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BASE 10

NUMBER SCALE +10 VFS 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

ANALOG



10
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BASE 10 OFFSET | TWOS ONES SIGN
NUMBER SCALE I5VFS | BiNaRY | cowmp comMP MAG.
+7 [+FS-1LSB= +7/8 FS| +4.375 | 1111 | 0111 | 0111 0111
+6 +3/4 FS| +3.750 | 1110 | 0110 | 0110 0110
+5 +5/8 FS| +3.125| 1101 | 0101 [ 0101 0101
+4 +1/2FS| +2.500 | 1100 | 0100 | 0100 0100
+3 +3/8 FS| +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 0O, 0.000 1000 [ 0000 |*0000 | *M0O00O
-1 -1/8FS| -0.625| 0111 | 1111 | 1110 1001
-2 -14FS| -1.250 | 0110 | 1110 | 1101 1010
-3 -3/8FS| -1.875| 0101 | 1101 [ 1100 1011
—4 -1/2 FS| -2.500 | 0100 | 1100 [ 1011 1100
-5 -5/8 FS| -3.125| 0011 | 1011 | 1010 1101
-6 -3/4FS| -3.750 | 0010 | 1010 [ 1001 1110
..ol |-FS+1LSB=-7/8FS| -4.375]| 0001 | 1001 | 1000 | 1111_
-8 —FS| -5.000| 0000 | 1000
ONES  SIGN
‘\\/4/'/' COMP. _ MAG.
« 0+ 0000 | 0000
CODES NOT NORMALLY USED -l 1111 | 1000
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pag i 2N R ppm FS % FS dB FS
N (10V FS)
247 4 2.5V 250,000 25 12
a4y 16 625 mV 62,500 6.25 -24
641 64 156 mV 15,625 1.56 -36
841 256 39.1 mV 3,906 0.39 -48
104% 1,024  |9.77 mV (10 mV) 977 0.098 -60
1240% 4,096 2.44 mV 244 0.024 -72
144 16,384 610 pV 61 0.0061 -84
164z 65,536 153 v 15 0.0015 -96
18{% 262,144 38 uv 4 0.0004 -108
2041 1,048,576 | 9.54 uV (10 pV) 1 0.0001 -120
2241 4,194,304 2.38 uv 0.24 0.000024 -132
2441 16,777,216 596 nV* 0.06 0.000006 -144

*600nV210kHZH 35 T 2.2kQH FA7E25° CHZAEimeE s, v, =sqrt (4kTRAf)
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+2.1V
@ (
41.20 %7 o
8.45kQ 10.0kQ O / AN REF VDD
0.1uF —— IN+ 45 \ 5 =
HHE = +24V +-2V | 8.192Vp-p=4).
AD7690, 400kSPS
¢ Vv Vew = +2.1V AD7691, 250kSPS
0.1pF <— 10.2nV/VHz 18£7
PulSAR
+1.75V +2.1V - [+ 2V ADC
7 + \ 412 IN_ SNR=100dB
O—e ™ X}FAD7690
V= £ 10V R
o A \
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2 SAMPLING RATE = 76.8MSPS 20 | SAMPLING RATE =76.8MSPS |
. INPUT = 70MHz INPUT = 70MHz

a8 e e L L e L T NOISE FLOOR =-84.3dBFS ~~~~~ R R CEETETES NOIS-E FLOOR =-95dBFS  ------eooeeeeeae
T THD =-63.9dBc S THD=-768dBc e
ol 1 SFDR=68.0dBc s Il gzDRR_' 21-4‘;?; ________________

SNR = 42.1dBFS =52.8d

20 25 20
Frequency (MHz) Frequency [MHz)

SFDRE&%B 4 dB, SNRi¥#10.7 dB
ERC: R KIS 25 35 dB (923105255, skl , FrAR

JI_A\ .

