ANALOG MT-011
DEVICES TUTORIAL

IR AR ME LABKEE . FHNBDHERYADC NSO I8k
{E& . Walt Kester
(b1

Bl (5 RO RIER — A E R RBUR IR 1% 3 (BER), ADCEE X RS BERAEZ I A] LA
SRR, (HRTHR R %R S AU e . BERY S, ADCRIREAFAEAR mlTiReg, fajHsy
POARATCIE N X BER GTHK . AERC 7/ Dl s S5 (SR B Hp, B A% -t n] BRIE e R
FEH A TAET “HUR” BR824 8 k2 iR AR 2R tH LA I 38 ok o ik, %A%
FTRERE IR A B AL bk oh, AT BUBE IRAVET R . AR/ G ADCH AT RE BT K IR 22 R A FE A
W, Wb RERIpE, DIRBERKINE TS,

RS, B, PR (RABBITS)sk kf(FLYERS)

BEMLEE A, TIRRE TR, & EARBRNRE (SHAmEMmE) . BIERE
RISIRZ /T, FAHT EE XA 2 RADCIRESRE “IN#” (sparkle code), fEADCZ Hijsk#H
PR A g e Rl DLl AR G R T . TERZBEM T, ADCRESR 2 &linfi, &
MAADCHI S PER (B L) SADCHIR ™A BIMERS  (Pr & Blf A G s ) 1Y
¥, ADCBRRLIE AR FADCH ol a5 w5 2 BT 22, B1RA
W — MR IE 52 0% 8 i ss — N FEAE RS IADCE, 5 kTR BENR, FhRETR
ADCHy g7

ERROR CODES

(SPARKLE CODES,
FLYERS, RABBITS)

LOW-AMPLITUDE /

DIGITIZED SINEWAVE

E1: BFHEIRBAIJADCHIT X%t

Rev.A, 10/08, WK Page 1 of 10



MT-011

REGRFER K, HWADCEWE A SRR G MR, B TAERUNG A, XeiRZERARE
UM, MBI RAEE L, XTADCH#EATFFT SNRIMGAR AL ME], 2028704548, X R E
W HPLE o IR MADC, BT e eI bR LRI/ NA R, B0 AR e MR %
TERIA W, HWmEERA WS XIRIRFEWEIR B (rabbit) 8 €5 (flyer) .
B EM A, XRRESSFBARGLERIGEBER)ME M, AN, HEEBENZ, %
POl (5 RN B IR ZER AR IEAUD, GE2IEARITIRID; Bk, T ADCIRIX R 40 bR
MR A L PR TR R AR INMERY S, 5 — 5, ADCEHTEE S X #2808 R R M &5
BB HI AT

FLASHE 25 P DA i

R RRASAERA, AR S — T F i flashfe gt 0L, 7t2iflash ADCHIEBLH )
P fs il RS ER, OB R AN . YRS RMARKETR, XERSEA
ZEHINIRG . A 7SR AKX, W E AR D BIE R LR IR A . P
2P 7R B i e A AR B SR BRI . VR 2 EE RS I 1 B2 2 ARgaR i, DAl “Bkah”
e, JEPI LRI BHEL B SBARE . R, RSN PERARIE TR, W
i, FEADCRI A, BERIRHE BRI THAL .

O LATCH
ENABLE
O——1
DIFFERENTIAL . © LOGIC
ANALOG INPUT OUTPUT
o— °
COMPARATOR
4 OUTPUT
II1II
- t—v
J HYSTERESIS
"0"

0
DIFFERENTIAL ANALOG INPUT

E2: SifFLLiEs

Page 2 of 10




MT-011

FLIOTR b g2 A P 50 23 0 T Ak z IR s T A
LS. ADCH B0 2 B L84 N B —ABife, M H AT DAEROE 7 40 2% o AR R
ek, B3R A Advanced Micro Devices, Inc. T 197244 H FIAM685 ECL (& Sl &
®he) Bifr s RIgE ) (2 WEHE kD)

