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O 1954: Vacuum Tube ADC “DATRAC”:
> 11-bit
> 50-kSPS

Designed by Bernard M. Gordon at
EPSCO

50 x 40 x 60 cm3
68 kg

500W

8500 $
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http://www.analog.com/media/en/training-seminars/design-handbooks/Data-Conversion-Handbook/Chapterl.pdf
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12-Bit Differential Input Data Acquisition System
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L Année 1954 - 40ans € 1994
L Résolution: 11 bits -- 12 bits
O Frég. d’échantillon.; 50kS/s -- 50kS/s
Q Taille: 120k cm3 + 600 000 0,2cm?3
O Poids 68 kg + 7000 10g ?
O Puissance 500W =17 000 30mwW
O Prix 8500 $ = > 8500 <1l$%
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AEM Semiconductor {Audio ADCs/DAC IC Manufacturer}

Analog Devices {Analog-to-Digital Converters/Digital-to-Analog Converter ICs}

Cirrus Logic {Audio A/D and D/A converters, CODEC Manufacturer} Pas d’ évolution

depuis 2014 !
Liste a jour ?

Fairchild Semiconductor {ADCs/DAC IC Manufacturer} = OnSemi en 2015

Holtek Semiconductor Inc. {DAC/ADC ICs}

Intersil {ADCs/DAC IC Manufacturer}

Linear Technology {ADCs/DAC IC Manufacturer}

Maxim Integrated Products {ADCs/DAC IC Manufacturer}

Microchip {Delta-Sigma/Dual Slope/Bmary/BCD ADC ICs}

Wational Semiconductor {ADCs/DAC IC Manufacturer}

2780 références

NEC {D/A Converter for Audio System} chez Farnell

NIE. Corporation {ADC-DAC-V/F-F/V Converter ICs}

Renesas Technology America. Inc {D/A R2ZR, Multiplying, A'D Converter}

Sonv {A/D Converter 1:2 De-Multiplex, TTL Output, Sample & Hold, D/A Converter}
Thaler Corp. {A/D Converter Manufacturer. ADC 18-26 bits}

Texas Instruments 'TT' {ADC-DAC-Voltage Freq Converter IC Manufacturers}

Wavefront Semiconductor {48kHz 24-bit stereo audio ADC, low-cost 24-bit DAC IC Manufacturer}

Wolfson Microelectronics

{Mono, Multi-channel and Stereo ADCs} http://www.interfacebus.com/Analog DAC.html
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v Analog Devices: 1291 références (604 en 2014) DEVICES

v" Precision and General purpose ADCs (<=10MSPS) (786)

v High speed ADCs (> 10MSPS) (505)
Precision and General Purpose ADC Finder High-Speed ADC Finder

ADC Throughput Rate (SPS) ADC Throughput Rate (MSPS)
Resolution Resolution (Bits)

(Bits)
V(26) ' (26) v (27) v (3)

(46)  (37) (21) (A7)  (29)  (28) v(31) 49 v (66) = V(25
v v v v v v(37)  SL(43)  SL(57) | L(24)
(40) | (24) (64)  (40) (63) (81)

V(15) «(20) L(26)  (3)

<

v v v v v
(M) B4 G @D 6D () v

http://www.analog.com/en/products/analog-to-digital-converters.html

v (9) v (9) v (7)

SELECTION TABLE FOR 18 TO 24 BIT, 1 MSPS TO 10 MSPS

I Quick Filter I

Hardware Resolution (Bits) 2 Throughput Rate # Channels Full Power BW Vsupply Pos (min) Max Pos Supply (V) Power Dissipation US Price 1000-4999
(bit) (SPS) ((F4] v) v) w) ($Us)

v 4veesseected - (I oveuesSeec.. v - BN - O CEEN - N
] AD7960 B ' 18 5MSPS T 28 MHz 475V 525V 21 mw $31.00
] AD7986 = 18 2 MSPS 1 19 MHz 475V 525V 20 mW $29.95
O AD7984 B 18 1.33 MSPS 1 - 2375V 2625V 14 mW $28.29
O AD7982 B 18 1 MSPS 1 10 MHz 2375V 2625V 86 mwW $23.28
] AD7643 = 18 1.25 MSPS 1 50 MHz 23V 36V 80 mW $19.50
[ AD7641 = 18 2MSPS 1 50 MHz 25V 25V 92 mW $29.33
O AD7780 2 24 2.5MSPS 1 1.35 MHz 475V 525V 958 mW $24.90
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http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=analog&familyId=390&uiTemplateId=NODE_STRY_PGE_T&virtualTreeURL=D_PARAMETER_2000084|EQ|8
http://focus.ti.com/paramsearch/docs/parametricsearch.tsp?family=analog&familyId=390&uiTemplateId=NODE_STRY_PGE_T&virtualTreeURL=D_PARAMETER_2000084|EQ|10
AD7960 datasheet and product info _ 18-Bit, 5 MSPS PULSAR® Differential ADC _ Analog to Digital Converters _ Analog Devices.htm
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Find Analog Devices' design resources here: Reference Designs, Design Tools, Simulation Models, Evaluation Boards, Device Drivers, packaging, etc.

Circuit Design Tools & Calculators

Get product selection and design assistance using our online
and downloadable tools.

« LTspice

« Amplifier & Linear Tools

» Clock & Timing Tools

« Converter Tools

= Power Management Tools

* RF & Synthesis Tools

Reference Designs

Collect
applice
= Han
» Driv
» Circ
» App

Simulation Models

Collection of product simulation models used in industry
standard simulation tools.

+ SPICE Models

+ IBIS Models

« Math\Works Behavioral Models

« BSDL Models

» 5.Parameters

+ Sys-Parameter Models for Keysight Genesys

Packaging, Quality, Symbols & Footprints
Visual Analog™

Faor designers who are selecting or evaluating high speed ADCs, - H ™
VisualAnalog™ is a software package that combines a powerful set of L] VlsuaIAnalog
simulation and data analysis tools with a user-friendly graphical interface. e—

Many designers are familiar with ADCAnalyzer - 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 analysis. An input signal can be
constructed from sine waves, noise sources, and vector data to see how
an ADC will perform in real world conditions. The data analysis functions
are expanded from the basic FFTs that are available in ADCAnalyzer as
well. Customizable calculations allow designers to predict adjacent

channel power ratio (ACPR) and display I/Q constellation plots on
simulated ADC outputs or data collected from evaluation boards. VisualAnalog™ is also used as a controller for a new
data capture board (HSC-ADC-EVALCZ).
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Sigma-Delta ADC Tutorial

An interactive illustration showing the behavior of an idealized sigma-delta A/D converter.

Instructions | Related Information

-1.5

1 v hd

25
l_v

Bit Stream: 1

Mean Output- 2.5

The adder (delta) output becomes -1.5V.

Product Selection Tables

Sigma Delta ADCs

Isolated Sigma Delta ADCs

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 8
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v 913 références en 2018 (774 en 2014, 380 en 2009)

Analog-to-Digital Converters (ADCs) - Products

Quick search
Resalution (Bits) Py PY Interface Select ~
- [8 =32
Package Group Select ~
# Input Channels Ps PY
1 7
z = Input Range (Vp-  Sefect v
)
Sample Rate ° )
(Max) (MSPS)
> 6400 = | 6400
P
Hide filters Reset 3 matching parts out of 924 total parts
SubFamily -~ Sample
Part Number - INL
SubFamily Re_sulutlon Rate # Input (Max) SNR  SFDR
[ High Speed ADCs (s} (Bits) (Max) Channels (+/-L58) (de)  (dB)
(>10MSPS) (MSPS)
O Isolated ADCs O ADC08DJ3200 - 8-Bit, Dual 3.2- High Speed 8 3200, 21 — 491 67,
o GSPS or Single 6.4-GSPS, RF- ADCs 6400 62
O Precision ADCs Sampling Analog-to-Digital (>10MSPS)
(==10MSPS) Converter (ADC) - New
O ADC12DJ3200 - 12-Bit, Dual 3.2 High Speed 12 3200, 21 — 56.6 67
GSPS or Single 6.4-GSPS, RF- ADCs 6400
Sampling Analog-to-Digital (>10MSPS)
Resolution (Bits) ~ Converter (ADC)
O ADC12DL3200 - 12-Bit, Dual 3.2- High Speed 12 3200, 21 — 56.6 67
C - GSPS or Single 6.4-GSPS, RF- ADCs 6400
8 2 Sampling Analog-to-Digital (>10MSPS)

Converter (LVDS Interface) - New

ADC12DL3200 (PREVIEW)

Sample Rate (Max) (MSPS) A = Order Now
[® Online datasheet

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 10
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Data Converters - Learning center

ADC DAC

Clocks Clocks
& timing & timing

i

; Data Dara Data Data
Input signal = s Host : : Output signal
R S input/ input/ input/ PUESE
conditionin ADC  inpuc P P P DAC itioni
e output output PrOCEsSor output output conditioning

Voltage references e Voltage references
power power

management management

Design tools

Test & evaluation
techniques

Table of contents SAR ADC FRONT‘END
COMPONENT SELECTION

ADC Clocks & timing DAC Clocks & timing Acquisition phase

Test & evaluation
techniques

Input signal conditioning
ADC Basics & applications
ADC Data input/output
ADC Voltage references
ADC Power management

ADC Design tools

Output signal conditioning
DAC Basics & applications
DAC Data input/output
DAC Voltage references
DAC Power management

DAC Design tools

Tl Dranicinn | ahe

® [ =

ADC Test & evaluation technigues DAC Test & evaluation techniques
http://www.ti.com/data-converters/learning-center.html#ADCbasicsapplications

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 11
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v' Maxim Integrated Products: 578 références (563 en 2014, 433 en 2009)
v' Display-Oriented ADCs (33)

d’évolution

v High-Speed ADCs (> 5Msps) (71) : max 8-bit 7,5GS/s (Max1191 de 2003 !!
v" Precision ADCs (< 5Msps) (474): 8 a 24 bits (idem 2014)

maxim
integrated.

peed S (> 5Msps)
Total Parts: 73 'PutChan. Resolution Sample Rate AC Specs SFDR ENOB SINAD SNR THD DHL  INL Full Pwr. BW lcc Data Bus Interface Industry Qualified Package/Pins  Budgetary
o arts: {bits) (Msps) (MHz) (dBc) (bits) (dB) (dB) (dB) (LSB) (+LSB)  (MHZ)  (maA) Price
max > max<  @fiN min  min min typ See Notes
Current Selections: - - - - - - - - - - - -
Parametric Selection Controls: 01 o6 2200 2200 1600 93 114 774 792 445 1 3 2800 1375 [JuPr0 [JAutomotive - AECQ100 [JCTBGA/144  « $50.03 @1k
02 Os Oupi12 CILQFP/48 B
O« 1o CIpPr14 CaFn/es
os o2 CIwPr6 [1SBGA/192
014 OpPis [ISBGAR56  |=
O16 [CIDemuxed [1ss0P/28
Owos [1SSOP/36
[JLvPECL CITQFN-CUMO
[JSelectable Dual/Muxd CMOS CITaFN/28
[ASerial CITQFN/40
[1Serial LVDS CITQFN/4B
15 3 58 384 37 93 01 0 Qrarn/ss - 5297 @1k
[Hidden Columns: 9 (Defaulr) v
Coméare Sort by: Part Number-& ¥ AV AY AV AV AV AV AY AV AV AV AV AV
@ Default = Mewest First
M MAX19527 Octal, 12-Bit, 50Msps, 1.8V ADC
With Serial LVDS Outpute 8 12 50 50 193 84 11 682 685 81 03 05 500 158 Serial LVDS - CTBGA/M4L  $45.07 @1k
@ MAX19515 Dual-Channel, 10-Bit, 65Msps ADC 2 10 85 85 70 77 - 596 601 79 02 025 850 47 Selectable Dual/Muxd CMOS  Automotive - AECQ100 TQFN/48 $7.52 @1k
@ MAX19516 Dual-Channel, 10-Bit, 100Msps ADC 2 10 100 100 70 83 - 595 60 79 02 025 850 63  Selectable Dual/Muxd CMOS - TQFN/48 $11.28 @1k
B MAX19517 Dual-Channel, 10-Bit, 130Msps ADC 2 10 130 130 70 82 - 594 598 78 02 025 850 82  Selectable Dual/Muxd CMOS - TQFN/48 $16.90 @1k
B MAX1437B Octal, 12-Bit, 50Msps, 1.8V ADC
With Sertal LVDS Outpute 8 12 50 50 20 93 114 697 701 -93 025 03 100 348 Serial LVDS - TQFN/6S
A MAX19507 Dual-Channel, 8-Bit, 130Msps ADC 2 8 130 130 70 77 - 493 498 72 01 04 850 82 Selectable DualMuxd CMOS - TQFN/48 $9.27 @1k
A MAX19506 Dual-Channel, 8-Bit. 100Msps ADC 2 8 100 100 70 77 - 493 498 72 01 04 850 63 Selectable DualMuxd CMOS - TQFN/48 $6.16 @1k
M MAX19505 Dual-Channel, 8-Bit, 5Msps ADC 2 8 85 85 70 T - 493 498 72 01 0 850 85  Selectable DualMuxd CMOS - TQFN/48 54.1 @1k
WPr8
M MAX109 8-Bit. 2.2Gsps ADC with Track/Hold
- - J:
Ampliter and 1:4 Demultilexed LVDS Cutputs 8 2200 2200 1600 0.3 421 44 466 025 025 2800 1375 Demuxed SBGA/256
LVDS
Bi P12
LSRR 150 (R T I AR 1 12 170 170 100 87 - 671 672 - 03 055 700 400 ! - QFI/EB
Broadband Applications LVDS

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 12


http://para.maxim-ic.com/en/search.mvp?fam=disp_adc&tree=master
http://para.maxim-ic.com/en/search.mvp?fam=fast_adc&tree=master
http://para.maxim-ic.com/en/search.mvp?fam=prec_adc&tree=master
http://www.mnc.com/

Autres fabricants d’ADC

O  Audio (< 200kS/s, > 16bits):
v AKM Semiconductor

Cirrus Logic
Holtek Semiconductor Inc. {16 voies avec p-processeur et interface SP1 ou USB}

v
v
v NEC
v
v

IN2P3

Les deux infinis

Wavefront Semiconductor {48kHz 24-bit stéréo audio ADC}
Wolfson Microelectronics {ADCs/DAC IC Manufacturer}

Données de
2014 11

O Vidéo (= 30MS/s, 8bits):

v"Intronics Inc.

