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BASE 10

NUMBER SCALE +10V FS BINARY

+15 +FS -1 LSB = 15/16 FS 9.375 1111

+14 +7/8 FS 8.750 1110

+13 +13/16 FS 8.125 1101

+12 +3/4 FS 7.500 1100

+11 +11/16 FS 6.875 1011

+10 +5/16 FS 6.250 1010

+9 +9/16 FS 5.625 1001

+8 +1/2 FS 5.000 1000

+7 +7/16 FS 4.375 0111

+6 +3/8 FS 3.750 0110

+5 +5/16 FS 3.125 0101

+4 +1/4 FS 2.500 0100

+3 +3/16 FS 1.875 0011

+2 +1/8 FS 1.250 0010

+1 1LSB =+1/16 FS 0.625 0001

0 0 0.000 0000
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NOMEER SCALE £5VFS | pnary | cowp. | cowp. | mac
+7/ +FS-1LSB= +7/8FS| +4375| 1111 | 0111 | 0111 0111
+6 +3/[4FS| +3.750 | 1110 | 0110 [ 0110 0110
+5 +5/8 FS| +3.125| 1101 | 0101 | 0101 0101
+4 +1/2 FS| +2500| 1100 | 0100 | 0100 0100
+3 +3/8FS| +1.875| 1011 | 0011 [ 0011 0011
+2 +1/4 FS| +1.250 | 1010 | 0010 [ 0010 0010
+1 +1/8 FS| +0.625| 1001 | 0001 | 0001 0001
0 O 0000|1000 | O000 |*00O0O0O | *1000
-1 -1/8FS| -0625| 0111 | 1111 | 1110 1001
-2 -1/4FS| -1.250| 0110 | 1110 | 1101 1010
-3 -3/8FS| -1.875| 0101 | 1101 | 1100 1011
-4 -1/2FS| =2500| 0100 | 1100 {1011 1100
-5 -5/8FS| -3.125| 0011 | 1011 | 1010 1101
-6 -3/4FS| -3.750 | 0010 | 1010 | 1001 1110

Tl |mFS+1LSB=~-//8FS| -4375) 0001 | 1001 ] 1000 | 1111
-8 - FS| -5.000| 0000 | 1000

‘\\/4/'/' ONES  SIGN
COMP. __MAG.
0+| 0000 | 0000
CODES NOT NORMALLY USED * ool 1111 | 1000
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PR oN iR ppm FS % FS dB FS
N (10V FS)
241 4 2.5V 250,000 25 -12
AL 16 625 mV 62,500 6.25 -24
64z 64 156 mV 15,625 1.56 -36
8fir 256 39.1 mV 3,906 0.39 -48
1042 1,024 9.77 mV (10 mV) 977 0.098 -60
124 4,096 2.44 mV 244 0.024 72
1441 16,384 610 pV 61 0.0061 -84
1641 65,536 153 pV 15 0.0015 -96
1841 262,144 38 pVv 4 0.0004 -108
2041 1,048,576 | 9.54 pV (10 pV) 1 0.0001 -120
2241 4,194,304 2.38 Vv 0.24 0.000024 -132
2441 16,777,216 596 nV* 0.06 0.000006 -144
*600N VA& 10kHz 3 58 T 2.2k QL PHE25° CHI L Ea e, v, =sqrt (4kTRAf)
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)
Y + SNR = 100dB
S o 4\1,'\2/52 N %t FAD7690
V= + 10V N
O A —
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SNR =107 dB
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o 0

u 1]
L e o i b o i e e e i e i i i i i 1 O SRR R SRR
3 IR SAMPLING RATE = 76.8MSPS . %) ISR S SAMPLING RATE = 76.8MSPS |
- INPUT = 70MHz . INPUT = 70MHz
""""""""""""""""" NOISE FLOOR = -84.3dBFS ~~777""™ Hhgemmmsmamaumserses NOISE FLOOR = —06dBFS  ssswssmasnsay
a0 b THD = =63.9dBc e PR D Hb=-s68dBc |
- " SFDR = 68.0dBc SFDR = 81.4dBc
---------------------------------------------- B0 oo SNR = 52.8dBFS

