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;«—{'\‘ Les principaux fabricants d’ADC (1)

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}

Fairchild Semiconductor {ADCs/DAC IC Manufacturer}

Holtek Semiconductor Inc. {DAC/ADC ICs}

Intersil {ADCs/DAC IC Manufacturer}

Linear Technology {ADCs/DAC IC Manufacturer}

http://www.interfacebus.com/Analog_DAC.html
Maxim Intesrated Products {ADCs/DAC IC Manufacturer}

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

National Semiconductor {ADCs/DAC IC Manufacturer}

NEC {D/A Converter for Audio System}

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

Renesas Technology America. Inc {D/A R2R. Multiplymg, A/D Converter}

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

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 Sterso ADCs}
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T~ Les principaux fabricants d’ADC (2)

Plie B0 MICTOBcYONQUE RNtne-Auvergre

v" Analog Devices: 604 références

v’ Precision and General purpose ADCs (<=10MSPS) (310)

v High speed ADCs (> 10MSPS) (294)

PRECISION AND GENERAL PURPOSE ADC FINDER - HIGH-SPEED ADC FINDER

ADC Throughput Rate (SPS) ADC Throughput Rate (MSPS)
Resolution Resolution (Bits)
1- 100 - 250 - 450k - ! 10 - 50 50 -100 4100 - 250 250+

100k 250k 450k 1M

(Bits) <1k

>I=16

14 -15

g )

10 - 11

</=8

+ | Hardware Resolution (Bits) 2 Throughput Rate 2 # Channels s Full Power BW = Vsupply Pos (min) o= Max Pos Supply (V) - Power Dissipation > US Price 1000-4999
(bit) (SPS) (Hz) ) ™ (W) ($US)
[0 AD7960 B 18 5 MSPS 1 28 MHz 475V h.25V 21 mwW $31.00
[C] AD7986 = 18 2MSPS 1 19 MHz 475V 525V 29 m\W $29.95
[ AD7984 = 18 1.33 MSPS 1 2375V 2625V 14 mw $28.29
[l Ap7982 E 18 1 MSPS 1 10 MHz 2375V 2625V 8.6 mW $23.28
1 - AD7643 | 18 1.25 MSPS 1 50 MHz 23V 3BV 80 mW $19.50
[C]  AD7641 5 18 2MSPS 1 50 MHz 25V 25V 92 mW $20.33
[C] ap7780 oy 24 25MSPS 1 1.35 MHz 475V 525V 958 mW $24.90
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S Aide au choix: ressources [JAvaLog

Pl 00 MICTOBeCHoNQuE Rnont-Auvergre

ADDITIONAL RESOURCES

Application Notes

= Frequency Domain Response of Switched-Capacitor ADCs (pdf)

= How ADIsimADC Models an ADC (pdf)

= Understanding High Speed ADC Testing and Evaluation (pdf)

= VisualAnalog™ Converter Evaluation Tool Version 1.0 User Manual (pdf)

Circuit Notes

= Using the AD8376 VGA to Drive Wide Bandwidth ADCs for High IF AC-Coupled Applications (CN0O002)

= Interfacing the ADL5534 Dual IF Gain Block To The AD9640 High Speed ADC (CN0049)

= Driving the AD9233/9246/9254 ADCs in AC-Coupled Baseband Applications (CN0ODS1)

= Interfacing the ADL5382 Quadrature I/Q Demodulator to the AD9262 16-Bit Continuous Time Sigma-Delta ADC as an RF-to-Bits Solution (CN00G2)
= Low Noise, Low Distortion Single-Ended Input Drive Circuit for Differential Input IF Sampling ADCs (CNO171)
= High Performance, 16-Bit, 250 MSPS Wideband Receiver with Antialiasing Filter (CN0227)

Mini Tutorials

= MT-003: Understand SINAD, ENOB, SNR, THD, THD + N, and SFDR. so You Don't Get Lost in the Moise Floor (pdf)
= MT-004: The Good, the Bad, and the Ugly Aspects of ADC Input Noise— Is Mo Noise Good Noise? (pdf)

= MT-006: ADC Noise Figure — An Often Misunderstood and Misinterpreted Specification (pdf)

= MT-007: Aperture Time, Aperture Jitter, Aperture Delay Time — Removing the Confusion (pdf)

= MT-012: Intermodulation Distortion Considerations for ADCs (pdf)

Seminars

= Data Conversion Handbook

Technical Articles

= Analog-to-Digital Converter Clock Optimization: A Test Engineering Perspective
= Redefining the Role of ADCs in Wireless (pdf)

= Understanding AC Behaviors of High Speed ADCs (pdf)

Webcasts

= Converter Simulation — Beyond the Eval Board
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——— Aide au choix: Design tools [JANMLS

Pl 38 MroRiecronue RObHa-Avergne

http://designtools.analog.com/dtSimADCWeb/dtSimADCMain.aspx

) Analog Devices: Design Tools: ADIsimADC Web - Mozilla Firefox

Fichier  Edition  Affichage  Historique  Marque-pages [NadeM 7

<E| - - @ ﬁ_l‘ @ httpe/designtools, analog, comfdtSimabCweb/dtSimADCMain, aspi |'|

, Débuter aver Firefox LI,' & la une

| u Analog Devices: Design Tools: AD... G | u Analog Devices! Analog ko Digital Con... |

ANALOG
DEVICES

us
Design Tools: ADISIMADC ™y vasian
Home = Design Center > Design Tools Instructions | Glossary | Parametric Search | Request New Model | Submit Feedback | Print Results

AD9216 Product Page Data Sheets Fowearad by Mational instruments LablTEW

STEP 1: Select an ADC Part amnlituids stg, Frequency
Select from Available (Modeled) Parts 0— 1

| ] ANALOG
FfﬁFirL aPart Search 407 DEVICES ?