FEIHh 4 76.8 MHZ
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Encode: 125. M5PS
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ATEE L o e e e e el e e e e e e e e s e e s e e e g e e
SMRFS: 74.2 dBFS
UDSHA: 0. dB BT N
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SINAD: 7304 B AR e e e
Fund: -0.958 dBfs

SRl et sl s et et e et et e et sl et et s et el et el e ol el el Bl el ol el el e Wl el el el el o
2nd: -93.65 dBc
3rd: -95.81 dBc | L T Ty .
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Bth: 3534 dite | | S i

3
;- L

Bth: 58,49 dBic e | L - - [
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THL: -86.41 dBc RLLEE f Sttt | |' I """""""""""""""""""""""""""""""""""""""""""""""""
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B B e L s L e A
Maise Floor: -116.34 dBFS
Sarmples: J27ED qH0 . . . . . . . .

; . n R n 15 on 2R an AR 4n 45 RN FR RN
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Type Zener |Band-gap| XFET |BG/CMOS

Product| ADS88 | ADR360 | ADR440 | ADR45xx
Voutrange W +5, #10| 1.25t05 2to5 2to5
Vin min \ +10.8 2,35 3 3
Accuracy % 0.01 0.15 0.02 0.02
Tempco ppm/C 3 9 3 3
p-p noise Wy p-p 6 6.8 1 0.5
Hysteresis PR 50 100 20 50
Long term drift |ppm/1k hrs 15 50 a0 a0
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VOLTAGE REFERENCE SELECTION AND EVALUATION WIZARD
This taal helps find the bestvaltage reference foryaur application based on design parameters and estimate its output
hased onvarious error sources. To search woltage references by additional product parameters, try the parametric
search. Also, ifyou'd like to work offline, try our downloadahle version of the REeference Wizard.
You are currentiy using the Voltage Reference Sefection Wizard portion of the fool, Enter your dasign parameaters
bedow anod ciick Fing Parts A list of suitable references will be displavedt in the tabie befow Chick on the Evallale
Duon within the tabie o faunch the Voltage Reference Evallator.
=TEP 1. Enter Input Farameters
Desired Qutput Voltage (hominal; =Y E
100 Y
Input¥altage (max): Far a desired output waltage of 5, input waltage must be
between -15 and 00
.. - .I I. - .. |‘ﬁ‘|
Error Budget: [7] + [1.50 ) total ppm ) my @ %
Allowable drift range: %W £ 25.00m\ (30.50%:)
Operating Temperature Range: -40.0 - 1250 "G
Find Parts
ANALOG
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ADIsimADC 2013
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DESign TOOIS: ADISimAmmLFuII Featura Yersion]
Instructions | Glossary | Parametric Search | Request Hew Model | Submit Feedback | Print Results
ADS467_250_2pdV Powered by National instruments LapVIEW
STEP 1: Select an ADC Part - Amplitude vs. Frequency
Select from Available (Modeled) Parts 20 |
16 Bit, 250 MSPS, ADS4ET_250_2p5V [=] =
Perform a Part Search : 60
Encode Rate: MaPS E| B - .
(eptional) ] |
#ofBits [ = &
SNR dB
SFDR dB
| Generate Suggested Parts List | EepecyiiRe)
Results:
Suggested Parts [Best Fit)
73.60 dB Fund:  -244 dBFS Worst Other: -98.07 dBe
SFDR: 96,42 dBe 2nid: -96.42 dB¢ Noise Floor: -121.20 dBe
STEF 2: Enter Operating Coenditions SINAD: 73.58 dBc Ird: -118.76 dBc
. ENOB: 11.93 Bits Sthe -112.43 dBc
Amplitude: -5 dBFS output E
Frequency: 293 MHz El Log:
Encode Rate:  25p MSPS E Mo Messages -
Encode Jitter:  gog pSer E
STEP 3: Run Model -
42
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VisualAnalog™

For designers who are selecting or evaluating high speed ADCs, Visualfnalog™ is a sofhware package that = ™
comhines a powerful set of simulation and data anakysis toals with a user-friendly graphical interface. Mary VISUG'AH&IDQ |
designers are familiar with ADCAnalzer - a tool that models ADC performance with varving input frequencies and

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

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

ADC wlll perfarm In real world conditlons. The data analysls Tunctlons are expanded from the basic FFTS that are

available in ADCAnakzer as well. Customizable calculations allow designers to predict adjacent channel power [ N

ratio (ACFR) and display I constellation plots on simulated ADC outputs or data collected from evaluation -

hoards. VisualAnalog™ is also used as a cantroller for a new data capture hoard (HSC-ADC-EVALCLE). I | Q
Canfigure ADC evaluation boards with HSC-ADC-EVALC or HSC-ADC-EVALB data capture kit T Jl Jﬁ'
Analyze data from HEC-ADC-EVALC # _ |
Model ADC perfarmance with complex input waveforms e

Flot | & @ constellations
Create customized power calculations
- MPR
- ACPRL
See Ivideos that describe the features and benefits of YisualAnalog™ and how to interface YisualAnalog™ o an evaluation board.

