ) AT 2 AL, P LAF R, PR RS Hi th p 1A
DACK. A MG S, HAEEE R34 Ia DA Rk . BME S DB AR 05 Kan k.
T"RRA EKCRA ) MBLE W, 0NN A LIRCREZ G BT WS .
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SAMPLING CLOCK
+m
ANALOG 5>
INPUT

DIGITAL
b + © output
(A) DELTA MODULATION

1-BIT
DAC

? SAMPLING CLOCK

N-BIT
ANALOG + @ e , o DIGITAL

iINpuT O iy OUTPUT
(B) DIFFERENTIAL PCM  ~

N-BIT
DAC

E1: AF#F1%E57PCM

R BADAE S AE— & W ] A PR FFIEDE D EL IR A, WISRA "0 R 1" 38 B 3, RITERE,
225y PCM(WLE1B)R H L5t 2 MR R, AR Z AR RAE T H R Hl 2 AL ADCHfii 4k 84~ Ee
BESARBIEENER.

T I B PR [R) 45 5 T o ) B O &, R e AR ) R & RE 0% BRER A 0 BE 15 5, BEiR
AR, . Aad, AFBIFERNE BAAE—ERIRTE, RIBHE S ATl (L,
FHREDE B 2R R, B, BREEA RN ZIERR R IEWE, BREDGES LIt
P, Rt RASTERTER D,

\SLOPE OVERLOAD

E2: ERARHETEL

40 Page 2 of 12
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LD FREIP, APEMEAL ReUmPeR R R, 2253 PCMR H £ A6 2L Sl i 32
ZRTERA BCE MR AL K, WKW, ARG 5L MPCMAH R & i, AV 25K R
B R A, W RS H AR R208%, AR AR A R AR (2.

Jit, APRHIRIZE S PCMM AR T ZIRAT IR, AH H 0T AT R ) 2% Rt kA7 — 22408 e fie vl
FEEEANZ-ARH, %R R4 I R ADCRM Z —,

19544, VURSMEMIC. C. Cutlerhif T — WA B EBAEH, Hrh /o T 5 o0 5
53 W M3t SR BE R T B (B % 3CIk7). 36 R R4 1T TR B Wi ADC, T
S T A 2 TR R T 5 1 SURME IR R %, P, Cutlerfy f it 280 T2-A
MADCH I LT A A, SRR IR RIIRIR b, Ko 0 i R AE f FA 202 A
PR A 4 A 3

Z B AR IAAR/R HBLX SE L 205 w0 R B 2384, Hoh @45C. B. Brahm T-19614F g HY
HREEH, ZEFTEMAR T B % A0 I ADCH) I 5 08 P & B3 T (575 30k
8)o XEtIFHIN, SAEHRBEIFHIARESE, X ARSI 7L Taet,

19624F, Inose, YasudafiiMurakamiif4H b T Cutler T+ 19544 £2 H 9 — A7 i3 SR FE g 765 32 2
(ST SCHRD) . AT TR S 6 PR B R T I 24 1R R S B — B Fn B Z-AT A6 25 . £E1962
RN ZIEREE TI9634ERE T H RIS, Hpa4 il 1 R g g i it
BB % 3CHR10), X IESCE iR B “A-Z” A PR R % 28, “A-Z A FR—H T
1927048, ARWFATET TR -GG “2-A %Pk, MILLUE, PIA A FRER— B AE
M i, Z-ATTRER AN PR h A IERIT,

AR, ACRRBIMPA R R T BRI RS R A UE S, MIERAERFFADC
MK, 19694, DURSLEEEMID. J. GoodmanZ 3K | —k3C, 8 1 AL 5 8 %L
FIE WA P ELES L E R BT R 2-ABIADC(2 30k 1), X8 1 KA 2 - AZR A ok B 1
A AW RFADC, 19744F, J. C. Candy(tok A WURSLE )8 T —Fh B A AL
B DR D Fn i B D BE Y £ A0 R AES-ARIADCR 5L 3L i 49 HE R R B Wi $5 ADC(Z 2% SCHlik
12),

SHERMMLL, ZIC Z-ARMADCHARIMY, HHZEM o PR, BN, &
%, % —NE-AMRADCA Sy A itk HIE R HWOCHE . 1o, %R H e 1% Sk
#1512 Z-AMADCIEH E A R ARCMOS T Z, &% CHR13-21h 4 T — 28 RIB R R
Z-ABIADC/R B, MABLL)E, ESCRrd R IE e p e A R it T ES: T Z ML iR
A et
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BARCMOS  E-ABIADC(LAKDAC, FRBLT 5 )i i & 3l A 5 B i B 75 R B e e 2 . o
R TR S HAEE S A MECMOS T, 1A, &5 PR Mk 240 R4 Z-A%
ADCHER; % Tk I & R i LT B2 BUR 1T 2B RUE4%

- ATIADCE M

Z-ARYADCH SR AR FER I Bl W T e R BOARERL,  (BOR 2 Bal b [ B SR 2 AR s B0
Db mZe 1S ik N 2hfig. AL TR FEREZ-ARIADCH) TAREE, HomfF i B & R A i
B3, SIRRIXEENEL T ERMNA S,

Hor, HREBIFEMREeEss, S-ARADCH BT 255 Bl DI AR, R4 i B
PR ZIREYIZ TS, Z-ARMADCRE AR R PRI TR s (AN RS . — ANk
FEIR, — AR S — A B DL R B 3 5 DR A ) Rk 24 S R R B is L i
AN B L R — A V0 D 4% Gl (EL A R Al 0 0 3 ) MO 0 15 5 AL B 2% (DSP) 4
. TCH WAL RIE %08 D a5 1) TAR B, Enf i L AARIER, 25REREE-ARADCH T
PEIRER, BB R, BRI, B IR B,

BT, BAMEBBUSOTRBERBERAERAR, HEREHRAEA 218 LSBIYELIRE

W, B RFE RS A RS, B2 MNALR FEADCAEDC R £ /21 7% 4% W o 4 Bt

J0 B P 8 A M5 A % 3 5 RO/ /N 120 A 7 (Herh, g — AN LSBAY AR Ifi £ 12 R BE 45

K), WEBAFTR, Bk, RTWSERIEZ R AR, HSNREA(6.02N + 1.76) dB, (F 3%

HRNER, HSHAUEMT-001", VI RADCH AR, Hug @ KT PR iR/ 21

A, B2 HA R P BT NAL, H Sz F5 45 93 G PR 8 “A A4 BENOB) i LA -
SNR —1.76dB

ENOB=——F——. 1
6.02dB A

L e S SR R SR SR KL (JLPEI3B), 3905 MR AR 5 R A q/N12, B %0 7 BLAE 53 A
FEDCEKE /23X A B GEIE B N . R 8 fi th s B £ I 98 95 2% (LPF), Wifw]
VAR 28, mXAEWRE S, MmMERENOBRG LI, Xk, &AME
o AR R ADCSE AR | R i PR Rk . REBIGEH R T RHER", EE, MX—
RAE, ERFEEA AL, A iR X B DUR 2 IR I S 2K, X E-AN— U
EORMEH, JEH AL DU L 2o P AL 08 D 25 BRASHE B B 2 A 1H 2 i 1~ B L o
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A
lfs Nyquist QUANTIZATION
Operation T NOISE = q 12
— ADC q=1LSB
! ]
T
Oversampling fs f,
+ Digital Filter 2

B | +Decimation |'s ‘\/ DIGITAL FILTER
DIGITAL
—> ——
ADC - LTeR |PEC REMOVED NOISE

Oversampling
+ Noise Shaping
+ Digital Filter

c k. ¥ Decimation f

S

—| ZA DIGITAL L
MOD FILTER

REMOVED NOISE

Kf

S

E3: SRE, HFIEK. REERFHER

P T 80 i O e A 2 0D BE PRIk i R T 5oRE D T SR SR R i R (Kfs) (HL 75 TH 8 A2
RN, X BV T R B S M S5 R AR e R H B A AU S, X
A FRFRAMAEE B, A IZARE BRI M (decemfERL TR FR 1), H B H &R
HRRBESHRAMBUL, IB2M]DREEERE, O SBEMERER
(WPK3B),

AR SRR RS S P, WIEGE S PERNMNAL, B2 R 1T 22NRE I Rk
ARG TOR MR R R, PO ARG S0, 1 L 2k 5 g 7 i
T8I, DIE 7 R 2 8 T ibaliafy 2 4h, P 3CHR,

AR ] — A VELADC(—AN FL 8288 ) DL — AN Bl 28 B0 R SRS iz b e 2%, ARG ¥ %
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TR EMAE, — A RAEEREN AL ADCH f th R L FZELE L, RAXKE
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ADC architecture and its history).

E. M. Deloraine, S. Van Mierlo, and B. Derjavitch, "Methode et systéme de transmission par impulsions,"
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F. de Jager, "Delta Modulation: A Method of PCM Transmission Using the One Unit Code," Phillips Research
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H. Van de Weg, "Quantizing Noise of a Single Integration Delta Modulation System with an N-Digit Code,"
Phillips Research Reports, Vol. 8, 1953, pp. 367-385. (additional work done on delta modulation during the
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C. C. Cutler, "Differential Quantization of Communication Signals," U.S. Patent 2,605,361, filed June 29, 1950,
issued July 29, 1952. (recognized as the first patent on differential PCM or delta modulation, although actually
first invented in the Paris labs of the International Telephone and Telegraph Corporation by E. M. Deloraine,
S. Mierlo, and B. Derjavitch a few years earlier)

C. C. Cutler, "Transmission Systems Employing Quantization," U.S. Patent 2,927,962, filed April 26, 1954,
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C. B. Brahm, "Feedback Integrating System," U.S. Patent 3,192,371, filed September 14, 1961, issued June 29,
1965. (describes a second-order multibit oversampling noise shaping ADC).

H. Inose, Y. Yasuda, and J. Murakami, "A Telemetering System by Code Modulation: A-X Modulation," /IRE
Transactions on Space Electronics Telemetry, Vol. SET-8, September 1962, pp. 204-209. Reprinted in N. S.
Jayant, Waveform Quantization and Coding, IEEE Press and John Wiley, 1976, ISBN 0-471-01970-4. (an
elaboration on the 1-bit form of Cutler's noise-shaping oversampling concept. This work coined the description
of the architecture as 'delta-sigma modulation’).

H. Inose and Y. Yasuda, "A Unity Bit Coding Method by Negative Feedback," IEEE Proceedings, Vol. 51,
November 1963, pp. 1524-1535. (further discussions on their 1-bit 'delta-sigma’ concept).

D. J. Goodman, "The Application of Delta Modulation of Analog-to-PCM Encoding," Bell System Technical
Journal, Vol. 48, February 1969, pp. 321-343. Reprinted in N. S. Jayant, Waveform Quantization and Coding,
IEEE Press and John Wiley, 1976, ISBN 0-471-01970-4. (the first description of using oversampling and noise
shaping techniques followed by digital filtering and decimation to produce a true Nyquist-rate ADC).

J. C. Candy, "A Use of Limit Cycle Oscillations to Obtain Robust Analog-to-Digital Converters," [EEE
Transactions on Communications, Vol. COM-22, December 1974, pp. 298-305. (describes a multibit
oversampling noise shaping ADC with output digital filtering and decimation to interpolate between the
quantization levels).

R. J. van de Plassche, "A Sigma-Delta Modulator as an A/D Converter," /EEE Transactions on Circuits and
Systems, Vol. CAS-25, July 1978, pp. 510-514.
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D. R. Welland, B. P. Del Signore and E. J. Swanson, "A Stereo 16-Bit Delta-Sigma A/D Converter for Digital
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B. Boser and Bruce Wooley, "The Design of Sigma-Delta Modulation Analog-to-Digital Converters," [EEE
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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-026
DEVICES E1e 7]

ADCZEfgVIl: it#{ADC

{E& . Walt KesterfilJames Bryant
b1

HRADCERAKRE A R b, HEDE & PR R0 B2 3, FeilE g &
ARBT g/%‘lff/”\ﬁ\ VU B S BRI

A. H. REEVESH)5{ii i+#{ADC

HEADCHE IR T 193048 AR AR Y FLJH S48 M ik o i R i (PCM) %55, A. H. ReevesfEH. N 4
1 F 19394 PCM %L FIRS R (2% 3R D) iR T 58—k & A PCMM FHIADC, El12i%ADC
IR LA, A TFPCMRYADCHE H BASBI7AI 5 PR, RFE 346 kSPSH|10 kSPS,
JEH AW E, ReevesfJADCRIE T —Fhit Bt AR, PR nl e flxf i 43s BA kIS0
4 ——BEAE JLAER], Eccles- IordanXXi%ﬁ%i%%%%%lﬂUﬂUl‘ﬂﬁ SR, ARG R HIPCMN

A, HeRmi ARz, mFlashBI(FEEMT-020), #FX@EITR(FFEMT-021), 4
Ty ik LB (FEFEMT-024), 54— BRI (F5BMT-025)%

VOICE
INPUT
O—»| PULSE WIDTH 5.BIT
MODULATOR CK COUNTER
| —TH—
CLOCK
SAMPLING 600 kHz ':::}__*
PULSE
6 kSPS > DATA
OUTPUT
- 100 RESET ‘:::>___’

READ-OUT PULSE
6 kSPS

Adapted from: Alec Harley Reeves, "Electric Signaling System,"
U.S. Patent 2,272,070, Filed November 22, 1939, Issued February 3, 1942

E1: A. H. REEVESH)5{iit#ADC
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o 1R R S A 2% B A 3502 BT DL R ADCHE 2 2 HiA Y, i FIDACHUT A2 i, ADC
AR LA P HDACHR E

FHk EFHRIADCHIRS BB e T Bk K A 23 (B DAC) FiR B 2s S . A TR RIS,
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7~ i Reeves i £ 22 6 HE ¥ AHLL
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GENERATOR " R

TIMER

CONTROL

OsC.
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EREREYADC

BREFFIADCR A I B 4P 7R (B WS % SCikARS), ER LA G S SERNRAGS
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WO /N ANME) , B il R th—#E, NTIAFAEL LSBRYINMR. R, (EXPHE DL
T, B AN, A RIS R e, WS s Shinsn
1, |52, XM EFBNEer i R, BITCEA A REORTE R PR,

— AR NPIREE SR RRE AT RL-2 LSBIE N4 . HDACH TR
SRR, RGEB ESCIA — R TAE, HARDACKHAER AW, TR kit g, R
ZDACHDNLEERIE, fiA+1 LSBIUARS LA A S FEDACKR LR N, WAX—T R
HLRETH PR A5

PREFFIADCIH A M, FRBAIBT RN 2 AE AL B, HER —MRrfin. H
R th eI . K2 BADCIAT R, BIVESE S TF 4R Sk 46 dr 2 (H mT LU P9HR ™ Az )it 4k
i, @ —EMER)G, S5PRE/TH, READCIIAR, HEBHG A B/,
Hof th B R 2 m] . X AE B B S PLEC T Fe 123 (SDC) A lie 38 8 % e 2 (RDC) Hh B fir
fi, X R RERRIADCH) 2% pi (5 WARHMT-030), BREZBIADCIEA — A B HYHF
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L3k

1.

Alec Harley Reeves, "Electric Signaling System," U.S. Patent 2,272,070, filed November 22, 1939, issued
February 3, 1942. Also French Patent 852,183 issued 1938, and British Patent 538,860 issued 1939. (the
ground-breaking patent on PCM. Interestingly enough, the ADC and DAC proposed by Reeves are counting
types, and not successive approximation,).

Bernard M. Oliver and Claude E. Shannon, "Communication System Employing Pulse Code Modulation," U.S.
Patent 2,801,281, filed February 21, 1946, issued July 30, 1957. (charge run-down ADC and Shannon-Rack
DAC).

Arthur H. Dickinson, "Device to Manifest an Unknown Voltage as a Numerical Quantity," U.S. Patent
2,872,670, filed May 26, 1951, issued February 3, 1959. (ramp run-up ADC).

K. Howard Barney, "Binary Quantizer," U.S. Patent 2,715,678, filed May 26, 1950, issued August 16, 1955.
(tracking ADC).

Bernard M. Gordon and Robert P. Talambiras, "Information Translating Apparatus and Method," U.S. Patent
2,989,741, filed July 22, 1955, issued June 20, 1961. (tracking ADC).

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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& E5H A IRIER = (BB ERELRF)

LPRADCAETF 2 5 1 S B ADCAH 22 . I & Bl A dm R H € AR BRI T
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P& Bl i A i 75 B = (A IBRT 7R ) P 1B i/ B 1 D02 ARAD ER JE M 75 1 5 ¥ 204 14~ LSB
(e 1A 20 ) W e A
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T HL PR 5 F“KT/CPRE 5, B ADCIN L B AR 23 7™ A — s B I B 7 i (RMS) g 7, B
RERMAGS, WS hEE, BRAMIKTEESEFENIRER, 04 E R kiT
R FE BRI “Pr e B AR ST, AR B RSB E R X — B, & B A s
N 7 3 T ADCHi A A B AE IR O T4 IR A 1 B 07 DR RAE . R 2 B0REB0R 7 P
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(A FR A et AN B 7 &) B0 KBRSl oA, Dk o] DA 5 8 75 Pl i b of
Feo, CXPLT AR AR, SE TR 1 AR 4 B 7 B R E T o
. Z¥05 R BR AT DLROR O DLADC & R 5 A TG BUA S e 35 7 i i e, (EBT Bl
FLSB rmsE X ~,
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OUTPUT CODE

E2: #rE P RREIADC i A in” E 75 BRI =060 (ADC R F /L EDNL)

HIRADCEE A W5 53 AF 2P (DNL) o fE 2 3 BeH e 75 4347 5 5UAR 0 & 07 40 A1 A A0 i 22
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AN AFE A BRI, RJRRFIE. Bilin, dnRACHS 5 A5 H AT ok B (1 6 1
MAHE, WIRPADCE T A, S BA TR RPCBA R LR R, HIMAR, BIEE
MAY(LES), SERM AT ADCH AR EIEEIR, RIS SRR, XthE
WILFAE ]

Page 2 of 12




MT-004

NUMBER OF
OCCURRENCES

n-5 n-4 n-3 n-2 n-1 n n+1 n+2 n+3 n+4 n+5
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AL, JE AR AFAE BT A ADCHER R AT 9 A 20 A 8 7 (B3 & B i A v ), bSO
B, ZMEFE RN ) R, RALE R RRLSB  rms, DL R%6.6 0] LLKEI 5 MR L
16 g Vg e AR 75 (] “LSBUG I H " K 7R ) . NALADCH) G FIA2NLSB, Pl , JTomg s R A &
BT

N
Noise - Free Counts = 2 - . =l
Peak - Peak Input Noise (LSBs)
XF T A SR FEROR LA2 0 JEE B R B0n] DU A B T 5 AR 3 Pk
2N
Noise Free Code Resolution = log, . : %2
Peak - Peak Input Noise (LSBs)
Page 3 of 12
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TCUE AR 43 PR RS — M 5 s 0 PRS- AT & ADCHSG, TR RAEEE . BRI
AT D8 A A R 0 i ROR A% (PGA) S 2 Y BB, 147 AE-ARI I 5 ADC AD77304R 451
— AR R

Table II. Peak-to-Peak Resolution vs. Input Range and Update Rate (CHP = 1)
Peak-to-Peak Resolution in Counts (Bits) /‘\

Output -3dB SF Settling Time  Settling Time Input Range Input Range Input Ran; Input Range
Data Rate | Frequency | Word Normal Mode  Fast Mode = +80 mV = x40 mV =20 mV = +10mV
|50 Hz I 1.97 Hz 2048 | 460 ms I 60 ms 230k (18) 175k (17.5) 120k (17) 80k (16.5
100 Hz 3.95Hz 1024 230 ms 30 ms 170k (17.5) 125k (17) 90k (16.5) 55k (16)

150 Hz 5.92 Hz 683 153 ms 20 ms 130k (17) 100k (16.5) 70k (16) 45k (15.5)
200 Hz* | 7.9 Hz SV 115 ms 15 ms 120k (17) 90k (16.5) 65k (16) 40k (15.5)
400 Hz 15.8 Hz 256 57.5 ms 7.5 ms 80k (16.5) 55k (16) 40k (15.5) 30k (15)
*Power-On Default

E4: -AZIADC AD773089 TR =85 P

R, M HBdEER 50 Hz, i AJEHEA+10 mVISF, Jomg s fRRG 53 93 4 16.547.(80,000
o RREE) . XL T LI R 460 ms, PRI iZ ADCIE RS % L 1 FF B R ERL AR 2
W, O T A % IR R DR A PE R E-ARIADC,  KHERS B T IHER R A 1 LAY %L
o

7 B i 2 1 i S L 5 32 75 AR i A\ g 7 (T D D AL G 7 ) ) LR ABDR T B W, %)
PRI R PER, EE . EMHEIRET, AR P L Io g s A 53 §F R & log,
(6.6), Z32.74i%,

2

N
Effective Resolution = lo %703
2 (RMS Input Noise (LSBs) ) A

ARUT YRR = ToE RS PR + 2714 FR4

A EHE R B IR EA R PR, MARTES RIS PR, POYRIE NS, M
FURLAT A A RE T, SRS B B e R — A PR
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B HFEZIREADCH BEHFEES

e 24 A i B 75 B 52 e T DL GE I B R T R AR, R — AN 16 ADCR A 154 Joug: 5
PR, RAEEFEA100 KSPS, X THAMMAEA, WRMAANEEARRIT Y, WAHBCR
FERE R 250 kSPS, SNR$E 3 dB, Jokg s gt & BI15.50r, Gnsfrt AN FEA R 4713,
IR R % 5225 kSPS, SNR¥E &6 dB, Jomg s AL che \m 164,

L b, WERXIOAFEAR AT, Wk R # % 5 6.25kSPS, SNREFHER6dB, Jog
PR R BIL7AL, A T AHBSMN PR, BHER TR AHER R A AL BT,

B A B T IHERADCHE 26 BB AU DNLER 7%, X A] DAdad T i iy B R e B . ik
WADCERAALHE KA —A K, BEAREKHTDNLRER KM ER, HHANHELE
fRASk — THink + TAYFIME S Tk,

Pk, "TELRIZ B AR A e S ADCHRISN TG, AU B i R A S R PR 0F B
RHOMOB TR, AEMER, WEHARIEADCE A MBI EL M.