=y |
Encade Rate: 10 || MsPs v =
[optional ] E |
#of Bits 2 ;
SMR 40 dB
SFOR 40 dB
[ Generate Suggested Parts List ]
; -140-
Suggested Parts (Best Fit) o - ] E J 7 g
| 10 Bit, 105M5PS, ADS216-108, Dual hd Frequency (MHz)
STEP 2: Enter Operating Conditions Results:
FFT Type: Single Tone w SNR: 68.02 dB Fund: -0.50 dBFS Worst Other: -81.84 dBe
Amplitude: |-05 dBFS cutput SFOR: TTAT dBe 2nil: -84.14 dBe Noise Floor: -84 64 dBc
Frequency: |11 Fye 3 SINAD: 57.96 dBc 3rd; -77.17 dBe
Encode Rate: 10 MSFS = THL: TH.34 I_jEC 4th: -84.36 dBc
) ENOB: 9.33 Bits Sth: -494.14 dBc
Encode Jitter:|0.06 pSec v
Log:
STEP 3: Run Model
Perform FFT 0 Messages

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus



= Exemples

ADC 24 bits, 10Hz :AD7780

ANALOG
DEVICES

ADC 8 bits, 500MS/s AD9484

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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Products for Analog to Digital Converter

Tl delivers a broad portfolio of high-speed and precision analog-
to-digital converters (ADC). Products range from 12-bit to 18-bit
SAR ADC, 16-bit to 24-bit delta-sigma ADC, and 10-bit to 16-bit
pipeline ADC. TI's A/D converter portfolio targets a wide variety
of applications for communications, industrial, consumer and
many more.

View New Products

7.4 Gbps JESD204B Outputs

DDC1128 : 128-Channel, Current-Input
Analog-to-Digital Converter

AFE1256 : 256-Channel Analog Front-End fc

Flat-Panel Digital X-ray Detector

‘ = Browse Other Products E Send Email m Download g Save Settings

ADC16DX370 : Dual 16-bit 370 MSPS ADC,

Technical Documents

* Understanding Low-Amplitude Behavior of 11-bit
ADCs (sboa133.HTM, 8 KB)
22 Oct 2011 Abstract

= A Glossary of Analog-to-Digital Specifications and
Performance Characteristics (Rev. B)
(sbaa147b.HTM, & KB)
09 Oct 2011 Abstract

Les principaux fabricants d’ADC (4

v National Semiconductor = Ti depuis 2011

OR OR
Add/Hide Parameters
Power
Resolution Sample Rate # Input INL (Max) Consum&tion
Status SubFamily (Bits) {max) (SPS) Channels  (+/-LSB) SNR (dB) SFDR (dB) (Typ) (mW) Interface
Clacrive <za | €[ag9 | <[256 |<[10 | [111 | <los | fa.400 ]
Total Parts: 774 =24 5,000,000,000 2256 10 111 93 4,400
Matching Parts: 7
[JPrecision ADC (<=10M5PS)
-
45 73 el 009 L4y L4 5021
224 | 2[100 |=[1 |2o00 |2fa27 |zfa2 | 2[p.21
- - v - v - - v - v - v - v
[[] ADS1216 - 24-Bit Analog- ACTIVE Precision ADC (<=10M5P5) 24 7205P5 2 ~ - ~ 0.6 Serial 5P|
to-Digital Converter
E] AD51217 - 8-Channel, 24-Bit ACTIVE Precision ADC {<=10M5P5) 24 7805P5 a2 - - ~ 0.8 Serial 5PI
Analog-To-Digital Converter
[] ADS1218 - 24-Bi, 780 SPS ADC  ACTIVE Precision ADC (<=10M5PS) 24 TR05PS E: 0.8 Serial 5P|

w/FLASH Memory, & CH, Vref,
Eyl‘_ferl,_ng:ACs, §eria| Out,

1
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v' Display-Oriented ADCs (33)

v’ High-Speed ADCs (> 5Msps) (73)
v' Precision ADCs (< 5Msps) (457): 8 a 24 bits (16 bits max en 2009)

Les principaux fabricants d’AD

v" Maxim Integrated Products: 563 références (433 en 2009)

C (5)

High-Speed ADCs (> 5Msps)

Total Parts: 73 "PutChan. Resolution Sample Rate AC Specs SFDR ENOB SINAD SNR THD DNL = INL Full Pwr.BW lcc Data Bus Interface Industry Qualified Package/Pins  Budgetary
M of arts: (bits) (Msps) (MHz) (dBc) (bits) (dB) (dB) (dB) (+LSB) (+LSB)  (MHz)  (ma) Price
max=max< @fin  min  min min typ See Notes
Current Selections:
Parametric Selection Controls: 01 Os 2200 2200 1600 93 114 774 792 445 2800 1375 [JuPr0 [JAutomotive - AECQ100 [JCTBGA/44  » $50.03 @1k
mF] os OwPr2 CILQFP/48
04 010 OluPr4 C1QFN/6s
s 012 OwPr6 [15BGA/192
O OuPrs [ISBGA256  |=
16 [IDemuxed [1550P/28
OLwvos C1SSOP/36
CLvPECL CITQFN-CUM0
[]Selectable Dual/Muxd CMOS CITQFN/28
CSerial CITQFN/4D
[]Serial LVDS CITQFN/A48
| | 15 55 ~ $2.97 @1k
[Hidden Columns: 9 (Default) v (o Hide Hide. Hide. [Hide [ide]
Comé Sort by: Part NumberAY AV AV AV AV AV AV AY AV AV
E Default = Newest First
MAX19527 Octal, 12-Bit, 50Msps, 1.8V ADC iei i
With Serial LVDS Outputs 8 12 5 50 193 B4 11 682 685 81 03 05 s Precision ADC Selection Table
MAX19515 Dual-Channel, 10-Bit, 65Msps ADC 2 10 65 65 70 I 596 601 79 02 025 850 , . .
X L= Maxim's precision ADCs feature successive-approximation-register (SAR) and sigma-delta architectures. These
MAX19516 Dual-Channel, 10-Bit, 100Msps ADC 2 10 100 100 70 83 595 60 19 02 025 850 - ) ; ) ; ) :
X precision ADCs deliver resolutions from 8 to 24 bits and a wide range of sampling rates, with single and multiple
B MAX19517 Dual-Channel, 10-Bit, 130Msps ADC 2 10 130 130 70 82 594 598 18 02 025 850 ; ; )
D o, (R B e QS channels. Click a cell below to find a product that matches your design requirements.
ctal, 12-Bit, sps, 1.
With Serial LVDS Outputs 8 12 50 50 20 93 M4 697 701 83 025 03 100
B MAX19507 Dual-Channel, 8-Bit, 130Msps ADC 2 8 130 130 70 I 493 498 72 01 01 850 100ksps
[ MAX19506 Dual-Channel, 8-Bit, 100Msps ADC 2 8 100 100 70 I 493 498 72 01 01 850 Resolution < A
MAX19505 Dual-Channel, 8-Bit, 65Msps ADC 2 8 65 66 70 I 493 498 72 01 0 850 Bits 10ksps 200ksps
B MAX108 8-Bit, 2 2Gsps ADC with Track/Hold
o 1 8 2200 2200 1600 503 421 44 468 025 025 2800 s s
Amplfier and 1:4 Demultiplexed LVDS Outputs <10 "@ "! "‘! “2 ‘-‘! ‘-‘! ‘-“!
MAX1213N 1.8V, 12-Bit, 170Msps ADC for
Broadband Applications 1 12 170 170 100 87 671 672 03 055 700 . - - - - -
2 ’ 2 Er Er ’ ’