I VisualAnalog™ ‘

See also Visualfnalog™ LUser'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
ADzs) with SP1 capahility. A complete list of features can be found in the specific product's data sheet and in the Application
Mate: High Speed ADC 5P Control Software (pdf).

= Microsoft WET Framewoark 3.9 0s required by parts ofthis program and should be installed if not already an the target
machine.

= Generates end use C source code;

= Generates assemhbly code for PICT1 2F629;

llges standard LISB port interface;
Works with HEC-ADC-EVALE (FIFO-based) and HEC-ADC-EVALC (FPGA-based) data acquisition kits
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DAC sin X/X;fél;% 2013
e EIS—4) ) RoRR2RReRRR
\ THRI>ZL /=] v J o o
H
:ﬁ =] ]
L | i | i i | | t
1 e
v fe
e T sin[ nf}
| A| e ~3.92dB N f_
i \‘\ mt f
! AN . f
: e B ¢
: / \ NS N\, e . B
: | ! | il I GNP
0.5f, /‘ o\ 1.5f, /‘ 21, \ 2.5, 3f,
Fs—Four  Fs+Four 2Fs—Four  2Fs+ Foyr
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TRANSITION
o LPF < TRANSITION _,
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dB
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|
|
I
|
|
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Y
f'ﬂ
30MHz ~ 100MHz
AN I f""T
IMAGE "~
N | -7 IMAGE
\'\. | ,""
\\ | f-"'
604 ————————fF——————————— 1
| | | | | | A | | -

|
| I I [ [ i
0 10 20 30 40 50 60 7O a0 90 100 110 120 130

FREQUENCY (MHz)
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fo = 10 MHZIH R SE AR EK - 2013
£ _ O29N ARACDC £ _ N ANACDC ARARARRAARA
I'c = 3V VioFo, Ic = OU ViorS o o
\
A
fit4 = 30MSPS
dB
///T/ T\\\ L ——
Sii% \ - T
| %ﬁ( \\// B8 |
1 1 | I
50 60 7o 80
(MHz)
B
fit44 = 6OMSPS
dB
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freg frin= 2 X f1z fres fryo= 8 X fieg

IREDACHIERKINHSTEREFCLOCK + 2 ( FREHMTER ) .
{EHR{EDACH , #=h{EiERERFIPLLEISHMSINRE AT 1S DA CRIM N\ SR E SR 3T AT phESR

AIxfE.

TEx{SFSIGNALZF=4ESRIR |, (FIESZREEE(G , HRtiRiRRZRMEAFEO,
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AD9122 TxDAC® 16{ii DACA#% 2013
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16 IOUT1P
, , @ |
© > IOUTIN
D15P/D15N | -(x) 16
: foaTa/2 NCO 10 | OFFSET | \\v
: x HFIFo| PRE |¢{ HB1 [¢{ AND |¢| HB2 |¢{ HB3 SINC DAC_CLK
y <> MoD MoD Q OFFSET
i . (X%
DOP/DON go 16
2 1 1 1 1 16 IOUT2P
DCI o o - J - 7
FRAME z xA IOUT2N
A x ¥ ¥ el 5 3| b [
w 3] o o Of wu 2 I =
e <! o @ &G 2 7 ol o
= 2 @ 2 2| £8 z 10} 10 REF <—>ﬁzREFlo
BIAS Q FSADJ
INTERNAL CLOCK TIMING AND CONTROL LOGIC
DAC CLK_SEL
A A A A A Al —
Y i CONTROL R%LVKR DACCLKP
PROGRAMMING [ _ | o SERIL, POWER-ON MULTICHIP | SYNC DACCLKN
REGISTERS [*™ PORT RESET | |SYNCHRONIZATION DAC_CLK clock | ek REFCLKP
“("g"'TT(')P'{éE'f RCVR REFCLKN
d 44 PLL_LOCK :
| B ] Y
12 () () (\
X [72] |l o
2230 EM s
(7] Q
72} '&l g
> P [rirrees
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Aty K3 Y2 == "= s
T REHETXDACCHIEILIER 2013
ARRARRRLRRAA
N N DIGITAL |y, N,
O—/— LATCH | —/— INTERPOLATION [~/ LATCH [/~ DAC
FILTER
fC o K’fc
O ¢ PLL ¢ LPF
f
TYPICAL APPLICATION: fc = 160MSPS | °
fo = 50MHz
K=2