O Affichage
v Intronics Inc. (LCD/LED Display)
v" NJR. (LCD Display)
v' Sony {ADC 1:2 De-Multiplex, TTL Output, SampleHold, D/A Converter}-> obsoléte

O Rad Hard
v e2v{10 bits — 2.2 GHz}
v' ST micro. (12/14 bits — 50/20 MS/s)

O Autre
Thaler Corp. {ADC a rampe 18-26 bits trés lent }
Intronics Inc. (Flash, Pipeline, AZ, SAR)
Intersil {ADCs/DAC IC Manufacturer}
Linear Technology
v Pipeline 16bits-160MS/s-1,45W
v 16bits AX avec interface 12C
Microchip {AZ, SAR, Dual Slope/Binary/BCD ADC} pas grand choix

ANENENEN

<\
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http://www.akm.com/
http://www.cirrus.com/
http://www.holtek.com/
http://www.nec.com/
http://www.wavefrontsemi.com/
http://www.wolfsonmicro.com/
http://www.intronicspower.com/
http://www.intronicspower.com/
http://www.intronicspower.com/
http://products.sel.sony.com/semi/
http://www.thaler.com/
http://www.microchip.com/
http://www.intronicspower.com/
http://www.thaler.com/
http://www.intronicspower.com/
http://www.intersil.com/
http://www.linear.com/
http://www.microchip.com/
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CIRCUITS MIXTES

Les CAN et CNA d’Analog Devices
parés pour la 56 et la radio logicielle

L'américain introduit simultanément un double CAN de 14 bits 2 3Géch./s et un double CNA de 16 bits &
12Géch./s. Avec notamment en ligne de mire les stations de base 4G/5G et les radios définies par voie logicielle.

nalog Devices, cadence d't NCO

Al‘mdebou}onnable /‘e—_\ de 12Gech./s, AD9172 est 48 bits, des filtres interpola-

numero un mon- | susceptible de synthétiser ~ teurs, une interface JESD204B

dial des circuits de | ANALOG un signal dont  (sous-classe 1) & 15Gbit's... La

conversion de don- [ | | & DEVICES la fréquence consommation totale du circuit
|

nées, renouvelle sa
gamme, déja bien
étoffée, de convertis-
seurs A/N et N/A
rapides. Avec notam-
ment en ligne de {|
mire les stations de &}
base 4G/5G multi- §|
bandes et les sys- <

est de 6GHz. est de 2,55W a 12Géch./s
Unevaleursui-  L'AD9172 est proposé dans un
fisamment élé-  boitier BGA de 144 billes, dont
vée pour per- les dimensions sont de
mettre, dans 10x10mm. Par quantité de
les chaines 1000 piéces, son prix unitaire
d'émission, de  est de 2408, Parmi les marches
faire I'impasse  ciblés figurent les infrastruc-

|
- AD9208

surunétagede tures de communication sans

eeocccccccecoe

témes de radiologi- Sevevew ve9 conversion de fil, les applications militaires
cielle (SDR, Software-defined KL gy fréquence FI (radars, brouilleurs), I'instru-
radio). boovovovoe vers RF. mentation et les équipements
D'un cote, I'AD9208 est un RN R R LT Sur la puce de testautomatise.

convertisseur A/N d'architec- trouvent place PHILIPPE CORVISIER

ture pipelinée i a AL : AD5208

Magasine ElectroniqueS n°82, mai 2017

AVDD2 AVDDA DVDD JVDD2  JVDDA
(2.0V) (1.0V) AGND (1.0v) (2.0v)  (1.0v)
M) M) ')

_— Innovations @ [FANHRS LR

Laboratoire de Physique de Clermont

High Speed Converter Innovations on 28 nm CMOS

Introducing the first of a new line of RF converters designed for GHz
bandwidth applications such as 4G/3G multiband wireless
communications base stations, multi-standard production test systems,
and defense electronics. Based on 28 nm CMOS technology, these
ADCs and DACs provide best-in-class bandwidth, power and dynamic
range to cover the largest number of signal bands.

View high speed converter chip designs

AD9213: 12-Bit, 10.25 GSPS, RF Analog-to-Digital Converter

* High instantaneous dynamic range
* Noise spectral density 154dBFS/Hz
* SFDR 68dBc (1GHz, -1dBFS)

e Low power consumption: 5.1W at 10Gsps

* [ntegrated Input Buffer (6.5GHz input bandwidth)
* 1.4V p-p full-scale input with RIN=50 Q

Ay Ay

AD9213

DIGITAL
GAIN ADJUST

AVNN1
(=1.0V)

VIN+
VIN-

JESD204B
SERIALIZER

Tx OUTPUTS

VCM
SIGNAL
MONITOR
CLOCK JESD204B
DISTRIBUTION|™ SUBCLASS 1
s umo CONTROL
S ™> I GPIO I | SPI |
CLK ASSIGNMENT CONTROL
SYNTH
O O—O
CLKSIVIIJ'D CLKGND GPIO0, GPIO1 SDIO SCLK CSB

GPI03, GPI04,
GPIOS

= Overvoltage protection
(O SERDoUTIE « 16-ane JESD204B output (up to 16 Gbps line rate)
I : * Multichip sync capable with 1 sample accuracy
* DDC NCO synchronization included
Fast overrange detection for efficient AGC
() SYNCINB * Integrated DDC
() SYSREF: * Selectable decimation factors
(O TRIGGER * 16-profile settings for fast frequency hopping
© -‘:\2"33)2 = Optional on-chip PLL clock multiplier
¢ On-chip temperature sensor
On-chip negative voltage generators
¢ Low CER <1e-16

e 12mm x 12 mm BGA
+  240$ par 1000 piéces (AD9172)

.
() SERDOUT15+

O DGND .

15030-001
L ]

http:/lwww.analog.com/en/products/analog-to-digital-converters/standard-adc/high-speed-ad-10msps/AD9213.html#product-overview

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 14



P . Portlcules
pLasmas
Univers

I N 2P3 - oppllcotlons

Les deux infinis Laoboratoire de Physique de Clermont

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 15



Document de réeférence LP(‘/

.

IN2P3

Les deux infinis L Ob’)ro?’)ue de Physique de Clermon t

IEEE Std 1241-2000 | Contents

Analog-to-digital converter background ...

IEEE Standard for Terminology and
Test Methods for Analog-to-Digital
Converters

Booba
Ll a

Manufacturer-supplied IMfOrMATION .. e e

[B=]
=)
r

1

12 Symbols and Geronyms s s s s s s s e s sne s sns s seniees [

4.2 Analog input .......

4.6 Slep respomSe PATAIMIEIETS .o oo s oo e ce s s e om sms s e sa s s s sm s snmsssns s s e es O3
4.7  Frequency TeSpOnSe PATAMEIETS Lo oo cs s e s sesmssns s s s s e s sm s snmsssnse s s sensees O
4.8  Differe

410 Dingital [ogie SIEMELS e e et e s e st e e es |
4.11 Pipeline delay ...

412 (IUL-O-TATIZE TECOVETY cortercimieras e ee s eeee o cae s s s e e st ot en s s e o £ om e e e et et en s e s s T
4.14 Differential inputl SpeeifiCalIONS . oo e e easse s e ee s eness e e en s e ss e enee B ]
4.15 Comments on refErence SIZMAL o e ees e e enees e ee e e ens s e s esss e ee s cnse e eeenne B2

416 Power SUPDLY DETHITIELETS oo icteee s em e e s e s e et s et et o e e e £ e e s e e e et e DD

Source: Norme IEEE [IEEE]
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Critical ADC parameters

Typical applications

Critical ADC parameters

Performance issues

Audio SINAD, THD Power consumption.
Crosstalk and gain matching.
Automatic control Monotonicity Transfer function.

Short-term settling,
long-term stability

Crosstalk and gain matching.
Temperature stability.

Digital oscilloscope/waveform
recorder

SINAD, ENOB
Bandwidth
QOut-of-range recovery
Word error rate

SINAD for wide bandwidth
amplitude resolution.
Low thermal noise for repeatability.

Geophysical

THD, SINAD, long-term stability

Millihertz response.

Image processing

DNL, INL, SINAD, ENOB
Out-of-range recovery
Full-scale step response

DNL for sharp-edge detection.
High-resolution at switching rate.
Recovery for blooming.

Radar and sonar

SINAD, IMD, ENOB
SFDR
Out-of-range recovery

SINAD and IMD for clutter
cancellation and Doppler processing.

Spectrum analysis

SINAD., ENOB

SINAD and SFDR for high linear

SFDR dynamic range measurements.
Spread spectrum SINAD, IMD, ENOB IMD for quantization of small
communication SFDR, NPR signals in a strong interference

Noise-to-distortion ratio

SFDR for spatial filtering.
NPR for interchannel crosstalk.

Telecommunication
personal communications

SINAD, NPR, SFDR, IMD
Bit error rate
Word error rate

Wide input bandwidth channel bank.
Interchannel crosstalk.
Compression. Power consumption.

Video

DNL, SINAD, SFDR, DG, DP

Differential gain and phase errors.
Frequency response.

Wideband digital receivers
SIGINT, ELINT, COMINT

SFDR. IMD

Linear dynamic range for
detection of low-level signals in a
strong interference environment.
Sampling frequency.

COMINT = communications intelligence
DNL = differential nonlinearity

ENOB = effective number of bits
ELINT = electronic intelligence

NPR = noise power ratio

INL = integral nonlinearity

DG = differential gain error

SIGINT = signal intelligence

SINAD = signal-to-noise and distortion ratio

THD = total harmonic distortion
IMD = intermodulation distortion
SFDR = spurious [ree dynamic range
DP = differential phase error

Source: Norme IEEE [IEEE]
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IN2P3 Banc de test statique LPCZ:

Les deux infinis

T r—

PROGRAM-
CLOCK GENERATOR EEmmm— MABLE —h-l FILTER REQUIRED
(Frequency Generator)

DELAY L
¢ _ ———— OPTIONAL
- STy T T E[F___ ![r___jg[
CONTROL AND LATCHS BUFFER
DAC ILTER COMPUTER
LOCAL MEMORY DEMUX MEMORY
—_— —_— —_—— —

=

e ==

Figure 4—Setup for arbitrary signal testing

Variation lente du signal d’entrée par rapport a la fréquence d’horloge.
Filtrage basse frequence du signal injecté préconisé.

Filtrage de I'horloge pour réduire le jitter préconiseé.

Source: Norme IEEE [IEEE]
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Test avec un signal Rampe LPC

= °PPlicotion

IN2P3

Les deux infinis Laobor o?’)i e de Physique de Clermon t

» Temps de montée de la rampe >> période de I'horloge
= Av entre chaque cout d’horloge de 'ADC << au pas de quantification (pour
déterminer la DNL)

Ex: ADC 12bits @ 40MHz sur 1V - Av en 25ns << 250uV
Avec Av=100uV, durée de la rampe: 25ns * 1V/100uV = 250us

= Sj possible, faire n mesures sur chaque palier pour réduire le bruit de v/n .