BAEZEXAE— MR 0L ADCRYYT & Bl A s AR AR, BT RUER B —AWHr R
i, XFXMADC, ByIEAMERE? ERMER——RAER] Tl 2 DAl
7F3, BRGBZEME, BRI EBRMESEMEHmAG ST, ERETEPAE -1
A LR, B2 BMH 757 4 X RO . Pk, /> a] e i S48 (2 Dt T3 ME
TP E ), AL A LR R, A SEBURE R 53 W R P S R AR BB %

DN BB (ENOB) 5ERYSMERTRFE R DS PREH—IK
1T X 2L AR TE A ARAHL, “H A8 A U P WA b i — g, kARt

A BALE(ENOB) K H XFADCHu th FFFT /A, &K H— /AN E R IR X I A 1S 5 B
ADC, TrH A s g B a5 MR (RSSYE, 155 0w s fk B LU € X g 9Lt
SINADH;S/(N+D), BFHANAIADCHIBRIESNRY .

SNR = 6.02N 4 1.76dB. HKS
B it B 5 I SINADE B Z2 5 USNR, J RN, [H153]ENOB.
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SINAD - 1.76dB
6.02 '

ENOB =

%6

T T 5 SINAD FIEN OB W 75 F1 % B A6 r 5 B A v, i HL A4 2 AL 7 A
KEI, SINADFMENOBH T 2 ADCIZhZ&AMERE, AR50 PR = R 5 Je R NH
T ADCAETC &AL 75 1 EL I fn A\ SR T g 7

Fll AR = shiR B ADCT 2B 2556 B

X T READC, 5 # iR KRR FE SR R SFDR, AFAE AN ZEA PR . 58 — 2 il S OR 2% F R
FEORFFHLIS AR5 55 R ADCEmA% 23 515 53 Y 5K P 1% 2 R B AR R MR BT S BU R
2 & SEDRAYSCHE R R AT REFF AR LA Wi FpAE 2tk

R E R ICADCHIES M FE A KB, FEADCIMRE SR/, R, ADCYhD 31k
1 R Bl 53 A Lo mT DAl I 3 2 A R P (RIS R A, 55 ADCHY BEAU A A 15 5 H0in) K
FeEAEK

FE—EMZMT, PLahnLLgE ADCHISFDR(S % 3CHk2-5), Biln, BIAEEEAHADCH,
B E SEAGS A MM, XSEMADCHISFDR, $iAlE S ARG SR iEA
KAL) LR, K TE R (IE E 2920 LSB rms) 54 A5 S MM & 1 5 A0 75 i
UL, MBI m L EISA), i, ERZ BRSO, B9z bARBIES, Hik
Teihi SO LB . ADCHIYT & B 5 A i 7 th nT G 2 LU= A R RE A ROR . R B 18
TR PR R 291 LSBUL L2l L Bl IRADC SNR, HkBEA A E— Dt &,

BHHE—EITR, HMERE RN, EADCHE & MBI, BISBIEER
T —AHWBDACH P BEPLECR L2 A P B = I, 155 MADCH A5 ik
Ja, Uy i mBlADCH b, M A2 S BONRIEGE R T, XMEARKRGH—
AR, BIEEE NG SRMEE R, SRFRRMAG SIEE SN IR 2R hME 5
WEEE, SO0 TPk IRADC, PSR, XM RAREE & 2 ADCHIR ™ AR E, H
REL T ADCon ith 25 1% 128 PR B AR 2R P T 5 EE R R
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(A)  SMALL () . LARGE
AMPLITUDE AMPLITUDE
INPUT INPUT
(<= (<=
0 A= ADC 0 A= ) ADC ADDER [—/—>
+ -
~1/2 LSB RMS
NOISE RANDOM
GENERATOR NUMBER
GENERATOR

DAC

BE5: FIRHEHEADCIEREFHFEHIL

WA —F IR EE ST, SCHRAETERF AL, BN S B ARSI — Al
HafES, mEef R, —BARU, H5Ra A THRIEDCHBRILE, HIiZIEHIX
WRTXMIRENES . HEE S TR TR T£/200305 . X TESHE, WafEs
B0 FARDIAE S (A KHzR Sl B R 8) , PHIRSNRYEREA X EAE ST PLSN T ARRE
& MR,

fs
INPUT BPF
o} ADC
L e
+
NOISE OUT-OF- OUT-OF-BAND NOISE

BAND

GENERATOR FILTER NEAR DC OR fg/2

E6: FAFHIMEEILIEADC SFDR
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Ak ADC, Bl 7R 11447105 MSPS ADC AD6645, {EADCTE BBl PN iy 45 52 fLhD
BRIE AR /MY E SRR IR E . AD6645H —A50ADCL, —AN5firADC2FI—A~6fir
ADC3H fl, M HEHDNLIRZE( I IMAEADCIERIE s, 2B s =~ ADCHJDNLR ZEE
/o ADCIA2® = 32AMHEHI PR A, BR68.75 mV (2° = 512 LSB) Bl —/M(2.2 Vili 2 F2 A
aHl), ESLAZKIERIB/R T X iiR iz,

25 =32 ADC 1 TRANSITIONS

AVee DVee \

AD6645

AIN \\ | |
- I ﬁ‘nﬁ ' ) ' %THS — THa $— TH5 ADC3
AN ¥ | ’
\—<ADC1 DAc1>J \—<ADCZ DAC2 6
VREF (O 2.4v
5

5

ENCODE
INTERNAL DIGITAL ERROR CORRECTION LOGIC
ENCODE

GND DMID OVR DRY Di3 D12 D11 Dio D9 Ds D7 D6 D5 D4 D3 D2 D1 Do
MSB LSB

E7: 14{i105 MSPS ADC AD6645Ei{L HEE

FULLSCALE = 2.2V p-p
2% =32 ADC 1 TRANSITIONS

OUTPUT
CODE

~ i e8.75mVi_
9=
512 LSBs

ANALOG INPUT

E8: AD66455 A DNLIRZ (T E )
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X F i 209200 MHZRUBER A, AD6645Ri 3 ™ S B 53 5 dmith 4 7 HE O 2R B AH L
AR, XU L, AD66454% i R R A i A5 E 2k & SEDR{E: RE Y T Z R 1.,

H bR SRRl 2 A AL =, AR IX Se /N DNLR 22 1 5% i £E ADCHRE AN i A\ 76 il N BEAIL
b, MRS FDNLR %, X 0] DLl se i 5 I E , 8 i RZIMASADCLERTT X g
WA P A P X DNLI B i i, S i e 9 8 AN W B 2% DNL, PiANADCLERIE X &
51024 LSBIAIRAR , B8 K 29155 LSB rms (WAl 2 00 7 B LA 6.6 B AR B 35 75 AR AED)

PO H 1) 58 — e e S /s — /MR A3 A 5 S TE B O TCHRBDNL, KPRz ok, PUB /R
AMHEE68.75 mV (512 LSB)HY &R si . 45 M Bl B /R34 155 LSB rmsHi 5l J5 HIDNL, %3
RS T RL-20.6dBm, i§HER, DNLEZIEELE,

UNDITHERED 155 LSBs RMS DITHER
+1.5
+<—— 512LSBs —— +«—— 512LSBs —
T L i e [
(LSBs)
+05 | W W .

OUTPUT CODE OUTPUT CODE

E9: ZTHzhF1EHIFIADE6645 DNL

P T il 2 pp o5 A, T DURE R A RS, (ELR BB 4% BB T i ik
Wk A LR 2 R BT RO T R, XA EAESH K3, 4. SRR, fEit
AABLHE,

FI AT A0 30345 1 SEDR K iR e 38 45 R an Bl 101978 (1,048,576 45 ) FFT 7, H 1 AD6645
PL80 MSPSHyHFXf —/~-35 dBm, 30.5 MHz{5 S#ATRH, HHEE, I3 SEDRZ) A
92 dBFS, HzhitZ4108 dBFS, &5 i0REEEiA16 dB)
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NO DITHER

10} SAMPLING RATE = 80MSPS _|.

INPUT = 30.5MHz @ —35dBm

NO DITHER

-50 SFDR =
-60 92dBFS

3

5
‘\l L bl

L
]
S

10 15 20 25 30 35 40

FREQUENCY - MHz

£  |+—— DITHER SIGNAL

WITH DITHER

—10}] SAMPLING RATE = 80MSPS
ol INPUT = 30.5MHz @ -35dBm
| WITH DITHER @ -20.6dBm

-80
-90
-100 " +— a1
-110 ‘ .
=120 + J =
e o
0 5 10 15 20 25 30 35 40

FREQUENCY - MHz

1,048,576-POINT FFTs,
PROCESS GAIN = 60dB

E10. TR aHFIFMEIHIAD6645 FFTH

AD6645 ADCHADIZ ] F20004E4fk i, E BRI, BERIRKSFDRIEERER ™ &, B
MAE M Z AR, T EH AR B3 7 m A 3P s ADClnl S PR R, il
AD9444(1447 . 80 MSPS), AD9445(14ff. 105/125 MSPS)Ff1AD9446(1647. 80/100 MSPS),
KEADCH A 4EH & BSFDR(X 70 MHzH | FE 5 A (55, HAIE KT 90 dBc)F{ikDNL,
E—EWRAGSFET, HNE 24 a0 S5 5 F#E T ULk 35 SEDRPERE,

P11 R T ARSI SN T AD9444(14%7, 8OMSPS)FFT, fEXLf AZMET, @Mt
B iSFDREE 725 dB,  Fr7n i & FI F ADIsim ADCHE ¢ FHAD9444 B4R 15

NO DITHER

50mV RMS DITHER

o —

1,048,576-POINT FFTs, AVERAGE OF 5 RUNS,
DATA GENERATED USING ADIsimADC™ AND AD9444 MODEL

E11. 14{, 80MSPS ADC AD9444, f = 80MSPS,
= 30.5MHz, {&2ig8 =-40dBFS
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EIRELOFNE LI PR S5 RAH Y BN, (BANREA K, B0ty S 75 PR3 — & Bk & B3 ADC
[JSFDR, sRHIEATA &M TEGEH ., IEmZ aide 210, Piahieik ks ADCHI i HL % 1 £
PR, B PR AR R, PRSI ROCR RS & B AR T S S iR B i ah (5 5 AR
SR, B, 4155 Br ADCH) &R A JCEI, 128 B3k etk vl e 2k
JE SFORIIRGI R 2, ek A, SONEREHE T, ERFi T, Hi
RIREZ N T A SRS FnJe Pt s i B UL B g B8 Fnaiy 08 i . PR3l ml BE & o 0 — AR 5 R B
ADCHJ N & Rk

SERE

FEATC, BATR T P ADCHVE — € R HUPT & B A SRR s . (ERG %, I D= i A
e, DA 5 T ADCoi tH 8 SRS (A v AR AR % e 7, RO RAFE R R HE
EHIMORELE . ZE 5 32 BRI DA B ADCH) 4 955, BT iR 22,
W BB ARSE R PRI, R RYTE B A, AR R G, SERR
WK EHA, T EAFE— AR 08

FESLE e ADCR F vhr,  S9IIIE 24 B A AT A 75 P 3 T LA ADCHYDNL, JF4R 7t
BN &JEIE (SFDR), K10, PEahxt sk SFDRIY LT i BE MM T 45 e ADCI R

Bt

Microchip TechnologyfJBonnie BakerfIADIZ\ F]HJAlain Guery A A $5E IS H 4L T 403
JEBI L, AR RO,
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ANALOG MT-012
DEVICES E1e 7]

ADCREEZEENRIAREEE
{g& . Walt Kester

&

PR (IMD) R T i B ORAs . e i TRAI & AL A S A T 1 2 1k JBE B — 33 %
bR, By = 32 A R (TP2FNIP3) X se AR S8 i BT P 3R, DLHOAZERE AT DLH3
AFRMESHEE TARER, BRI TRIATHE AR X EE S, 5L TADC
AR 27 e — e N &, ABFE e AEADCHIHEZR T X 28 R B AT € L, AAJEHRMH
IP2FNIP3 [ i S i Fil - ADCHeF a2 25 5 BRI — S35 B 415 i .

MERXFRRE(IMD)

5N S A SR TR, R AN B 4l e B 1R 5% B AE IR E At TS T ADC, X AN
R B ARG . R AN S ROIE B BOD LR AR, BUERS R L6 dBEIWT, DIMERM
A AL, ADCAZ AR, =N E MR, HEE, B
Ko TR ug Ay T LAHBRIOBUCRALE . 28, =BrBRaf, - fn2f - f Sar s (S, iR
FEER, BRAESDA UM, AEZFRENRXE TR =B, SRR EPE— B LAdBc
Br, R TA RS 2 — B9, AR IS 2,

(2)= SECOND ORDER IMD PRODUCTS
f 1 (3) = THIRD ORDER IMD PRODUCTS

NOTE: f4 = 5MHz, f, = 6MHz

fa - fq fa +1fq 3f®2f +f
| olflle I O

2fq - o 2fy - f4 2fq + fp 3fy

{ il

1 4 5 67 10 11 12 15 16 17 18
FREQUENCY: MHz

E1: ZBF=k 3R
Heh, f =5MHz, f, = 6 MHz

Rev.A, 10/08, WK Page 1 of 6
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R, R, WRAANEEf/4, WA RS R fehf, - ffn2f, - £E I
RS SR WA, HIERAAET, f/4 W=RIEDA3/4, MRS AL - 3f/4 = fg/4
WAL, DML, GRS EL/3, MRS RISk vTRRSTHME, JFEE L, f/3
R IE D A2As/3, RS MBS - 265/3 = £5/34L,

—HF=KZiEE R (IP2, IP3), 1-dB B4R

=B R B BUE £ @ E S RGP ICH RS, KPR, G5 PR AN B R A
&, =B AREBRER RESHNHEIL T T Red st MES .

FETRR 2% . IRMAs AL ST, — B L =B 38 AU (IP3) R KR =B S R B,
WMEZRTR, PIABHESERE R EWRN TiZ R85, BE i E SR dBm)LIL =k
PRI HER 0 BE (DL —AN BB B ) R R A G S DR e, 5L i o A B fslope = 1
k. Rl A R IFE T RO AR R, WE S dB, —FrIMD (IMD2)ig i
Frdim2 dB, i Hhslope = 2 &R,

R, F5EM1 dB, =KrIMD (IMD3)ig et m3 dB, nkdslope = 3 MiZkfir.
FE—/MEHRCERE R A G SRR AT, WAl RLa il i —Brfn =B 2 iRk w2k, ik
2R (B, — A s — AR E LR E ),

i, AES— HBBEMIKE, i s o & iR B 8R4, KR MRS EU
1 dBHES . X i tH A5 5 A — AN BRAE A B N/ A 8 pR O 4 1 dBRY A, FEREI2,
AL TR AR = 128 a2 5 S P 7 I L S 4 8 1 (S £R) < ] Y DX 3

SRV, BRI =R WA AT R, SRR IR SRR R (R )AL, KR
BT AIBR S B = S AR, KR OPIP2RIIP3, X B R Al ¥ LA G 2 — AN L
iE B 28 Gl 5 TELAS — 2 50 Q)R 2k tH D A ek, KR AdBm,

PR, 1P2, IP3fIl dBIESE i AR WURI R, A AR, BiRbs, REB™E,

TR, fELM=F s HEAREI T, oI5 =B IMDB A D - E
(Chr i HH 155 LT BR )
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SECOND ORDER
P2 ___ _INTERCEPT N
OUTPUT 7
POWER THIRD ORDER s
(PERTONE) | "% IMERCERT 7y ./
dBm 1dB , // /
_1dB COMPRESSION _ _ _ _ ¢ 4
POINT
FUNDAMENTAL
(SLOPE = 1) \
“\\THIRD ORDER IMD
(SLOPE = 3)
INPUT POWER (PER TONE), dBm
E2: XEESBELSHXE091 dBESE
t ADC HARD LIMITS i,
IN THIS REGION, /.
LARGE IMD S
PRODUCTS RESULT ] INTERSECTION
OUTPUT CN HAS NO PRACTICAL
POWER* *ANALOG EQUIVALENT LN SIGNIFICANCE
(PER TONE) | OF DIGITAL SIGNAL LEVEL ]
dBm MEASURED BY ADC /

FUNDAMENTAL
(SLOPE = 1)

E / IMD PRODUCTS MAY
1y START TO INCREASE
-l /
4 N
1

IMD PRODUCTS IN THIS REGION

CONSTANT
IN THIS REGION
(SLOPE = 1)

\

1

INPUT POWER (PER TONE), dBm
E3: HIEFRBNX BB STEANE

“Br A= 5 R A R AR S RTADCTIR, P, XML T, REBIZE A TN
(TEAESTREER ), ADCH AR B Is i el it R A5 5 (AMFAEL dBIESE 2) s —
HAESEEADCH AL, ADCHE2r 7 2 nFRIE 2%, AT A I Dk 1 2 58 7 A B2 ok iy
RE, B—l, M TEZETHERNES, REERFHEXNRE, £AZESRFY
Wi, AnPEI3FTR
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100

FI3 e IMD 50 2 = AN Xt W FIRHRCEFR A G S, IMDBURFF X RE, A%ES
HUFRBEN, MRS, M ARG SN dBI, %155 SIMDW - L fE th 2534 n1 dB,
YA G54 T ADCH 22 E R JLABZ IiRF, IMDW]REJF A3 In(HAE B i R I ADC
HATREA X ANE) . B AL S A B D) T R P T R AR ADC—— A S ADCAE H i 2 72
WMACEN, HIMDBRAZEFENAK, HEHADCE, A A G5 ARS8 i ik
T, ADCR5E 4 BN IRIE 2, IMDBURFZ /AR K, TR RN E)E,
ADCH- T Br =B IMDZ HE R BUEE . & LEZEMZ, DACKE EAFERFERE
Ol AEPIFPMEOLT, B % & SFDROIC A Bl 2576 ) B AR 2 1 52 A AT RO Bodla e 2% 2k
HPERER T R ARAR

ERFBHTEE

AR ENEN G % ESFDR, S HEls, SEags it azs(in
AMPSELGSM) 1) e 4 . 4T 7R ATAD9444 144080-MSPS ADCHIM HAZ ATk, AN %a
A 55 328 69.3 MHZzF170.3 MHz, i %5 &2 WiksIX,