Image Frequency = 320- 50 = 270MHz
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Pt TESESEE -
URL
ADIsimADC DL ELSE W HH 7R ADCIIBh A M fig
LU L s YR 2 ) 3
Visual Analog
SPI il 2%

> BIER(IJBYENngineerZone®iFH KX , EEIRHEAMRER, &iRkBiE
= MEDR_EEE— R

= ez.analog.com

o_,—o ™
* RGAMREIRITIEREX ! engineer j
= www.analog.com/DC13community SUPPORT COMMUNITY
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Circuits from the Lab®=ECiE =R IR
CNO25425 T4 Mtt. SEfERAIL6
{ii, 250 kSPS, 81.1.?51?&% Ry,
A[XJ+10 VI!IL&F' SHITEFEE
B, ZRISARTENERES S
HlzaZ [AHE(H2500 V rmsEE , ¥
%ﬁ@é%ﬁi fBEIUPWMIEFI5 VERER

ADllﬁvl'lll%‘a‘

.-J i |
\\.'-' 1 \~

RQRP\QHRQRRQR

CN0254 SDP Evaluation Sonware
[ Cannect ] [ sssss | anfig
Phase

Connector . Sample RatejCH (Hz) Scan Mode _ Capture Mode cmpensation

Connector A v | |7s0000 = | |single Channel Mode v | |Continuous Caplure v [ClorFfon

1 Range Samples/CH Lhannel etting For Single Mode  Bandwidth Calbration

2000 CHZ » | |Full Bandwidth v CJorFon

Ji-Charnel ngie Channd i & o fi
uency [

SNR = 88.9dBFS
SINAD = 88.BdBFS
SFDR = 94.6dBc
THD = -92.1dBc¢

Ampl budeid3 of Ful Scale)

SIE R & -

www.analog.com/DC13-hardware
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16{ii. 250 kSPS. SEEIFSEIERERSR— 2013

i MW fm? T o o
+5VAI
#6VAI  +6VDI
8.2pF Vi
CHO [e
4,99kQ
+ 2.70F AGNDI I__r‘_
o | { Fasna D008 $ ___ REFIN vop VDD VIO DGND
i AGNDI TEMP .Jg""F Vrec x1| | x2
*lAGNDI SENSORY] REF ] Mm0zT Vop2 RE
¢ Al0| TNO AD7689 = Vo1 J_MuF
. A >N 1308 | [N, 4] SEC CTRL
¢ INZ ~{sEQuENcER | ha oc [|°TRb |GND4
. Az > x —Vopa [ 2
. . A IN3 2 SCK 100k 1 =
8.2pF INg Sl voa L i1 < sck
. T Al [ z A (IEE vos_ L viel —soi
10k L ﬁ R0 [ |8 g o voc .4._-_ viel —Jenv
R1 Vv = —
CHT S [N8YAI [ RS AlB[ D - ONE-POLE V%2 sog. VID yoD
T Py 220 AI7 | IN7 LPF o @_IE_-D Jseo
IN | 4.98kQ
Ny g Vour , - e COM GND GND EPAD GND, ADuM3471  GND;
- -E;Tki 14 AD8G08 47 J} J} 47 T T
AGNDL aGNDI AGNDI AGNDI  AGNDI DGNDI DGND

AGNDI
*CONNECTS TO 3 OTHER + INPUTS OF QUAD AD3608.
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http://www.analog.com/library/analogDialogue/archives/39-06/data_conversion_handbook.html
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(A MEEGTFA) FAHank Zumbahlen ( Newnes , 2008 )
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http://www.analog.com/library/analogDialogue/archives/43-09/linear_circuit_design_handbook.html
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