SNR =42.1dBFS

130 : ; ' . . . : 130 ' ' ' ' X : :
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Frequency [MHz) Frequency [MHz)

SFDR4313.4 dB, SNR%¥10.7 dB
WE: WEF RN AN35 dB (MAEE255, SiEsER) , IriHx
FERT 5 °576.8 MHZ

33 ANALOG
DEVICES



FEXTFADCEI AN &=F MFLELERT

EEPETPAN

IEFZ T

-—~_*FS
\\

F ik

RAERT B

te' <> "te’

oV

34

> |te | «——

> ADligitigE &

2013

RRRRRARRRAA

O

ANALOG
DEVICES



fLEEFB)A
KRN B0 £ 3l BT

Av :d_V o At
Bl dt
A
d_V_ N 2 — L/ NS
= A \ AV TR
|
| — (kK
/' fr
_ (%
)

< Al = RN

REF

> ADIis i TIE &

2013

RRRRRARRRAA

o o

ANALOG
DEVICES



P13 5| RS SNRATIENOB i
EWEREIEZFEAED AR Misiiiiianiiill

1
SNR = 20|og10[ 2net; } 1

120

100 T

SNR

(dB) ENOB

20 | | [

W ERIESZ R A ZE (MHz)

36 ANALOG
DEVICES



ER 3B AD445 LR ISNRE

e A e ) ) ]

il = [l g |

> ADIRHIES

2013

RRRRRARRRLA

ort le

Device: AD9445
Device No.: 1

Avce: 5 Volts
Dvee: 3.3 Volts
Encode: 125. MSPS
Analog: 20.756 MHz
SNR: 73.24 dB
SNRFS: 74.2 dBFS
UDSNR: 0. dB

NF: 25.7 dB

SINAD: 73.04 dB
Fund: -0.958 dBfs
2nd: -93.65 dBc

3rd: -95.81 dBe

4th: -105.48 dBc
Sth: -98.34 dBc

Bth: -88.49 dBc
WoSpur: -88.49 dBc +
THD: -86.41 dBc
SFDR: 88.49 dBc
Noise Floor: -116.34 dBFS
Samples: 32768