0

SFDR: -100dBFS

1
-
o

80-70.3 80 —69.3
=9.7MHz — *— =10.7MHz

A &b
© © o

|
[4,]
o

2f2 -1 2f‘1 - f2

|
~
o

2f2+f1  2f1 +f2

|
\ 2f1 \ /
! S \ /
=110 4
I T RO We——
0 5 10 15 20 25 30 35 40
FREQUENCY (MHz)

AMPLITUDE (dBFS)
&
=3

f2-11

-90
-100 7

|
o«
o
e — T [
]
-
=
+
-
N
| —1

E4: AD9444 14{i,80 MSPS ADCX&EFFT
(AN SHTE: f1=69.3 MHzf1f2 = 70.3 MHz)

Pt , B&E HMBAE9.7 MHZFI10.7 MHz, i T4 — A 20iF X, EARMER T4 RS
IMDRARYALE . " SFDRE M5 B W 2 1A KIS S HHEIR/ME S HRE Sy, B ik/Ma 58k
KIS MBS . E5HR HADI444 & SFDRCHHA S SIREM E%), Heb, HAp
B AR AR
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0 \
-10 S,
"\ 90dBFS REFERENCE LINE
=20 I, al N )
Al Y

-30 N
@ _40 | SFDR (dBc) ~/ N
z — N
3 -50 A \\
NN
Z _,, |__WORST THIRD-ORDER IMD (dBc) \\
14
2 -s0 \ ™\
o 00 SFDR (dBFS) A\

- 7

-100 / st N

1 AN/ AN A
=110 el ="\ ORST THIRD-ORDER IMD (dBFS
[ R R N
-120

-110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0

E5: WESFDRFIG&ZZEIMD37R5AD9444 144,80 MSPS ADCHi A IEEHY X F
IE\%

R KB (IMD2, IMD3)Fn3g J# s (IP2, IP3)JRiRMIAS . LNA, ki, HOKEEHH
JUIR Y RIS 2 8, A BB PR B DX SE 85 R I AR R M RE, T DL T 32 TR
IP2FITP3AE T I % Fih 4% 5 W JE B0 R B AP, S RCKR S MRS AR, ADCRROUH K
L5 5) AN T B R SR B TR R, PRk, S VAR AR IP2RIP3JE T T F il 2k ik
RE. b, A S ERGER, ADCR B ENIRIELAS, WO iR g
— B IE M B PR A%

REEFAAEXS RS, MIE@EFEN AT, THRADCHMEIMDIRERE XEE, RIFWEIET
T2 Bt %t 2 i A5 5 R A RE TR X A ks . BRILLASE, ADISimADC™ FRypwl T
PEAG 2% PP ADCHE 2 G 1 R 1 B AR SR T B T Pk . ADIsimADCER - 58 24 JE U 0F
i PER, ATLAMADIM S T3, RIRFE R T8 X TERFEADCH BT B, %82 75k
FFFTH|8, WLt 5 H S foblE i A 5 5 SNR, SFDRFIIMD1H,
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DEVICES E1e 7]

ADCZE#gVI. iFEEIADC

{g&. Walt Kester

(=]

Y& R F M PATRER MR P — . A Z PSR RT DUE B0 — R AR R $h
TR, AR RBINE UR . BR—AL, TR ERIENLEIR 2 ik &5 ADC
BR Bt — N —rfeieds . Sedkrb, BEARWK LA S ds — i A B 9 15005
AP MEIR EASIE DI RE(TE WL 525 3Lk D).

FERR—AADCH, f A5 S5 EBA Fea Y th b IR B E . IEANZ, BRABE A
DA — AR . E—RER bR TR A . iR — Al A R
Ae RN, dnPE AR,

VREF
ANALOG
INPUT
o | sua || stace |R1]| stace |R2__ | sTAGE )
1 2 N-1 fj
BIT 1 BIT 2 BIT N-1 > BIT N
MSB LSB

DECODE LOGIC AND OUTPUT REGISTERS

/fN
B. D. Smith, "An Unusual Electronic Analog-Digital Conversion Method,"
IRE Transactions on Instrumentation, June 1956, pp. 155-160.

E1: #H—{IADCHI—iRIEH

BRI LS ERME M. P, &5—%ERH ] DLidid— 4 Flash i
LS 7 & o L ANTTE /2 i

B. D. Smith 19564 & & B — i 3CH 2 1 RILBX PRSIk Z — (5% 3Cik2) . (HSmith
fatlh, SERTH CAEC MR, P SallenfER A BE T 22 B¢ 58 i (19494F 18 30) . SmithfESCF i ]
T SEEUBECR A I B R R B (B &) B pR AL
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Z w2 R SR —{i(HIT)ADC

FI2Fr 7 T 3T A eI R B A SR AR G, B — A2 RORAS . — AN ELE A i
— AN UEDAC(EH5 I ) K, RIEXSEADCHISE —%, MSBEL R AR, @ik b
PHEATAI, AR ERHIAIDAC, 1ArDACH fi th 526538 &5 HORE i AR, AR5
e A R AR R A B T —2, O T A TR R TR REE, EP RN T —
AN AN ADCYE I (- V 2 +V ) R Ze PR i A B A R f i . TR, B th Akt
RE T R ZdERIA R .

RESIDUE

INPUT

-VR RESIDUE

SWITCH POSITION
SHOWN FOR
NEGATIVE INPUT

BIT OUTPUT VR
(BINARY CODE)

E2: Z#BIADCHIE R IEEFHL

I3 7R o — AN TR R 3R # AT kil 2 — AL ADC, HR A  nk4frr, FEE, Kb
R HE I B T -V 1+ V Z A — A e tE R A B B0, A5 far AR AT 1]
W7 A, K2 ] 0 LT L A SO IR BT SR AE DACYIHR A i, I A6 BRI ARAS [ AE T
WA G R A ESE . WX S AR o B A RO A ae e — A B A A S oL,
Lo e R SE T ], PE, AR A ARl AR, R, PR L5AH K LR
BRI 276 SCRR L)% e T R 5 1 MR A4 %
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VR
ANALOG
INPUT R1 R2
O—————— SHA STAGE STOCE * f
BIT 1 BIT 2 %77 BIT 3
OUTPUT REGISTER
Jv/s
E3: —###teI3068B7iTADC
INPUT 0
R1
R2 i
_VR:

BINARY | 000 | 001: 010 | 011 100 : 101 | 110 | 111 |
CODE | ! ! ! ! ! ! ! !

E4: 3= #HSE ADCHI%H A FI5E 5 IR

B 3k 75 35 LASE, B. D. SmithfERSCH B R 1 — i 58 B AR B T 20 0P AF O 2% (1 2 i
KE%, BRPRAMagAMPs™) 55 5% — A58 0 , XBh 5 5 WPR o B AT i o (P R far o
WO AE TR D), B MR LA 6 eR BT IR T R A “ P SRR g . A — AN BERE ™ AR A
b TR R ) FR) AR R BOR AT A, T DA KRR JEE 3 /D e A i HH 00 P RO Tl T e, 9
HUA BB Dz & ) O i R A
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FISIE R T AT & J O D REHE P S H AR b e %, R IT &R RIEEA T-V f+V,
Z I —AN LRI R, RS IR A G S ARk, xR E ik, e
WhE 1 Z A B + 210 -2, FEERIEV SIS AR, P ERERRESRARI T —
Zoo ARG SIRIEIE T T —RMMEL, EISHERZ T IS5 128 k%L,

INPUT VR
O O
: RESIDUE
! O
: SWITCH POSITION
SHOWN FOR

NEGATIVE INPUT

+VR

RESIDUE

BIT OUTPUT
(GRAY CODE)
-VR

BE5: #rBRYFEHFLEHE

El6 BT — AN 3L Mag AMPHT & RIADC,  FLXf B A5 AR P T i 7R 7 - ] — 8 6 45 2
—ALADC, E—Risam bG5B PEgE 1 —R R EALE, H—RMim Ak
RoE T EMSB, R ARt g TR I2, R ptede e TisEMs, R, 5
RIS ADCAE], AR B G SR AR i B R A AESEAE, Db Sl AR D)
LA,
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VR
ANALOG
INPUT
SHA MAG1AMP MAGZAMP
BIT 1 BIT 2 BIT 3
GRAY CODE REGISTER
43
GRAY-TO-BINARY CONVERTER
3
OUTPUT REGISTER
fs
E6: 3fiifrEZADCHEE
INPUT 0
R1
R2

Vg !

GRAY 000 ! 001 ‘011 : 010 110 111 101 100
CODE | ; ! ! ! ! ! !

E7: 3fiifrEZADCHIHA TR K

XA UL R TR SCRAE T &%, VURRIGSLE FAN. E. ChasekfE1960 iR 1%
A b (525 3CHR3) 8 1 — PR B B B 7™ A 37 B 1k 2 s RO LG . 3% P B R T
B, HERE AR AR E(LES), 242 F PRIk LU 5 & 50 P 0 5 6 2%
i, Chasek )il it 2 Z i B AIGa Bk, KR, AEHBMADCLLR PR T
1, HIETEA R E AR o B H R B O
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GRAY CODE OUTPUT

BIT 3

BIT 2

BIT 1

I

L’
+
N
14
(2] (2]
< <
m m
q
L’
+
z
(2]
(2]
~ <
m
q
[a]
8=
zZz
O %& O
<
[11]

1962

y

Adapted from: N. E. Chasek, "Pulse Code Modulation Encoder,"
U.S. Patent 3,035,258, Filed November 14, 1960, Issued May 15

E8. EFN. E. ChasekiZitiy3{iirEFIADC

INPUT 0

A
Z

¥

E9. ChasekifEZIADCH H %
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DURMLIE SR WF. D. Waldhaurft19624F H i 93 £ % Rl (2 2% 3CH#Rk4) R T Chasek i
R OB RMERRIE, F1027R T Waldhaur | FSc B & 5 B 52 B %, M
B A BERRE, RHBRTh &AW, 2fE035 18 Bk 2% 4 2% 2% 18 FH [R) i 58 i
MU, I T T 52 96 1 3 i Fl B A8 255 A i HH OR B AH IR 5 5

2R
AvaY, I
OFFSET
R
O—AN—4—>
—
i
BALANCED
INPUT BALANCED
OUTPUT

«— .
2R % / i} loFFsET
4y,

Extracted from: F. D. Waldhauer, "Analog-to-digital Converter,”
U.S. Patent 3,187,325, Filed July 2, 1962, Issued June 1, 1965

E10: REAZEBXEEHIF. D. WaldhaurZ 81782

J. O. EdsonfiH. H. Henning{E19654F (DR ZGEHARZE) B —F SCEPIEAR 7R
ADCH) TAERBR AN RE (B2 SCHkS) . SR WEZE M8 Bl —/4 916 MSPS ADC,  {£224 Mbps PCM %%
Ui EEAT, XL EAC PR, N EAMIEEGS . BEWAT B AR R XA 60015
. 2.4 MHz FDMARBEHEATRC AL, PR 5 SR ) I IECR BE 3 R 2 /96 MISPS,

AR, SEIRZum AL PN, 2wk SR S SR AR (2012 MSPS), £1XHiX —
TOR, A DURSE 5 = i e (MR B Ja ) — AU 1 AR G 1) 25 (2 IL4H 1M T-020) 4 fiE
RRADCHER, PIJAEET Waldhaur B 5 % R [ 259wt a3 (L8 S RAF R TR EA L.

%k % JHWaldhaur#g 85 i 42 A4 35 FH ADC & Computer  Labs, Inc. T 19664E 4 H Y810
MSPS HJHS-810, %A ZF 2 HB2R M4 v iR B HL s O 8 kg ), RBEAE19" WL b (11
FiR), M RUH SRR R R LN . X k8 AI10 MSPSH:46 2% H AT &k i I8, T
FEIL150FL, 98BN ZIM10,0003E 0, % 2wl FH R AR A ™ 19415 MSPSFI104i13
MSPSy= i, BiSRComputer Labsit T —ACis i FIH T B s B R 28 (Computer Labs OA-125F0
FS-125), Fairchild uA710/711 104588 . LAK 7400 TTLZHHEEIC, {HEE—RADCA R 4 i 2%
.
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Computer LabsH: ;= ) ix 26 B & 3 ADCH: % H T Raytheon, General Electric, MIT Lincoln
Labs% 22 6] ) & B B IRHLIT R AR mE R T H

19" RACK-MOUNTED, 150W, $10,000.00

INSTALLATION OF 12 ADCs
IN EXPERIMENTAL DIGITAL
RADAR RECEIVER

E11: Computer Labs, Inc.F19664F#H{ 981,10 MSPS ADC HS-810

FE19704F- AT, A LR R B s XADCHE 3 &A% R 5 284, InHS-810%, {HAE19804F
R, B EEADCTE: B4E I FlashBU IR ZAZIE > A . IR, FEL9704F AR FHE AN 19804F
R, EEICTZMED, A3 BRI GEBAR, V% L8 TR H AR X — i 0Ty
BRI AREH (S5 3CR6 2 10),

ADIZ A T 19804F AR H JH & S JF & = 2 52 & B AP BUB 1 (CB) TU°& s 19944, Frank
MurdenFCarl Moreland K B3 T #% & i3 MagAMP™ ADCHT F Y FL AL 2840, i T+
FI(BECHR11515), ZE AR E LN AT EADIA G F 199548 H #1241 41-MSPS ADC
ADO042M B N A%, LI B AR Bk Fn 58 o5 2 B CB 1.5 —— XFCBHY B D T R (5 7% 3Lk 16
17), PPN EARY RBI140L: 19994 HE 1 144165-MSPS ADC AD6644, 20014E# 144
80 MSPS ADC AD6645, 20034F#k I AD6645/7105 MSPSHi A, B AXBEADCHE iR FEAL IE
TR LRI P, H AR @B % O ADCR H 1) & MagAMP™ 4444,
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BUARICHL B B AU FL IR AE JF I S e R el A b b B, DAMERERS B il AR, 225
(RHESHA)WRE R b S, (KR FCRRIE, I Se USRS BERI T &g, 1 JC 75 B8 A5 L R
e,

F120 R A —A 22253 205 W 3 MagAMPIT & ZUR Bl( WS % SOk, 12, 14), ZHRAE
Sham T B R XQL, Q2L Eds . 250t A\ LR P ALl 22 70 Ui, TREAQL,
Q2 S, WAR+INAKT-IN, WAAEQ3, Q6Fil, Q4. QOlWrH, Kk, XEifES
HURE Q3. QO & i B iR A HL e 4 i AR5 Q7. Q8An th Tk il B, fE+OUTH
~OUTZ ™ —AN 5 t L % P B O B 1A 70 L R 2 2

2l + lofF

Q7  —Ovpias
Q3

. .
|

J T\Afﬁ I | our
=R 2) W R =

+OUT
O—‘ i+ l

R

E12: BB FAEMagAMP ™ 2

HUR+INANF-IN(RIE A A HUE), WIS F kA, Q4. Q5SHE, Q3. QOWiJf, %
S S HBMQSIFIQ7, MQaTFIQS, MAES: St F 15 1E 240 5 A LR R R I
HRT R, FTR B (RS M PR A T 7 77 . AEQURISHR M P B — AT,
ELAEQBHI S H L 3 b S LT

I ZE 5 R A R R AR Bl T — A, HBed i HARGZ A T A A
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MagAMPZER [ ShHE FE AR, W] LLE S| DR Flash BRI B e 2 ) REEE R, Bldn, EI13FTRA
1997415 KA H 9842200 MSPS ADC AD9054A , iZ#s R Vel AN M T2 HiiE, 2h
FEA500 mW , FifSAL (R 55 AD) ASAS 2250 MagAMPZR 7= A, 35 H Mag AMPZ; 1) 2% 73 B A tH
R — A IMLFlash R 2S , A2 A LS

T A Mag AMP A% 5 A% i th) Fn 3 A Flash #4519 — JE A i th 201 877, A pl ikt i —
ARSI HREUE T MBI F ST, BT ERES, MR- RE
Fil it 2 10

ANALOG — — — = — —
INPUT 3-BIT
SHA MAGAMP| |MAGAMP| (MAGAMP | [MAGAMP | |MAGAMP| | 3307
© 1 2 3 4 5
| | | | | ADC
BIT BIT BIT BIT BIT 3
] 2 3 4 5
GRAY !
DIFFERENTIAL GRAY GRAY GRAY GRAY | BINARY
OUTPUTS ON REGISTER '
BITS1-5 s
GRAY-TO-BINARY CONVERTER 3
5

OUTPUT REGISTERS
Ts

E13: 1997 HA98(ii200 MSPS ADC AD9054A

SV v 1 AT Y #5e BT P ok FHCMOS T & Fnim Ak e /0 9 2246, Hiltn8fir250 MSPS AD9480
(LVDSHi ) FnAD9481 (iR & FHICMOSHi i), HIh#E4y 51125700 mW 1600 mW

aORIR

& R Flash Fnife 7k 2 2050 2 240 i 41 T DR 52 36 € filComputer Labs T 19604 A3 tH #IIF
BIPERADCH, HENMHAIC S 7 READCHHNE WAL, BRRAFLICRHT
BRI, HXPRMRGIHAK LT RADCIRFEZ B F R, &L, HHL%E
B X PRI, BUOMRSRIBICT ZMERIE, Bl Ei 2%,
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1.
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11.

12.

13.

14.

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.

B. D. Smith, "An Unusual Electronic Analog-Digital Conversion Method," I[RE Transactions on
Instrumentation, June 1956, pp. 155-160. (possibly the first published description of the binary-coded and
Gray-coded bit-per-stage ADC architectures. Smith mentions similar work partially covered in R. P. Sallen's
1949 thesis at M.1.T.).

N. E. Chasek, "Pulse Code Modulation Encoder," U.S. Patent 3,035,258, filed November 14, 1960, issued May
15, 1962. (an early patent showing a diode-based circuit for realizing the Gray code folding transfer function).

F. D. Waldhauer, "Analog-to-Digital Converter," U.S. Patent 3,187,325, filed July 2, 1962, issued June 1, 1965.
(a classic patent using op amps with diode switches in the feedback loops to implement the Gray code folding
transfer function).

J. O. Edson and H. H. Henning, "Broadband Codecs for an Experimental 224Mb/s PCM Terminal," Bell System
Technical Journal, Vol. 44, pp. 1887-1940, Nov. 1965. (a further description of a 9-bit ADC based on
Waldhauer's folding stage).

Udo Fiedler and Dieter Seitzer, "A High-Speed 8 Bit A/D Converter Based on a Gray-Code Multiple Folding
Circuit," IEEE Journal of Solid-State Circuits, Vol. SC-14, No. 3, June 1979, pp. 547-551. (an early monolithic
folding ADC).

Rudy J. van de Plassche and Rob E. J. van de Grift, "A High-Speed 7 Bit A/D Converter," IEEE Journal of
Solid-State Circuits, Vol. SC-14, No. 6, December 1979, pp. 938-943. (a monolithic folding ADC).

Rob. E. J. van de Grift and Rudy J. van de Plassche, "A Monolithic 8-bit Video A/D Converter, IEEE Journal
of Solid State Circuits, Vol. SC-19, No. 3, June 1984, pp. 374-378. (a monolithic folding ADC).

Rob. E. J. van de Grift, Ivo W. J. M. Rutten and Martien van der Veen, "An 8-bit Video ADC Incorporating
Folding and Interpolation Techniques," IEEE Journal of Solid State Circuits, Vol. SC-22, No. 6, December
1987, pp. 944-953. (another monolithic folding ADC).

Rudy van de Plassche, Integrated Analog-to-Digital and Digital-to-Analog Converters, Kluwer Academic
Publishers, 1994, pp. 148-187. (a good textbook on ADCs and DACs with a section on folding ADCs indicated
by the referenced page numbers).

Carl Moreland, "An 8-bit 150 MSPS Serial ADC," 1995 ISSCC Digest of Technical Papers, Vol. 38, p. 272. (a
description of an 8-bit ADC with 5 folding stages followed by a 3-bit flash converter).

Carl Moreland, An Analog-to-Digital Converter Using Serial-Ripple Architecture, Masters' Thesis, Florida
State University College of Engineering, Department of Electrical Engineering, 1995. (Moreland's early work
on folding ADCs).

Frank Murden, "Analog to Digital Converter Using Complementary Differential Emitter Pairs," U.S. Patent
5,550,492, filed December 1, 1994, issued August 27, 1996. (a description of an ADC based on the MagAMP
folding stage).