4000 T T T T T T
data 1
3000 | — linear g
4.1.6.2.1 Comments on number of samples to be averaged per transition level for a given W
confidence level So00 k //_/ 4
The precision of the measured values of the code transition levels depends on the total number of 5
histogram samples measured. Increasing the number of samples decreases the uncertainty while 1000 F / |
ramping the input. The larger the total, the lower the uncertainty. Nonlinearity of the ramp input sy
signal would produce errors in the code transition levels. Noise on the ramp signal or the ADC under /
test will cause uncertainty in the measured code transition levels. Specifically, the uncertainty in LSBs DD 1;3 2'0 3'0 4'0 5;3 BID =0
due to noise in the estimate of a transition level is approximated by Equation (61). idual
resiguals
R ;‘E 1 T T T T T T
S\E (61)
where
o is the standard deviation of the noise, in units of ideal code bin widths (LSBs),
is the average number of histogram samples received in each of the code bins that share the
given transition level.
Source: Norme IEEE [IEEE] . . . . . . .
0 10 20 30 40 50 60 70
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N2P3 Test par histogramme LPCx:

* Principe :
Signal d’entrée sinusoidal ou linéaire (triangle, rampe)
Construire I’histogramme expérimental = Fréquence
d’apparition des codes de sortie
Comparer cet histogramme avec I’histogramme idéal

PET - -

~N

Histogramme

o Temps
>--
-l —
- Parametres

Codei « Offset
« Gain

: / I * NLD
Temps I J . " NLI y

Amplitude

)
m
I
I
I
1

Amplitude

[=]
r

Codei
Source: S.Bernard, LIRMM [BER]
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IN2P3 Test par hlstogramme PC/,
* Principe :
Signal d’entrée sinusoidal ou linéaire (triangle, rampe)

Construire I’histogramme expérimental = Fréquence
d’apparition des codes de sortie

Comparer cet histogramme avec I’histogramme idéal

® Nombre d’échantillons © Précision
@ Pas de paramétres Dyna. © Application Indus.

Source: S.Bernard, LIRMM [BER]
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IN2P3 Test par histogramme | PCoisis

m:e de Physique de Clermont

Les deux infinis

L
Cad

Code
de sortie

N Entree

H(:') e DE arjaloglque

>

Histogramme

nbr d’apparition du code i
nbr total d’échantillons

H(i)=

sdwa|

Source: S.Bernard, LIRMM [BER]
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Test par histogramme LPC>:

IN2P3 @
Les deux infinis K@ Physique de Clermont

Test par histogramme

-~

Code
de sortie

Entréee

H(i 001 — i
(‘I} 001 . pp  analogique

-
WLWLWD L L] Ll
P om

Histogramme

nbr d’apparition du code i
nbr total d’échantillons

H(i)=

IR N NN RN NENN AN

sdwa|

Source: S.Bernard, LIRMM [BER]
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IN2P3

Les deux infinis

Test par histogramme LPC:

®
°
rticules
nivers
i
rmont

Test par histogramme

|
f0 : ES
Histogramme 3 e ~ Entrée

«+ Analogique

B 111111

s
¥
w*
¥
¥
¥
*
-
-*
.
st i
L ]
I‘.-
.
-
-
-
.
-
.
.
-t
.
.
e

LT
"
Jq,.
J*.‘
-
lllll
=
'
l**‘

alLLLll

Temps

Suuice. d.oernary, Lixiviivi |BER]
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)zvs Test par histogramme Qr/

4.1.6.2 Alternate code transition location method based on ramp histogram

In this approach, a histogram of code occurrences is generated in response to an input signal level
which ramps linearlv between the extremes of the full-scale range of the ADC. After a sufficiently large
number of samples [determined from Equation (61)], the histogram of the output provides an accurate

measure of the differentiall nonlinearitv of the ADC. Integral nonlinearity can be directly computed by

numerically integrating the differential nonlinearity data.

The input ramp should be generated synchronously with the sampling clock, by a high-resolution
DAC or arbitrary waveform generator with suitable linearity. Absolute signal level measurements can
be made at the terminal codes to compute oftset and gain errors. The statistics of this process, as noted
in the comments below, can be used to calculate how many hits per bin should be used to achieve a
given confidence level based on the equivalent input noise level.

The location of the code transitions, T[k]. can be extracted by manipulating the data that is collected
in a histogram test with a ramp input. The code transition levels are given by Equation (56)

Tk|=C+A4-HJk-1 fork=1,2,...,2"=1) (56)
where
A is a gain factor,

C  is an offset factor,

Copyright @ 2001 IEEE. All rights reserved. 35

Source: Norme IEEE [IEEE]
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IN2P3 Test par hiStOgramme QQ

Les deux infinis

IEEE
Sid 1241-2000 IEEE STANDARD FOR TERMINOLOGY AND TEST METHODS

i
H|. [j] isequal to ) HIi,

i=0

HI[i] is the number of histogram samples received in code bin i,
N _q

S is equal to > H[i] = the total number of histogram samples.
i=l

The values of C and A can be computed directly from the collected data and the direct measurement of
T [1] and T[2Y¥—1]. The expressions for A4 and C are given by Equation (57) and Equation (58).

_ UP”—H— )
(S— H[2Y — 1] - H[0)) (57)

T(1] - (u[n] x (7127~ 1] - T“”) (58)

(S—H]2Y —1] - H[0))

It should be noted that if code bins 0 and 2”1 are excluded (defined as having zero width) then the
expressions reduce to Equation (59) and Equation (60).

e (2" _;] — T1]) (59)

C = T[] (60)

Source: Norme IEEE [IEEE]
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IN2P3 Test par hi Stog famime LPC/‘ m

Les deux infinis

+ Code
de sortie
— —
i ) —
HO)_, _ e | s
Histogramme s I— W—— . Entree
. g::-Analogique
’4'-? 2A >
Tempsy
s Ni[ . [f2i-2") PE |(2i-2"-2) PE ||
H™ (1) = ——| arcsin — |- — arcsin |
T 2" A . 2! A
\ " A 11} . A 1] i

Source: S.Bernard, LIRMM [BER]
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Test par histogramme LPC::

< °PPplicatio
ﬁf@ de Physique de Clermont

Les deux infinis

4 Code
de sortie

- — -
s >
e

Histogramme 1 el . Entree
v Analogique

.
-
®
3 -
F et
-
i
-

L
I..‘
-
-----
an
e
an®
'l-'.
----
-

k J

i

NN L NSNS NNNNNSNNEEEN

L
"a
L
®
bl
......
-,
-,
e

Temps

i
-

Source: S.Bernard, LIRMM [BER]
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Banc de test dynamique LPC2:;

r—— —

CLOCK GEMERATOR —J_|—|_ |
r— — " {Frequency Generator) H FILTER HEQURED
| L — — 4 — — — —  OPTIONAL
I
: SINE-WAVE L 1 r———l - - — — 1
GEMERATOR |' \ ) | LATCH/ BUFFER
|_ o {Frequency z J FILTER DEHUK w MEMORY COMPUTER
|_ Synthesizer) p I- |_ [E— [ — _ [ J
| PROGRAM- | |
MABLE | |
| DELAY
—— = |
SIGNAL |
| - GENERATOR v B
- (Frequency T
Synthesizer)

Figure 3—Setup for sine wave testing

De la « pureté » fréquentielle du signal sinusoidal d’entrée dépend la précision
de la mesure.

Un filtrage sélectif sur la fréquence de test est généralement nécessaire -
plusieurs filtres requis pour balayer une plage en fréquence.

Filtrage de I'horloge pour réduire le jitter. Source: Norme IEEE [IEEE]
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IN2P3

Les deux infinis

N b Spectre
%PE' A up _______________________
E ou

| CAN DSP
o7 Temps
Parametres
SNR, THD, SFDR, IMD ...
@ Sensible a la Synchro. © Rapide
@ Pas de paramétres Stat. © Application Indus.

Source: S.Bernard, LIRMM [BER]

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 30



Régression sinusoidale (1) LPC:s

IN2P3 = 9

Les deux infinis
0
1
1 }
- CAN 1
0

Estimation : A.sin(2.F, +6)+M Bruit

Amplitude
o B = B =)
ocCo—==0

Temps

Am plitude\

. \ / \ [
* Principe :
Signal d’entrée sinusoidal (1.sin(2n.Fin+¢)) - Signal « parfait »

Estimer le signal sinusoidal de la forme (A.sin(2r.Fin+¢)+M)
VU a travers le convertisseur

Les parameétres M, A donnent respectivement la valeur du
gain et de I'offset du CAN sous test

Fonction sous sfit4 MATLAB:
—> estime 'erreur rms par rapport a sinusoide ideale
- estime 'ENOB =log2(2”*n_bits/(X.erms*sqrt(12)))

© Précision

Source: S.Bernard, LIRMM [BER]
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N2P3 Régression sinusoidale (2) ch/; s

Les deux infinis Lol b rotoire de Physique de Clermont

Fonction sous sfit4 MATLAB:
—> estime I'erreur rms par rapport a sinusoide idéale
- estime 'ENOB =log2(2”*n_bits/(X.erms*sqrt(12)))

3500 T T T T N T T T
%$SFIT4 IEEE-STD-1241 s Dynamic performance
Standard four parameter
fit of a sine wave to el ||ﬂ k |
measured data 2000 "r [ r P r II " ql i
1500 -
1000 | | | | | | |
0 50 100 150 200 250 300 350 400
ENOB=10.5 @ 10.625MHz
2 T T T T T T T
1 —
0f |
E >
5 50 100 150 200 250 300 350 400
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IN2P3

Les deux infinis

CLOCK GENERATOR
(Frequency Generator)

Jr

PULSE REPETITION
(Frequency Synthesizer)

Y

Autres bancs de test

f——=—

| FILTER :—

L ——

REQUIRED

OPTIONAL

L

ortlcules

/ P Ohver
‘ nivers
nppllcotlon

M’:ue de Physique de Clermon t

WORD

B

* COMPAR-
4 ATOR

SUB N,

ADDER

WORD

COMPAR-
A ATOR B

JL r——=— - -
PULSE GENERATOR —FI FILTER # IB':L%F;’ # I‘?ILEJI':';TRF:’ #D COMPUTER
I— — — e — e —
(a) CLOCK
Figure 5—Setup for pulse and step signal tes -
777777
: VOLTMETER |~<———
I spectaum | _ _ |
| ANALYZER |
— — — — OPTIONAL
REQUIRED Dac i
(b) CLOCK
Locating code transitions using a feedback loop noe
TEST
VOLTMETER
______ i
I specthum _
L vz | |
=— = = — OPTIONAL — ‘
REQUIRED

Reference
code
k,

ool

ADD N,

Reference
code
k n

Figure 8—(a) Block diagram of feedback loop (digital method); (b) Block diagram of
feedback loop (analog method)
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Mesure du Bruit LPC:
l t:@lc!zlugiﬁigs N terscis :,: de Clerme
Méthode utilisée @ LPC:
= Mettre un signal fixe a I'entrée de 'ADC,; filtrer trés basse fréquence
= Acquérir les données en sortie de 'ADC
» Tracer I'histogramme de distribution des codes; déterminer la déviation

standard

» Effectuer cette mesure pour différentes valeurs de tension d’entrée.
= Cette mesure de bruit peut étre realisée sur toute la gamme avec le test de la
rampe et n mesures par paliers

0.57

=
I
1

Standard deviation=0.9 LSE_ |

[ ]
L]
1

=
o]
1

Count (normalized)

0.19

0.0 T Y 1
2042 2043 2044 2045 2046 2047 2048 2049
ADC Code (LSB)

Source: LPC-Clermont
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IN2P3

Les deux infinis

FUNCTIONAL BLOCK DIAGRAM

[P e e d

OR-E0AND
R | ST
BEGULSTORS

EINGLE OR MULTICHANNEL
HB3H EFEED ADC

S

EVALUATION BOARD a Pﬁ;g
DATA BUS 215, DRTAME] b
ruggree I e b —
IKPUT we | 5:-5? - — COMTROLE | -y fiioLien
= OATA BUE 18] = POETE
1 ar v PORTE
J_T | POETA

el = T

é_u:nmc

e

b
CLOCH IRPUT

XILINX
VIRTEX4

U 1 carte support de ’ADC a e
tester + 1 carte genérique

d’acquisition i
L Logiciel d’analyse/affichage des
données: VisualAnalog

Y

VisualAnalog.exe

CYPRE2S U2E
CONTROLLER

GENERAL PURFOSE 10,
USBI2PI CONTROL

TR\

IREE BRI

DATAEU2 1

IRRN 2R

UZE CONNECTOR

FPOA JTAG

DATABUS 2

LAL bR

CONNECTOR
Figure 3. HSC-ADCEVALT Components (Top View)
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Exemple de carte d’¢évaluation: | PCYs
IN2P3 - = / w2 opplicatio 'V;S
Les deux infinis Llnear T. & MaXI m Laboratoire de Physique de Clermont