‘Windowing: Bh4

-20
-30
-40
-50
-60
-70

-80

130
n

25 an 3R 4an 45 an AR RN
Frequency [MHz)
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o -0
SN SR m— — W R e— — o i it - ] i [l b |
Device: AD3445 1]
Device No.: 1
S e B e S e S s
Avce: 5. Volts
Dvee: 3.3 Volts i IS . | S S ——
Encode: 125. MSPS
Analog: 20.756 MHz e e
SNR: 72.91 dB
L R i S T T S T S S S S S R S T
SNRFS: 73.9 dBFS
UDSNR: 0. dB B L o e ccmcm s e mmemm s s mmmmemm s mme e mmm e b o Sm s e e e e m e S eim S e S B eim e i = eim S i = B im i = B im e = B e = B i i = e i
NF: 26. dB
SINAD: 72.68 dB S | ookl ey
Fund: -0.99 dBfs
O e L L L L L A A A A L A A A A A A A A A T A T A T A T T A A
2nd: -89.82 dBe
3rd: -96.75 dBc B T T T T TSRS
4th: -102.98 dBc
i L T 2 e eermseesesmsmeescresseesssasseenmsnsennn
Sth: -97.12 dBec A
2 5 3
Bth: 88,59 dBc ML oo e mmemnsnsnsmensesnssensecane el camesasnsmsssesemssssemasssnsemesenssemleesnentnensnens ennee. e enrs e ennn e
WoSpur: -88.89 dBc + 4
THD: -85.55 dBc ST 1 RS R Ii g5, 13rE e TR T4 R BT U I i Y (BT T i
SFDR: 88.89 dBc j
e e e e e e e O B R e S e L L L e O R S e S T e S S s S S S0 e IS s e o m SE s
Noise Floor: -116.05 dBFS
Samples: 32768 130 . . . . ’ y ’ . .
. : a 5 10 15 20 25 30 35 40 45 50 55 60
Windowing: Bhd Frequency [MHz)
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o -0
) 5] s ssen) wabput IFIPEIYR] et sturars) osypune) v g ST e ) ) M)
Device: AD9445 0
Device No.: 1
g e e A o A o o o e
Avce: 5. Volts
Dvee: 3.3 Volts I T
Encode: 125. MSPS
Analog: 20.756 MHz L e
SNR: 7217 dB
L A o i i i i i S S S D S S S i e i i
SNRFS: 73.17 dBFS
UDSNR: 0. dB B L oo m s cem s e oo mem e m e e e e mm e e o m e e o e o em S e S S e e S S e e S e = e e S o D S eim e m e e e o eim e
NF: 26.73 dB
SINAD: 71.95 dB 03 etttk oottt ek
Fund: -0.939 dBfs
O e A A L e A A A A A A A L A A A A A L L L A A T T e e
2nd: -88.87 dBc
3rd: -100.01 dBe T
4th: -104.14 dBc %
...................................................................................... 2 e
5th: -97.03 dBc A
- 5
Bth: -88.54 dBc 2ver) | I ol N (SN 3
WoSpur: -98.54 dBc + 4
THD: -85.18 dBc 110 ] ST Tt s, B e s P o ik
IR Al Y bl
SFDR: 88.54 dBc ; ; R ; T :
N1 SRR PR Y W 2 et (BT SRTERERE RS £ Gl DU S S Sl Nk A ), L AR £ [ MR i Sl Bl Ll s, gy
Noise Floor: -115.31 dBFS
Samples: 32768 130 , ' y i ’ ’ y . "
y J 0 5 10 15 20 25 30 35 40 45 50 55 60
Windowing: Bhd Frequency (MHz)
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Voltage Reference Structure Cnmpafisnn

Specifications

Type Zener |Band-gap| XFET |BGfCMOS

Product| ADS88 | ADR360 | ADR440 | ADR45xx
Vout range W +5,£10| 1.25to5| 2to5 2to 5
Vin min v +10.8 2,35 E 3
Accuracy % 0.01 0.15 0.02 0.02
Tempco ppm/C 3 9 3 3
p-p noise WY pep 6 6.8 1 0.5
Hysteresis ppm 50 100 20 50
Long term drift |ppm/1k hirs 15 50 40 40
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VOLTAGE REFERENCE SELECTION AND EVALUATION WIZARD

This toal helps find the hestvaltage reference faryaur application based aon design parameters and estimate its autput
hased onvarious error sources. To search voltane references by additional product parameters, try the parametric
search. Alsao, ityou'd like to work offline, try our downloadahle version of the Reference Wizard.

Voltage Reference Selection Wizard Voltage Reference Evaluator

Youl are currentiy Laing the Voltage Reference Sefection Wizard portion of the ool Enter your diasign parametars
belaw anot ciick Find Parts. A Jist of siitabie references will be displaved in the tabie below. Ciick on the Evallale
puitan within the tabie fo launch the Woltage Reference Evalliator.