Carl W. Moreland, "Analog to Digital Converter Having a Magnitude Amplifier with an Improved Differential

Input Amplifier," U.S. Patent 5,554,943, filed December 1, 1994, issued September 10, 1996. (a description of
an 8-bit ADC with 5 folding stages followed by a 3-bit flash converter).
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15. Frank Murden and Carl W. Moreland, "N-bit Analog-to-Digital Converter with N-1 Magnitude Amplifiers and
N Comparators," U.S. Patent 5,684,419, filed December 1, 1994, issued November 4, 1997. (another patent on
the MagAMP folding architecture applied to an ADC).

16. Carl Moreland, Frank Murden, Michael Elliott, Joe Young, Mike Hensley, and Russell Stop, "A 14-bit 100-
Msample/s Subranging ADC, IEEE Journal of Solid State Circuits, Vol. 35, No. 12, December 2000, pp. 1791-
1798. (describes the architecture used in the 14-bit AD6645 ADC).

17. Frank Murden and Michael R. Elliott, "Linearizing Structures and Methods for Adjustable-Gain Folding
Amplifiers," U.S. Patent 6,172,636B1, filed July 13, 1999, issued January 9, 2001. (describes methods for
trimming the folding amplifiers in an ADC).
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FPGASADCE & iE tH a0

ADIZ2A SR T1E&B —
=—
POWER SUPPLY
%I_g INPUT
VRer
5 ] 4w PRI 1BES(FPGA) 5 B8 % #5: 23 (ADC) Jir Hi 19 15
FURE I3 I TR b, K I B A 20 45 P o O | Ty
B FIbRHE, HIR G RAE B BRI e 7 S cLocK
J7 R P JHLVDS Y i e 25 4 15, W‘ J;
——— <1 GND

g5 Ji T REE ID# 2 % 5]
EAA Ny ok v 1) 3 2 ADC5 9T F1 45 1043 5 B A — e B B SR B 255 9
o BETBEISL oo e ee e se e se e ene e neserasene 3 ADCZEr Fn 28 104 s B AE — it I B BRI 2% 9
By 1 S 4 BOHRFit st 5 T8O BB ZR e 10
T 22 52 RPN 7 PR A g I 80 BRI 2 e 10

FNTOE Y S VY 1y R 7 L2 BT LTt O 11

ADCEI B 1AL A IIUB N LR coooooee s 7

ADCE I 55 1ART I I ZE oo 8

ADCHY BRI FNE ORI BETE T oo, 8
BT

20124185 —1&iThRO: #II&KR
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EOZANRE

Yyl gk [ 1RSI (FPGA) 5 5 B 4 2 (ADC) B v B e
Hi A B DR — T WD TR Bk, Bksh, ADCRER %
i 2 RE R RO A SRR, X Tk A& . %t
Tl A£200 ML T I IIRE R R4 1, LR Hid i 4<(SDR)
CMOSHEN; % it . RIKFAE— A I eI A%, Sl
FE 7 —A Wi O . XA T i PR i A FE 2 1
fof 18] 5€ B S, 2R Ja B AR WCAR SR AE . AE DR Ko ol R
(DDR)CMOSHr, %215 85 £ 5 — A W ph iy A 2 2 5 B dli
P, FEAHEIRIEEE Y, A 4 O Kot = 2 SDRIY M £
BRI, B S IERR AT SN

HATMREFZ S35 5 (LVDS) J i BRI e #0025 1RO 4 DL Aol
ERAEMES, B APRMNG; LB FPGA
i, HEER[IADDR 1.6 Gbpss:800 MHz, F4T7LVDSHIZh
FEARTCMOS, fH P 1 & B W& CMOSHY W £, I i A1
T RELL AR WM, LVDSH AL R A W IR 27 ph R 58
Mt et as i, A XIHARLVDSEREEN — 85 . fE
EApiEd, R SEREE, FHSEIR R, X
B, B S mERERE T % ph S R s PR K, PUOAEEL
SN TE R e T B R 2

FPGAZ i 1) i JE — BEBR A b i et ds O Bkl g,
MK % B FPGARLA H3 1783 /fif 2 4 (SERDES) ik, I LLHE
PR ds v Pead AT AT R D R HON FPGA S R 18 |
WA TED . B R &b EABRAL, LB
2, ABSAL, HLLY%, 'ABL1/SHIMWE hidi =g, M4 2L
HoRs R R R o . BOHE HFPGA I B0 A 2R A0 ], LB i
AR T E LB % Bk

LVDS{E Shndfe b T 75k, KD 2 MAE R HADC
o G RERR bl B o R T R, R A T
LVDS, ¥ ¥ 48 AN h g B0 2 5t b A i s, -

FPGA

75MHz
x128 BITS

SERDES
x16
FPGA
LOGIC

FTLVDSHER S $2 2 W0 T A 5B AR T 8 ATLVDS,, AT
LVDSAd & th % 7% HyfTLVDS LR ZH ik

PCEM Wi sk BEPhAEdR ., BEXXFa% LRSS
f, MIETFBINGIE, PCHXTENR, HIEHIOIFH,
W A400 kHz 51 MHz, Bl AR, /NG k.
DPCHL AR dil4E 1 sB i #2101

SPUSE 33457 2k :

o [Fh

o BolR i A TR S (42%), BB BUIR KO f A B
th(3%k)

o FE(EAIEEALAREN — &K K)

AR &% %0, SPUIRAEC T % DAk, Bl
5#7100 MHz, % M AEFdlH D fnda a0,

H217PORT (SPORT) & — il FCMOSHIM 2 1, &4
S — AN S EE S L. X T E%85r HE, Houl i
FRAEBHREHR, SPORTLFHEE AI(TDM), @ M
A6 5 40/ R L 4 2 Fr il B Rk e 9% |. E iRt 5
#7100 MHzl 18 . BlackfinkbBH 2357 $5SPORT, FPGA L W]
H#JBISPORT, SPORT— AT T4t 5w, H LW LA
A HEL . ’

JESD204¢ —FJEDECH# #k, Hl T8 — EHL(IMFPGAR
ASICH:) 5 — AN 2 AN B 46 25 2 Tl B 3 3 47 B S
BB LR 4 13k Al 3 B A 22 73 W ik 5 3.125 Gbps) i, R
K RRA T REPEAIE6.25 Gbps K S i Y B2, 13 R HHI8B/10B
iy, P i A A R SE R A B I80%., I Bhit A
FERLR R, DB BN 85 5. % ANl vl DAgs
AR USSRk, Ko 5B = b B0 R Ko o2
P, FEFPGA/ASICH, S BURCHRWifL i, JESD2047 %
A8t IR I % T A L LVDSECMOS,, ‘& BEREAIL I k
TR, AL R & ST WFPGA, PCBARZk ¥ N

CONVERTER

600MHz

x16 BITS

10339-017

[l 1. FPGA# 1 1 Y SERDESE e fin % e 7Y vy 2 s 7 45 1
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— AR
it 7 ADC 5 FPGAND B I BEH . T — AL 1 2 5 0
"

o fHHBES . FPGABKASICHYSMI LB Ze 0, i ASZE Al
FIFPGAPY IR &b, A% APCED 5 e )R 5, il it
Jr T

o MP ARG L AADC, 26 HEAADCHHEA
DCO,

o fRXERBI B BT ELRT, H 7R AR &
(tromboning) R ff Bt A & LR FE K .

o I FHCMOSHay Hi b 1) H3 BV 2 b B A1 02 0 2 23 - R ) 2%
R, RN R RO A R R B fh S — )
E,

R HLERCMOSEU (5 5, AR LKA VinSiH &
B, MR R 10 pFORCME), SLRIFEH IR A
10 mA/fL, RERHVRATRE/N AP G 3k, (e LR/,
XAT LA R AT REJE R A 2R A AR B — AN TR, eI
AR AL, AR i A A i S R B E R BHL, taT
DM 5e il AL i e/

REL & Rl BEL AR 2 1 0 280 A IS 1] 8 50 IO o S 3 23R JEL ) K 24
10%, R EhEEER 100 MHz, 3 A10 pF, W% &
HHN 10 nSHI10%, Bl nS, XAMEHLT, RRA100Q,
R4S e A e EE (SNR)#E: B, 1.8 V DRVDDEF3.3V
DRVDD, %AW, Y930 K% Mk, SNRIERS T
., CMOSH 2 Fif 129200 MHzF R FERH P,
RIR A IR, REELKERT IS5, #il
U

vDD

dv
—{ PMOS F % dat

et

:

[El2. #BICMOSE 4 th I 5 28
ADCH i /O, PR A 13 2 HL 32 T BE 2 £ [T
P, SEADCHYME R R B .

P 23 73 1 i B CMOS 3K 5 23 RE % 7™ A2 AR OK Y % 5 L 3R
JEHE R AN A 1 S gk . X T CMOSEdia i tHADC, 275
RIBURF RIS HELME X e L i de /D, BT AEADCH ™
SR A FIR L

Cc
EXTERNAL
LOAD

10339-002

117
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BB RB

fs 1Vins CHARGING CURRENT WHEN
l DRIVING 10pF DIRECTLY

R
ANALOG
INPUT ADC WITH .
CcMOS ouTPUTS | ; NBITS

MAKERC<01[ ]
fs

2|2

C=10pF

l \SIMULATES 1

GATE LOAD PLUS
PCB PARASITICS

FOR fg = 100MSPS, RC < 1ns
IF C= 10pF, R=100Q

13, FilJH 205 v B A CMOS B i 1 A9 78 HE HEL B de 2

B3R ¥ — AN 16013 17 CMOSHi HADCII I 0L . 45 % i
A —A10 pF i, MU —A T E0m EPCBH 4
25 2OESN10 pFOERIY, R INZEE 10 mAR)FEHHLTR

Pk, %16 ADCH) S B AR I v g & k16 x 10 mA =
160 mA, & HIRRE I —A /MR HBER, W] LA]
KUCE AR, DS Y B R, fERCH Rl # %L
T ERFE IR 10%, fnlifs = 100 MSPS, WIRCR /7]
Flns, C=10pF, HILEHEMRIAELA100Q, EFEEK
HYRTE WI i 2 B AR B @ sr vl ik fig, HEFHLIE R Y
iRttt , CMOS ADCh i i 2 1tk sk i LA ] 738
JBR, R -AIMBEIR R AR ATE T

10339-003

118

PR R i o L EOE B R R A R Bk, R AU —A
HhiEl gz Ay A7 a1 ADC i i i B3R SR /D

OUTPUT DRIVER v+ V-

Vop
Is T (3.5mA) 2V ———¥——— 350mV
\ V+

Q1
>—I —e *~ |—< A+ 100QR tERM
+1.2V Z0 =50 \ V+
4 N
3.5kQ 13 5kQ \ LVDS
MA—8— W\ RECEIVER
Z0 =50
V-
Q3 Q4

L
1
|_< A-
LVDS OUTPUT — CONSTANT
CURRENT OUTPUT

MINIMIZES COUPLING EFFECT

A+>_|I_L

Is B (3.5mA)

&4, BRILVDSHE 5 28 1 i
El4% /R T CMOSH ) —ANFrdELVDSERZh 8% . FRFRH TN
35mA, EBURERNL2V, Hik, MIEF—4100 QEHE
Vi L BRI, B3 45 A 4B IR 4350 mV p-p, XHHTF
700 mV p-pHyZE 5 1BIE . X BB AR IE FLVDSHLTE,

Rev. 0| Page 4 of 12
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MT-201

200

—200

EYE DIAGRAM VOLTAGE (mV)
B

EYE DIAGRAM VOLTAGE (mV)
o

-500

-ins -0.5ns Ons 0.5ns 1ns -ins -0.5ns Ons 0.5ns 1ns SMALLER OUTPUT

SWING = SAVE POWER:
~30mW AT 40MSPS TO 65MSPS

z z
£ £
= =
£ £
9] (Y]
o o
= =
2] 2
I I
14 14
w ui
F F
E E
S S
w w
F =
-100ps Ons 100ps -100ps Ons 100ps
DATA EYE FOR LVDS OUTPUTS IN DATA EYE FOR LVDS OUTPUTS IN
ANSI MODE WITH TRACE IEEE MODE WITH TRACE )
LENGTHS LESS THAN 12 INCHES LENGTHS LESS THAN 12 INCHES ;
ON STANDARD FR-4 ON STANDARD FR-4 8

5. ANSTFIIEEE LVDS#5 i

LVDSHREEA WA : —ANHHANSIHE , 5H—AMIEEERE . RAXMAARAERDIH RS, HIFA e, BSHE 17X
PAAN bR e IR P it 23 B 75 Pl . IEEERRHELVDSHI4EIE #4200 mV p-p, KT ANSIFRHERI320 mV p-p, XA B 115 A% Hir th i)
ke, Bk, AnSRIEEESRUESCHF H bR K5 Bl as O H2, A FHIEEE bRk,

400

200 :
200

—-200
-200

—400

EYE DIAGRAM VOLTAGE (mV)
o

EYE DIAGRAM VOLTAGE (mV)
o

—-1ns -0.5ns Ons 0.5ns 1ns —-1ns -0.5ns Ons 0.5ns 1ns SMALLER OUTPUT

SWING = SAVE POWER:
~30mW AT 40MSPS TO 65MSPS

100

E E T T T T T
z z
= =
S 2
(O] (V]
I T
[+ 14
w w
F =
= =
= =
w w
F 0 F
-150ps—100ps —-50ps Ons 50ns 100ns 150ps -150ps—100ps —-50ps Ons 50ns 100ns 150ps
DATA EYE FOR LVDS OUTPUTS IN DATA EYE FOR LVDS OUTPUTS IN
ANSI MODE WITH TRACE LENGTHS ANSI MODE, WITH DOUBLE
GREATER THAN 12 INCHES ON CURRENT ON, TRACE LENGTHS 8
STANDARD FR-4 GREATER THAN 12 INCHES ON §

STANDARD FR-4
[€l6. ANSIFIIEEE LVDSHiift: & ¢k 125~
PlObL A 1A 2R IS B I 1258 <1 B30 UK A5 OL T IANSIFIIEEE LVDShrifE, Wi b, SXENHEIRISR HANSIbrde, FiPEH,
NS, X AT LR P O s P 3h B 5 1
119
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10339-007

3.25Gbps — IDEAL SOURCE 3.25Gbps — AFTER 40 INCH FR4
P7. FR48 8 HFEHY 3 1)

K78 T RE LR FRABEEHE I, A RoR T RSB AR IR P . ERR B 4038 ise e s, IREULFAG, Baldsxk
PRUER &R

120
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S PE HEBR AR TS

ADCESEE1441

P Graph 11/11/2009 1:08:06 PM
File:

A AE BE e | E|EEE
= Input]

]
5 3367 J3EE 2378 2384 3393 3402 341 3420 3428 3438

u

10339-008

&8. AD9268 ADCZE 4 5 144]
IS, BB R Visual Analog ey BoR %M1, 514G ABEAS ., K ATAE BB IE, PCBoRBECE IS, o JEAT SH0R
R, Tk M BT R BB

ADCE L E 140 oY 87i% th 4%

M Graph - AD9268 FFT 11/11/2009 1:08:06 PM

File
TR
= Ch AFFT
. 5
e o DER) 6M 12M 18M 26M 3J0M 36M 42M 40M S4M BOM
Date = 11/11/2009
Time = 1:08:06 P 0
Sample Frequency = 125 MHz
Samples = 16384 - 5 5
SNA =13.092 dB : -
SNAFS = 16348 dB
SINAD = 7666 dBe 30
DC Power = -7.184 dBFS
Fund Frequency = 3851 MHz -45 { [ I \ J J ‘ ‘
: g L
o) Pl 70 S £ lELAS N I||w||u | l ll.. Il l It || Il |J.| gt 1 l | I, I
Harm 2 Power = -73 456 dBc )
Harm 3 Power =-13.306 dBc
Hatrn 4 Pawer = 50,053 dic - |
Harm 5 Power =-11.229 diic :
Harmn B Power = -48.792 dBc
‘wharst Other Frequency = 26.95 MHz -90
‘forst Other Power = -20 458 dBFS
Nuoise / Hz = -34.308 dBFS / Hz -108
Average Bin Noise = 55,483 dBFS
THD =-3.133 dBc 120
SFDA =11.229 dBc
135
g
8
8

[&19. AD9268 ADCZE 4 5 144 Iif iy 45 45k, 1y 2%
FEOBR T BB i G 55 140 R BV ) M B i Bl . B, SB1AMA RN, REPHENE RAEER.

121
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ADCZE 5k 55144 B Y B i B 2%

AD9268 FET 11/11/2009 1:08:06 PM

File
A=A e|F E|®EE
S Ch B FFT o
D = ADREES 1955 1830 1925 1960 1395 2030 2065 2100 2135 2170
Date = 11/11/2003
Titne: = 1:08.06 PM
S ample Fiequency = 125 MHz 08
Samples = 16384 :
Min, =1
Mar. =0.5 0.6
Range =15
Average =-0.252 04
02
0
a2
a4
a8
a8
°
>
2
3

[£10. AD9268 ADCE e 55 141t f e 1 il 2
P10 HH IR Rt A RHI 28 . B AR — AN TV IETR B, BORRAmES, W24 A B rRE,

ADCHYSEO FI55 10 SEHEE — kS

AD9268B Logic 11/11/2009 12:55:42 PM

File
IR EEEEE
= Ch. & Logic )
ilrn =-0ERED o704 2708 ZM2 2716 2720 27eA 2P %3 T

Date = 11/11/2009
Time =12:55:42 PM
Sample Frequency = 125 MHz
Length = 15354 w1 L1

0/ /R
ettt o e e B = —

10339-011

[E11. AD9268 ADCHy %91 F 5 10fi FiH: £ 2
PR AR BR—ORTR O, TR AL AR k2, DRI T X WA 5 I, 4S8 b 24 45 Wi 380 AH [l AR i

122
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ADCZE9{i F0 55100 5a 3 1 —itC B B335 h 2%

- Graph - AD9268 FFT 114112009 12:55:26 PM

Fils
IR
=- Ch. A FFT 2
Dot /- DEEE) BM 12M 18M 26M 30M 36M 42M 48M E4M EOM
Date = 11/11/2003
Time = 12:55:26 Pk 0
Sample Frequency = 125 MHz
Samples = 16384
SMR = 33.892 B e
SMRFS = 34.802 dB
SINAD = 33.877 dBc 30
DC Power = -36.646 dBFS
Fund Frequency = 3.851 MHz -45 +
Fund Power = -0.91 dBFS
Haim 2 Power = -70.354 dBc & { ia , m 5 l M “‘ W I H‘ }
Harm 3 Power = -64.853 dBc
Harm 4 Power = 68 347 dBc - \.L “LIIH “ II\.JL.. i H L| |.|i|l||.““ J‘J |\|;IJ Alk WI |I| Il. Ml“ Il || .||L1 i
Haim 5 Power = -65.39 dBc
Harmn 6 Power = -62.431 dBc
“wfarst Other Frequency = 43.899 MHz -90
“whorst Other Power = -46.045 dBFS
Noise / Hz = 112,762 dBFS / Hz 105
Average Bin Noise = -73.937 dBFS
THD = 58 464 dRic 120
SFDR = 45135 dBc
135
o
<
8
8

16l12. AD9268 ADCH 3591 71 55 101 77 e A5 — A2 I 48k 1 2
P2 s 1 AL R A BRI . BUORSEIUE AR TG 2E, (AR R E TR0, MR SRR BE IR TRV M A,

ADCZE9{i F0 55104 5a 1 1 — BT B9 B S5 il 2%

M Graph - AD9268 Samples 11/11/2009 12:55:57 PM
File

=R R
= Ch. & Samples

N -
Dz = Al 5300 5910 SA20 5930 5840 5AS0 SO60 G470 SAAD 5A30 500
Date = 11/11/2008

Time =12:66:57 P4

Sample Frequency = 125 MHz a8

Samples = 16384 .