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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Les principaux fabricants d’ADC (6)

O Audio (<£200kS/s, > 16bits):

AN NN N NN

AKM Semiconductor

Cirrus Logic

Holtek Semiconductor Inc. {16 voies avec p-processeur et interface SPI ou USB}
NEC

Wavefront Semiconductor {48kHz 24-bit stéréo audio ADC}

Wolfson Microelectronics {ADCs/DAC IC Manufacturer}

O Vidéo (= 30MS/s, 8bits):

v

Intronics Inc.

O Affichage

v
v
v

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

O Rad Hard

v
v

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

O Autre

ASANENEN

<

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

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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IEEE Std 1241-2000

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

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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RICREAU

Critical ADC parameters

Table 1—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
Out-of-range recovery
Word error rate

SINAD for wide bandwidth
amplitude resolution.

Low thermal noise for repeatability.
Bit error rate.

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

environment.
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
SINAD

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 free dynamic range
DP = differential phase error

Source: Norme [EEE [IEEE]
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e —~— Bancs de test dynamique

e
_nr |
CLOCK GENERATOR l-'l FILTER

(Frequency Generator) REQUIRED

L — — o — — — —  DPTIONAL

| SINE-WAVE ~ 7 T o0 r | T T
GENERATOR LATCH/ BUFFER
—— ™ L L FiLTER ’—<NDEFI #:_DEHUK MEMORY COMPUTER

z
(Frequency
|_ Synthesizer) . I- / L . TEST . |_ -
r— — —_
| PROGRAM- | |
MABLE | |
| DELAY
__j__J |
SIGNAL |
| GENERATOR A
— — > {Frequency T
Synthesizer)

Figure 3—Setup for sine wave testing

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

Un filtrage sélectif sur la frequence 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]

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus 15



;c—{‘\‘ Test par FFT

b Spectre
%FE' A pp _______________________
E ou
| CAN DSP
°7 Temps
Parameétres
SNR, THD, SFDR, IMD ...
® Sensible a la Synchro. © Rapide
@ Pas de paramétres Stat. © Application Indus.

Source: S.Bernard, LIRMM [BER]
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Tg/—;— Régression sinusoidale (1)

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

Amplitude
o JEEQEEGENY .,
o—-0=0
COoO—==0O

Temps

Amplitude\

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

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

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

Fonction sous sfit4 MATLAB:
—> estime I'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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e — Régression sinusoidale (2)

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

3500

%SFIT4 IEEE-STD-1241 | | Dynamic performance
2000 1
Standard four parameter
fit of a sine wave to . I
measured data 2000 u M T
1500 -
-']DDD | | | | | | |
0 a0 100 150 200 250 200 350 A00
ENOB=10.5 @ 10.625MHz
2 T T T T
’] i
O |
K =
_20 a0 100 150 200 240 200 250 400
18
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Bancs de test statique

CLOCK GEMERATOR
{Freguency Generator)

L PROGRAM-

————— MABLE
DELAY

:

CONTROL AND
LOCAL MEMORY

#{) DAC

-

i

=

—

r
— | FILTER
L
I
ILTER

-

ADC
UNDER
TEST

REQUIRED
— — — —  OPTIONAL
r— — — T T 7
ibl LATCH/ F!\‘:> BUFFER @
DEMUX MEMORY

e |

COMPUTER

Figure 4—Setup for arbitrary signal testing

Variation lente du signal d’entrée par rapport a la frequence d’horloge.

Signal arbitraire = signal rampe

Source: Norme IEEE [IEEE]
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SE— Test avec un signal Rampe

= 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=100pV, durée de la rampe: 25ns * 1V/100uV = 250us

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

4.1.6.2.1 Comments on number of samples to be averaged per transition level for a given

confidence level

The precision of the measured values of the code transition levels depends on the total number of
histogram samples measured. Increasing the number of samples decreases the uncertainty while
ramping the input. The larger the total, the lower the uncertainty. Nonlinearity of the ramp input
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
due to noise in the estimate of a transition level is approximated by Equation (61).

—

o~ |9
e~ \g (61)

where
o is the standard deviation of the noise, in units of ideal code bin widths (LSBs),

H is the average number of histogram samples received in each of the code bins that share the
given transition level.