U Linear Technology: DC718B - QuickDAACS USB
Controller for QuickEval-11 Evaluation Kits

Ext Trigger Inpet 0c718

-
—
—
o
-—
—
—
-
—
—
.-

r
Mt
—
.
b
—
e

-

R et
R e
v

2

g:“f‘"" e Figre 2. 83s)c Cansection Lacaticas
Y

L Maxim: 68HC16 Module
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Banc de test dedié @ LPC

S °
€ articules
/ P Jnawer
nivers
e OPPlication
m:e de Physique de Clermont

O Banc de test genérique, piloter par PC/LabView via USB, avec:
» ADC AD7684 différentiel, 16 bits, 100kS/s - ADC de référence
» DAC 16 bits + FPGA +USB driver - signal d’entrée type « rampe »

£

o
P
22 ~L\, o

T 51

ADC ref.

v

D.U.T. board

ADC
under test

’ e v“:__'%r ‘:HZAIELE: 10’1
. wGE N7 [~
> ~ R DALOTK e on M

AT Qe HREE
Vegr —e 0 e .
e i

v

[ ADCreﬁdaml Clac_k&'raset‘ ADC under
g testdata |

USB driver
.
=
,}_",’ Frzasam

| uUsBdma |

DC/L

P

0.10

0.08+

o
o
i

0.04+
0.02+

0.00+

o
o
»

-0.04

INL (% of the full scale)

S
o
)

-0.08

i

-0.10

Input Charge (pC)

PC/LabView interface control

e il i
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IN2P3

Les deux infinis L » atorre de Physique de

Tenue aux radiations Lpr/w

d Les ADC en milieu radiatif sont sensibles:

>

YV YV V

a la dose ionisante:
v' dérive de la consommation en courant
v' dérive de la précision
v" du temps de conversion

v' de la référence de tension interne
v

aux phénomenes de latch-up (SEL.: Single Event Latch-up) si la technologie est CMOS
(Ia plus répandue aujourd’hui) ou BiCMOS

aux SEU (Single Event Upset)
aux SET (Single Event Transient)
aux SEFI (Single Event Fonctional Interrupt)

Source: D.Danglan et F.Malou (CNES) [DAN]
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Tenue aux radiations: exemple de I'AD9042 (1) Lpr/w sssss

xxxxx

IN2P3

Les deux infinis

O ADC AD9042 12bits - 40MS/s utilise pour les calorimetres electromagnethues
d'Atlas et CMS I v

> architecture pipeline
» technologie bipolaire XFCB 1.0 (eXtra Fast Complementary Blpolar)
> doit tenir a dose jusqu'a 300 krad pour Atlas et 1 Mrad pour CMS

hr re de Physique de Clermont

> Definition avec Analog Devices du processus de test: ADI CMS|
I 3 ] Fab Lot _
rn{}, L I\_\\ | In —. /y I8 wafers =10
b I—L % — f !
. | :
1 P — | Probe entire 11-14
' T T RO 3 l/ Lot
];—- l — | Dice 1 Wafer Test | 75
B | Pke ~ 20 die (Irradiate) I
40 MHz _| H — , = —— -
0—| i Clocks
éﬁ | Dice entire Accep 20
; Dispositif de test ADC “-\ Lot P

» 1 cycle = 21 semaines \ ‘ ui::ed 21
» 32 ADC x 16 wafers = 512 ADC testés _ 7

Fig. 1. ADC process flow for CMS.

Source: P.Denes [CMS2]
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Tenue aux radiations: exemple de I'AD9042 (3) Lp(/w tmmis

IN2P3 )
Les deux infinis e de Physique de Clermont
0 Mesure du gain 253 1 1010
Iy S
. ; P 252 | e A — S
v Augmentation de la tension de référence . 1005 £
avec la dose - baisse du gain ADC 51 T 1 1000 1
. =]
_ g
v" Utilisation possible d'une référence | =
. . [ 0885 £
externe rad-hard et/ou correction off-line S
0.990

1013p/cm? < 1Mrad 2.48
0.E+00 2.E+12 4E+12 6.E+12 8.E+12 1.E+13

Integrated Dose [p/ cmZ]

Fig. 7. Amplitude and voltage reference change during irradia-
tion. The crosses indicate the measured value of the ADC
voltage reference on the left-hand scale, and the triangles indi-
cate the normalized change in amplitude for a 5§ MHz full-scale
sine wave on the right-hand scale.

Source: P.Denes [CMS2]
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JLAN 00 A3 LAAK LA

Change in 5 MHz SNR [dB]

-10

T T T T T T T T T T T T
— = w oo [~ | ohn =D o th =t LT -+

S e e e T

Wafer

Fig. 5. Change in 5 MHz SNR for ADCs exposed to 10*= p/em?
as a function of wafer number. The open squares represent the
average of the ADCs irradiated, and the error bars the RMS.

Tenue aux radiations: exemple de 'AD9042 (4) | PC~>

pplication

(roto;re de Physique de Clermont

120
|

100

80

40

-0 -8 6 4 -2 0 2 4 6 8
Change in 5 MHz SNR [dB]

Fig. 6. Change in 5MHz SNR for all ADCs exposed to
102 p/em?, ie. a histogram of the data in Fig. 5.

10%3p/cm? < 1Mrad

SNR moyen mesuré de 63 dB contre 68 dB théorique
» systeme de test a améliorer

Source: P.Denes [CMS2]
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Tenue aux radiations: exemple de I'AD9042 (2) | PCo

< °PPplicatio ‘
sede C ont

Q
= I
Physique de Cle

IN2P3

Les deux infinis

] Mesure du SNR de I'ADC AD9042:

> le SNR de I'ADC est de 68 dB; le banc de test doit donc étre tres bas bruit:
v signal d'entrée trés bas bruit et trés faibles harmoniques
—> génerateur Rohde-Schwartz + filtre passe-bande
v’ trés faible jitter de I'norloge ( 4 ps rms: bruit équivalent de 1 LSB)
—> XO0-400 crystal oscillator (Vectron International): jitter de 0.5 ps rms
- 1:2 buffer MC10EP11 de On Semiconductor C. jitter de 0.2 ps rms
v’ trés bas bruit du PCB et systéme complet
—> PCB 4 couches: 1 plan de masse, 1 plan d'alim. divisé en 2 (analog & digital)
—> support de qualité
—> connectique SMA

n

Source: T.Liu et al. [SMU]
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Les deux infinis Lol b rotoire de Physique de Clermont

Tenue aux radiations: exemple de 'AD9042 (5) LPQ ooooo

O Amélioration du dispositif de test de circuits :

FIFP
Control
Crystal & Filter |
C=cillator Selection
DA
i + _ = PC
¥ ¥
Signal - BPF & i ADC =+ FIFD - Card ~
Generator | | LPF under =
A Test Wref | Multimeter =
....... ‘-., {L);'B,;_-.drd e E\auamn BUdrd
R8-232

(c) SNR @ 9.6MHz and -1dBFS

70
/ SNR@Atlas
g +~— SNR@ADI
o
Z SNR@CMS
62 b . —¢—meas.at ADI |
- & - -meas. at SMU
60 .
1 2 3 4 5 & 7 8 g 10
Chip #
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Exemple d’ADC certifié « spatial » ;EC/.

IN2P3

Les deux infinis

0 ADC AT84AS008 de e2v (ex ATMEL):

> Principales caracteristiques:
v" 10 bits — 2.2GS/s — Techno. SiGe
v ENOB: 8bits@1.7GS/s, 7.7bits@2.2GS/s
v SNR: 51dB a 2.2G/s
v 4,2W/+5V
v' prix: 1300$/1000 pieces

» Evaluation spatiale:
v’ évaluation performances entre -55/+125°C et VVcc min et VVcc max
v" endurance 3000h a 125°C sur 20 piéces
v’ chocs mécaniques et thermiques, vibrations, cycles thermiques
v’ essais en radiations en dose cumulée jusqu’a 150krads a un débit de 50rad/h
v' essais en radiations sous ions lourds: SEL, SEFI, SEU

Source: e2v [AT84] et D.Danglan/F.Malou (CNES) [DAN]
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Fluctuation de I’instant d’échantillonnage LP e
IN2P3

(Aperture jitter) -

Définitions

APERTURE (SAMPLING) DELAY: délai de
temps entre la commande d'ouverture de
I'interrupteur d'échantillonnage et son
ouverture effective.

APERTURE JITTER: variation du
Apperture delay d'un échantillon a un

autre. Cette variation est vue en entrée
comme un bruit.

dv: erreur de tension

dt: jitter en temps

Source: B.Brannon et A. Barlow (AD) [BRA] et J.Lecoq [LEC]
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Fluctuation de I’instant d’échantillonnage LP
et (Aperture jitter) —-

Relation entre l'erreur d'instant

d'échantillonnage Considérons un sighal d'entrée v(t) sinusoidal:
et I'erreur de tension échantillonnée v(t) = Asin(27z - f -t)

L'erreur de tension est la dérivée en temps:

A - %:A.mecos-(Zn-f't)

dv: erreur de tension

dv(0)

. dt [0

=A-2r-f

4t iitter en temps En posant dv = Vg, I'erreur de tension introduite par
x P la variation de temps dt = 1, est donnée par (valeurs

rms) :
VERR

A2r-f

Vege=A-27-f-t, | ou | t=

» L'erreur augmente linéairement avec la fréquence du signal d'entrée.
» L'origine de la fluctuation en temps t, est le bruit du signhal d"horloge.

Source: B.Brannon et A. Barlow (AD) [BRA] et J.Lecoq [LEC]
Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff

L'erreur est max pour cos(2nft)=1 soit t=0:

mos
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Fluctuation de P’instant d’échantillonnage LP \\\\\
Ao (Aperture jitter) ‘

Détermination de l'erreur d'instant d'échantillonnage maximale
acceptable pour un ADC

Soit un signal Vin = A.sinwt converti avec un ADC de résolution N.

L'erreur maximale tolérable est: 2. A
ERR‘maX ~ AN
2
VERR ':D _ ERR‘max _ 1
* A2r-f s A2r-f 2V.z.f
Exemples |
L'audio:  20kHz, 16 bits...........ccccceueeeeee... A1=200 ps
La vidéo: 100MHz, 8 bits ..o, At=12 ps
La Hi-Fi: 20kHz, 20 bits.........cccceoeevecenan.. A1=12 ps
NEW audio................24 bits..........ccccceeeueeveneeoe.. A1=0,8 ps
Oscillo. 2GHz, 8 bits....ccooccvcveeeeercvenn. A=0,5 ps

Source: B.Brannon et A. Barlow (AD) [BRA] et J.Lecoq [LEC]

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff
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(Aperture jitter) e

Contribution de I'erreur d'instant d'échantillonnage sur le SNR

SNR =-20log| (27 - f -t,)? +(1+‘9j

\ J
Y

/' \ autres contributions (DNL, bruit
contribution du jitter

quantification, bruit thermique...