Hin. = -0.891

Max, = 0.926 s

Range =1.818

Average = 0.003 0.4
02

0

0.2
0.4
0.6
0.8

10339-013

[El13. AD9268 ADCHJ 5591 il 5 1040y 77 12 75 — 2 i 1 I 15 1y 2
R B REEE S, BB AHE, BRTEDREF ARSI T — SR B, (H 2 REEE R D IR, X2 H
WIS,

123
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SR Fet ShE AR T 2B B B I8 Hh 2%

AD9268 FFT 11/11/2009 9:54:53 AM

File
Al =8 &7 E|F [ E
= Ch. AFFT 3
Dz =l GM 12M 18M 24M 30M 3GM 42M 48M S4M  GOM
Date =11/11/2009
Time = %5453 &M 1?
Sample Frequency = 125 MHz :30 \‘ 2 5 E +
Samples = 16384 )
5;";:],3: AET 45 il bl Lt 1 o et Lol
=14 60
SNRFS = 15.978 dB 75
SINAD = 14.094 dBec -0
DC Power = -16.797 dBFS 105
Fund Frequency = 3.15 MHz -120
Fund Power = 1184 dBFS 38
Haim 2 Power = -23.988 dBc
Harm 3 Power = -42.963 dBc
Harm 4 Power = -46.963 dBc 2
Haim 5 Power =-34.33 dBic 5080 5120 5160 5200 6240 6280 6320 5360 6400 5440
Harm B Power = -32.256 dBc
‘whorst Other Frequency = 34639 MHz 0s
“worst Dther Power = -28.981 dBFS 0B
Moise / Hz = -33 837 dBFS /Hz 04
Average Bin Noise = 55.012 dBFS 02
THD = -22.967 dBe 0
SFDR =23.984 dBc 02
0.4
0.6
0.8 <
Q
3
3

Pl 14. AD926 8% Rl #lief 2 T 3 fef 14 1o 155 iy 2
P14 7R 1 — A P ST/ PR )8 T 3 SO P TR e e 2 TR L. R B R — e SR EAR A A R b B, WP IR
MAEK, BEHEARRSEFML, AREEAMPE IR TRER M BMER . XS B R T A O I 2SR BB E il B 1 I8 Fn i
W gk, B, SRR A—., EMEZFFT/RBAEE A it s, Xl ERE —MEk, JRE G F
TR

SR FET $hE AR T 2B B R K B 4 B 2%

P Graph - AD9268 Samples 11/11/2009 9:51:50 AM

File
E=IEGIEEEEEEE
= Ch & Samples ¢
Wigelern =-ELED 8050 8075 @100 E125 8150 9175 800 B225  BOND
Date = 1171142003
Time = %:51:50 AM
Sample Frequency = 125 MHz 08
Samples = 16384
b, = -1
Mar, = 0872 08
Range =1.872
Average =-0.022 04
02
0
02
04
a8
038
©
>
3
2
8

V&l 15. AD9268 % i Fllh Bl 7= T A% b 14 K P 3 2
P15 P 14PN P IR ZE I TROR P . RIRERITE RS, SRR A —8, HEREREES, i, ZEP AL
A L BRI

124
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AD9 B 44"
ANALOG
DEVICES

e ,,:-! au -
il Mk

10339-016

[El16. AD964455:#:23 FICVT-ADC-HSMC-INTPZid B2 4= 1 i i

1aBJJ GHECHR . ADIZy R bRfE PPl AROBE AT LS & AP FPGA TPl —e i . EECAR DA P i 17— A BB a3 1k S B e RERY

B BRI AGES, FILEA SRR AP 3HE, ERCHR T TXilinge (FMC-HPC)FiAltera (HSMC)iFfli#i, SPLiliid
FPGATPAi R E S e, ZFPGARBFAEH] . BLIbiEH —AFMC (VITA-57) K 5| % (LPC) & AL #% (Analog Devices
AD-DAC-FMC-ADP), ‘EW[LAEL & Xilinx Virtex-6fiSpartan-6 PP fli#i & H &4l A LPCIEHeAs B PP RS FH o 12238 c o 1 b B %
PEFIEph XIS T RO I CARRSPL, PEAS AR R USBEE RS .

125
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ANALOG MT-003
DEVICES 15/

T#ESINAD, ENOB, SNR, THD,
THD + N, SFDR, F{EEERFRK

{g&. Walt Kester

=]y

AT B FRADCH R MERER) a3 A 754, 5. SINAD(fE4hk). ENOB(A i
#0). SNR(fEMtLL), THDCUAEPKI), THD + NI B B ) FISFDROIE A Bt 3h
JaH), A TR, BRI ADCHIE &R EIRE S, HdFEE—-LPp5h,
BADCHF, XEEARPRAFHERE, PR TS fabr el — 5 m ke, mHZEHAE
I R &

A 7T UL B ACADCI R BRE R, H TR 05 8 T — Pl — AR Ae K B B
FFTor07, PlinbE LR iicE ,

fS
ANALOG "
INPUT N-BIT N | BUFFER M-POINT |5 POINT
ADC MEMORY — FFT
fa M-WORDS | | PROCESSOR| SPECTRAL
OUTPUT

E1: FTFXIADCEHith#{TFFTS a9 —AR LR &

FET ()45 38 Sy 2 S0 b JE 22 (R MY 2AS 55 (MCAFRTI R /D, BIVSE oh 476t 2% b AR B IO SR R 5
B, PR ZBIEIbREAL/M, BENBHRGEEADCEL/2, HipfohREEE, KRR
7P (R BB M FETI 53 9E7) A /M, EI2f1 7R 48 FH ADIZ H] ADIsimADCoF2 3
AP — AN FRAR 12, ADCIHFFT#Hy . 17, FFTHIRR M 2 T B SNRN [ FFT“4b PR
Ha2i”10xlog(M/2), #aZiicdE, T it B SNREYRREFAE 2 550 T BA SR 52 (DCE
£/2)fug s, MFFTRAAE—ANH TS AL/ MBI EHSIE I, eRfEAmE, HER 2
MR AN GRS R, %NS B 4 BT A A SE A LR ] .
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MT-003

128

B2 7R I FFTRARARR SR ML FFTIF 3B, 1R, SR 2 IRFFTHYF 3B AS 22 52 i1 24 1
JiE, R BRI B O iR R RE LA AR A A .

ADC FULLSCALE

7R Lo T LT T oL T TS _'_'__'__'__TM_'__T_:_T__—__T__'__'T_____'_____-__'__'_'__'_'_T_
10 log—— = 36dB

T [ E—— 2. A4 s B ‘l ......... 2

T

LT

N=12, M = 8192
S sttt oosoooosoosoosossoosoooooooooo-
DATA GENERATED USING ADIsimADC®

-200 " " ' " ' ' " '

0 b 10 15 20 2h 30 35 40
Frequency (hMHz)

E2: EEB12{uADCHJFFTHitt, #MA =2.111MHz, f = 82MSPS,
5. KFFTRyF#{E, M=8192, #iEiHEiFTADIsimADCR=4

FFT 4 47 D49 BEIDUT 3 53 B 150 — B 2 15 % 0 38 0 14 6 P B A 15 2 MO 7 R 23
A A3 5 P 385 90 T LS et B A0 o 8 5 0L S BURURIIX B, BE3E R T — A BA20
MSPSHER 17 RAER7 MHZA AL B R ETOWR ISR , £ R AL TEKE + nf |#
BRALE, AR RE, K =0, 1,2 3,0, IR TH B B0 R = i,
A B M B A AR B K1, ELAb S — SRR T A0 T Jk 2 I D PO

T e % el H B (IR T 2 i 43 DUROR o, A I & 0500 AT RE 2 A 40 LR RO,
BRI E ST RE S HRIE B TR Z e . I8RO i 2R A S
S(— bW R FRAK0.5 - 1 dBUABS I HEAL) R AL E , HA A DURHAE MNP R ILE . A Tz A
T RRNES, RRSMoELEONDENEERAER——FE&IEN —lfEx
PR PR RE

Page 2 of 8




MT-003

A
RELATIVE  f3 = 7MHz
AMPLITUDE
HARMONICS AT: |thsinfa| fs = 20MSPS
n = ORDER OF HARMONIC,K=10,1,2, 3, ...
HARMONICS
AN
3 RN
2 HARMONICS
6 4
9 8 5 7
| ] |
1 2 3 4 5 6 7 8 9 10
FREQUENCY (MHz)

E3: XEFRMLE: MAIES =7 MHz,
RALEE = 20 MSPS

AT R FL(THD)4R R BRI 15 5 135 75 B 55 L38O (— B (S i 5 U 44 I8 be e s 22 ) iy s
R L, ADCRYTHD SR W] AR H PR BLE , H = — Mt B i R i
S RAE

AR FUMEE S (THD) 48R0 5L B (5 5 A3 75 RAE -5 018 oo b A gt A i o3 (LB
SMRIFITT IR EMEZ e . 2B Y R N R Y 9E . A TFFT, S ADCEL/2, R
ML DCEL 2B W %), WTHD + NZT TORHISINAD, Al MR,

AL
FE BB, D A—E RSB,

= HE 9
BN UL

TeA B 576 (SFDR) 15 IR (5 5 R 5 RAE 5 I 22 A0S 5 O e AL T30 h AT 4L ) Y
PR Z b, s 22 AR AT R IR AR5 S ik Dk, thnlREA R, fElfE R4, SFDRE
—IE RS, POAERK TSR TIES (LR 5 M XN & /ME 518, SFDRA]
VAR i 5 P (dBES) i S b 45 5 1 BE (dBe) R ML g . B4 LU AL )7 Kt W 1 SEDRIV5E
P

Page 3 of 8
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FULL SCALE (FS)

INPUT SIGNAL LEVEL (CARRIER)

I I I ) -

SFDR (dBFS)

SFDR (dBc)
dB

WORST SPUR LEVEL

FREQUENCY fi

E4: TFRHEZERE(SFDR)

FIHADIZ \7E’JADISImADC® ADCHEBFESF, TDMEAR TARBUR, HAFRRAEE R T AL
HM R TEREADC, X EERRIREME RS 0 R SE PRI PERE,  EISHR 1443780 MSPS ADC AD9444
AL RIFFTH . TR, WABIRD95.111 MHz, RppFek HIR &M 15.111 MHz, fi th
W T HISKIERIIALE . ABDR, FraiEdkrhiRE&. Bpekih 85I M E 2T
RESHL, /e B PTR,

Device: AD3444 Prelim 0
Dewvice No.: 1

Awce 5. Volts

Dwee: 3.3 Volts
Encode: 80. MSPS
Analog: 15117 MHz
SNR: 73.42 dB
SNRFS: 7356 dBFS
LDSMR: 0.dB

MF: 28.28 dB
SINAD: 732 dBE
Fund: -0.14 dBfs
Image: 0. dBc
2nd:-92.07 dBc
3rd:-89.04 dBc
4th:-103.37 dBc
Bth:-95.72 dBC
Gth:-98.11 dBc
WoSpur:-89.28 dBc +
THD:-86.31 dBc
SFDR: 89.03 dBc
MNoise Floor:-109.67 dBFS
Samples: 8192

-25

-50

-75

-100

-125 f

-150

-175

-200

15

SINAD =73.20dB

SNR =73.42dB

THD = 86.31dB

SFDR = 89.03dBc

NOISE FLOOR = 109.67dB

20 25 30
Frequency (MHz)

35 40

[E5: 14{i80MSPS ADC AD9444, fin =95.111MHz, f =80MSPS, 5XFFTHIF#{H,
M = 8192, #i#EiEiTADIsimADCR®=4

130
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{SLL(SINAD), {SERLL(SNR)FOFH{LL(ENOB)

SINADFISNRIEAGHEHISCTE, IO ADCHIE i MU AL 0 D) &5 SCADIRAFAE— 220 7, [ M
FL(SINADECS/(N + D) B2 15 S B 377 -5 B A e i e o3 (L4 1 B HAS & B
AR5 R (rss) P 359{E 2 b . SINADARGF R e 7 ADCRYE RS PERE, POABBIGHA
e SN 75 R LR S o SINAD H 2 5 £t A~ [R] A A e BE At =4y th o oxb T BEE /Y
Fy NSCRFONE B, A RSINADFITHD + N5 Hyngt s I &7 S04 [R] (R 0 = B R i 9)
M35 WA . B6fr R Ay 12/65MSPS ADC AD9226 1 i 1Y iy 2

12.2

" BRI
2V SPAN, DIFFERENTIAL
70 L L 11.4
"~ \\ ] / |
\ H 1V SPAN,
. N DIFFERENTIAL
65 =i - 10.6
Q \ s " 1]
3 \[ 3
a 60 \ 98 m
S 1V SPAN, g
3 SINGLE-ENDED &
55 N 8.9
50 8.1
AN
2V SPAN, SINGLE-ENDED
15 1| [ L 7.3
1 10 100 1000

ANALOG INPUT FREQUENCY (MHz)

E6: 12{65MSPS ADC AD9226Z T\ A S 125 E FE9SINADFIENOB

SINADMA 2 77, ADCHYSE W A P MK 2T W s ol o i T 25 2 R A e
BT, DMEREAS IR K SRR RO RERE 3% ik 2 AUSINAD i 25 FH 45 ADCHIR)
APERRAERAT L 4% R B NG ADCHI BB SNR B A R (SNR = 602N + 176 dB),
SINADHH K A B(ENOB), %f 30KAEN, 3 FISINADEE FLEFSNR

SINAD -1.76 dB
6.02 '

ENOB = #501
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132

EE, SR EREAGS . ORGSR ERAE, WISINADRER/, ENOB#Z
Wb, A FRIRNE SR, 150 A ENOBR A L ERIN— MR IE 25, HX2PrR.

SINAD g AsURED — 1.76 db + 201og (Fullscale Amplitude )

ENOB = Input Amplitude

6.02

R IERBOAR B LR ENOBE A — LB &2, Ml 5 5LbrfE SIE TR,

fEEELL(SNR, A FRATCIE B ISNR) SSINAD—4E, R ARIEFFTERTHE, AR
BB TAE 5180, U8 PRI, Sehapi b, RERIBRTERAIATSKIE M. SNRIERELE
AR T2 TR, Hb T ARRERm, H R EE AR SINADAREE B,

DEADCEE T A I 2R SINAD 5 SNRIE A —iK,  PIHAERR 32X SRS h 2628/, 55420
Fr 1 S v R W 2 3

SINAD, SNRFITHDZ jE|fI¥iSX %

SINAD, SNRFITHDZ [nl 7 A5 ¥ 5% F (RS A 48 An S AEAR [R] B 4 A5 5 1 B At T~ )
&), fE Mm%, SNR, THDMSINADHIABE R, #RYELFRAVEIEELS/N, S/D, S/
(N+D)f#ih -

SNR =20 log(%), 2R3

S .
THD = 2010g(5), H4
SINAD =201 . =15
Og(N +D ) FX

MAER3, SRS SRR LEN/S, D/ISFI(N+D)/S

gz 10~SNR/20 He X6
%z 1o~ THD/20 e 7
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N—SI—D _ IO—SINAD/ZO g

M50, X7 8HI s BEEORS, PHIEN/SFID/SHIFN 7 % T (N+D)/S:

1 1

2 21= -
N+D _|(N)" (DY |2 _ [IO—SNR/ZO 2, (1o~ THD/20 2]2’ %9
S S S
i 11
N-SI-D: 10—SNR/10+10—THD/10 2‘ %i‘lo
Bk, S/(N+D)AE T -
1
S _SNR/10 , ~THD/10] 5 X
- |10 +10 , 11
N+D A
FrLA,
SINAD =20 1og(i) — _10log |10 SNRA0 Lo THPAO T e yn
N+D
FX 1245 T SINAD 5 SNRFITHD R EREOR £
[FIFE, an2RIATENESINADFNTHD, WA LLKR fi#SNR
SNR = ZOlog(%) = ~10log [10‘SINAD/10 _1o THP/IO 513
R, IR FAIEESINADFISNR, W A[ PR AETHD .
THD = 2010g(%): “10log [10‘SINAD“° _po SNR/OY w14

ADIZ R bt ¥ —ak S Mgt TH, g5l r%X12, 1314, H2EHRERE, X
A AEAA R AR T BE T WX = AMEARE, Rk R A KL,
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SERE

SINAD, SNR, ENOB, THD, THD + NFISFDRZfij & ADCHZM:RENH Highr, LAFIE
FIEE I A IERE AN T X e bR B R E R, ARERA T T &mighe X, HiESHT
SINAD, SNRFITHDZ [R]fJX &,

SE 30k
1. Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3,

Chapter 6. Also available as The Data Conversion Handbook, Elsevier/Newnes, 2005,
ISBN 0-7506-7841-0, Chapter 2.

2. Hank Zumbabhlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1.
Also available as Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10:
0750687037, ISBN-13: 978-0750687034. Chapter 6.

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.

134

Page 8 of 8




ANALOG MT-029
DEVICES {27

p et T
{g&. Walt Kester

JE 5 G it A% 2 i 2 M AL B N B AR Ay 2 —, WA TR RN, R
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WIS . WAL —MEEIR, B—Meerk &, BMhesent, &Kkt
Bl ok, HAARBIT HEAEE TRRIAS: D 2% & 18] B B T IX S8 1 Bl e A W

BE, WSS BTk, T RERCR AR, S as AT 3 PR
(BEA 52 45 149328 WA A58 IA [X 4808) i 1003265000, 466 5% 5 i 12300 30 Fg #0(1/4320008) . K%
Bl w280 A 5 4DEIRAE &y, STEEHEMEARSE—EME, WTLHER
WERE M T, VF 2 gnhh a0 58 Z4DR IR RS B 28, FTUURS I RV SUARIiE . G R AR 3
FPBERERRIC, WRAR e & 0] A RE . 35 5 ith o VT R A7 A2 )™ B ik i 2 T 2Ead it AR
TR R B FE R BE 5 vh g ot SR R . T R R I DT LU, B G D A PR T R B
AT E ML — Aok, ARG EE SRR E,

INCREMENTAL

LIGHT
SOURCES
DISC
[
SHAFT '
CONDITIONING | / / CONDITIONING
ELECTRONICS
ELECTRONICS 5 BITS 5BITS

E1: @8 58Xt FmiDE
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2 % 1 27 i 2 (P 1A M7 2 1) P A s iR oX S s, (AR R B . Aonf BRDIG 7 S ith 2%
IR 853 NAS XIR(BIEIN = 5, B FR), A XIS — 2 i w43 s B Fn A i 1
HIER Sy, TR INDL R 77, e REE MY — 1, & IXIRAR 1A IE B B 7 B (B2 X
WOH R, WERARELER R, WTLCR A RIS, R A s D R
B, M MR R 2. IR DLk X — B . MR ARy RIS S, KR
MR- R R KRIRZE RA T LSB, —HANAEHE RS XINALECF i iy, e
7 V)5 0 258 P 2 0T A7 AR X

AL E bt 2 B 53 PER TR 164L, xR e Har /3 PER (2050 F0) . (HIZ, #HaxfXifniga
REF I a5 A58 55 Tl SR BE b AR vl fiE 2 2 4.
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DEVICES 1]

SERENMBERERFRITTEAEYL

{E&. Walt Kester

=]y

HUE Pk e i Harry Nyquist T 19244F & R ) (UUR RGEBARMED LT (SR,
HARULY i U2 a4 W e S IERE S, 2, NyquistiE 80 T 0 sl iiF
T PR EE AR AR B S . JCBRECHE R R GET, DAZTEAN 1 AR 4 2 0 R v U
AR, ARk LOE i 5 R 75 A G AR TR A W 8 T R4 R AR . R AR

Pl 1 e 7 O SR ) S B0 SR A R GEAE R . S AT B B i 2 i, RO 5l il i
FEMHOR . ZEIRANIE DL S D RERI(E S B LG . i I ER H bRaly 50 2 SN T H0E SR B 1k
HIRS, I 2R/ I8 DA o

lfs st

f, LPF LPF
N T S -
BPF BPF
1 AMPLITUDE DISCRETE
- _~auanizatioN / TIME SAMPLING

E1: BRERBIBERERG

BILFT /R R G0 Skt R 58, BIZ ARG R4 fig AADCHIE S T &E SR, MADC
[R1RE DA 38 3 B R AR SR R ER DSP . O 1 4EF5 S84, DSPA ZBUAE R A 1] B (1/£) 9 SE Ik
PR W25, FAEADCH) T —HEARE Z A DACTR i th e A . v iB D d it e —
AN SR DSP I RE7R 1
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R, RA DSPEE L6 5 RS540 MBS 5 (Biln, £ 75 & Wl o & BUss i vp) e, A
EDAC, fEMRZBMY, MGERER )G, BSMIAEHULCAR e, KB, £
— e i, DSPAL BT AEDACHHAE S . nREEH TDAC, NIEH )5 267505 BRBLUSL
BRI APOR R BIGIIR . f)n, L@ EREN T ERER RS , REFERE
Bm%., TR RSE, REFHIRMEEREAIRARIIHE M.