LATCH ' l o l
ENABLE j
O !
O + —O Q
PREAMP LATCH
o—-o- Sl )

| |
INPUT o—q i J gz 1o mput

| Bns 15 LATEH
% Gyt

| ©
1.@ ‘1_/’5]
" o

ENABLE

'

F3: AM685 ECLELB:E(1972)

i A\ AT TR AR N — AN 38 SO A BiAT. 87 DL i, B R4 B0 TH LRk
WZBRIRE. W, BiIFIITR R IRTFIIRE, R A LGS alks I 25 R B il — P A B
T B s T TRMAR L, FTUMESA APt — B ——nT DRI AR B X 58 Lah#Y
W55, STEBIFILELHHLL, BIF LB SRR R Bt S B A RUE PR BURE A .

YR E TIC ADCRHE, HiZiHBa%EnseR, & HERE. FE. KR
He . B AT S B R AR, RSB A — ﬂ‘@.é’?‘ﬁ'{ A4 N IR R
WRAT W HARA LR, WA FEEADCH S 3 KR 2= (W@J) XMiREZRER
T Y ARSI ZE S AN PR A A BT, SRR ARERE, X
PRI R R A Fa 25 (metastability) TR A TEBIE T . FER KB R P9 PR 451 7 1 R

Page 3 of 10



MT-011

RAEREMEAFR, HhEnR 7 =MESRMARESEM: (1) RESRMARE; () /b
ZEST AR (3) TR MARIE,

Y v(t)= av, Ae T

N LARGE AV
|N wqn
COMPARATOR VALID LOGIC "
OUTPUT
SMALL AV, AV, } UNDEFINED
\ """"""""" f ) VALIDLOGIC "0"
~ ZERO AV
>t
DATA1 DATA2 DATA3
VALID VALID VALID
LATCH LATCHED MODE (HOLD)
ENABLE

! «— TRANSPARENT MODE (TRACK)

t=0
E4: HBRHBIETIRE
A3 i L RV (ORI DL S5 0

Vo (t) = AV Ae''T, %R

Hep, AV = BIFRAD R RIE; A = ATEBCRSSEDFI 6, « = BifFrEE
PR t= B EB S I B R Ed it il (S WS%30k2, 3)

XF/NESRARIE, S RABEE AR R E R R R BRI T YA
BOZH1T 5 HAGER0T I B DX, WG FTRE R B IR . ISR ZE AR
RN A%, H RS AEAFRT 56 2T, WHAEIA B2 A TR R (B
W EANERK) o i, EHBSFBRMIE ARSI T, ZASARE I, R
BAAELPRADCH IR T3, HL B3R T RGBT A BN A BT Al

MBI FERE , alLLdE DT 5 SR IR b B as A 2 . femsfa(A), SmBiAr i ia
At B AU/ AR WV (), I E B A i A B BOZ P4 e R R Rl (D.
BT RE . B3R AL AT R Tk 2 TR] A2 WL SR R DA AL EE R 2% T AMEAR SCRHETE il 2
W, ALES%ICR2, 3XFIZ R EEAT TR IR b,

Page 4 of 10




MT-011

B L B 2% I A A (B A AE flash P 40e 2 vh o He DN RG ANk, 4 SR) 7 B Y 0k ) i ) 222 4
ORI R T G hh , DU G 2 Bl A i R RE S BUROR B H HH RS, RATTPRB B ESHR
W) — P ] BR3P flash B ey . MRS A5 5 IEAF 55 T LL B4R BIME,  Ho B2 B BiAr ik
W, BEALEE A SRS AE 17 0 (07 YA H DR BT E0Hge . Ouf Y Uk ) R
0118100, FAT, AnoR LB Al T ke, P v e 7o faj 5 2 il i ) 12 4 ] e
P ERIRB000, 011, 1008¢111, 000FN111K RS TS I fin 26 A2 e, IR RN
AT,