Source: Norme IEEE [IEEE]
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e ——— Test par histogramme

RICREAU

* Principe :

Amplitude

Amplitude

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 - -

-
m
|
|
|
|

=

~N

Histogramme

Temps
>—{ CAN
o I Cwm——
Parametres

Codei - . Offset
« Gain

Temps % « NLI y

Codei

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

* Principe :
Signal d’entrée sinusoidal ou linéaire (triangle, rampe)

Construire ’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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Code
de sortie

H(i)

Histogramme

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

H(i)=

FE NN NN NN NN NN NN

sdwa|

Test par histogramme

Entrée
analogique

-

PE

Source: S.Bernard, LIRMM [BER]
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e~ Test par histogramme
Test par histogramme
% % A
o w
O o
=
i
Entree
H(:i) ! | | FDIZ arga!ogjque
Histogramme ; |
H(i)= nbr d’apparition du code i ;
nbr total d’échantillons
13
4 3
=
-

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

histogramme

®
W
e
124
o
1

@
@
E EJI
Q w
O o
=
e —
................................................... e —— S
..................................................... .
H() se— , ES
Histogramme 3 _ Entrée
= " Analogique
Tem?S:w *****

dource: d.pernary, Liiviivi | BER]
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Test par histogramme

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 offset 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 bv 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-Hlk—-1 fork=12,...,2"-1) (56)
where
A is a gain factor,

C  1s an offset factor,

Copyright © 2001 IEEE. All rights reserved. 35

Source: Norme IEEE [IEEE]
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Test par histogramme

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

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

i=l)

H[i] is the number of histogram samples received in code bin i,
2

S is equal to > HI[i] = the total number of histogram samples.
i=0

The values of C' and A can be computed directly from the collected data and the direct measurement of
T [1] and T [2¥—~1]. The expressions for 4 and C are given by Equation (57) and Equation (58).

(Y —1-1N))
(S — H[2N — 1] — H[0])

C =11 - (jf“” (T2 1) ITI')) (58)

(57)

(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).
(72" —1] - 171])
4= S

C =T/l (60)

Source: Norme IEEE [IEEE]
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WAy Test par histogramme

*+ Code
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Source: S.Bernard, LIRMM [BER]
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S~ Test par histogramme
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Autres bancs de test

CLOCK GENERATOR
(Frequency Generator)

r——-—

nr
—————————] FILTER E—

L——

PULSE REPETITION
(Frequency Synthesizer)

Y

PULSE GENERATOR

P——-—

gL
L | FILTER

L——

LATCH/
DEMUX MEMORY

———l

Figure 5—Setup for pulse and step signal testi

REQUIRED

OPTIONAL

r———1

BULFER COMPUTER

(a) CLOCK

WORD Referance

e |k COMPAR- code
K
UNDER a ATOR g m
TEST

Trig 1
—————— N, H,
I specTRUM g — | ¢
| ANALYZER |
,,,,,,
SUB N, ADD N,
ADDER

WORD Reference

— — — — OPTIONAL
REQUIRED

(b) CLOCK

Locating code transitions using a feedback loop oo 9/2 i 35“:?

VOLTMETER -+

| specTRUM _
|  ANALYZER | ‘

I|
sl
— — — — OPTIONAL ‘ s
REQUIRED :

I:

Figure 8—(a) Block diagram of feedback loop (digital method); (b) Block diagram of
feedback loop (analog method)
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e — Mesure du Bruit

Méthode utilisée @ LPC-CIt:

= Mettre un signal fixe a I'entrée de I'ADC; filtrer tres basse frequence

=  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 réalisée sur toute la gamme avec le test de la
rampe et n mesures par paliers

049 + Standard deviation=0.9 LSE |

[ ]
]
1

Count (normalized)
S
1

0.19

oo t Y 1
2042 2043 2044 2045 2046 2047 2048 2049

ADC Code (LSB)
Source: LPC-Clermont
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FUNCTIONAL BLOCK DIAGRAM

Exemple de carte d’évaluation: AD

cm' :Vm’ H2C-ADC-EVALC uss
SINGLE OR MULTICHANNEL - @ # % &
. M_@.,,Qi,i,i,\ T L \
- DATA BUS 218 oATAH) ) hERTD n |
TS g T |
3 e § nanmm.f + - PORTC uu
e %’ﬂ =¥| o ==l g I
i - [BR ] ol , .
— (T I R
Q 1 carte support de I’ADC & e
tester + 1 carte genérique
d’acquisition Qi s
O Logiciel d’analyse/affichage des
données: VisualAnalog ., oaees
B’ " I e
@ it + (SR —
VisualAnalog.exe cvensst uss ——— FoAma  evmcrowen
Figure 3. HSC-ADCEVALC Components (Top View)

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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<—.—= Exemple de carte d’évaluation: Linear T. & Maxim

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

L Maxim: 68HC16 Module

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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Banc de test dedi¢ (@ LPC Clermont

O Banc de test générique, 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 »

0.10

0.08+
| Ref. & Thd signals .
™ 0.06+

.. DAC = i I

— | S 0.04-
- P L o [ & 0021
ol ( SE T — D.U.T. board DCr % 1
> ADC . = E
ko under test o —0.02 '
i —1Analug ADC input signal 55 ]
RV TOVED 2IVTOSH = —0.04 T
0 I ADC ref. T oL E B 1 ]|
] 16 iy = o] ﬂ%‘{g' 1T -0.061
£ DLOTHG— o onE——fen 7
—> . ADTEM %%,(;-. i -0.081
Vot —=, G Rl i T
! 1 '1 -0.10 | S SR B B B S e S a— T T T T T T T
v 0 1 2 3 4 5 6 7 8 9
Clock & reset ADC under
[ADC rof. | | Clock & reet ‘ s Input Charge (pC)

TUSB driver
LT

- =F

- e =

USBdata |

Hppiein

USB li

&
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%m;;’/:;- Tenue aux radiations

(d Les ADC en milieu radiatif sont sensibles:

» ala 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
Vo
» aux phénomenes de latch-up (SEL: Single Event Latch-up) si la technologie est CMOS
(la plus répandue aujourd’hui) ou BiICMOS

aux SEU (Single Event Upset)
aux SET (Single Event Transient)

YV YV V

aux SEFI (Single Event Fonctional Interrupt)

Source: D.Danglan et F.Malou (CNES) [DAN]
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c—ﬁc—{\-—r‘- Tenue aux radiations: exemple de 'AD9042 (1)

U ADC AD9042 12bits - 40MS/s utilisé pour les calorimétres electromagnethues
d'Atlas et CMS gy .

» 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

» Définition avec Analog Devices du processus de test: |ADI CMS| ek
I . = Fab Lot 1-10
.“'AJD L rj\\i In . /' 18 wafers
L m— |'I l
1 = |
L L ' — | Probe entire 11-14
- J_ _I_ e 3\ / Lot
— |
; l 3 | Dice 1 Waler Test | s
40 MHz " | Pkg ~ 20 die (Irradiate) )
| ‘_|t Clocks
(é?‘ , Dice entire Accepl 20
; Dispositif de test ADC “-\ Lot 0

> 1 cycle = 21 semaines ‘ Dﬁf{‘:’fd 21
» 32 ADC x 16 wafers = 512 ADC testés -

Fig. 1. ADC process flow for CMS.