Fluctuation de I’instant d’échantillonnage LPf" -

ooooo

100 —— SNR (dB) max. théorique pour un
16 BITS

ADC a N bits (bruit de quantification):
o0 \ SNR=6,02.N + 1,76
14 BITS soit 74 dB pour un ADC 12 bits

d\f@ T oy EE‘T-D& rl?ﬁs Limite Théor'ique SNR ADC 12 bits

NN
TN

10 100 1000 §
INPUT [MHz) E

Figure 5. Signal-to-Noise Ratio Due to Aperture Jitter Source: B.Brannon et A. Barlow (AD) [BRA]

SNR (dB}

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff
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Fluctuation de I’instant d’échantillonnage | PCos
iy ( Aperture jitte r) oo

Détermination de t, a partir des mesure de SNR

l_|_ ) 1/2
SNR_—zolog[(zn 1) +( ‘9”

\ J
Y

La valeur de t, peut tre évaluée en effectuant 2 mesures de SNR.
Avec f suffisamment bas:

1+eY o
SNR|  ~—20log| —=| ==> &~2"-102 -1
low- f 2N
—SNR]high- f 2
| 10 » |- 1+Ng
A haute fréquence on obtient: 2
i =
] 2r - f

Source: B.Brannon et A. Barlow (AD) [BRA]
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Fluctuation de P’instant d’échantillonnage | PCoiis
Leslt!zlugilriig?is (Apertu re j itte r) ﬁeapm ysiqu P:e( ermont

Exemple d'évaluation de t,

Daviea: ADI244 1

Dardiea M 1

= ADC AD9256, 14 bits a 125MS/s et

= kit d 'évaluatation Analog Devices DA wbee P =23 MHZ
S ] SNRFS 72,05

UDSMA: 9 82 48

WiALL OUTLET a0 0 o 7| NS — ——
TV TD 240V AT swaz: 7T 2
FHz TD Sz 43 a3ty I ] ] L o oL T T T L LT
13V e 042 dBe S S
. c = # Yed-3.80 dBe iy s
i SWTTCHING .Eﬂ.al':i.nﬂ.ﬂ | J 4 10498 S8 =80 J
S o T3 el NI R A I N R T
PARALLEL [~ ] IR LT & LT TUSTR ¥ .
NS 1 THD: -34.55 d8e -
OUTFUTS HS C-ADCE WV ALBDT FC SFDSEE 5 g8 = i
EVALUATION FIFD DATA, RUNNING vins Frones 11724 smen 0 T 1 T T T T T 1 T T 7T
ROMDE & SCHWARZ. BOARD D;.;IUREE AIL:FT:LER I o ] 0 18 20 25 3 35 40 45 50 55 &0 %
o 2 eanc.rass| Jieus Aot o FREGUENCY [MHz] :
Seaizes LT MR&}EE—N wr#;ﬁ‘"‘\ Fiaure 3. 2.3 MHzFFT
FDHDE:HEHTJH WEARE. - ATPUT —;/ = —1/ ; DavicaAD9248 o
2V po SlaNAL 8] S S, B . T e R B I—
Figure 2. Aperture Uncertainty Measurement Setup with AD9246 Customer cecusts s :‘: F =201 MHz
Freluetionsoere T L SNRFS=69,05
. . — iR 334 o ] I
A partir des 2 mesures on obtient: | t,= 197 fs | iz L
SINADSATS 48
Fund: -1.029 <34 =T
2edTEN 43 B I S ———
Remarque: la valeur obtenue t, est la somme e
. . . rd /7 48:-10312 d8e
quadratique des contributions du générateur et de e
] . . . . Vé Vé Sc-91 482 |
I'ADC lui-méme. Si la contribution du générateur est waoassne s M
’ . ’ THO:-T2 85 98 =120
connue, on peut en déduire celle de 'ADC. monranm
:’ ":":“"arg 5 10 15 20 25 30 35 40 45 50 55 60 2
";‘:W““ FREQUENC ¥ {MHz) E

Figure 4. 201 MHz FFT
Source: B.Brannon et A. Barlow (AD) [BRA]

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 53



IN2P3

(Aperture Jitter)

Fluctuation de I’instant d’échantillonnage Lp(-
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--PP't .

Lh? re de Physique de Cle nt

Dégradation du SNR vs aperture jitter

O SNR (dB) max. théorique pour un ADC a N bits (bruit de quantification):
soit 49,9 dB pour un ADC 8 bits

O Dégradation du SNR vs clock jitter:

SNR=6,02. N + 1,76

Allowable Clock Jitter (fs.)

Total SNR Due to Quantization Noise and Jitter (dB)

1

1

SNR=1010g | —g5r- * anmg

101 qo ™
142 48.5
259 48.2
354 47.8
447 47 .4
541 46.9
640 45.4
747 45.8
862 45.2
Qg9 44.5

Source: J.Catt (NS) [CATT]

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff
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(Aperture Jitter) g

Mise en ceuvre de |'horloge

sssss

S

O Signal d’horloge sinusoidal différentiel
2 ; CLOCK | ADT1-1WT
> recommandé pour ADC rapide SOURCE i E CLK+
M
HSMS2812

v’ jitter réduit par rapport signal logique AD9444
v’ utilisation de transformateur RF « balun » CLK-
pour distribution de I’horloge

3006

DIODES

v' adaptation d’impédance interne

Cumul des jitter

O Signal d’horloge logigue différentiel
» LVDS jusqu’a 1,5 GS/s ADC rapide (ADC081500 de NS

» adaptation d’impédance interne SYSTEM CLOCK
» routage sensible des signaux
DAC CLOCK INPUT
» attention au distribution d’horloge
DAC DATA LATCH
> utilisation de circuit dédié type AD9510 (jitter 350 fs)
Table 1.
Gate Type Jitter SYSTEM CLOC
FPGA' 33t0 50 ps D & ADC ENCSDE INPUT
741500 4.94 ps .
74HCTO0 2.20 ps (&)
74ACT00 0.99 ps Figure 8. Clock Distribution Chains
MC100EL16 (PECL) 0.70 ps
AD9510 Clock Synthesis and Distributi 0.22
NBSG16 {R:;UC:;;;S:;;C b stribution 0.0 E: Source: B.Brannon et A. Barlow (AD) [BRA] & J.Catt (NS) [CATT]

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 25
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IN2P3 C/ g

(Aperture jitter) S pymses ‘

Mise en ceuvre de |'horloge

0 Exemple: ADC AT84AS008 de e2v (Atmel)
» 10 bits — 2,2 GS/s
» Extrait datasheet:

Typically, using a sinewave oscillator featuring —135 dBc/Hz phase noise, at 20 KHz from carrier, a glo-
bal jitter value (including ADC + generator) of less than 200 fs RMS has been measured. If clock signal

frequency is at fixed rates, it is recommended to narrow band filter the signal to improve jitter
performance.

Figure 8-5. Differential Clock Inputs (Ground Common Mode): Recommended

\Y

+0.23 X /
oV

-0.23

dBc: in telecommunications, this indicates the relative levels of noise or sideband peak power, compared to the carrier power.

Source: e2v [AT84]
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Les deux infinis

Dynamic specifications

100

» Dynamic performance of the & SINAD: 54850
ADC are determined from the ° i
FFT for an incoming sinus
signal: 100KHz, TMHz and
S5MHz

» These results integrate all the
limitations:
» Reduce dynamic range

0 S.pIkES ' £ ™| siNAD: 53.590
) L SNR: 55.930
Jitter (next slides) “ | ENOB: 6,610

100
. SINAD: 51.860

Frequency [MHz]

Channeld, 1 MHz, rimming = 16

1 MHz

0 ' 5 10 s ' 20
Frequency [MHz]

I I 1 1 I 1 1 I 1
Frequency [MHz] Journée VLS| IN2P3 2014 22
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Chercher ’erreur ??
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Les deux infinis

ENOB: Source & Solutions

» Source of ENOB reduction
= sampling clock jitter

- 1 to10 ps jitter is needed to reach
exXxpectations
> Simulation studies of 2" prototype:
« RMS jitter 30 ps or +100 ps peak .

to peak ~
» Solution: - T
. . . 1 3 1 da 100
o Modlfylng the archltectu re Of ThFULL—SCALE;I_IfEWA'."EI&Ni’d;DGINTI.;I' FR;Q_UENCY[MH:}
: coretical nmitatons
the sampling pulse generator as a function of jitter

inside the chip

Present problem for
jitter
New jitter simulated

S 2 E 2 B

Journée VLSI IN2P3 2014 23
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- Quelques notions de CEM | PCoiss

Les deux infinis Loboratoire de Physique de Clermc

Quelques conseils d’un experts CEM: Alain Charoy AEMC en 2005
« Méfions-nous a priori des data-sheets !... »

= « Un plan de masse non fendu sous le convertisseur est souhaitable !
(fente de 1cm = self # InH ) »

= « Le bruit des ADC est minimal quand AGND, DGND, REF, COM, ... et capas de
découplage de +Vcc et -V directement au plan OV | »

= « Pour permettre une conversion stable [..] alimenter la partie analogique via la
partie numérique. »

= «Le timing d'un convertisseur rapide est essentiel: sur un signal a 10MHz, un
jitter de 10 ps génére une erreur dynamique d'une amplitude supérieure au LSB
d'un ADC 12 bits. »

= «Labroche d'entrée d'un échantillonneur-blogueur injecte des charges a chaque
commutation. Pour une conversion a fréquence élevée, un amplificateur rapide et
stable (tel un driver vidéo par ex.) est nécessaire. »

= « Limiter les capacités des sorties numériques (ajouter des résistances série %
68Q ou un buffer « calme » pour réduire le « ground bounce »). Pour un
convertisseur lent, une interface de sortie série est conseillée. »

Source: Charoix, AEMC [CHAR99] [CHARO5]
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J Recommandations plan alim et masse pour I’ADC AT84AS008 de e2v

// |
\\.;S ADC + _t _
. @) ux ferrite
o |ferrite IS g AN
% o | S L Plan de masse FPGA
c © % analogique
© =
g
= ™
| Plandedmasse numérique.
ADC - -
| | | [ :
/ \

Board Layout Recommendations
It is necessary to ensure that all the lines at the input and output of the ADC are matched to within 2 mm.
As all data lines are differential, it is also necessary that each line of a differential pair is matched in

length within 1 mm.

Figure 5-3 gives the layout rule used on RO4003 for differential signals.

Figure 5-3. 5002 Matched Line on R04003 Layout (Differential Signal)

e=40pum
L370um 400 pm L B370um
I 200 pm
770 um

Source: App. note e2v [e2v]
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Filtrage/découplage des alimentations .

Les deux infinis Loboratoire de Physique de Clermont
Figure 5-1. AT84AS008 Pinout of CBGA152 Package (Bottom View)
R _ ) _ ) [ @OROAOAAOEEREC® |-
0 Méme soin de séparation et de découplage el Jsiclelelclciciclclololal eIk
: N A NN 0000000000 000000 -
des alims a l'intérieur méme des circuits integrés 000 Q00|
=000 @00 |-
000 8ooﬂ
*| @ @O QO|r
ADC AT84AS008 1289 000/
e gO 8 (o) Qgg ¢
i im 11 qCx) o ’
112 pins sur 148 pour alim !! (P99 -9t}
‘@00 @ //0@05
{000 e0e |
0000000000 00®000|
©00000000000000C |:
1reeeccee000ecce |
Table 5-1. AT84AS008-EB Pin Description
Symbol Pin Number Function
Power Supplies
Ve K1, K2, 43, K3, B6, CB, A7, B7, C7, P8, 8, R8 | +5V analog supply

B1,C1, D1, G1, M1, Q1, B2, C2, D2, E2, F2,
G2, N2, P2, Q2, A3, B3, D3, E3, F3, G3, N3,
GND P4, Q4, R4, A5, P5, Q5, P8, OB, P7, Q7, R7, Analcg ground
Ba,B10,B11, R11, P12, A14, B14, C14, G14,
K14, P14, Q14, R14, B15, Q15, B16, Q186

H1, J1, L1, H2, 42, L2, M2, C3, H3, L3, M3, P3,
Vee Q3, R3, A4, B4, C4, B5, C5, A8, B8, C8, C9, -5V analog supply
P9, Q9, C10,Q10, R10

Y P10. C11, P11, Q11, A12, B12, C12, Q12
FLUSD R12.D14,E14, F14, L14, M14, N14

Digital positive supply

DVee A13, B13, C13, P13, Q13, R13, H14, J14 -5V or -2.2V digital supply

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 62



wops  €StION des alimentations: le mauvais exemple Lp ;sm;

O ASIC: ADC a rampe

O Alim. analogique et numérigue communes dans la puce

> di/dt alim numérique =» dv/dt alim. analogique =» Codes de sorties erronés lors
du changement d’états simultanés de plusieurs bits

> Intérét du compteur Gray (un seul changement d'état a la fois)

10 1

204 Ertries BE57
- kAecrm T51.2

M R M= .94

so0 . 2o ndf Ere=ra o S
Caoanstant 1T E201

bA=cam Thl.=

700 Sigrma 5.142

=00

200

=0

200

100

G,

A s e FE=1s FE=1s1 FEd i =T

Al Source: J. LECOQ - LPC [LEC]
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Filtrage/decouplage des alimentations: rappels Lp(/

Leslt!zlugip'ss . . ﬁ re de Physique de Clermon t
g Exemple recommandations de ST Micro.

Figure 14. Power supply filtering

10pF STT2XXX
~ (if needed) 0.1uF l_]Vgg

L T

DIGITAL NOISE

| + FILTERING + Y
I_:I ]n]
- » & 1

1to 10uF

VDD

POWER 100F
SUPPLY

- ¥ W,
SOURCE urneeded D1U.F A Vopa

01
ExTERh.ﬁL
FILTE RING
A Vssa
» - ]

The capacitors allow the AC signals to pass through them. The small value capacitors filter
high frequency noise and the high value capacitors filter low frequency noise. Ceramic capac-
itors are generally available in small values (1pfto 0.1 pf) and small voltages 16V to 50V. It is
recommended to place the ceramic capacitors close to the main supply pins (Vpp & Vgg and
analog supply pins (Vppa & Vgga). These filter the noise induced in the PCB tracks. Small ca-
pacitors can react fast to current surges and discharge quickly for fast current requirements.
Tantalum capacitors can also be used along with ceramic capacitors.