114 'WIRED - OR
AMALOG 2 *
INPUT I
118
Vg - *
107
| f
104
»
it
.
oe
-
[+ %]
P 1
(2]
L tF . a ]
¥ = METASTABLE O8G7 oF " BT 1 BIT 2 T2
- 7 CODE
) BIMARY OUTPUT:
R* STATE 00a, 011, 100, OR 111

BE5: LLBEE%HM I FS 2 ol fe FH M IE R 188 i TR 15

B R RE R N, T RS SR P M s W, PR R L e e
BT,

fEflash 4085 Be it vp, AT 2 AP 5 SOR AR R A RS R2 . —Fh5 108 SE A
PR IDEL “PhRe R RO LB AT AR (PR G LI RERD) o XIS L
2276 SCHR2 22 O B i a8 19 HL At i ) 5 8 T ARSI IX R R 22 IO MR BE . 1 f 7 1 398 i A /e ]
BORMAL LB BT R 03D 3 22 ] JL Y 55— Fh 5 i——HARGY RS I #€ .

Page 5 of 10




MT-011

WradRE (RHSERNG) ] §e AL Z KE LR ADCHR K &5 St ADCH,
XPRADCR Hlflash 4 g AL 84 . HH IR ORE & DR P T aXpp i ol R TR A Ry i 52
B RTREAR BT ASJA]

Lo ik & 5 vl LR R MHRADCH Ry B IS3 . ADCHIBE A H— /N mfasE . (R E
IESEP R A w b, BEDA A RFBON R R TR R IIR, JER A Z MR & AP LT
1-LSBRYZEAL, WE 77N,

A
¢ 4 LoaIc
SINEWAVE ADC Lol BUFFER | | |BUFFER | B |ap|>x
SOURCE REG. || REG. .
e YES
ERROR
TIMING COUNTER

E = Number of Errors in Interval T

BER =

2T,

E6: ADCRIBZENARE

2% MR B R A R AT SR 0P S AP 2R TR E S ATIB, il — /M2 BRI EASB
Z gt 22, Ra, FZEESRERBEEITIE, ZREE/ESRFIE W ADCIEE 33
AR TS BEIL e S0 08 7 AR A i R AR T IR 22 PRABL A 1R 22 S B TH B e I 1. R — AN EIBT I
THIR ZEBERIER . fEdbAEAl B A 2R3, BER = E/2Tf,, 28R M %2, K
S o AR RG B 22 5 R ME ARG I, BRPRSICSREE AR, itk X T A IRE,
BRETHE A MR . T B R, WRADCH: A 7EA % 25 T OF T LR 7 351743
B, IR] DURR A 5€ el Rl i 5

AR AR, NSRS AR, WETHR, RE—ANERRA
TE % I 3 4272

2N ‘
v(t) = TSin 2nft %52

Page 6 of 10




MT-011

W55 i KRR

d—V} <2Nnf_ et 3
dt max

Adv=1LSB, dt=1/f, REABEK.

f
fin = zl\?no

FX4

R T IZ A, TS REN RS R DA —ARE, mET7RrR,

sLow
ANALOG
INPUT

ANALOG CHANGES < 1LSB

CLOCK
E7: ADCBHIBAIES ($1AHESTRIEEN L)

LA ol LABE T A R MK, HO5 3 R i AR e £/2, K8 n, 45 &fl
ADCTERH R B JEIE IR B R, FIbis N HADWmEE, &F “G R, [fig
BrRFE R AFAERS IR T 1 LSBRYZE 1L,

Page 7 of 10




MT-011

ANALOG CHANGES
<1LSB

SAMPLING
CLOCK

E8: ADCEHMHA (£ 3 EIHIREZEMiL)
iR A R R S SR e S K T,

8 N\ G R 5 0 PR B 272, HLABIAR L /2R 1K A PI %

N
v(t) = %sin{%c(%s - Afjt}

% 55 K 2 <

d—V} < 2N n(f—s - Af]
dt | ax 2 °

Adv=1LSB, dt=2/f, REABKAT,

webfio )
2 2.2

Wi ia 1T RUFIADCIIRISFRIFE S H, T ZFEPR RN ]