Source: P.Denes [CMS2]
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«— = Tenue aux radiations: exemple de 'AD9042 (3)

O Mesure du gain 2583 | - - 1.010

* =

. . & P4 252 T - - 3

v' Augmentation de la tension de référence 1005 =
avec la dose - baisse du gain ADC 51 T Looo s
. =]

2

v" Utilisation possible d'une référence | =
: . 1 0995 £

externe rad-hard et/ou correction off-line 3

1013p/cm? < 1Mrad 248 0.990
0.E+00 2E+12 4E+12 6.E+12 8.E+12 1E+13

Integrated Dose [p/ nmzl
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
sing wave on the right-hand scale.

Source: P.Denes [CMS2]
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c—h{%—f‘ Tenue aux radiations: exemple de I'AD9042 (4)

10 -
=) _
8
=
—_ 6 i
[==]
= 4
z -
w2 .
= |
S hbpiagadoladeghd
LT #]
£ -2 - - -
-F) =r
2
,E -4
S =
-8 +— e - . , _ . , ,
- I !} . : : . . . . : . . . . - I {.] ‘8 —6 '4 —2- ﬂ 2 4 ﬁ 3
e ymeREee 222 2E Change in 5 MHz SNR [dB]
Wafer

Fig. 6. Change in 5MHz SNR for all ADCs exposed to

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. 1013plcm2 < 1Mrad

102 p/em?, i.e. a histogram of the data in Fig. 5.
SNR moyen mesuré de 63 dB contre 68 dB théorique
» systeme de test a améliorer

Source: P.Denes [CMS2]
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c—M{’{_\‘ Tenue aux radiations: exemple de 'AD9042 (2)

1 Mesure du SNR de I'ADC AD9042:

» le SNR de I'ADC est de 68 dB; le banc de test doit donc étre trés bas bruit:
v’ signal d'entrée trés bas bruit et trés faibles harmoniques
—> générateur Rohde-Schwartz + filtre passe-bande
v’ trés faible jitter de I'horloge ( 4 ps rms: bruit équivalent de 1 LSB)
= X0-400 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

Source: T.Liu et al. [SMU]
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Tenue aux radiations: exemple de I'AD9042 (5)

L Amélioration du dispositif de test de circuits :

FIFP
Control
Crystal & Filter |
C=cillator Selection
DAG
L P PC
Signal e BPF & -|—|l ADC —=| FIFO ~,| Card -
Grenerator | LPF ' -
i | under L
' Test Wref Multimeter =
....... "., '[L};’BU,._;_rd s E\aua[n” B;_m_rd
RE8-232
(c) SNR @ 9.6MHz and -1dBFS
70
68 L-_-_:_-"‘_ ——————— '—r.-—‘ ————————————— :.L-_‘.—"_'_'_'—-.._____

/ SNR@Atlas

+— SNR@ADI

2 Y R U
z SNR@CMS
-
7]
62 —#—meas. at ADI|
- - i - -meas. at SMU
&0 T
1 2 K 4 g B 7 g g 10
Chip #
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e ——— Exemple d’ADC certifi€ « spatial »

2 1L a8

0 ADC AT84AS008 de e2v (ex ATMEL):

» Principales caractéristiques:
v" 10 bits — 2.2GS/s — Techno. SiGe
v" ENOB: 8bits@1.7GS/s, 7.7bits@2.2GS/s
v' SNR: 51 dB a2.2G/s
v 4 2W/H45V
v' prix: 1300$/1000 pieces

» Evaluation spatiale:
v’ évaluation performances entre -55/+125°C et Vce min et Vee 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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c_ﬁﬁ Fluctuation de I’instant d’échantillonnage
- (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. l

dv: erreur de tension

dt: jitter en temps

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

RICREAU

(Aperture jitter)
Relation entre |'erreur d'instant
d'échantillonnage Considérons un signal d'entrée v(t) sinusoidal:
et I'erreur de tension échantillonnée v(t) = Asin(27 - f 1)

L'erreur de tension est la dérivée en temps:

____________________ l %:A-2ﬁ-fcos-(2ﬂ~f-t)

dv: erreur de tension L érreur est max pour cos(2rnft)=1 soit t=0:

dv(0)

- dt MAX

=A2x-f

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

rms) :
t = Vere
A 27-f

VERR — A27Z' f .ta ou

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

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

Détermination de |'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
VERR max N
V VERR 1

t — ERR ::> t — max  _

°OA2r-f fmaxc o A2z f o 2N g f
Exemples |
L'audio:  20kHz, 16 bits.......cccoocenvvceeneence... A1=200 ps
La vidéo: 100MHz, 8 bits .......ccccouvvvrrrvevenee. AT=12 ps
La Hi-Fi: 20kHz, 20 bits.....ccccccoocevvveerennnee. At=12 ps
NEW audio...............24 bits........ccccoooeeveeeneee.. A1=0,8 ps
Oscillo. 2GHz, 8 bits....cccoccecvrerecvenn. A1=0,5 ps

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

(Aperture jitter)

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

SNR =-20log| 27- f -t,)° +

1/2

1+$j2
)

N
\ /\(2
Y Y

contribution du jitter /

100

SNR (dB)

.
50 \
) &i Toe 250y 200,025,
70 \\ \
60 - \\
50 .

100 1000

INPUT | MHz)
Figure 5. Signal-to-Noise Ratio Due to Aperture Jitter

\ autres contributions (DNL, bruit

16 BITS

14 BITS

18IS

10 BITS

O N

quantification, bruit thermique...