High value capacitors (10uf to 100uf) which are generally electrolytic, you can use them to
filter low frequency noise. It is recommended to put them near the power source. You can also

filter high frequency noise using a ferrite inductance in series with the power supply. Ferrites
cause low DC loss (negligible) unless the current is high. This is because the series resistance
of the wire is very low. But for high frequency, the impedance offered is high.

Source: App. note ST [AN1636]
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Rappel: séparation des signaux P
4l analogiques et numériques B o

Analogique et numérique: une cohabitation difficile

Figure 22. Cross-talk between 1/Os

Analog-in |:M Analog-in Analog-in
— {] {]
/1 ; - {] /“ /‘_E — {]
Digital Digital Digital
1e] e A /O
Digital and analog Digital and analog Recommended
signal passing close signal tracks crossing Grounding between
to each other each other on different signals

side of the PCB

Shielding the analeg signal by placing ground tracks across it helps reduce noise
produced by cross falk efc.

Source: App. note ST [AN1636]
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wrs  Temps de charge de la capa C,p. LPSZ75

Les deux infinis

» L'impédance de sortie de la source se

Vain
rajoute a I'impédance d ent:ee de 'ADC: HNN{ AlNx e
T = (Rapc t Rain ) * Capc .‘\
- Capc Ve
= Grande R, affecte THD — — Vssa
{Analeg Ground)
= Ex: AD7684 16 bits Vo = Voltage across
L. . Ve hald capacitor Capg Ve Vin
= Précisionl LSB/16 bits: 1/65536 1 I 4
-> précision atteinte a 11 <
* R,pe= 600 Q, Cane = 30 pF
=11 xt=200ns
timz tim:
Correct time to charge Increased time fo charge
Capc to Viy Capc to Viy
Time constant = 10°Rapc"Cape Time constant = 10%(RantRanc ) Capc

AlNx = analog input pin
Cape = the hold capacitor of the ADC
Refer to datasheet for values for Rane and Cape

Source: App. note ST [AN1636]
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Exemple de driver mal adapté

Signal a numériser (sortie ASIC)

J ,,&M';‘W \ f‘mm 4 ”:.Q'\'),* ‘EB __..y-o--‘ob'\ f.vm;-q /J"““‘M‘,
: f pk i f e, /. | & W TEX
| SR ] FENRIRRINEY RonE % onfos s anfes 2 \'\ .....
¥ N, P z N ‘\..: “‘.
“4\ 3 X 4 . \ s \
\ v \ el v \ \
S (e _ I * RRESS S . _._...;_._._._.__._._._._\.;_._._.__._._._.__._._._.__._._._._.g‘
T=1600 ns H ;

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff

S °
€ articules
C s
nivers
. - OPPlicotion
mie de Physique de Clermont

» Utilisation de TADC AD7684 pour
numeriser un signal délivré par un
ASIC (méemoire analogique Made in
LPC Clermont)

» Un driver interne a 'ASIC

= Pas de driver externe

= A la période nominale T= 400ns le

signal n'a pas le temps de s’établir

Source: F.Collange (LPC Clermont)

68



P . Portlcules
pLasmas
Univers

I N 2P3 - oppllcotlons

Les deux infinis Laoboratoire de Physique de Clermont

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 69



IN2P3
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@ Les références de tension

Laboratoire de Physique de Clermont

Voltage-reference impact on
total harmonic distortion

%3 TEXAS INSTRUMENTS

Jose A, Duenas
Applications Engineer
Precision Analog
Texas nstruments

Understanding the load presented by the reference
pin of SAR ADCs is key when designing data-
acquisition systems with low harmonic distortion.

The internal circuitry connected to the reference pin of most successive-approximation-
register analog-to-digital converters (SAR ADCs) (and some wideband delta-sigma ADCs)
consists of switched-capacitor loads. During the conversion process, a switched-capacitor
load imposes a current demand that can cause the external system’s reference-output
voltage to fluctuate in time. Consequently, the SAR ADC reference-pin voltage also fluctuates.

http://www.ti.com/lit/wp/slyy097/slyy097.pdf
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Exemple de mise en ceuvre d’'un ADC SAR:

REF5045

AVDD

AVDD

Les réferences de tension

mde Physique de Cle

| AVDD 3p3

+

C) VsS_AVDD 3.3

’_| AVDD _3p3

Out
o VREF
R1 20 IIul_FlEF_ln'
A AA . |j_~ ‘—I AVDD _3p3
F EF AVdd
C1590p REF IN per gnp AVAd
S L A IN_P
VG _signal_src SAR ADC SCLK
A IN N Soi
SDO
R3 20 GND
M .

1

Ggpio 1 DVDD
Microcontroller
MISO
GND

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff
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0 Commutation des interrupteurs S3&S4 - courants Al_REF in
0 Zout du bloc de référence # 0 2> AVREF

Reference block

The value of the reference capacitor
depends on the input voltage
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Laboratoire de Physique de Clermont

@ Les références de tension

O Simulation d’'un modele SPICE

Current is demanded by the reference

Non-linear influence of input voltage pin during conversion time
on current demanded by the reference pin No current is demanded
_ during acquisition time
430000 | REF in
1131 ] T —
xl:1:1 ¥
32000y 1ilal . _1
IKNGLGT il
21000y 1
10000y
_fﬂlmp ot el e bl b e e b b e e b b e e e b b e e R R ) e e R e e R R e e
4.(]3'—'3
zm—E
ﬂ'_II-'—E
-2.00 —
—4_m_-| ||||'1|||I11r||11r|I|1r|||1r|[|1rr||1rr[||rr]|r|r|
000 10.00u 20.00u Time(s) 000U 4000y 50.00u
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] Résultats sans buffer sur la référence

| REF in
430.00u
320004 i i
21000 | | [ | |
- |
100.00
i JUBUL L1 If 1
10.00p
450
VREF
450
472.5 pVpp
450
: %L /\
s | T ] T T T T T T T T ]
5500m 5502m BN ey P07 5508m 55 10m

Figure 100 Simulation results for a system without a reference buifer.
10

o}k

A0k

=20

-30F SNR =109.7dB

-40r THD = -925dB
[ = 025dB

g SINAD = 924 dB - ENOB=15 bhits

Amplitude (dBc)

ihle dew Bl loid b | il sldd B 3alh i 1ol g oils ola! 1B alh ke daiil
D 50 100 150 200 250 300 350 400 450 3500

Frequency (kHz)
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J Mise en ceuvre d’un buffer

AVDD

+

@

VG _ signal src

R3 20
Ay

Figure 12. Schematic of a data-acquisition system with a reference buffer.
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Sans buffer

|_REF_in
430.00p

320004 I ‘ | INnan
210.00u
100.00u |
B L

450 VREF

4.50

472.5 pVpp

Les réferences de tension

| ' I I
55.04m 55.06m

T I
55.06m 55 10m
Time (s)

Figure 10. Simulation results for a system without a reference buffer

10
0
10}

Amplitude (dBc)

'hll “.hl Jih.] |.I.ll|.il .‘I dal b ad B il

0 S0 100

SNR
THD
SFDR

SINAD =

Frequency (kHz)

109.7 dB
-925dB
925dB
924dB

- ENOB-=15 bits

Bia' B cihdbasi

150 200 250 300 350 400 450 500

o Avec buffer
210.00p |
100.004 I | l i
il I i
1:22 VREF
450 ‘
450: 153.6 pVpp
lsNAz‘ e 5-52;'"~|‘ L ‘550‘5 o E .‘“55[0;;'” L ‘55‘10!!!
Time (s)
Figure 13. Simulation results for a system with a reference buffer.
10
ok
10}
-20
30+ SNR = 109.7dB
< or THD = 1188dB
-1 SFDR = 119.0dB
g 70+ SINAD = 109.2 dB
801 _ .
£ ool - ENOB=17,8 bhits
E 100}
< 110}
1420}
430}

Frequency (kHz)
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] Utilisation du circuit de référence REF6045

AVDD —1 AVDD _3p3

+
T Vi5 C) V5 _AVDD 3.3

—_—

R2 1MEG

1 20 IM_REF _in
’—l AVDD 3p3
Gpio_1 DVDD
I Microcontroller
MOSI
MISO GND

Figure 15. Schematic of a data-acquisition system with the REF6045.
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Amplitude (dBc)

Les reférences de tension LPCi

I N 2 P3 application$s .
Les deux infinis Laboratoire de Physique de Clermont
Avec buffer Avec REF6045
Gt i 430000y LREEIn
T B
M AR | o R R i
} ‘ 100.00u ‘
. e | A O
10,004 ‘ 450 JyREE
450" { vREF
450 AR UL
4503 . 76.8 uWpp
45
%0 153.6 uVpp v, _diff
% 1y, _aim
5500m 55.02m 55.04m 55.06m 55.08m 56.10m
Time(s)
RRRIARM IR B | I | I | I | I | I | I | J |
se00 soozm R sooem soram Figure 16. Simulation results for a system with the REFE045,
Figure 13. Simulation results for a system with a reference buffer. 10
10 o
ok -10H
10} gt §
20 -30H SNR = 109.8dB
st | = Of THD =-123.7dB
30+ SNR = 109.7dB o -SoH s
St | . SFDR = 124.5dB
THD = 1188 dB ™ i SINAD = 109.6 dB
-50 o .70H = &
ool SFDR = 119.0dB 8 sl
70k SINAD = 109.2dB 2 9o}
i E 100}
i < _110H
120H

L L L L I L L

0 50 100 150 200 250 300 350 400 450 500
Frequency (kHz)

0 50 100 150 200 250 300 350 400 450 500 Figure 17. Key AC performance metrics and FFT for a system with
Frequency (kHz) the REF6045.
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REF5045 cvy

Low Noise, Very Low Drift, Precision Series Voltage Reference

DATASHEET
REF50xx Low-MNoise, Very Low Drift, Precision Voltage Reference datasheet (Rev. H)

El View now Download

REF6045 acnve
5ppm/C High-Precision Voltage Reference with Integrated High-Bandwidth Buffer

DATASHEET a0
REF60xx High-Precision Voltage Reference W 5
E_I Wiew mow Download % F_ﬁ__d_——--f
P /I )
1
i
§ 15 10 pF
£ /|
g 10 w4 22 uF
S s / 47 pF
0
100 1k 10k 100K 1M

Frequency {Hz)

Graph obtained by design simulation

Figure 16. Output Impedance vs Frequency
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FEE du calorimetre électromagnétique d'Atlas L PC s
Aok i ®
ELECTRONIQUE
DETECTEUR CALIBRATION FRONT END 600
Liens 00 Liens
AMPLI PIPELINE 12 Bit optiques optiques
— ANALOGIQUE CN'AS — ROD —— ROS
Mise en (SCA)
forme FEB ROB

[ Calorimetre Electromagnétique.
» 200.000 Cellules

Courant théorique » 1600 Modules FEB

» 200 Modules ROD

» 120 Modules de Calibration

0.8
onil Mise en forme

04

02 |-

=02 &

1 1 1 it 1
0 100 200 300 400 500 600

Source: G.Perrot - LAPP[PER]
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FEE du calorimetre electromagnetique d'Atlas W

pLasmas
Inivers

IN2P3 S g

Les deux infinis Laboratoire de Physique de Clermont

 Cartes Front-End du calorimeétre a argon liguide d'Atlas (FEB)
» =~ 200 000 voies > 128 voies par cartes

dimensions: 400x500 mm?2 !!