STEF 1: Enter Input Parameters

Desired Output Yoltage (norminal); =Y |E|

. 10.0 WY
Inputoltage (max): Far a desired output waltage of 5V, input voltage must be
betreen -15 and 400

+ 0.50 Ctatal ppm O v @ 9%

Error Budget:
Allovwable drift range: SV £ 25.00m (31 .50%)

Operating Temperature Ranoe: -40.0 - 1250 "
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Design Tools: ADISIMADC ™ :. reare version)
Instructions | Glossary | Parametric Search | Request New Model | Submit Feedback | Print Results
AD9467_250_2p5V Powered by National instruments LabVIEW
STEP 1: Select an ADC Part - Amplitude vs. Frequency
Select from Available (Modeled) Parts 20-
16 Bit, 250 MSPS, AD9467_250_2p5V ] Qo-
- OR-. g
Perform a Part Search 3 60
Encode Rate: msps  [¥] 2 .s0-
(optional ) ! Ay
#ofBits [ B iy
SNR a8 -120
SFOR d8 -140-| 1"
-3.49246E-16
| Generate Suggested Parts List |
Results:
Suggested Parts (Best Fit)
& 73.60 dB Fund:  -2.44 dBFS Worst Other: -98.07 dBc
SFDR: 96.42 dBc 2nd: -96.42 dBc Noise Floor: -121.20 dBc
STEP 2: Enter Operating Conditions SINAD: 73.58 dBe rd: -118.76 dBc
FFT Type: Single Tone & THD: 96.14 dBc ath: -111.97 dBc
: . ENOB: 11.93 Bits 5th: -112.43 dBc
Amplitude: g5 dBFS output [~
Frequency: 223 MHz B Log:
Encode Rate: 250 MSPS E] No Messages -
Encode Jitter: g g pSec E]
STEP 3: Run Model -
46 ANALOG
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DQSign TOOIS: ADISimADCTM[FuH Feature Version)

Instructions | Glossary | Parametric Search | Request New Model | Submit Feedback | Print Results

AD9642 ProductPage DataSheets

STEP 1: Select an ADC Part

Select from Available (Modeled) Parts

14 Bit, 250 MSPS, AD3642-250 [v]
—-OR--
Perform a Part Search
Encode 100 MSPS E]
Rate:
(optional )
#of 14
Bits E]
SNR 65 d8
SFDR dB

| Generate Suggested Parts List |

Suggested Parts (Best Fit)

[+]

STEP 2: Enter Operating Conditions
FFTType: | Single Tone E
Amplitude: g5 dBFS output E]

Frequency. 25 MHz E]
Encode 250 MSPS E]
Rate:
Encode 2 pSec
Jitter: B

47

Powered by National Instruments LabVIEW

Amplitude vs. Frequency

521 7'5 :Vlgﬁ 125
Results:
67.75 dB Fund:  -0.51 dBFS Worst Other: -100.91 dBc
SFDR: 88.00 dBc 2nd: -89.44 dBc Noise Floor: -110.40 dBc
SINAD: 67.68 dBc 3rd: -88.00 dBc
THD: 85,52 dBc 4th: -109.89 dBc
ENOB: 10.95 Bits 5th: -104.77 dBc
Log:
The specified encode rate is an integer multiple of the entered -

signal frecquency. This relationship leads to degraded performance

and should be avoided. The guantization noise tends to he (
concentrated at harmonics of the fundamental leading to dramatirallv —
reduced SFDR. For better performance choose an encode rate Send Feedback X

m_|
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VisualAnalog™

For designers who are selecting or evaluating high speed ADCs, Visualfnalog™ is a software package that = ™
comhbines a powerful set of simulation and data analysis tools with a user-friendly graphical interface. Marny VISU&'AH&IDQ
designers are familiar with ADCAnakzer - a tool that models ADC performance with varying input frequencies and

sample rates. VisualAnalog takes this concept further by allowing designers to customize their input signal and ——

data anakrsis. Aninput signal can be constructed from sine waves, noise sources, and vector data to see how an

ADC will perfarm in real world conditions. The data analysis functions are expanded from the hasic FFTs that are

availahle in ADCARakzer as well. Customizahle calculations allow designers to predict adjacent channel power [
ratio (ACPRY and display i constellation plots an simulated ADC outputs or data collected from evaluation
hoards. VisualAnalog™ is also used as a controller for a new data capture hoard (HSC-ADC-EVALCE).