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

Limite théorique SNR ADC 12 bits

Source: B.Brannon et A. Barlow (AD) [BRA]
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e o Fluctuation de I’instant d’échantillonnage (Aperture jitter)

Détermination de t, a partir des mesure de SNR

) 1/2
SNR——2OIOg{(27z for,)? +(1+‘9 }
\ )\ )
Y

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

-SNR

2 -
SNR| =~ —2010g(12+8j =D £x2"10 2 -1

—SNR| high- f 2
0 » |- l+¢
A haute fréquence on obtient: 2N

2" 27 f

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

Exemple d'évaluation de t,

Dudta: ADDE4E 0
Dl Mot 1

= ADC AD9256, 14 bits & 125MS/s pene

= kit d 'évaluatation Analog Devices s
SN 7104 22 k-

UDSNA: 98 82 a8 =50
WALL QUTLET WF: 3080 4B sok-L-
TOV TO 240V AC AKAD: 7037 48

£He TD &3Hz P =Tl

. LV e 023 e B e e e T T
- = ¥ Bed 3250 OBe
. SWITCHING | I d: 10415 e
= Fovies = B 1045 dBe B e R e B B T RS
LY CHE g [ S 404 3 i I_ | !
PARALLEL , Weolsar 053482 = "
DLH'P:T.I?r: ﬁf’/ THD: 2455 A3 =120
HEC-ADCEVALEDC PC P 50
FIFD DATA RUNNING =
EVALLATION Flse: ~11721 42F8
ROHDE & SCHWART. BOARD CAPTURE ADC e e TS 0 5 10 15 20 25 30 35 &0 45 50 55 60

[RE TR ETE]

BDARD ANALYIER Siaret ol : BEE38
EWHL
W ppEiGHaL o BANDGPASS L XFMA ) Wienderwieng: Bosa FREQUENCY (MHz)
EYNTHEEIZER FILTER MPUT CHA
PaRALLEL [ —.,

UsE Figure 3. 2.3 MHzFFT

CHY CWDE CONNECTION
“:'HDE:HEHUHMR‘E CLK OUTEUTS _V/ _l/ " Daviicn: ADD 242 a
FV pen SIEMAL | Davica Mo
SrMTHESIZER S [ |i| 4—-| 57 E e 13 voita I L ............
. ) i Dwas: 13 Valts M e ———— _ YN 1 ANAL > 1
Figure 2. Aperture Uncertainty Measurement Setup with AD8246 Customer Sesisuss Fin_ 201 MHz
Evaluation Board v IR

SMAFE 9405 d8F8

A partir des 2 mesures on obtient: | t,= 197 fs | === DT

SNAD 4TS 48
Fared: -1.089 S84

Remarque: la valeur obtenue t, est la somme ool AP I I
quadratigue des contributions du générateur et de oy S
[ADC lui-méme. Si la contribution du générateur est — weeasac. ™"
7 . 7 THO TS a3 =120
connue, on peut en déduire celle de I'ADC. somruime
ermaFles AL 2FR 5 10 15 20 25 3 35 40 45 50 55 60

UTHEHNHE

FREQUENCY [MHz]

Figure 4. 201 MHz FFT
Source: B.Brannon et A. Barlow (AD) [BRA]
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Sncwao - Fluctuation de I’instant d’échantillonnage (Aperture jitter)

Dégradation du SNR vs aperture jitter

O SNR (dB) max. théorique pour un ADC a N bits (bruit de quantification):
SNR=6,02. N+ 1,76 soit 49,9 dB pour un ADC 8 bits

O Dégradation du SNR vs clock jitter:

Total SNR Due to Quantization Moise and Jitter (dB)
1
Allowable Clock Jitter (fs.) 1 1
SNR=10log | —5=- + ey
101 qo 1
142 48.5
258 48.2
354 47.8
447 47.4
541 46.9
640 46.4
747 45.8
BE2 45.2
Qa0 44.5

Source: J.Catt (NS) [CATT]
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G—M—E—ﬁ Fluctuation de I’instant d’échantillonnage (Aperture jitter)
Mise en ceuvre de |'horloge

 Signal d’horloge sinusoidal différentiel

» recommandé pour ADC rapide
. L : : CLOCK |, ADT1-1WT
v jitter réduit par rapport signal logique SOURCE 1l CLK+
0.1uF
v utilisation de transformateur RF « balun » ' AD9444
pour distribution de 1’horloge omsas | oo s
v adaptation d’impédance interne DIODES g

Q Signal d’horloge logique différentiel
» LVDS jusqu’a 1,5 GS/s ADC rapide (ADCO081500 de

Cumul des jitter

» adaptation d’impédance interne
» routage sensible des signaux SYSTEM cLocK
» attention au distribution d’horloge
DAC CLOCK INPUT
» utilisation de circuit dédié type AD9510 (jitter 350 £5s)
DAC DATA LATCH
Table 1.
Gate Type Jitter
FPGA' 33 to 50 ps
741500 4.94 ps [~ ADC ENCSDE INPUT
7AHCTOO0 2.20 ps -
74ACTOO 0.99 ps
MCT00EL16 (PECL) 0.70 ps Figure 8. Clock Distribution Chains
AD9510 Clock Synthesis and Distribution 0.22 ps
NBSG16 (Reduced Swing ECL) 0.20 ps

Source: B.Brannon et A. Barlow (AD) [BRA] & J.Catt (NS) [CATT]
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e —— Fluctuation de I’instant d’échantillonnage
o (Aperture jitter)

Mise en ceuvre de I'horloge

O 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

V
™

+0.23 \ /
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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= Chercher ’erreur ??

https://indico.in2p3.fr/getFile.py/access?contribld=26&resld=0&materialld=slides&confld=9825

Dynamic specifications

100

» Dynamic performance of the & o L pR———
ADC are determined from the 7} &vos:am
FFT for an incoming sinus
signal: T00KHz, 1TMHz and
5MHz

» These results integrate all the

limitations: | |
- Reduce dynamic range = T
- S k Freguency [MHz]
J . pl e S . E - B SINAD: 53.590 Channekd,1 MHz, rimmin 16
o Jitter (next slides) w | SNA:85.950 s
= o 1 MHz

i SINAD: 51.860 _ 60|
" .. SNE: 52870 | — oot vanea- .

R R > MHz

40:_ ........................................................................