SE o B BRSO e e R 05 B B AN SCRERE 3 - B RO 1] SR 21k i B0 BRI 2 4
R ARIEERE DT B RO R

REFRFTHK2S (SHA)ThEEVE

IE I 17 B — A R R A R GE R BOE A S A MR RIS fs 5. MITERL, X9
AR TR EER (Biln, St E i 2 e B REBCF R ER (DVM)HADC) |, HAR
HEEmA G S B —E iR LR,

HARKRLZBADCEH N ERFERFFIIGE, WMmAEBLELRES . IWIRADCHI R H
ADC”, Ait, % B IHADCHMADIZ AT AR fEADS74) 3 F A& T X PR AT, 1 A
RMPE2FR I gt ey . AR AR (48 ps) SAR ADC(fEE A~ B A SHAZIRE)FI fit A 15
SAEE1  LSB, AR R EERIRE, BRI AR, WTRERR B AT AHAC EL
gt tlashfeiteds 2 4b, R ZBADCHRM % B DR BITX IR 22l

ANALOG INPUT

N
_ 2N N-BIT

Vi) = q [—2 }S'" (2nft) —— SARADC ENCODER [~

CONVERSION TIME = 8ps

dv 2N
at =973 2nfcos(2nft) I f, =100 kSPS
dv
- = q2(N-1) 2 f .
dt | max EXAMPLE:
% dv=1LSB=q
¢ max dt = 8|JS
= _— -— N =
max 20-1) 27 g N=12, 2N =4096
EI fmax =9.7 Hz
dt| max
f =
max qm 2N

E2: FERHFADC(HEZES)EIMNITE PRI
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{52 5 g % 2% R B A A5 5 e ELAT T B R R B (q2™/2) IR 5% %, Hrbqie 1 LSBRYALE,

2N
v(t) =q 75in(2nft). %51
R F A L3 .
dv 2N
1 = 2nfq 7cos(2nft). 22
Pk, H&REMREN.
N
dv =2nfq 2— 23
dt | ax 2
KA
dv
t
f= m . ’:Lfffit4
N
qn2

WUEN = 12, ELE4R I (dt = 8 ps) Py Ui tHB01 LSBRYAS AL, B 2i%8eRlskige , HIA
B 2 1 0 T AL B A i R S

fmax =9.7 Hz.

XFoR, RM#ES us ADCZH5100 kSPSRAFHUR(X A2 tH2 psibf K IESMESHATER
HARFFER S ERRRGES), H—-BRABREE.7 Hz, o hBlgpiRE,
TR, T EEMRAEREF(SHA)hRE, 3R, BAENSHAR —AN &MY
R, HT s f A R H G A YIS e . b AL A LB s, P
{8 FL A T UAEORFFIT R O 2D T 1 LSB, SHAJERFEBIK AP XHE S AT R, MAERTF
BRI R MR P (5 St 5E . IR R Py, DS gmht 2% T DULE PR F5 I ] AT 5 46e
e, REEADCHWDURBEPR LSS, HAR LIRERGCTSHASLR P, iFsefk B4, mik
mihhes. R4 HIRPIh, REERTFIIREAE2 psNBEATE S RE, Mo aS WIAES ps 1T
B, HMRAERIETILI0 ps, XA, REEPIFRBSE T100 kSPS, I Hik mA AL B
50 kKHzy g A B
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TR EIE W R AR PR B BOR 3 (SHA) N BR B2 R 15 OK 25 (T/HBLTHA) 2 1] i 40 ol 22 5
o TR, AR RE SCREERFFIIRER S i, (HERERORAF D RE A i i
SAERFESIREFBE RN FRER (555 . FELPRIRAED, XThRe—MRECE A IRER R T, H R
ERORFE R RAE DR AR TR W ] VIR . B3PS R B0 LR 5 BRER PR A5 DI REAH S Y
ARLEPLIE

SAMPLING
CLOCK

O——— TIMING

ANALOG | ;
INPUT : ADC N
o ENCODER | /
CONTROL c \

;E ENCODER CONVERTS
DURING HOLD TIME

AN
’
’ )
,
,
,
’
’

HOLD

Sw SAMPLE SAMPLE
CONTROL

E3: XXl SR THFILUERTFIIRERIFIYFE
REH AN

BESAUE S O R W] PRt = VERAE, %W [l [l bR 26 0k O£, BPRRAEER R
R RGBS S . IRBAR, SRS CRAEEERE), B 5 H 8 o il R
Bo WRRAERDCRAGEREAR), WMADBIE— G, BESRSCHRE BN ARR
FE &K . AEDURHIE LS S TAEWIR, Harry Nyquists) 5T 1924F119284E %K T Hifs 22
MRS, BEE TRAERECAEGL . (55 WBECRIMN2, DRSS E RO E2HE, )2 )5
A, R V. L. Hartley%fNyquistf) Jihs TAEREAT T #h3E(S % 3CHK3), X 2R CHR 1 B
20404 RPCM AR AER, i) f£1948%4F-Claude Shannonf'5 | H A3 {5 B iR J5 1h A 28 L
WX (ZE IR,

FME L, AENFFENZERRERERZ DRE ST SR EGWMRNME, SESHAR

s B2 ER, WRRAHR DT R KRG SHEROME, fF2HR—MRA RS
HIESE N
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1 B R 2 ot Bk B AN S A S R, 15 ST 25 R B 4 s SRORE L IE 5 I AR B SRR R AR
Olo AEBLRBI, REBURIIFARBRNZED2A, MABORIE R TEOEABURL, WNmEHE
TARENRREN], TER, SKRRREARMER A TRIERE - £)RZBIEZ K.

/ INPUT =1,

ALIASED SIGNAL =f_ —f,

NOTE: f, IS SLIGHTLY LESS THAN f

E4: i) EEIR

SR L 1 I R T RIS BT 7 . BUAE % H R FFV B A0 ok v 5 B 258 DA P B 3 0 A
S I B E 3% 0 AT R PECRLIEISA), S AMELSES > 2F, WP, SRR B th o
A HE S 2 IR G (S B AR A RS, BRI T KE ££], K=1,2,3,4, ...

Al fa [ | I |
? ? T t
1 1 1 1
| ! I I ! : (
I T | | )S
0.5fs fS 1 .5fs 2fs
1st NYQUIST 2nd NYQUIST 3rd NYQUIST 4th NYQUIST
ZONE ZONE ZONE ) ZONE — | — —
B
| fa | I I
? ? ® ?
| 1 1 |
: ! | |
! I | | 1 ] Sg
05fs fs 1 5fs 2fs

E5: (EBEERBL STERITREHELIS S, AEHE (BE) |
BT KE ££], K=1,2,3,...
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ZRAEWTR O S MDCEIE 20 B . 200 v 405> A RBOR BT IX, BATEEET
0.5f, B, FELPRigMEd, BRABRES ol AR 000 5 #FFTAL B8 W ADC, FFTAR
B ARBEDCEIL 276 B N W 1, RIS — =AM X LIS S8R &

TR, FAVEIEE —RENR X ZHMIE S5 W IL(ESB), 15 55X /TR AE 5
B, O P4 SR R R R, R, BMEESALT S - R e X 240, HEiH
(SRS, - LM TZXN, BERBIESA, R, R BGIR L HRTIE
5, Motk MIAEL AL, SAER — AR X N R A O R T

RRMUT BRI, b ZERE T EAR A (RADC) Z Fi s — Sk i 2 1R THER
PrF 2 2 Wkl 9 AME IR B i XL TG Bl 2 WRIBIUR GY . I DA PR RE R L T
AME S G120 HGL R T & I R,

EHEMRRISK

FAF RIFERE ERFENE ST R —REHHX 2N, TRERNR, SEERESN
F AR A DRI, AR A A R X A AR AR M R A O 2 A AR TR A (f5 55 g
7 O)ARR TR B I B 58— A BT RRIX . Ok, LR A SRAEADCR ] AR 2 18 DLk & 08 I
AR HR X ETIES .

ISR FUR AN RN F BN, B R TR S IR, 12 H b
B, PR AIEN EAEHDCEL MM IS S, RN DL - S5,

B T 1 01 0 o M R A SR S5 T . AR G ) A0 Tl P A i/ 308 0 e R 3 ik ) /R PR 2R T
PN 6ART7R
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STOPBAND ATTENUATION = DR
TRANSITION BAND: f, to f, - f,
CORNER FREQUENCY: f,

STOPBAND ATTENUATION = DR
TRANSITION BAND: f, to Kf, - f,
CORNER FREQUENCY: f,

BE6: EREFEEXBFIERISRESIIEKR

BEmA G TR AR ERRQEERES . ZEER T - £ U R ERER
s iR & M B DCEL A TG B N, XEIREB RIS A S 5L E T XK, Hikk
B AETE R 18 Bl o 2 7R A DRIAE

7 B B MR 2 T R L /20 4 5 B A IE % (ELX I AR5 S5 B DC
/2, MARFR SR D W, FERCARRGIR, £ RIf/22 MR A A2 H AR
5y, BRI AR 2R 2 7 e

Plbt, DUk S IR A% M B R TR IRt | AR SICRE - £ B B e DR, Pre
B hr Eos (Ol D [y R i - O

A HERMEAZR, SRR, B astlaE 2y, B, SPraHMmEmRs—m, B
FFIR 28 U8 D A% B XN IR I A AR R SR B A A e 6 dBRER, #AE1 MHz#2 MHzH)id X
(LR B ) SEBle0 dBREIR, THEEDI0MR AR . XAERY IS & 7T A b 6 158 5k i <2 2R
), dadfg—miitkik.

Pk, HE iRk e IR S T X BRI 3atr . aff -1 3H BE LB 2k AR A i i A 28R
WORLH o G I 01 0 o 6 A X 2o, & — Pl W e . A — S8 A Rl & T e il
MRS . TTEMR T XR AR (SEXMKS), Biltn, TTEZ Al LUK s R ik & 08 D7 4%
LE1182[IH—ALma i dn 7/ 7~ . TR, MO P % H TAEL A l.2f 2 [a] eIl 52 /080 dBE
ko B7RE R LRI S0P, [R5, S8 R AL i B
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Normalized Response o Normalized Passband: Amplitude & Return Loss
0 = P ~
0 LE1162 0s- 3 T EIeR g,
10 INA 10
b=
20 — \ 15 ,g-\\ TN N \?. 15
30 —% 20 E N / A N/ 20
ol s \ SN JAAVIE
i) \ sol & \ §// Fc[Transition Rghio ] a0
50 g \ .005 .105 .205 .304 404 504 .604 .704 .803 .903 1.003
c
602 \ Normalized Delay & Variation from Linear ©
< \ 12.6S = —— 0°
g LET192]
70 g o N 1
= \ g [
5]
80— 6.65 L I]175°
imate guarantéed stopband 2 5 AV
%0 o - refor to page| 3-1 N _— 512 ,6\
; " N d Ao
100 F /| Fc Transitign Ratio " FIF¢ TransionRalg =18}
893 .933 .972 1.01 1.052 1.092 1.131 1.1711.211 1.250 1.29 005 105 205 304 404 504 604 704 803 903 1.003

Reprinted with Permission of TTE, Inc.,
11652 Olympic Blvd., Los Angeles CA 90064
http://www.tte.com

E7: 18RS thEIERES(TTEL SILE1182R 309414

M BRI, FRATATCAE B Gl d SR Sk P i) B 5 ADCRFESRAE AT, 4%
e v SR A T 4 Il SRR )W, 2o o Y B B SR AT T e AU R T 0 0 i 52 4 5 o o g
i), HRFHBEMMNEIRMADC, IH HEZLE A SOR AL PR . EI6BRR TR
LR 4 £ Fn 2l 25706 B DR 2R AVAE (R AF AR ] imy KSR B = AL g . 8 T Bl 6 A Fp 1Y
TROL, Vg (f2KE - £)BYE, M2 sbidig st b i,

DUR B IR L A3 Bt T B BB R /D3 T 2.5 845 ORI RAEEE RIS, 8, MIBITH
Bl A0 B DR I A3 RS I i 15 n] AE R GE AN T BE PR 170 BBl N S % DR e 4% o AR
TCIESEBL, W5 EAE MBS MR AR R, X R /E 2R PR ADC, fHIS—3ERE,
Z-ATIADCA G b J& T i RS . DI Be 384 SCIR— T D035, AR R mT AR I 5
PR B IR AR,

SR kA2 EBRAE RS - L ERE S, TR DIRBIE DA 2R, R
% i AR R AT RE 2 RIS SR i AR GE 5 . W2RE - EBRAR KRG SkiE Aol
MEFELL X dB, AR2uE 0k a3 LA o E R th 2 (R BLIRWE TR . 2L T XHE SRR 1 i,
f, — LA ADHT R R ZORIMAESUADR — X dB, 1Rtk Boeht, HEEff ol fel8id i K
155 W BT 75 15 SO S 25 SN TIES .
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RFEEECERREE, TEREF. PHRE. EEPRATER)

FEACAIE, FAIB RN REEO, WA ERE SN TE - RELRERXA, E
SAWIR T AAM—FHOL, Hr RS S B RIR T 58 — W IX, R A B s (&
IAEH B REBFFIX,

VABISBRT /R IR LA B, Hrp RS S0 Se b T 58 AR BT X . X 5% — AR As ke
X Z A1 5 BEAT SR AR A e Pl B PR O “ R TR R TR, B — RN IX N
RSB ERGE ST A E R, TR AL B Ab OB P 55 3 a 20 B9 2 I
F, AHLRK A5 AT e ol o T R B FE T4 A R nPA AU 1E)

1 NN NN

) 0. 5f 1.5fg 2.5f 3fg 3.5fg -

B I ZONE 2

0.5f fs 1.5fg 2.5fg 3fs 3. 5fs
C ZONE 3 V\N/—\
0.5f 1.5fg 2.5fg 3fs 3. 5fs

E8: RRHFFIFERFFXZEIHISAERR

FISCIE 7R T PRI 58 = R EBMFF X MRAEE S . ER, B REHFFXANPSEGIHF AR
W, SEhr b, REESHRTREAL T MR RTINS —RENR XN
W BE BATS IH R R i 27 CH 05 5 A T G5 0 AR 4 28 30 e [X B HH O B0 R S5 R A1) . itk
bf, WATATLAE SR R Wk e 0], PO HGE R T o5 5
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T B A BWINAE 52 20 DL T BOR T AR 5P A5 CBW) I R TR A, T RE B S
M2 fE A

R, I B TR BIRAEE S WHAHR T RAFDURAES I AR AL E e — PR i 2
REEAE S BAURR T B RENREX, MESARESEELA/205005 L, X
PURB IR A E R I

FESEfE R, X5 — AR AR X DL B ROME 5 2B AT RAESECT BRI, PRl i 52 Xk
W, ELEXT PG ST REE, REERBAEARLGEIZE S, IMMIECe H g
ﬁ,MﬁKﬁ%%$ﬁ%ﬂ%ﬁﬁﬁ%o$ﬂE%,Wﬁ%ﬁ%,ﬂMm%ﬂﬁﬁ%%X
W™ . ADCHa AR BEFNR AP REL AR AL BRIFS A, M AR EEF . e (X
TR B S — R W R X W55 R 2 BADCH R T — BiUfE 8 —— 3 & KRR A R H 11
ADCIL AL i By A5 2 i RE IX AR5 B B PR REAEE

RFHER R hag iR B iR iR 28

FIOE /R T LA BRI oD 58 A BT XSS5, Herp i T IR LR 53 51 4
ity PURB BB A BB . P S ETEHNDR, iZIEH € ST 08D a3 B 2
o A LRROVEE2A - f, MR = - £ ST ARREREE, i 1 BB R A
PR A] AR AR X LR B IR B A O BOR , (HB AR, R4 R 5 R BN IX iy
Lo

STOPBAND ATTENUATION = DR
BANDPASS FILTER SPECIFICATIONS: | TRANSITION BAND: fa TO 2fg - f2

fq1 TOfg - fq
CORNER FREQUENCIES: f4, fo

E9: BFRRHEBIDERIERKS
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25 P WURE S HAE Sl SEARE, RIEE A G B S AOR e R R MR RE , HE R AW
D .
f, > 2Af. FS

B AR AL T A BB XL

£, 4
f. = c " 2R 6
S 2NZ-1 FA

Hop, NZ=1,2,3,4,..., HNZXPT 85 AR5 i T i 22 E 0 R X (WK 10),

ZONE NZ -1 ZONE NZ ZONE NZ +1
P Fo
| ‘\ | | \
/ \ | 1 ‘\
‘ | | I ‘
| |
Lo Af o
| ‘ i | \
] ‘ | | \
| ‘ | | \
| \ | | \\
S | S 5
fC
0.5fg 0.5fg ———i«— 0.5fg ——
& fg > 2Af ®fg= Mo Nz=1,2,3
S S INZ - 1 ’ y &y 9y n s

E10: ERREESUFRIFEFFRE PO

— WS, NZBJGHELF, MR r e &IFgR, TeNZERZ D>, SR 4R %
RE, > 2Af, WERNZEFE AL, AL L HAE SR T 5 A ar B R 2R IX N, T
—RENR X NSRRI R,

ORI, Bl S AR BM=71 MHz o0 H 90 A4 MHz, ik, &R #ER
J98 MSPS, JHiL¥f = 71 MHzRIf = 8 MSPSRA SR 6K RANZ, AIFHFINZ = 1825, F
ik, NZZUhHg, Pk RATHE18.250U% I A Ay i i R, B8, PRkl 56k
RARE, WIAHHIE = 8.1143 MSPS, Pk, f)5MME L = 8.1143 MSPS, f =71 MHz, NZ =
18,
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B RATHE EHRBIERB ARG EL AR, FILHGERA10 MSPS, BiLHf = 71
MHzFIf, = 10 MSPSRA S RORRMNZ, WIGHINZ = 14.7, FATRE14.700 5 AN I 45T
AR, BRI EINZ = 14, FRIE % NORRML, nl#+2f = 10.519 MSPS, ik, /&
[ Af = 10.519 MSPS, f =71 MHz, NZ= 14,

b A AT Rt W] i DA IR I R R B ORI NZP E — AR

=]

[©3)

o

-

AT TR 1 2% A T s o DO ) R i e SR RTS8 5 S TR B e, [ Pk ) PR 2% o DU iz P
RS T IS SR E DURBIEN A5 . SOPA A T SIARESES RG0SR A R A
TR REERB,

SE M -
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ANALOG
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' To IDEAL
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ADC DSP
f T f
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CLOSE-IN
IDEAL SINEWAVE —
INPUT FFT OUTPUT
BROADBAND 1
e SNR = 20log 19 | ~ 2nf.t.
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fS
SAMPLING CLOCK (MEASURED FROM DC TO f/2)

WITH PHASE NOISE
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WITH N >
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A =10 log,o(A1 + A2 + A3 + Ad)

. AI10
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\ / A0
2410
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27 fo

PR, P4 Enl DI B BALRR P R R R T 0 Be By i Bems £, Mk
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BISZ T — AN EoRpl, EBRAFEAE LA 5 . Briiy-150 dBe/Hz B A HH fir it
RET REFESEAERORNE, HIRENEMETURESEIRE R, -150 dBc/Hzi
P pE O HLAR K o ) 3 LARA 4341 98 (200 MHz), 133-67 dBcHYFR S MHDIRE A, TR, %
e 15 AH 24 410 log, [200 MHz - 0.01 MHz] iy & 5 #H AL 75 (dBc/Hz) M, sebr b, i
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PHASE
NOISE fo = OSCILLATOR FREQUENCY (100MHz)
Bc/H
(dBc/Hz) INTEGRATE TO = 2 fo, = 200MHz
150

10k 100k ™ 10M 100M 1G
f, FREQUENCY OFFSET (Hz)

A =-150dBc + 10 log,, |:200><1o6 - o.o1x106] = -150dBc + 83dB = -67dBc

A10
RMS PHASE JITTER (radians) = \/ 2:10 = 6.32x10~% radians

RMS PHASE JITTER (radians) _ 1
27w fy

RMS JITTER (seconds) = ps

E5: RigREEEGHEIREIEETE RG]

i Y 3 2% B RH DGR A5 R P 3 — R iR KRS, ez i 1 LA BIF DM LR . s i 4
i ¥ ax A0 EL R 20 kKHzRG 1/EF P, R e AR Al e 7 AR I B B i 0 E ROk F . A
Wenzeldig #% & A B € SR 1, PERE (575 3CHK9) . M W] 28 A5 5 R A A AR S 3
ISR PERE, — AN SRR R IR A AR A TERED-150 dBe, IEIFR,