1629 cartes produites

Utilisation d'un ADC AD9042 par voie

Mesures, sous irradiation, de la dérive de:
v la consommation en courant
v' la précision
v" du temps de conversion
v’ la référence de tension interne

YV V V V

Source: [Atlas_Lar]

000500 300 400 500 600 Carte FEB 128 voies

Time (ns)

Source: T.Liu et al. [SMU]
Figure 25. The amplitude vs. time for the triangular pulse shape from the LAr calorimeter, overlaid with the

bipolar-shaped and sampled pulse shape.
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FEE du calorimetre électromagnétique de CMS Lp(ﬂ e
< ©Pplicotio .
CMS

ELECTROMAGNETIC CALORIMETER

“ | FRONT-END ELECTRONIC CHAIN

h FPPA AD:(?Ei % ‘
82 728 cristaux Hamamatsu Intersil Analog-Devices Honeywell
Full custom Tv FIC Full custom Commercial ADC | Full custom
Ctrl Chip (not shown) ype ot - ASIC ASIC
DMILL Process UHF1X XFCB CHFET

RAD HARD ELECTRONICS, Power dissipation: 1,2 W/channel

b 104 Gy =1 Mrad Source: P.Denes [CMS1] & P.Depasse [CMS2]
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T FEE du preshower de LHCb (LPC Clermont) LP% ‘

Les deux infinis Lobo r e de Physique de

4]
= |

€ ¥ € & 7z ;': tricoer

) - 5 5 mp =
: Zmp v
™
. Scintillator & Processin
Collsion Pholomultiplicr __ clectromics

gain

Source: R. CORNAT - LPC -
LECC Colmar - septembre 2002
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Les deux infinis Lol b rotoire de Physique de Clermont

CLK AVDD DRVDD

d ADC AD9203 (Analog Devices): 0—o0 O ]

G AD9203
CLAMPIN

> Architecture: pipeline, différentiel i S—Hss <o)
> Resolution: 10 bits sur 1V différentiel RIS Ossmare
» Sampling rate: 40 MS/s e

» Consommation:74mwW/3V - —

e
R REFERENCE OUTPUT BUFFERS | OTR
| 10 D9 (MS8)
REFSENSE - —~-
0.8V DO (LSB)
10

| CORRECTION LOGIC

08 AVSS PWRCON DFS DRVSS H
0.4 1 08
iz H ’ I'I 08
ﬁ i i h 0.4
=02 a2 1
=
as— INL i -2
=08 2 =0.4
=10 £ =08 DNL
0 100 200 390 400 500 800 TO0 8O0 900 1024
Y
-4 H

0 100 200 300 400 500 60O TOD &DD 20D 1[I.Bd_
Figure 12 Typical INL Perfarmance

Figure 13. Typical DNL Performance
Source: Analog Devices
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L 64 voles par carte format 9U

' Pz PROTO1_PSFEE
/

CLERMONT LHA D

> Surface max. d’une voie: 1 cm X 4 cm
O Bruit <1 LSB (1ImV) grace:
» Plan de masse
» Signaux analogiques différentiels
> Horloge différentielle LVDS
» Routage précautionneux des pistes sensibles

4cm

ﬂ"f”i‘ N3

. . ADC
Implantation d’'une voie FE

Source: R. CORNAT - LPC -
LECC Colmar - septembre 2002
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Journées VLSI - FPGA - PCB de I'IN2P3 2014
a CPP Marseille

https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confld=9825
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Carte d'échantillonnage pour une Lpr/‘u

application TEP en hadronthérapie

Board functional diagram

1/24 channel Sampling & Digitization

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-
1
|
|
|
|
|
|
|
|
|
N

Signal sampling DIGITIZATION
At
5Gbs ADC 12 bits

20MHz

N

g

_-r
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Il

lII

1 i
11
Threshold Low x 1]
—_— > X ATCA
| 1]
I /
I '
1 11
1 \ 11
11
Threshold HIGH | < > 1
— 11
Trigger : / 11
€ T 1]
I 'l
__________________________ .
Trlgger generatlon SIC'W CGntrG' & DAQ
jin 2014 Magne Magali LPC Clermont 7
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The USB_WaveCatcher board (\V6)

Pr ‘ ‘orhc:Ies

pLasmas
IN2P3 L/.
Les deux infinis

Laboratoire de Physique de Clermont
Pulsers for reflectometry applications

1.5 GHz BW

Reference clock:
amp lifier.

ZOOI\IHZ — 3. 2 GSS

Board has to be powered by USB
=>power consumption = 2.5W

o0 B o
s M L Trigger
s , R e TTRTTL AT e mput
mputs.
DC ..... 3 :‘
Coupled. : *‘ﬁesn Trigger
LA\ LS | X W output
autonomous Jack
test bench

plug

SAM Chip Cyclone FPGA

Trigget Dual 12-bit ADC
discriminators ual 12-bit:

Js8 WAVE cAToAEr

i2-8iT 3.265/5 DiGIiTiZER e

-l Analog input| ‘/LV7 Trigger 7
—

USBok - @
d Analog input USBaccess~ @ QRLll
hannel1

Acquiring - @ TN

The historical 2-Channel module
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Systeme d'acquisition pour caractérisation d'un imageur a multiplication
électronique intra-pixel emCMOS
Remi Barbier, Timothée Brugiére, David Chaize, Sylvain Ferriol, Cyrille
Guérin, William Tromeur, Lionel Vagneron

Projet dans le cadre d’une collaboration E2V / IPNL

http://www.e2v.com
» Développement de matrices de nouveaux pixels » Conception du systeme d'acquisition

avec multiplication électronique intra-pixel (emCMOS)

—

Validation et caractérisation du systénre

» Caractérisation des matrices de nouveaux pixels
sur banc optique

Journées VLS| — FPGA — PCB de l'in2p3

11-13 juin 2014 CPPM



Informatique
Conclusion
EEEEEER

. prisanatondscares 5. Présentation des cartes

5
| 6. Mécanique
7.
8
||

Lien Ethernet ) - I f L .
lOGbitS/SEL\ ." : L v ; | 4 N : ‘ SEAVICE ELECTRONIOUE

4

SRR RRRme

L

"SSTR
' U: 3
= - .

Voies analogiques
emCMOS
Ampli + sélection
gain

Pl

SERVICE TNSTRUMENTATION

Gestion Peltier
Modules

DDR2

Journées VLS| — FPGA — PCB de l'in2p3

11-13 juin 2014 CPPM
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Exemple en physique nucléaire: FAZIA | pci:

IN2P3
FAZIA est un multidétecteur de nouvelle génération pour les particules chargées,
prévu pour servir dans le domaine des collisions d'ions lourds autour et au-dessous
de I'énergie de Fermi (10-100 MeV par nucléon).

The FAZIA experiment

Global Layout

Test prototype “FAZIETTO”

10k telescopes

12 blocks - 192 telescopes

Telescope structure

AEY AE2 Block arrangement

Pd
S |Si

Csl(TI) i
h.l B W ¥

Ilpm 560 1700pm IR

d‘ PN. 4x4 telescopes

Journées VLSI 2014 - Pierre Edelbruck, Franck Salomon, Gwenaél Brulin
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Exemple en physique nucléaire: FAZIA | pcy

FPGA side

TNV N .V N

= opplications .

wysique de Clermont

AWAN

Silicon 1

£ =

E Wave - cumant

% Wave p= 'Waveform Charge High Gain

o

g FEE card overview

0 Connectors JTAG PIC programming itoril

a : ‘ ‘ Comectr | meptera

§ det:.ctors PLL clock = l;;t?b‘ng l;lg jor_H\? high voltage Iswiugh‘ing;
generators g

! . i
" PN . 1008 250 MHz ., 100 & 250 MHz ginoar 68-pin connector

b Journées VLS| 2014 - preamps  Amplification ADC's ADC's regulators
o chains
i Low and high voltage
Analog part Digital part w gh g
Power-supplies
part

Dimensions : 300 mm x 88 mm
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capteur + FEE = Raft tower
- 21 au total

Lentille

Lc:r.rg synopfic . Sumey ' Ten‘eope
Shutter

Lentille };’.
|\
= Large focal plane = 201 capteurs, 3,2 Gpixels, 64 cm plan focal
= 10 um pixels, 0.2 arc-sec/pixel

= Chaque image: équivalent 40 lunes pleines

= Une image compléte du ciel en 3 nuits

Lentille

Source: K.Gilmore [LSST1] & J.Oliver [LSST2]
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@mm Large Synoptic Survey Telescop (LSST) |LPC~::

es deux infinis Laboratoire de Physique de Clermont

Si CCD Sensor
Raft Assembly
+—— CCD Carrier

Thermal Strap(s)

SENSOR

Flex Cable &

Thermal Straps

N

Sensor Packages

FEE Cage

FEE

-~ ' Raft Structure =
RAFT TOWER

Source: K.Gilmore [LSST1] & J.Oliver [LSST2]
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Camera Electronics : Raft Electronic Board

3 CCD for 1 REB 2/CCD - 6/REB
o COD per RAFT 1 16/CCD - 48/REB 1/REB — 3/RAFT
18bits ADC
16 channels readout
1Ms/s - AD7982 FPGA
FlHE A e ©8 (Xilinx Vertex 5 )
+ buffer
ASPIC DREB
To DAQ.
Fast (ATCA crate)
2/CCD - 6/REB 3.12 Gbit/s
: ADC available for
the 0.5 Gb/s
\ needed to
Clocks, Biases, OD £, read 3 CCD
in 2s
REB : 3RAFT
signaux analogiques provenant des 16 » l'alimention (OD) de I'étage de
sorties de chaque CCD sortie du CCD les polarisations :
16 sorties /CCD x 189 = RD, OG, GD/SC

% 3024 voies d’électronique » Horloges mages ’(,parall.ell)
Ecole IN2P3 "Electronique Analogique "%f@g-eﬁosrc%g{‘snes (serial)



IN2P3

"INTRODUCTION TO THE TREND

Expérience radio: TREND

The aim of the Tianshan radio experiment for neutrino detection (TREND) is
to build a large radio array to search for ultra high energy (UHE) neutrinos.
The first results of TREND has already been announced (Astroparticle
Physics, 2011, 34: 717-731).
Distribution of TREND 50 Pods

g .
=

S-N[m]
# *
= =

figgerLab The 6th Workshop of FCPPL 2013-3-29 4
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Particules
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. Experience radio: TREND

Les deuy infinie Loboratoire de Phusiaue de Clermont

THE SELF-TRIGGERING FRONT-END STATION(CONT.)

Time Domain Wave of y(t)
2000

DFADC Board: w i% A A L
+ Spartan 6 FPGA we ! 3T %] |8

+ 12bit 1Gbps ADC(2 chns) " 3°m‘° ST

+ 1Gb DDR2 RAM(2 Chips)

2 optical Link(3.125Gbps) |

- USB host/peripheral Interf N

Freguency (MHz)

SFDR - 66.76 dBc
SINAD - 5629 dBFS

ENOBE -~ 9.05 Bis

Amplitude |Y (5] ¢B
-]

3 -1.3dBFS 60MHz sine signal input
Time Domain Wave of y(t)
m— o ~ ~
L} '
wmf,] X Z X £ J \
. /

yit)
Q
i
‘,
~
-
~a
o~
-
-
N“
-

1000 [
. T 2 Fi
2000 1 i s 1 \/ 1 1 \"
10 20 n 40 @ 60 0
tme (Ins)
A D C2 % Single-Sided Amplitude Spactrum of y(t)

H SFDR = 69.68 dBc
! SINAD = 57.42 dBFS
ENOB = 925 Bits

L . L L ' L L s
c S0 100 150 200 250 300 350 400 450 S0
Fraquency (MHz)

Amplitude Y| dB
o)

-1.3dBFS 60MHz sine signal input

TriggerLab The 6th Workshop of FCPPL 2013-3-29 12
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Journées VLSI - FPGA - PCB de I'IN2P3 2016
IPHC Strasbourg

https://indico.in2p3.fr/event/12860/timetable/#20160531
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General requirements

Laboratoire de Physique de Clermont

24 PUMT for the tarpet volume
24 PMT {or the garmima
catcher volume

Garmmp-catcher crgwn 2
— Trpet volume
(six ocpnicaly sepaated cols

-
NOX ank ——— > Ly Patymethy methacryiate)

Polysthylone shiglding ——"

Lead shinlde() se——

@ Monitor 68 channels required in 3 classes (for triggering)

e 24 PMT for Gamma catcher
e 24 PMT for target (gadolinium-loaded liquid scintillator)
e 20 PMT for muon veto (Cerenkov detector)

e Withstand a mean trigger rate of 1 kHz

@ Have no dead-time (pile-up excepted)

@ Manage various trigger schemes and conditions (coincidence and
anti-coincidence)

discrimination (PSD)

@ @ Process signals on board: compute Q.. and Qi1 for Pulse Shape

C. Vescovi STEREO electronics

=22

3/21
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Les degginfizia =

D
FE8 hardware

Lobocotaice de Physique de Clermont

Powehriy: CEIIER Sg s o
o " =3 ] Channel ___‘_":
'{. > preamplifier;

a5 | E XCTKTOT e
Powering:

Signél In_puts (8)

13 bit ADC @250 MSPS, dynamic range 1.0 V
@ Main FPGA: XC7K70-2TFBG676,

0 @ ADC: Texas Instrument ADS42LB49 (AC coupled, f. >30 kHz) J ==
I

s w

S renebh L e

C. Vescowi STEREO electronics 8/21
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i3 TEXAS
INSTRUMENTS
ADS421.B49, ADS42LB69
SLAS904F - OCTOBER 2012-REVISED MAY 2016 www.ti.com