Frequency [MHz]

1 I 1 1 I 1 1 I 1
= 15 20
? Frequency [MHz] Journée VLSI IN2P3 2014 22

0 5 10 15 20
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e — Chercher ’erreur ??

https://indico.in2p3.fr/getFile.py/access?contribld=26&resld=0&materialld=slides&confld=9825

ENOB: Source & Solutions

» Source of ENOB reduction

= sampling clock jitter s e S
> 1 to10 ps jitter is needed to reach s rmi_:t} ,:“Q;”T?T;j_-:_____h___ ;
expectations e T
> Simulation studies of 2" prototype: .. . LT _ T T
- RMS jitter 30 ps or 100 ps peak = &=
to peak
» Solution: S
- Modifying the architecture of | roscde e o e o
the sampling pulse generator l:i':‘fﬁft?{g::'g%tﬁ‘é';'r‘s
inside the chip

Present problem for
jitter
New jitter simulated
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e ——— Quelques notions de CEM

MIGRHAU

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. »

« La broche d'entrée d'un échantillonneur-bloqueur 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 =
680 ou un buffer « calme » pour réduire le « ground bounce »). Pour un
convertisseur lent, une interface de sortie série est conseillée. »

Source: Charoix, AEMC [CHAR99] [CHAROS]
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S— PCB pour ADC rapides
L Recommandations plan alim et masse pour I’ADC AT84AS008 de e2v /
-
~Q ADC + //
o) ux ferrite
o |ferritg I 0 AN
S |l 5 9 —| Plan de masse FPGA
e © %) analogique
3% 5
£
T T~
| nasse numérique
ADC i
— — \

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.

length within 1 mm.

As all data lines are differential, it is also necessary that each line of a differential pair is matched in

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

Figure 5-3. 500 Matched Line on R04003 Layout (Differential Signal)

e=40um
370 pm 400 um 370 pm
: :
1 RO4003 : I 200 um
i 770 pm '

Source: App. note e2v [e2V]
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= Filtrage/decouplage des alimentations

Figure 5-1. AT84A5008 Pinout of CBGA152 Package (Bottom View)

. . , _ ) [ 0000000000000 -
0 Méme soin de séparation et de découplage diclljelelelelclolololololol Tolk
s R AN 0000000000000 000 -
des alims a l'intérieur méme des circuits intégres 000 000 -
:(000 / \ @00+
'|©®@0 8oov
| @0 QO |
ADC AT84AS008 loeo 200l
“898 o Qgga
i i 11 o0 o000
112 pins sur 148 pour alim !! |o8d eeC|
' @0 ® 000 |
1000 - «/oooa
1 0000000©00000000|
10000000000000000|:
reeecceee00ec0e |
Table 5-1. AT84ASO08-EB Pin Description I
Symbol Pin Number Function

Power Supplies

Ve K1, K2, J3, K3, B, C6, A7, B7,C7, P8, 08, R8 | +5V analog supply

Bi,C1, D1, G1, M1, Q1, B2, C2, D2, E2, F2,
G2, N2, P2, Q2, A3, B3, D3, E3, F3, G3, N3,
GND P4, G4, R4, AS, P5, Q5, P8, Q6, P7, Q7, RY, Analog ground
B9, B10,B11, R11, P12, A14, B14, C14, G14,
K14, P14, Q14, R14, B15, Q15, B16, Q16

Hi,J1. L1, H2, 42, L2, M2, C3, H3, L3, M3, P3,
Vee Q3. R3, A4, B4, C4, B5, Ch, A8, B8, C8, C9, -6V analog supply
Pa, Q9, C10,Q10, R10

P10, C11, P11, Q11, A12, B12, C12, Q12,

VeLuso 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
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I i

O ASIC: ADC a rampe

O Alim. analogique et numérique communes dans la puce

<—.—= (estion des alimentations: le mauvais exemple

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

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

S IeLa]

S0

Faela]

S0

S00

40

200

SIS

1D
Entries
tMeam
M R k=

5757,

M x A ndf
CTaoanstant

\III|\IH‘\\II|I\I\‘IHI|IHI‘\I\I|IIH|\\II|\I
it
3—
i
1Y
\

L,

740 Fa=16] TES
Al
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«— = Filtrage/découplage des alimentations: rappels

Q0 Exemple recommandations de ST Micro.
Figure 14. Power supply filtering

STT2XXX

10pF
10 10uF (if neaded) 0.1uF Vgg
- |

L T 1

DIGITAL MOISE

+ FALTERING + W
,I 1 l rgo°

Voo L
—I—_‘|
POWER
10pF
SUPPLY -
SOURCE (if needed) D.luF '_jVDDﬁ
L
EXTERMNAL +
MOISE

FILTERING v
- 55A
+— |

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 reguirements.
Tantalum capacitors can also be used along with ceramic capacitors.

High value capacitors (10uf to 100uf) which are generally electrolytic, vou 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 analogiques et
numeriques

Analogique et numeérigue: une cohabitation difficile

Figure 22. Cross-talk between 1/Os

Analog-in E Analog-in Analog-in
—_— ] ] L
/1 /‘. —{ ] /’ —E/‘. - —1
Digital Digital Digital
/0 10 | EyT/e]
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 analcg signal by placing ground tracks across it helps reduce noise
produced by cross talk efc.

Source: App. note ST [AN1636]
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g

e Temps de charge de la capa C, -

» L'impédance de sortie de la source se

Vain
rajoute a I’|mp|:\<)adanccle:a d’ent:ece de 'ADC: Ran [ANL g
T : + CRTR'R'R R -_,' -_,' -_,' -_,' -_,' -_.'7
(Raoc t Rain) * Capc :;D o
= Grande R, affecte THD = —Vasa
(Analog Ground)
= Ex: AD7684 16 hits Ve = Voltage across
L, .. . Ve hold capacitor Cape Vc‘ Vin
= Précisionl LSB/16 bits: 1/65536 4 ‘ 4
—> précision atteinte a 11 ¢
" Rape = 600 Q, Cape = 30 pF
=11 xt=200ns
tim.g tim:
Correct time to CHEI'QE Increased time to charge
Capc to Viy Capc toVin
Time constant = 10*Rape*Cape Time constant = 10%(Ran*+Raoc ) Cape

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

Source: App. note ST [AN1636]
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RICREAU

Signal a numériser (sortie ASIC)

N _

T il
- .