XS

FXo6

2=R7

— AR rTRETNIABOR

TAGERIIRFE . Hltn, XFREEEZATS MSPSHIADI002 847150 MSPS flashik 5% 17
Wik, HRRZERLHNITXI0"? (/PR —ANRE) , RFERIE A4 LSB, #E17 KM,
A BN R A ZEMURFIZON (BRAEPFl R 3E1T) . RS IE, AL E R

oMk . SHAMRE R R PR R

Page 8 of 10



http://www.analog.com/zh/analog-to-digital-converters/ad-converters/ad9002/products/product.html

MT-011

PR 7R 75 MSPSRAFSHR T, 1R 2 MIIY-F- 20 [ 5 IR AR BERIK &, AILIA L, W
R ERAD FIE AR T R, PR R ] I 2y e R AR MR SRR REE, AT L
BRI,

Bit Error Rate (BER) Average Time Between Errors
1x10-8 1.3 seconds
1%10~9 13.3 seconds
1x10~10 2.2 minutes
1x10~11 22 minutes
1x10-12 3.7 hours
1%10-13 1.5 days
1x10-14 15 days

E9: RIFIHFEHT75 MSPSHT, 1RZE[6]FJ0 6] 5RIZFER X F

RN

MH P IERE, RS ERENZR (RS MADCHITEREMTE) R BUAL R 15 %
(BER)—ili ¥ K 2 BADCEHE F M I ARARIIZME. MATREHATLEH, 2mill€ADC
BERTH ZAE % P A\ S AF AR ZEFRAE T SR b AT 2 DI, O 1 A&,

FERZEA S, B A MWADCH AR RME, HRSEBH L BUANE, XA
SOV REAFAERD . AEBCT R 2% P R ADCORAG: I /)M B R BEHL R IRE, AT REAF AE XA IA]
A, WARRRAE /N, ADCHTRESY HEFIRAVIE B . EEER AT, & 2EHADCIRM R
AJRE T ARG IR R,

Page 9 of 10




MT-011

55 3k -

1.

James N. Giles, "High Speed Transistor Difference Amplifier," U.S. Patent 3,843,934, filed January 31 1973,
issued October 22, 1974. (describes one of the first high-speed ECL comparators, the AM685).

Christopher W. Mangelsdorf, "A 400-MHz Input Flash Converter with Error Correction", IEEE Journal of
Solid-State Circuits, Vol. 25, No. 1, February 1990, pp. 184-191. (a discussion of the AD770, an 8-bit 200
MSPS flash ADC. The paper describes the comparator metastable state problem and how to optimize the
ADC design to minimize its effects).

Charles E. Woodward, "A Monolithic Voltage-Comparator Array for A/D Converters," IEEE Journal of Solid
State Circuits, Vol. SC-10, No. 6, December 1975, pp. 392-399. (an early paper on a 3-bit flash converter
optimized to minimize metastable state errors).

J. Peterson, "A Monolithic video A/D Converter," IEEE Journal of Solid-State Circuits, Vol. SC-14, No. 6,
December 1979, pp. 932-937.

Yukio Akazawa et. al., "A 400MSPS 8 Bit Flash A/D Converter," 1987 ISSCC Digest of Technical Papers,
pp- 98-99. (describes a monolithic flash converter using Gray decoding).

Matsuzawa et al., "An 8b 600MHz Flash A/D Converter with Multi-stage Duplex-gray Coding," Symposium
VLSI Circuits, Digest of Technical Papers, May 1991, pp. 113-114. (describes a monolithic flash converter
using Gray decoding).

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.

Page 10 of 10




	简介
	闪码、误码、跳码(RABBITS)或飞码(FLYERS)
	FLASH转换器中的闪码
	结束语
	参考文献：