8 Detailed Description

8.1 Overview

The ADS421.B69 and ADS421LB49 is a family of high linearity, buffered analog input, dual-channel ADCs with
maximum sampling rates up to 250 MSPS employing either a quadruple data rate (QDR) or double data rate
(DDR) LVDS interface. The conversion process is initiated by a rising edge of the external input clock and the
analog input signal is sampled. The sampled signal is sequentially converted by a series of small resolution
stages, with the outputs combined in a digital correction logic block. At every clock edge the sample propagates
through the pipeline. resulting in a data latency of 14 clock cycles. The output is available in LVDS logic levels in
SPIl-programmable QDR or DDR options. 299

8.2 Functional Block Diagrams @ Have no dead-time (pile—up

excepted)

= DANSOP,
vt ST taaom
Formalier

—— CLKOUTP,
DOR LVDS —{:Z— CLKOUTM

Formatior —— DE(ISOP.
——{> 1 tamsop

DDR LVDS

CTRLZ —1

&
]

Copyright & 2016, Texas Instruments Incorporated
Figure 76. ADS42LB69 DDR LVDS
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%7) QUBIC (Q&U Bolometric
Interferometer for Cosmology)

E and B-mode polarization patterns

* Objectif scientifique:
Polarisation des modes B du CMB
(Cosmic Microwave Background)

200pK

| e——

Full sky temperature anisotropies

* Collaboration internationale * Télescope au sol :
APC Paris, France Déme C (Anta rcthue)
IEF Orsay, France S——
. CSNSM Orsay, France
< s CESR Toulouse, France

Maynooth University, Ireland
Universita di Milano-Bicocca, Italy
Universita degli studi di Milano, Italy
Universita La Sapienza, Roma, Italy
University of Manchester, UK
Richmond University, USA

)‘7, @ wnn ‘j‘ o % . B e % 3, @irap Brown University, USA

waea University of Wisconsin, USA

fabrice.voisin@apc.univ-paris7.fr — Journées VLS| FPGA PCB et outils CAO — 31 Mai/2 Juin 2016
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® Particules

pLasmas

P U?IVE(S

= °Pplications .

| aharatare de Phusiaue de Clermont

C\‘Y) Electronique d’acquisition (300K)

Carte d’acquisition NetQuiC:
N

@irap

astrophysique & planétologie

16-Bit 2 MSPS SAR ADC

Régulateurs +33VASIC B gg
+5V  mceiszesso ) = g
) =5V imazscsaesr , ~ «
Alim 2/ &Y +3.3V micari0033 Protocols série 2 > g
+2.5V micarioo-2s <
+1.8V micario0-18 Simchio iniage "
+1.2V mce1703a-12026 2
.'llellL;illl;IIlilll ————
e g
NetQuiC 3
Signal pixel g §
Power supply ASIC 2
g 52 5 FPGA Xilinx
- Lien serie ASIC See innt Référence sQUID :
. Spartan-3€ XC3$1200€4
- Horloge multiplexage
- ADC/DAC :
8
- FPGA :
fabrice.voisin@apc.univ-paris7.fr — Journées VLS| FPGA PCB et outils CAO — 31 Mai/2 Juin 2016 18
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val|rfu ez

Institut de recherche sur les lois fondamentales de I'Univers
Institute of Research into the Fundamental Laws of the Universe

OWB-1 : ADC 13-bits 32 voies pour les applications
spatiales

Florent Bouyjou

é cnNnes VLSI PCB FPGA-2016, Strasbourg
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Contexte

Ce que nous avons fait a I'IRFU

Camera gamma Caliste :

Detecteur CdTe
256 pixels

* Densité tres élevée de pixels (600 pum) 8 ASIC Eront:end

* Trés haute résolution spectrale (<1 keV at 60 keV) IDeF-X

* Tres faible consommation (800 uW/voie)
* Qualifiée spatiale

Etapes suivantes

Nouvelle micro caméra Gamma numérique :

Technologie d'hybridation
3D Plus

Détecteur pixélisé CdTe

Concevoir un ADC flexible :

Adaptés a chaque type d'architecture d’ASIC Front-end : z;gifo'n\:‘_’;;
* Utilisable dans I'environnement spatial
* Haute résolution (typiquement 13 bits) ADC

* Tres bonnes performances en linéarité
* Faible consommation (<5mW / voie)
* Temps de conversion 1-10us max

Technologie d'hybridation
3D Plus

Nous avons choisi l'architecture Wilkinson

VLSI PCB FPGA-2016, Strasbourg 2
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LADC a intégration + DLL

DLL (Delay-locked loop)

Wilkinson a simple rampe + DLL: Pour mesurer un temps sur une plage de 2,56 us
m ot

I > ji]

Tconversion X Fp;; = 2,56 ps X 3,2GHz = 8192 soit 13 bits Erreur At =1/FDLL

Wilkinson = Wilkinson + DLL =3125ps

8 bits = 13 bits : 32 x plus précis !

VLSI PCB FPGA—2016, Strasbourg
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application .
Systeme d'auto-compensation en température intégré

Clermont

internol FIXED

Encodersoos o <4 0> s |- Stabilizes o Current

AT Bl Current
o Source

ntegrator

]

|

) i
Vassee H
]

Externol FXED !

] Ving s

|

ADC Channel Calibration

SPILIS Encoding &
Memenmvon

i
P S — Loglc blot
Sl

Emcoder, o4 0>

tnternol Vi
ENCOBCl pog o 4D

Mieay e Mica o Vi see My o>

Vramp (40°C

40°%C ! 40°C it
|
""""""" O eiihidasotns saavisssdssaasane T >
s
Encoder <8:0>: <0,1,2.......ccan 19,160 i R § £
4R,

VLSI PCB FPGA—2016, Strasbourg 16
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Apercu @ IN2P3 LPC:
Journées VLSI - FPGA - PCB de |I'IN2P3 2018

LPC Clermont -Ferrand

https://indico.in2p3.fr/event/17125/timetable/#20180516
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MYRRHA (ADS) 4PN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

Multi-purpose hYbrid Research Reactor for High-tech Applications

_ SPOKE Double SPOKE Elliptique Beam
QT{; 352MHz 352MHz 704MHz splitter
" Jil ol H Al H I > amA,
L : 2-4 mA,
injector W

v
17 MeV 100 MeV 200 Mev 600 Me\.’ Protons:
~ 100-200 pA,
J Low-resolution ~Cw
K (] mass separator
I-'\Tli(- IJ}TlIJI [:hll-rﬂk! }NI HI.IM Sustainable 1l Rugsedized
High-resolution ion source target:
e.g. Ta, UC/C
mass separator
RFQ cooler
& buncher MYRRHA reactor k eff ~ 0.95

Combustible : MOX

Cible : Eutectique Pb-Bi
Reacteur en mode :

H H . -Sous-critique (65-100MW?1th)
ObJeCtlfS ) -Critique (L00MW?th)

- Construction d’un démonstrateur de réacteur hybride, pour
la transmutation des déchets radiotoxiques, (ADS).

- Production de radio isotopes pour la

meédecine

- Recherche fondamentale
Journées VLSI 2018 S. Berthelot J-F Yaniche 3
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Carte pC

Atténuateurs et commande Switch RF

A

Laboratoire de Physique de Clermont

4dIPN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

-

Logique de controle

switch RF en mode
local ou distant

~

des atténuateurs et du

SPI >

AD5754
DAC 16bits
4 voies

0-10V

pC PSOC
Cypress
CY8S8C5868AXI
-LPO35

UARTQ:

»

TQFP-100 AD7367
ADC 14bits
\ / 2*2 voies
Multiplexées
0-10V
< 7 GPIO
Commandes manuelles en facade DIO

Journées VLSI 2018 S. Berthelot J-F Yaniche

Bridge
Ethernet
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/
1 Canon a électrons C Mt‘ 7
2 Section accélératrice :
3 Anneau de stockage

4 Faisceau de rayons X ';lgfm;t,,':?s_'{-""’f; :
H H .,I-" |'L. r‘.l‘v . i
5 Zone d'interaction WA INRIE R T

Compton

Similar painting by YGogh

/2
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Mémoire

o Le Jy/m/&f/yae

1Gx 1Y
| (MT4THGAM1S

Dei 10

J
10-
/_L“-". b
—
: ¢ 9 ,1\ 14
H 1 | E ‘\L‘;:'x?:; P
Wroes ) | ' :
14-Bit 310 MSPS ADC Lot = Ta 4 o= $ak —fme
T Filtrage numérnigque | or
> (yoir synoptique filtragd) [
- iz + CGrestion de la carte

Guston M'cl Pews £

\ ' . % T
Horloge e ? I & Hadinges PECIN0 MHadoar? inversses |
= . ) o= gl pows Slcs wmx Sogeame double.
250 MHZ 1 Ty ™ 3 ‘ 2 Chock Fpga 250 ML L vy J
L ; - (EnEs 75 Chace AT 338 MFi L = R —J

RopEmEats aW TS
s w S
s Q O
@ = DO O C OO f—u
Oaeie Miir
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Bilan ADCs @ VLSI 2014-16-18 | pco-

Résolution (bits)
20

LSST
18 @

QUBIC
16 °

MYRRHA THOMX

14 @ {
CALISTE STEREO

° °
ASM LHC-Calo TREND

12 9 ]

10

0,1 1 10 100 1000 10000
Fréquence d’échantillonnage (MS/s)
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Autres exemples a partager ??

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 117



. Réferences (1) LPC

Les deux infinis e de Physique de

[BRA] "Aperture Uncertainty and ADC System Performance", Brad Brannon et Allen Barlow, AN-501
Analog Devices 2006

[DAN] L’actualité des Composants du CNES, n°26 — 2007, D.Danglan et F.Malou
[AT84] Data sheet et Application Note AT84AS008 de e2v, http://www.e2v.com
[CHAR99] Charoix, AEMC, Ecole d’électronique analogique de Cargese 1999
[CHARO05] Charoix, AEMC, Ecole de microélectronique de Porquerolles 2005
[AN1636] AN1636: Understanding and minimising ADC conversion errors, ST-2003
[LEC] Cours de J.Lecoq

[CATT] “Clocking High-Speed A/D Converters”, National Semiconductor, Application Note 1558,
James Catt, January 2007

[LAL] Rapport d'activités du LAL 2005-2007
(http://electronique.lal.in2p3.fr/rapports/Rapport_2007/Rapport_2007.html)

[PER] G.Perrot, Electronique ATLAS LArg pour le SLHC, 13/03/2007
(http://lappagenda.in2p3.fr/cdsagenda/ask Archive.php?base=agenda&categ=a0728&id=a0728s9/m
oreinfo/Elec_Upgrade SLHC 13mar07.ppt

[SMU] The AD9042 Evaluation System, SMU-HEP-04-04, Tiankuan Liu, Benjamin Wakeland, Xiao
Wu and Jingbo Ye, Physics Department, Southern Methodist University, Dallas, USA

ooooo
\\\\\

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 118


http://www.e2v.com/

— Réferences (2) LPC

Les deux infinis e de Physique de

[LSST1] SLAC Program Review, Kirk Gilmore, Stanford/SLAC/KIPAC, June 7, 2006
[LSST2] LSST Camera Electronics, John Oliver, 21 ao(t 2006

[CMS1] Pierre Depasse (IPN Lyon) IXth International Conference on Calorimetry In Particle Physics
Calor 2000, Annecy, October 9-14
(wwwlapp.in2p3.fr/Calor2000/Contributions/Electronics/pierre_depasse.PDF)

[CMS2] "Radiation hardness evaluation of the AnalogDevices AD9042 ADC for use in the CMS
electromagnetic calorimeter”, P. Denes*, B. Lev, R. Wixted, Nuclear Instruments and Methods in
Physics Research A 417 (1998) 371—376

[BER] "Convertisseurs Analogique/Numérique & Convertisseurs Numérique/Analogique”, Serge
BERNARD, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier
(LIRMM)

[IEEE] "IEEE Standard for Terminology and Test Methods for Analog-to-Digital Converters", IEEE Std
1241-2000

[Atlas-Lar] “Atlas Liquid Argon Calorimeter Phase-l1 Upgrade Technical Design Report", ERN-LHCC-
2013-017 / ATLAS-TDR-022, 02/12/2013

[TIPP] Trends in front-end ASICs for particle physics,
http://indico.cern.ch/event/192695/session/1/contribution/433

Ecole IN2P3 "Electronique Analogique " 2018 - Roscoff 119