L 4
*

*

E6:

Wenzel ULN Series* -174dBc/Hz @ 10kHz+
Wenzel Sprinter Series, -165dBc/Hz @ 10kHz+
High Quality Signal Generator —150dBc/Hz @ 10kHz+

® Thermal noise floor of resistive source in a
matched system @ +25°C = -174dBm/Hz

® 0dBm =1mW = 632mV p-p into 50Q
® * An oscillator with an output of +13dBm (2.82V p-p) into 50Q
with a phase noise of -174dBc/Hz has a noise floor of

+13dBm — 174dBc = -161dBm, 13dB above the thermal noise floor

(Wenzel ULN and Sprinter Series Specifications and
Pricing Used with Permission of Wenzel Associates)

100 MHzi#fz:7% 2809 55 7 #H (i K JEE e 7= LL 38 (Wenzel ULNFaSprinter
R Iag¥FIEFOIR i E 3% 75 Wenzel AssociateshyFo])
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EHEMNER, RGP KE S AR RE, EHILEIRPHREESR g . +25Chf
3-174 dBm/Hz, P, AR A-174 dBc/HzR ¥R %95 Lh+13-dBm#y H 3K 2150 Q (2.82-V
p-p) AR, H A A A -174 dBc + 13 dBm = -161 dBm, Xk & E 61/~ Wenzel ULN
ZHH1E O
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Pa T, BT VR IREAR, Frahpde a0 Jd a7 AL S XIS R, TR
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B APl oIk P R 5 FR
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-180 | | | | |
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—1204 (-120dBc/Hz, 100Hz)  WENZEL STANDARD 100MHz-SC SPRINTER
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E7: {KLRFAE100 MHz R & 1R7%8509F 3hit &
(BT FE 18 (L% A= #4#8 E % 5 Wenzel AssociateshyiFaf)

FESORAIEFHSN R AL B9 RGBT b, R0 L AR IR B 8% A — it & . BT %
A Bl AH 20 (PLL) AR F  % 2 R “H A7 e s R e g, P8R, R TPLLEH A
U2 AREF S5 B0 (BN 2 % SCIR10E13), fERA B — P8R, B —& .
7 T DL T I I OB A P 472 W AR IR 9 4% (V CXO) il 3 T AR A B IR O AH AL 7 .t I8P
PLLAEREARAE A LA IR 7= I [l i, A th PR I 2 " Mg e, FEPLLAa th 2 ) i
G EIEN A, T — BRI a AR,
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! ADF4001, OR ADF41xx-SERIES | fs  sAMPLING
NOISY ! H CLOCK
cLock. PHASE CHARGE i LOOP
— —> ; —» VCXO BPF
DETEFTOR PUMP | | |FILTER ADC /

—| DIVIDER

________________________________

f

S

fS
[E8: f&FSIEIA(PLL)F07E EiIS K 25 K A B LR AR B s

FEPLLp N E—AN A a7 VCOMBURINEIF 7, R, W TPLLAAEN, ™AL
N 7 R A A1

VAVG =20

f, = 900.00MHz

Span = 20.00kHz

RBW = 100Hz
VBW = 100Hz
SWP = 1.60sec
/ r\""Output from VCO in PLL
WM W Output from Free-Running VCO
g A %W‘”W‘

E9: EHIE{THVCORIEEPLLAVCORIETIERE
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ADIZA RV 2 AR PR G ™ dh, WADDSHRLGE, BBNF/NEINGHPLLEE, fi
i, ADF4360%511/2 & VCOR5e B NPLL, fEES &M —AN10  KHzAF SV 5% U8 3 2%
HITEOL T, ADF4360-1 2.25-GHz PLLAYFHALME S anEl 105775, 43 Bl DR FHah it 5t iE 11
FR. WHER, BIRERAAEMAVCO, rms#aith AH1.57 ps,

-70
[l
-75
-80 ﬂl
-85 \\
-90 A\
—-95
-100
PHASE -105
NOISE -110
(dBc/Hz) -115 o
-120
-125
-130
-135
-140 N
-145 L
-150

-1565
100 1000 10k 100k ™

FREQUENCY OFFSET (Hz)

E10: K10 kHz#E BRI K a5 8JADF4360-1 2.25-GHz PLLAJ#E{I IR =

A

/V

= 04414-0-005

-
o

T (_80{?/“2’ KH2)  77dBeiMz, 10kHz)
-80 -“-_/—1'/‘

(-82dBc/Hz, 100Hz)

~100 + TOTAL RMS JITTER = 1.57ps
PHASE -110— (-112dBc/Hz, 100kHz)
NOISE 0.28ps
(dBc/Hz) —120 -+
1.21ps
-130 - 0.89ps (~134dBc/Hz, 1MHz)
-140 + 0.07ps (-146dBc/Hz, 10MHz) (~146dBc/Mz, 4.5GHz)
_150 0.03ps 0.34ps
[

100 1k 10k 100k 1M 10M 100M 1G 4.5G
FREQUENCY OFFSET (Hz)

E11. ADF4360-1 2.25-GHz PLLIF{ IR E9 7 BT L £l shit &
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ADIZ R M A W] % 3% T 3 AADIsimPLL Bk {1, PLLIGH AR AR AL . BIFRBLTT, 1§
AP W R TE B A — AN AL, R EREPLL, VCORMEMRS %, —HiEER
B DR WAL B 5, R AT LA 3 AT R - DA SRS Bk Js8 9 5 ok DEAE AR RS . MM =L o
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R FER AT x4y S T READCHYE MR L PERE TR SO . SRS R L S FHsh 2 1Rl
MR R EARFFTRA, (HR % Bk 45402 AR AL FORMGE R TR . ASCUE 1 el
AL S S A PHEl, DUERRA T ISR LE I T R

8 1 R VCO(LL B & 24 1 98 I ) A B ARPLL B 2K A T e AR 5 693 ) A0 a7 I 1R D 5 2 IR B
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DURSYEHTW. R. Bennett19484 5 RAIL MR 3 (2% SCHR1 M, BT T 8 HE 7 ) 32
Wit R R, AR 5B AT LR L B BT R . A Bennetty 2 i 3¢
ZJR, TR — T R 1 TR 51 ORI (B % SCR2-6).

B2 PRI /s T RARZESHRIASE &R, WA, — AR B A 9 06 050 it RE e I e s 4
B AT, RN IR ZERI TR AT .

e(t) = st, —q/2s <t < +q/2s. 21
(O T LR R A
2 sp+q2s 2 .
e (t):aj_q/zs (st)“dt. W)
BEAT ) BB S Fn R AL W A
29 .
Bk, ¥ RBHIRER
BB A = e (1) =%. 5K 4
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q
2

E2: E{LIR~ES50ERIX %
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Sl SRR, BARAERESEAGSHR, REEPEG SRS, B
WAED R R qN12, PRI L IUAE AT DA — ANt P A RS R T

N
i R A IR B —v() = L2

5 sin(27ft). #R5
Bl , A G S HE D
2"
WERm AR TIE = . 5:K.6
242

Pk, HUBRNALSE S R RS L .

rms value of FS input

SNR = 20log,, . . F7
rms value of quantization noise
N
22 2 ] N 3 .
SNR =201log [— =20logig2 " +20logqg .= X8
10 q/\/ﬁ 10 10 5
SNR = 6.02N + 1.76dB, DCZ L /24 Vit Hl %59

BennettiE SCHE M. EARE AR R SEBRBUE 2 ST A, MEDUVT AT, (HHES 4 KoM RifL
SEATR R 2 R AL B R, AR, AAZRERRBEIR, 07 iR AR R AEDCE s/ 2/ 5
AW L E N AT IR,

BIRFRE

Y2 R, Sehs B AR S5 H A SEBW/h T R ety (5 WIEI3) . an RAE B g
Ve DBERAT TEBW LASMHIWE 75 sy, W45 s AU 6 — AR IE R (RO “ AL B 35 7)
IR MESNRIY i 458 7, % sX10877,

f X
SNR = 6.02N+1.76 dB + 10log o - gw, 555 BWHE L. % %.10

AW DL B 45531 SR 5O 5 5 AT RBE R RO T RAE™, i RAE, AL R
TR g B R - AT R a3 A, A AR ADCRAAR AT LR i REEBI A
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NOISE
SPECTRAL RMS VALUE =

q=1LSB
DENSITY \V12

fS

MEASURED OVER DC TO T

ql\/ﬁ N
\ fol2

\4
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o o N

f
SNR = 6.02N + 1.76dB + 10Iog10|:2—L:| FOR FS SINEWAVE

... 7
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W
=

E3: ERYEE R R

SLBENE 5 A ST LGB IS, AEVF 2 B R s e R R oL, 55 i
Z ST HEE A, — ANADCH AN SE AT R LA B, filtn, 36 E RBHDE g To 2k i
F S (AMPS) H1416430 kHzafi BLadE 2 ik, o5 AIH9A 92297 12.5 MHz, REEREEHE RN
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W -
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ZONE 1 | ZONE 3

EEEECENE RN

! : 5 L ¢

0.5fs fs | 1.5fs 2fs 2.5fg  3fs 3.5fs>%—
fC

f
SNR = 6.02N + 1.76dB + 10logy |:2—BSW:| FOR FS SINEWAVE

N 7

_/

El4: RREFITREEEPIFERLEE 2

Process Gain

BARFESHAESZEMEXMEES S ANiRE

R SRR 7 1 3 0 LB Tl it g/ 2 BORS B IOV, (HAE SRS R T, SR 53 T i 55 5%
WA G SRS, B, R EE RIS A SC BER T = i REREALLE 5 AR SR L .
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ERBAIAFEB N,

FEL B BR R A, ADCHR AR —BOBiR (B &5 — Sl S 9 R SE e AR )
BB AR AR R BEALAY . AR, ARSI 53 BT L v (S 0 0 4 v 1) 1 5% D A A
AXFADCHATEFT), BALKE R 515 5 BAHSC R g T RAESUR S A (5 S HIELIE.

FISH R BB T X AR O, b 6 — AN 4096 s FFTA 43 A1 — AN B AR 12 ADCHO i t .
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471.
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8. Hank Zumbabhlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as

Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
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Rob, RIIATEEE, dexi i s, WRs R, R TAER L) Rz B, X 2eas it
HARHMEN,

BE AT

SR B R AL e AL S P L PR . AR LA e AL 25 B R A GR Be 1-, BE T AEREL E
SETITRERL . FEF R ARAILE, A =AMEL200M 584, XS R YRR
RER. eSS B AL XA T A R 5E 7 R AN 90 H S .

St STATOR S2
ROTOR SYNCHRO

R1
T $1TO S3 =V sin ot sin 0
V sin ot $3 TO S2 =V sin ot sin (6 + 120°)
| S2 TO S1 =V sin ot sin (0 + 240°)
R2
s3

: ! ROTOR RESOLVER
b R1 S4
N — $17TO S3 = V sin ot sin 0
STATOR V sin ot STATOR S4TO S2 =V sin wt sin (0 + 90°)
| l =V sin ot cos 0
R2 m S2
S3 s1

E1: BERYFETES
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T B AHLA = R120°H € TR, Pk e e e s i, mA WS &,
A, BRESAPLA R EOR D, (PR T3 S ZE SR 2 BB B

L2 T, DAL & WIATERITE B2 i, RAZ SR T ESIE ek . %
BIESMRRGAMN T E 7L, RRGHAMTH T B 55H — 538 85 F i AL e R
WA E SRR oA, TTReE St AR APLERE, PO RSB
FABAIHLR, TR BEAE 2% 10 A7 a0 52 Bl R IR, 25 BOhe3E 2 I BUE TAR A2 VE4OV
rms, Ji#A400 HzE 10 kHz, ff RS A 59050 £ 0.590 53 (— A 609843, —3k53 A 609K
B, Pl —ik5 #24 T°0.0167 %),
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fERIER . X T BB AL, AR — Xt i ] J L Y L e B8 5 T X I A AHE 2k [l LAY H
FERR BRI,

Biltn, W —A 3% AP B G RUFIR2_E A9 38 i B R Vsino i 5, W5 1A - H
BT

S1%S3 =V sinwt sin0 Al
S3%S2 = V sinwt sin (0 + 120°) A2
S2%S1 = V sinwt sin (0 + 240°), A3

Hep, 6455,

X T hEAE RS, LA TAHEHR A Vsinothf, & FHui RN
S1%S3 =V sinwt sin 0 N4
S4%S2 = V sinwt sin(0 + 90°) = V sinwt cos0. A5

PSR, FIH Scott-T7E 2% AT LLKE B & SAHL A 3 Sk H B ba B 00 S8 U Be 28 2 1% K
PHBE, T i B9 1E 5 A B R B 5 I e AL 2R
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SINE
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COUNTER vco "

VELOCITY
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LATCHES

WHEN ERROR = 0,
Jy( ) @ =01LSB

E2: ETHFE#HE(RDC)
Jig 2 2% B € i R KR M
V, =V sinwt sinf A6
V, =V sinwt cosd Wi

Lrp, OMBERE s TIUAE . BUF R T ROEFIES:, HAZERLIV BRI

52

V sinwt sinf cos¢. 238
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A TG 2 BT R, S

sin (0 - @) > 0. A2
SUX ARG,

0-¢>0, AR13
FirLA,

¢=06 N4

FEEAE—AHRLIN, B, HHEE % i bR M0, R B & nT LARR iz 8 1%
FBISMES, MO b A BRI R
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kR AR DS AU €% o AE— A B PE E B A 92T AR iR 2R B
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RIAAFAERR AR RLR A . R 2205 5 (AL 2 s ok ek 30 1] HH B
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5t b, BMES G SRR DR RIR10%, BATMAEMR T TIVe, A epi 280 77 0k
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AD2S905¢ ADIZ m] H2 i 19 2 2k 48 i sRRDCH ) — 2k (S WL H B P/ e 28 0 5 e 23 v 7R
%), —IBREMSE2F AL, ARXABRMIL/EER FHRBSZNEZEE, HESHES%
kL, 2Fn3,

S50

1. Dan Sheingold, Analog-Digital Conversion Handbook, Prentice-Hall, 1986, ISBN-0-13-032848-0, pp. 441-471.
(this chapter contains an excellent tutorial on optical, synchro, and resolver-to-digital conversion).

2. Dennis Fu, "Circuit Applications of the AD2S90 Resolver-to-Digital Converter," Application Note AN-230,
Analog Devices. (applications of the AD2S90 RTD).

3. John Gasking, "Resolver-to-Digital Conversion: A Simple and Cost Effective Alternative to Optical Shaft
Encoders," Application Note AN-263, Analog Devices.
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‘whorst Other Frequency = 9.3 MHz 30 . 5 E

‘whorst Other Power = -97.555 dBFS

Moize / Hz = -155.343 dBFS / Hz -108

Awerage Bin Moize = -116.518 dBFS [“““ il dh i haly L' e

THD = -44.075 dBc A20

SFDR = 44.47 dBic |

135

<
EM 12M 18M 24M 30M 3EM 42M 48M 54M EDM

K]

10632-007

[El7. AD9268 FFTHIZE I, BN S TEHA DB 4%
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E-3
& B HEBR B4tk
R IB 17 S ADC P Al 528 I 8 B IR e, 06 LA T AR AR
WO HERR AR )T -
o K&EIC, ADCHKDUTR® LHL, fEIEH 5| HEnIE
W e IR, Al RE 2

o RAESMRTIEMMSE, WELRP B TRTL 2 A
R FHGHREA S, RETEE, BERIIRRR
HIEMN . 1R R S5 PCB L B i B . L Ak
EHEAR,

o HERMARBERRGAR. A0, RETESR R
AR ROR P g PR, S BUml kP4 1E. EHDUTH
PCIYUSBHLAT I Kt 2368 s R S A1

©2012 Analog Devices, Inc. All rights reserved. Trademarks and
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o BT LR AT SRR DI RE . 20 Tidn e
I CU P A, E R A PR OE AR G B

o ARFEE MR ek 1T REA KL, TCILIER I
SR TR B e as PEfE . Hob TSR SR
Hegs. BEBRIE. DRDAR. BAT. IRBAHHFE.

ESER
BT REZIEN, WS RAD268% i T Ll Kanalog.com
ORI E AR

o AN-835MHZEIL, T MR EADCIIR 51FAk
o AN-877nHZEil, #MidSPIS S #ADCE:H

o AN-878N %I, &#ADC SPIf: k4
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EIRE: A
SNR=6.02 N + 1.76 dB
B RiES

& ADIAT]
Ching Man

518
A T EAEA 150 28 X (SNR) = 6.02 N + 1.76 dBf
HEFHRE, HP A UEE TR F I,

T
AR T SRR = AR R B

1. BRAR BB 28 (ADC) {5 36 B B 2 2 FnRAE,
2. HTF RSB A R (ms)HES

DIGITAL OUTPUT (y AXIS)

ANALOG INPUT (x AXIS)

3. SNRARHES:, LIFRESNR=6.02 N+ 1.76 dBfH ,
SNR =6.02 N + 1.76 dB value.
AR R A XTMT-001 9 B s SO 9 e fu e,

HEMADCIEE B M A FIRE

B ) ADCH i b BRI L (DB 72 (0 Vi Hh
Sy, BUDE A IZER A, X 2B 2T B
MMES MR, 2L BB 2R R Hrh A

K1 (B)F R AR A G S B ANALADCH B AL A
1 LSBUUA A 8 A1 1R 22 v LA ad — A i K I IA AE 4580 A q (i
A q/2 % -q/2) AR R SR BRI BB R IE RT3, WHIER, ¢
e Al R RAER S RSB B . %65 bRk
HES (%) SEIM ARG SELRZ 2, ML (AR,

45 Q/

ql2+
—_—
t
/ TIME (t)
—q/2

10902-001

(B)

1. BEARAADCA% i 1R 0 (A) 5 BE AN T ADC 8 {74 (B)
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H&M AN

y=mx+c

He,

yFRIYHME.

i .

A AEX=00 221yl i 52 1

Pk, #R A LA RARANE2, W2k =0, y=0(Hp

JFR) . eMIREARN
ey=st+0 8K e, =st
Hor,
(t)yﬂﬁﬂﬁbcéﬁo
SR,
tABF A,
KR — SR E LM AR

y=mx+c

ERROR
€

/\ .

Tt <t<t,, RIEe(OfE-q/25+q/2Z L,
FEPE I, ARt Fie i, iR FEe()

—q
et) =—-=st

_4
2s

" 2s

RARR2FAK3, e(ETEEZEAE2,

€y

€ = st

ERROR
€(1)

SLOPE=s

ql21

/.

-q
ty =2

RMSS:

/|
/]

TIME (t)

q
t2=z

B2, fEAL, At fi

10902-002

(2)

(3)

BUAE, W] LLRE BB A R0 B Ak AT 05 R (rms)HE
3(AFIRAHEFTRNRTERT, e(OIITTEINES B)FI7R.