Canfigure ADC evaluation boards with HSC-ADC-EVALC or HSC-ADC-EVALB data capture kit T J; : J
Analyze data from H3C-ADC-EVALC ﬁ J

Maodel ADC performance with complex input wavefarms "

a
D

[l

Flotl & Q constellations
Create customized power calculations
- MFR
- ACPRL
See 3 videos that describe the features and benefits of YisualAnalog™ and how to interface WisualAnalog™ to an evaluation board.

[ VisualAnalog™ J

See also Visualfnalog™ User's Guide {pdf
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SPIController

The high speed ADC SPI program allows the user to control advanced features on high speed, analog-to-digital converters

(ADC ) with SPI capahility. A complete list of features can be found in the specific product's data sheet and in the Application
Mote: High Speed ADC SPI Control Software (pdf).

= Microsoft MET Framework 3.9 is required by parts of this program and should be installed if not already an the target
machine.

e [
- *
1 vt

= Generates end use © source code;

= Generates assembly code for PICT2FE29;

Ilges standard LISBE port interface;

Works with H3C-ADC-EVALE (FIFO-based) and HSC-ADC-EVALC (FPGA-hased) data acquisition kits
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DAC sin x/x& & 2013
(i@ B3 —46) LR
HE
— f7% T .
7/ ! i : i :\
I
: i i i i | | i i i t
BRI
I PR
T e sin[ nf}
|A| i ~3.92dB \ f
| . 7 f
| S 1 S P
: ‘\‘/ \ . RN \ R B8
: | ¥ | VB N
0.5f, / i\ 1.5f, f 2f, \ 2.5f, 3f,
Fs=Four  Fs*Four 2Fs—Four  2Fs* Four
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LPF < TRANSITION __,
0 10 20 30 40 50 60 70 Bll.'l BID 100 1|1ﬂ 1|20 11Iil.'l
FREQUENCY (MHz)
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fo = 10 MHZI RSB IR AR K - 2013
_ _ RRRR2RR2/R2R
fo =30 MSPS, Hf, =60 MSPS : :
/
A
fet4d = 30MSPS
dB
P A
17 Ny~ il |
50 60 70 80
(MH2z)
B
frt4d = 60MSPS
dB
™
N /7
| % AN f / ! ,
10 20 30 40 50 60 70 80
ANALOG

54

DEVICES



0

> ADIis i TIE &

DACHE (82) 2013
RORRA0RA0R0Q
102
glo1
5
0 —X = X ; X
0 50 100 150 200 250

B, Four=0.453 F,

i%Aﬁgﬁtﬂ(Fom)ﬁi&%’sﬁ%ﬁﬁﬁﬁ, HHREB/EFRE, FMEFHEUMSS
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fies fryer= 2 X Trm fae frrer= 8 X T

> FHEDACHI B KRB HMZEAFCLOCK + 2 (BEHEEER) .