/Y

-+

PERIOD (T)
(A)

legl?
T (q2)2
e — legl?
—
TIME (f) . ) TIME (f)
1 2
-
PERIOD (T)

® g

3. & X BET (A)FIXT iR FEe(t) LR J5 (B)
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¥R FEe(OFERT BETH AT IS, Horp, Whaeph 23 50270
AR35E X

_ "4 " +q
17 s 2= 25’
Pl 3 v i B TR IS ) 5 Ak Fnse L T
T = tz - tl
- 1.9
T 2s + 2s
.
o T = . 4)
¥R
t2 (st)2 2
ey =f (ST) dt =;I_2 ®

ty

LU 7S, BUR B R 3 TR 2

g2 =2 (st)2dr 6)
q

3
q
3 A _ 3 3
NS o e
q 3 q 8s3" 3
1
s3 31
——><2><q—><—
q 8s3 3
£ g
= —X2X——X=
g 8,5 3
¢ 1
= —— X —
4 3
H L2 )5 iR 22
2
e(t)_ﬁ QED

177 R e (O ME AT LA T 2 20k
%z)zfzi:_i_?i
© 12 V12 V@édx3) 2v3

226

Pk, #7E iR Ize() N

(éz(t)) - Zqﬁ @
B2 R A 355 0 P i R CBS) IE 3% (V) T34 th
PR, i

— g2V

Viey = Tsm(ant) (8)
BR IE R DA BRI TR, R 5 SO.707HI AT,
WV X . B, A TER 75 B

N
52

Vi = \/—
SNRES:
EHe Al B, nTUES H PIdBAY AL ISNRA K, H
6.02N + 1.76 dB,

MRAE AR, FHKlEE HIAEIES%(90°) = 18}, 375 4R (FS)
IEZBERAVOE SRR
N
ﬂng% (10)
Sof T3 AR NAL#E 388 (I A3 10), X F 2 L il
FE (A R7), H¥ A b (B2 10/ 7)ol 18
LT AR (AL A dB)

RMS value of FS input
RMS value of quantization noise

—sin(2nft) €)]

SNR = 201log;, (11D

SNR = 20 log,, l j
(f)
q2"
M‘
9
| 2v3
[ g2V 2V3
oy
[ g2V 23
Eoky

201 2 X 3
= 0w | 7— X ——=
| V2

1
3
= 20log,, | 2V x\/;]

312
= 20logyo [2]Y + 20 logy, [E]

= 201logyq

= 20logyg

= 201logyq

1 3
= N X 20log, (2) + ExZOlogw <E>
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= Nx 20 x0.301 + 10 x0.176

+~ SNR = 6.02N + 1.76 dB QED

Hrp, N AADCHIS PR (CRRADL).

S RER, AKX PR R%E6.02KH200g,, (2), il1.76 dB
= IOlogw(g)o

ISt

AR PR M DR, HRE RALIRE S A
Yoo SRS, MN > 6 LA TS BIFAER WA LS
SEH LIRS ). SR BLA (EMT-001
it it

23 A HR FH A 1 5 SR P U8R 7 I A 2% 4 10 45 4 3 8 1l P
FRIgUE R, BEMDCE RAESHR M —4, R B AR 58/
TRFEBURAG—F=, W26 %50 B A IE R %, inMT-00157
J‘j;:o

Bk
201248 § —1{&iThRO: #II&KR

©2012 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
MT10902sc-0-8/12(0)
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PE{KADCH#pE O £l zh
ADIZA SR I T4 —
—
— POWER SUPPLY
2| INPUT
= VRer
I 1AL I 30 2 BB R 502 (ADC) |
WIS PERE, AL B A I B IR DA o Rl A FF Ao | U
/E 52N
° 47 INTERFACE
CONTROL
M LR L HRE 251
B#
G ) NG == R 2 BFIBIED oottt 3
BEFIBEIE] vt 2 02 LA 3 OO 4
FEAEZEEG M cooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesessesssssssssssssssssssssssssssssnnes 3 I SRR DL TT B v 5
BT

201251 A —1&iThRO: #IEHR

228
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B shai A\ IR 7S

Fief 2 1 AL X [] B 9 7 3l 2 B R B R e e 23 (ADC) Y

e, Biltn, #Haia SEADCIERT R RIREE, 1o

B AR DR, HIEIE a3 PRI (51 LE(SNR), BRI

PHEA R Z AR D71, WA St oI, DR, A0

o o B R AR SOR i fl B B P R GE R I 1 — 2

W, BEELMEHHEADCHERE,

e B ANADCZ [ ) Fi % 5 e 2 B S P Sl AR A SRR . B AL

Prah i BEALEE 4 5 ke, BEALE A R AR X 47

BRI A LA, TR 7 A

o B (2B e AR TR ), BRI B s )
5.

o HUHIMEF, SMEHBMARBIRA R, ZHRBAE
BT, HER T R RO DR B 5 1k AR HR I bk oh BT
o

o [NRREEA, B BRI . %0 A
W SRR R RS R, X 28 3 i 1 £ i A
W 2T A 2 [ B Y BLIR IR

o JRFGEE, WEREORAEMEF, H AR TG R A A
BALIE AR, 2BEHLR S SRR IR T

W TS TS ke, 2l il 5 2 5 SAd B AR K A O

B, ¥ 52 A A By PR BRI

A I P SR A = RhE AR

o B
o Hik
o R

B3

ERROR VOLTAGE

ENCODE l

Q1

I R:=CTANGULAR
B B si-moDEL
BT NoRWAL

_,_ IDEAL
El1. 31k 5
it pp k3 R gw A i e B REAR CR W R ) R s fb, 48 4h
AP EREE, Bahs b BRI BT A XS H

10338-001

= 20log(Oms ) = 20log(—— )

rms zdana logtjitter

SNR jiger
Blhn, S A1 Ghz, $3)4100 FSEJ5 AR, fERELLA
64 dB,

FERF IR & BB, B 5 1 g i B i 2 L 2 S Bryhix
7%, WG T B av iy LI, fLERPHE 2 fEADCh i
PR TE, mE2FR, PEhTRE T A T WERRADC, Sb
FRERAE I h ez 1 LK

dv

AV =W x At
ANALOG
INPUT
% = s._opE\ AVpy = APERTURE JITTER ERROR
} NOMINAL
HELD
/ - * ouTRuT
- < Atpys= APERTURE JITTER
HOLD

1 g
TRACK g

2. FLEEPHSH TR FER; B EESI
229
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P37 P (R L 2, B3 IR R 1552k, 430l
REAFREENE, <2 BRI A SR, yhi2 h
FrahsEmfEELL, A TFADCEEMELL, BHapE 3T
forare P Erop R GE Lo B, FEAHE Pl REM 1 KHZ ]
fs/ 2B 543 B FH 9200 fs, 1 A 10 kHzE fs/ 28153 45 21 1)
FHaA170 fs, B IE G T2 i .

90 SNR OF ADC AT 200MHz, AN VARIES
WITH CLOCK JITTER DIGITAL
85 84dB ’\/ourpur
ANALOG
o 80 \ INPUT
3 78dB SAMPLING
o .. CLOCK
= ~
S 7208 | \5|0\|fS
tl-})J 70 1
o 66dB | \\1.?%
o % — 1
(= ~_ 200fg
-
‘z’: 60 60dB ]\'\
) AIN = 200MHz & ™ 400f
»n 55 1
\\ \l\|\
50 [ 1 — EACH LINE SHOWS 1
SNRj;t = 20log | ,——— CONSTANT RMS 800f
2 ftjiter CLOCK JITTERIN fs
45
100 1000

10338-003

FULL-SCALE ANALOG INPUT (MHz)

V3. i BRI S I T HETH (e b
#3512 145 48 LE Fn A A B (ENOB) R R DL T 2
XE L : SNR=6.02N+1.76 dB, HPN =F A%, s
F£100 MHz4ig NI, 1440 A BRI EEE R 3 057 i FH Al it
0.125 psei 125 fs, % ARMBEADCEA LR P, Hop
o —iR 75 2 F I b Sl A R s

130
I [ L RMS JITTER < 1ps
120 0.125ps IS VERY HIGH
0.25ps PERFORMANCE
N 0.5ps Lrrian [
o 1o s SNR=201 [ 1 ]
N 2ps =20logqq 57—
;, 100 :7~ 2Xftjltter _L16BITS
3 o SIS TS 1]
w NI 14 BITS o
g &0 S T L
z T~ \F T N 1287s| &
[e] 70 ~ [~ AN <
[ Il N
3 10 BITS ARy
=z 60 e N ™~
] T
Z R ™~ NN
IF SAMPLING ADCs \\
40 |— ANALOG FREQUENCY 70MHz TO 300MHz, NN
SNR 60dB TO 80dB
30 [ L LI L 1 LI
<
1 10 100 1000 §
FULL-SCALE ANALOG INPUTFREQUENCY (MHz) 8
B4, #1372k B BRI 5 e b L S5
it 4 PR I 5% e PRV A TR K %
IR EE R0

i NI B AT AR, ATDME R B 0RO BR B, AT
PEACR AR et m, — il , JRERmE, 23m
FLBR BT XERE , FTRES R LM T PL(EMDRE, i AT HE
XHEHRBER T, EE, BRmNEEER, LAR

230

BB A AR Y As . BISE R 1 SIS
el ag b #Ha, BOh R BTG PR A 2 A
3,

200

150 \

-
=3
o

RMS JITTER (fs)

50 =~

—

0 2 4 6
INPUT SLEW RATE (V/ns)

Pl 5. 38 1 S I 5 5 R 2D -5

10338-005

s

T3 R HH BUAE SR R Bl b Lo R AN S TS S O —
1 B 3 4 (SSB) R VRl - 1] o i 4l 6 7 ) 5 L DA B il 2 )
B VARt PR T

CLOSE IN NOISE

\ WIDEBAND /‘
NOISE

6. Bt
of il {3 s SR AE BB AT B, PIE, BB B AESR
W EWER L2 M T RS . XaWmESm
EVM, REAREEARPERE. SREBLREES LA SRR T
SN ESSPOLRTESE N

SampledOutput = ClockSignal + 201og(

TO ENCODE
BANDWIDTH

CLOCK WITH
PHASE NOISE

TODC

10338-006

fsignal

)

clock
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-120 T ]

-120
-125 ’\

-130 |- L L

IN

w

o«
|
T

-145 ot ot

PHASE NOISE (dBc/Hz)
|
=
o
|
1
|
T
|
1

-150 - L

-155 - T

-160 — —
10 100 1k 10k 100k

FREQUENCY (Hz)

Vs

10M 100M

\
\
\

PHASE\

NOISE NOISE
SKIRTS SKIRTS

K7, BREBIR S 5L R A IR T B0 4 i1
AR R F

DESIRED SIGNAL

10338-007

HH{iis

FEAL I 75 R A I b sl S 2 LRI )BS85 2R
I B E S AL B R R e . X — iR TE B2 e 2 FF
EADCIHIfE L.

SAMPLE INSTANT: PHASE = 0
i.e. POSITIVE GOING
ANGULAR RATE OF \ 0 CROSSING

ENCODE CLOCK

-

PHASE,
FREQUENCY AND
AMPLITUDE NOISE
ON CLOCK

8. £ B 1

TEFIREIBIFH, —66 dBcH) A4 %78 MHzi 4 |,
FARFF ADCRAE £ il ££30.62 MHZE S 5

10338-008

ZRELM-74.1dBe, #LAT AKX

—66+ 2010g(%) = —74.1dBc

dBc

-80 I

-90
30.25 30.50 30.75 31.00 31.25
FREQUENCY (MHz)

9. {5 i i BlR R 11430.62 MH2 {55
F et A Gl H PR — AN AL, (AR RS
f o AU E UK AT CAREH A FL a8l , 8 SeifiE i i i,
SR e I /) 5 T RN R S R IR e 7 R oy REAT ER AR

0GR 7 0 3 o T 5 1O R R A DX SR 43 4 Y

10338-009

_rise _ Vphase_noise
run ~

Vimain_clock

MODULATION
ANGLE ¢

PHASE NOISE
COMPONENT
OF CLOCK

MAIN
COMPONENT
OF CLOCK

ANGULAR RATE
OF ENCODE CLOCK

=
I
3
1]
=
w
2]
5] INTEGRATE TO
z ENCODE BANDWIDTH
2 160 -
I
o
—
10k 100k ™ 10M 100M 1G

10338-010

(Hz)

[ 10. X i i 5 HY 20 6 0% Bt iy 11 e 7 E AT AR 93 11

B -160 dBc, B5EM10 KHz% 245.76 MHz, H i,
10xlog(245.7¢5 — 10e%) =83.9dB, —160 +83.9dB=76.1dBc, £
B

231
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Pypise = —160dBc/ Hz +1010g(245.76 x10° =10.0 x 10° = —76.1 dBc

Jitter 50 = \/2 x 10 ose 10 — \/2><10 T8I0 _ 2 217 x10™* radians for small angles

. -4
Jitter Jitterpy,q, _ 2.217x10 _- 1435
27 ose 27 x245.76x10

PR PAE, BHE R RBANE, i, ALX5GE
WO, T AADCIRIIRE A T8
f

INTEGRATE TO
ENCODE BANDWIDTH

—_

A1 A2 A3 A4

—
10k 100k ™ 10M 100M 1G

(Hz)

PRI L1 AE 53 7 1o A Y 1 i S AL AR L
A = BR=B5 AL 2 (dBc),
Pl AT LU i o g it il B2 AR 3 82 00 2 W i Hh) R g 7 RE AT
PO SE0E . BRSNS BN, SRR RTINS
FBRER,

A =101logl0 (Al + A2 + A3 + A4)

A
375 AR B ILE) 2 % 1010
A
10
R ) ~ 10T

2 7#’()3‘6‘

10338-011

Osc *}L_‘é (%%%iﬁﬁ

10 k%100 k
(-133.5 + —141.6) = -137.5
2 + 10 x log(90 k)=-87.9 dBc

100k®E1M
(-141.5 + -147.8) = —-144.7
2+ 10 x log(900 k)=-85.2 dBc

10 M%E40 M
(-161.7 + —162.5) = —162.1

232

2+ 10 x log(30 M)=-87.3 dBc
RSS
10~ (-87.9/10)+10A(-85.2/10)+10/(-87.3/10) = —81.7 dBc

PNoise = -81.7 dBc

Jitter ‘phase _\/2x10qum/1o _\/2X10—81.7/]0 _
1.163 x10~* radians
Ehb /N fo

Jitterpyge  1.163x107%
2o 2mx12288x10°

AT T 158 £SHY R4,

B SRR IRESARR I R

AT LAARE F B AH 20 (PLL) 2 2% B i iy ) B0 52 P o 8
PFI12B 78 1 2 % 1 Bl e 5029100 KHzIF BLAT me s, (o
AN 2t 2 2 ADOS 160 Bp 2 A 25 v Ry e L, 21tk
AR AL W RISt A ADOS 16 E s . HR (a2 e AD95 161
AR ZEIRN], S5 R T i R [ SR

Jitter =

51/8

Iil o
—40
NN REFERENCE CLK NOISE —
"TTiJFINAL AD9516 OUTPUT NOISE (PECL OUTPUT) —
60 N VCO NOISE —
- AD9516 PLL NOISE —
LOOP FILTER NOISE—
REF-IN OPEN LOOP —
w -80 -<| ST S
I
3
o
Z _100
w
2]
o
Z _120
w
7]
T 130 g
160 il | X
_ e ‘||
f | \L
|||.

-180
10 100 1k 10k 100k 10M 100M

FREQUENCY (Hz)
12, B AR T 155 2 £ 3)
A5 v i FIPLLAT 25 2% i) i Y 4798 3 . PLLAF B %M
30Hz, B TEBRBMVCXO, PLLE[UMIKE B 25
B ph RBRIE R B, WME1B3RTR,

10338-012
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a5
—INPUT, 20109 (INogm)
55 —VCX0, 20 log (VCO))
N —TOTAL OUT, 20 log (ITy)
65
N
w 15
I
3 85
=
w -95 \\
o \N
S _105 N
@ 115
G -
I
T _125 1
N
135 f
\~~
145 \ =
155 10 100 1K 10k 100k ™

FREQUENCY (Hz)

[&113. JAPLLZBRTE 5
AR ADFAO02AE A PLLAR 5 B 52 5 HO A A 25 W, SR 8 T ADOS 161 i 2 A B A 7 HE 2 AN I i,

10338-013

|

1

Tx LO EXT
U/
>{ DAC > e X Z'TF°°1RBEJ,,FH;’P EXTERNAL PA
omowe | — = | ST s |
x PIN m m
AD9122 HAYH»| C ATTN — > DIODE _[>_O |
<L
> DAC Ry d ADL5541 ADL5320
/ L~ ~
ADL5375
DAC
AD5601/AD5611/
AD5621
] AD8375 ATTENUATED
~_ X ~_ ~_ B L RF outPUT
=3 ADC > % ]\ % % ATTN O
AD9434 TYﬁgAL ADL5367/  IMAGE REJECT
| IF-184MHz ADL5365
AD9516
CLOCK GENERATION,
NETWORK FANOUT,
o CLKOUT DISTRIBUTION P
ADF4002+ || ADCLK925 ADER
VCXO0 ADE 30%2 .
H >— veX
ADCLK905
N -l PLL 9,\1 . L{ ADF4350
PLLb’\,? -] > | -~
PLL "\, —
CLOCK .
CLEANUP
(61.44MHz) CLOCK LO CLEANUP Q RxLOEXT
1 GENERATION, (13.0MHz)
FANOUT,
POWER DISTRIBUTION
TO SPI
B DIRECT SPI FROM FPGA DEVICES TO DEVICES WITH
o o SPI BRIDGE CONTROL PINS
usB LOCAL SPI MCP23517
CLOCK MASTER | MICROCONTROLLER | (OPTIONAL) 16-BIT PORT EXPANDER
REF IN CLOCK
| (n * 30.72MHz) Jour ,LAux USB INTERFACE
\J J
NOISY INPUT CLEAN UP
REFERENCE INPUT NOISE
CLOCK

AD9523, AD9524F1AD9523- 11t $z H: 23 7E B 2310 PO 82 0 T HL Bl B st ™= A2/ 43 Be Bh e . AD9S2423 A 744 i
AD9523F1AD9523-1 M7 154 % 1 .

A14.
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Tx LO EXT
O
DAC > Re I Z'TF0°1F§E,\',.1.‘Z’P EXTERNAL PA
L~ RF OUTPUT
Tx DLK \—l X PIN 0dBm TO +10dBm T
O AD9122 e G ATTN — > DIODE ) I —
R % ADL5541 ADL5320
DA
C ) ~ X
ADL5375
DAC
AD5601/AD5611/
AD5621
@75 ATTENUATED
RF OUTPUT
- ADC > |2 N == AT ATTN Q
AD9434 TY?’II%:AL ADL5367/ IMAGE REJECT
IF-184MHz ADL5365
NETWORK
CLKOUT
o i PLL ..
ADF4150 +
|CLOCK SYNTHESIS | vco
AND DISTRIBUTION ADF4002 +
vexo ADCLK905
‘ ;@, ADF4350
] o
PLL —O > | LA %
CCLOCK
LEANUP
(61.44MHz) LO CLEANUP (O Rx LO EXT
(13.0MHz)
POWER o
TO SPI
- DIRECT SPI FROM FPGA - P! BRIDGE DEVICES Tg é’ﬁ%’.‘;%i%‘{ﬂé“
AD9523 A .
USB LOCAL SPI MCP23S17
CLOCK MASTER | MICROCONTROLLER | (OPTIONAL) 16-BIT PORT EXPANDER
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Kfs - fa
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STOPBAND ATTENUATION = DR
TRANSITION BAND: fp TO fs —fp
CORNER FREQUENCY: f5

STOPBAND ATTENUATION = DR
TRANSITION BAND: f, TO Kfg — f5
CORNER FREQUENCY: f5

Kfs Kfs
2
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MT-228
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MT-228

HIERRBABTALN

WS (~dB) = 6.02 x n + 1.76 + 10 x log (N/2)
BT RER T A (%K),
W )i (—dB) = 6.02 xn + 10 x log (3 x N/(p x ENBW))

BB T TR A EIEE .
F1
FFTS % 124 144 16
1024 101 113 125
2048 104 116 128
4096 107 119 131
8192 110 122 134
16384 113 125 137
32768 116 128 140
SNR (dB) 74.0 86.0 98.1
ARNIE(ENOB)

ENOB (BITS) = (SINAD - 1.76 + 20 x (FSR/ActualFSR))/6.02
{S4LL(SINAD)

SINAD (dB) = -20 x log (sqrt(10(~SNR W/O DIST/10) + 10
(THD/10)))

EIERAE(THD)
THD (~dB) = 20 x log (sqrt((10(~2ND HAR/20))2 + (10(~
3RD HAR/20))2 +... (10(-6TH HAR/20))2 )
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EiL{SEREL(SNR)

RMSIES = (FSR/2)/sqrt(2)
RMSWEFE = Qn = q/sqrt(12)

SNR (dB) = rms{g 5 /rmsit i = 20 x log(2(n-1) X sqrt(6)) =
6.02xn+1.76

i M/RTE

Fs = R Ff i 4 (Hz)

Fin = fiy A 15 5404 (Hz)
FSR = il |2 (V)

n=fi¥ q=LSBK/)

Qn = = fhugh

LSB = &A% Ahr = FSR/2n
N =FFT 5%k

ENBW = & ORISR0 A 92 (940,  PU%iBlackman-
Harris % 1 FJENBW = 2)
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