> %%EDACEP, B E IR A8 AP L LI 8 545128 F TR DAC 5 N B 3R 2R3 A i ap i &R
IX1T o

> TEXfEFSIGNALAF=A S, FIESZREE g, FMILEESERMNEBZED.
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[~
‘O"‘ @ 16, IOUT1P
gl 7
T oo > IOUTIN
D15P/D15N - (%) 16
: foatal2 NCO 10 I OFFSET | v
. x HFIFO| PRE ¢ HB1 [¢{ AND [¢{ HB2 |¢ HB3 SING DAC_CLK
. <Y MOD MOD Q OFFSET
'_E - (X
DOP/DON g0 16
. A i A A (OUT2P
- 16,
Dl e o - >+ 7
P4
FRAME |z <A IOUT2N
= (@) —~ ~
X X X x| © o' z | z
w o 3] o O wh Z < || <
[a) | | | D.}_ 0 D 0} o
Q @ 2 P EQl £& >
s I T T z5| &0 z 10} 10 REF <—>E|§REFIO
BIAS
INTERNAL CLOCK TIMING AND CONTROL LOGIC () FSADJ
DAC CLK_SEL
A A A \ A Al
PLL
Y i CONTROL CLK DACCLKP
RCVR
PROGRAMMING | . | \np e ot POWER-ON MULTICHIP [ (SYNC DACCLKN
REGISTERS [*™ PORT RESET | |[SYNCHRONIZATION DAC_CLK CLOCK LK REFCLKP
T&LTT(IJP%E)R [ |RCVR REFCLKN
A A A PLL_LOCK .
Yy v
12 () () (\
(%)) = ~
g2 218 |®u g
n @ © = @ g
%} % ]
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N N DIGITAL |, N
O—#— LATCH | —/——INTERPOLATION [~/ LATCH [/~ DAC
FILTER
fC K'fC
o ‘ PLL . LPF
f
TYPICAL APPLICATION: fc = 160MSPS L2
fo = 50MHz
K =2

Image Frequency = 320- 50 = 270MHz
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> BINGEH

> FMHADCHERERIRI R (Wb, ZEAERE, BHIFE

> TH [ R A = 0 R KIDAC
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CNO254RH M L. BEERRKI16

fr. 250 kSPS. SEEHIEXERS,
A% +10 VINLRAE ST H b %
Heo ZEEHE AR EER S EHLE
il 2% 2 [ $2 452500 V rmsPEES, A
E%éﬁ%ﬂ% {5 B PWMFEHI5 VE FIR
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+5VAI
5
)I +5VAI +5VDI
8.2pF - VREF
1 AGNDI % 3300_1.5A JA4631-BL +5VD
10k * * SR 1 \
199k ] L +BVAI = 0.1uF Jrour L l0.1uF lO.1|.|F Lo.ar ' 4TuF 7 _3 %. 2 ‘
CHo \L 22 AD8605 ;g [ Towr g; ;|; 300,158 T v | 3|
4.99kQ AW . 4 2 &
AMA—A— + 2.7nF AGNDI AGNDI  [AGNDI DGNDI +5VDI 5 3 ; 4 l47 F
7% Wi abseos AGNDI AGNDI A L Fe . T4
o | | 1357k ;; ___ REFIN VDD VDD VIO J_ DGND
i AGNDI TEMP | L0-TF v x| | x2
. | *'acNoi SENsOR[| || rer {} sa$T  ||Vooz, | VREC
AI0| INO AD7689 REG Voo
1| rB PRIM 0.1uF
IN1 11.3kQ $ oND.4l sEC sty
. AN > 29 S T
. A
. a2 o] N2 SEQUENCER A oc TR"|> GND;
v Vooa| | L
* e A > 2 scK 100k ' ' -
C1 - VOA 3 VIAL —]sck
8.2pF IN4 = [ q S
o i A A / MEFI VOB 4< vie| —soi
AI5[> IN5 16-BIT SAR i Y
Rt 10k NG .\ ADC vl voC 4 L h—vel oy
cH e LSVAI| R AIBL ONE-POLE N 52| sg VID _D VoD
VW - 220 - = - SDO
Ve | s 55931‘ R _ Al7| IN7 LPF b— <]
WA——| + OUT27nF'L com — GnD GND EPAD GND, ADuM347{  GND.
---3-_5’7% 1/4 AD8608 A(;;Em 47 47 47 47 T T
AGNDL AGNDI AGNDI AGNDI AGNDI DGNDI DGND
*CONNECTS TO 3 OTHER + INPUTS OF QUAD AD8608.
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http://www.analog.com/library/analogDialogue/archives/39-06/data_conversion_handbook.html
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http://www.analog.com/library/analogDialogue/archives/43-09/linear_circuit_design_handbook.html
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