“=%-- T=1600 ns

Exemple de driver mal adapté

= Utilisation de 'ADC AD7684 pour
numeériser un signal délivré par un
ASIC (mémoire 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)
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1600

MICRHAU -
ELECTRONIQUE
DETECTEUR [ CALIBRATION FRONT END
—L AMPLI PIPELINE 12 Bits
T D ANALOGIQUE E
Mise en (SCA)
forme FEB

Liens
optiques
{ .

FEE du calorimetre ¢lectromagnétique d'Atlas

800 Liens
optiques

—— ROS

> 200.000 Cellules

0.8
o Mise en forme

04 -

02

1 1 L 1
0 100 200 300 400 500 600

Courant théorique > 1600 Modules FEB
» 200 Modules ROD
» 120 Modules de Calibration

ROB

1 Calorimétre Electromagnétique.

Source: G.Perrot - LAPP[PER]
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«—= = FEE du calorimétre clectromagnétique d'Atlas

Pekia 80 microglectonqus Rhong-Ausergne

O Cartes Front-End du calorimétre a argon liquide d'Atlas (FEB)
» =200 000 voies = 128 voies par cartes

dimensions: 400x500 mm? !!

1629 cartes produites

Utilisation d'un ADC AD9042 par voie

Mesures, sous irradiation, de la dérive de:

vV V V V

v’ la consommation en courant
v’ la précision
v du temps de conversion

v’ la référence de tension interne

Amplitude
o =]
o o -

o
'S

Source: [Atlas_Lar]

T 500 300 400 500600 Carte FEB 128 voies

Time (ns)

. . . _ o 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.

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus 68



<= —= FEE du calorimetre ¢lectromagnetique de CMS

CMS

ELECTROMAGNETIC CALORIMETER

“ | FRONT-END ELECTRONIC CHAIN

82 728 cristaux

APD|:

Hamamatsu

Intersil

ADO9042 e

-
L
i y
LI u
M k]
i
-Lr =
. i

Analog-Devices

Honeywell

Full custom
Ctrl Chip (not shown)

Type of IC

Full custom
ASIC

Commercial ADC

Full custom
ASIC

DMILL

Process

UHFIX

XFCB

CHFET

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

b 10* Gy = 1 Mrad

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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«— = FEE du preshower de LHCb (LPC Clermont)

tricmer

lea
l_a

>

fromtale

amabgiqus

5

Collision Scintillator & Proce=ssing

thhmul'liplilfr_ - clectronics
. ASIC 7Y carte FE
| = |
- _
| 5
| E |
i ‘:‘EP"":‘% i Cable Digital Proccsming

Source: R. CORNAT - LPC -
LECC Colmar - septembre 2002
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c—M%——f‘ FEE du preshower de LHCb (LPC Clermont)

d ADC AD9203 (Analog Devices): S o5 mfuf‘mmm 1
» Architecture: pipeline, différentiel i S D X

> Resolution: 10 bits sur 1V différentiel ' cam GAIN & savane
» Sampling rate: 40 MS/s i

| CORRECTION LOGIC |
» Consommation:74mW/3V - g s

r
REFERENCE | | QUTPUT BUFFERS | oTR
VREF
| 10 08 (MEB)
REFSENSE | i
AN DO [LSE}
1.0
Tt

O O O 3
08 BVSS PWRCOM OFS DRVSS g
0.8 0
0.4 1 0
02 H ' 1
E a T k 0.4
=02 0.2 5
=a
a5 INL i -2
=08 g =0.4
=114 g =08 DNL
O 100 200 300 400 500 B00 TOD BOO 900 1024 B}
=08 ]
-1 i

0 =
o 100 200 300 400 5DD 60O TOD BOD 90D 1024
Figure 12 TyoicalINL Perfarmance

Figure 13. Tyoical DNL Performance
Source: Analog Devices
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%’%——f;;- FEE du preshower de LHCb (LPC Clermont)

L 64 voies par carte format 9U
» Surface max. d’une voie: 1 cm X 4 cm
U Bruit <1 LSB (ImV) grace:
» Plan de masse
» Signaux analogiques différentiels
» Horloge différentielle LVDS
» Routage précautionneux des pistes sensibles

4cm

i) wﬂ'“ — 2
ETET 0 S Sk -

1cm ' wrr o,
o
i S

Implantation d’'une voie FE

Source: R. CORNAT - LPC -
LECC Colmar - septembre 2002
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RICREAU

FEE du preshower de LHCb (LPC Clermont)

d Schéma d’une voie front-end

Signal délivré par
I'électronique VFE

Adaptation d’impédance,
de tension mode commun, filtrage
Amplificateur AD8132

ADC differentiel pipeline
10 bits- 40 MS/s

1
1
1
1
1
1
1
1
1
1
1
I 5 1l
: f cMD 1 A
[ I 18@Nt
1
11908~ —— 8. 25K
! i g ) 188N - oop L 1119
: L AvDD G T 1 AN
: SO T
; 499
1
: . 3
: 499 M 5 1
I e~ AT
| —es _
1 L A
1 ]
: I i : 1
1 L i F
1 W"'—I -A...: 1
: ves 4899 22pT) !
1§ i
- | I%-E“”_? Jomn
: —— ‘- ! 108N | '
@iF 200mv__M[20.0ns| Al Ch3 s 430mV! 'EE"H 2 2
Ch4[ 200mv e ; 1: ;
[ T GND i i
e 200.0720s : uﬂu: | |
1 I
! ! i 1PAN
. ____® .
GND

Ecole IN2P3 "Electronique Analogique

Source: R. CORNAT - LPC -
LECC Colmar - septembre 2002

" 2014 - Freéjus
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m{‘; FEE du preshower de LHCb (LPC Clermont)

 Résultats de mesure d’une voie complete (VFE + FE)

|| |
e UHLER
7—':‘ 38 “L 1g23 1] ’ I!LO ‘ 13, ' 137 I I;ﬁ ‘ HII.‘) ux MISO I-(!D ' 1400 1510
L | ] —,_|
o] 450 mV 1 +450 mV
0=0.28 o=0.63
I 1 | 1 T ‘ T T

Source: J. LECOQ - LPC
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S Apercu (@ IN2P3

Journées VLSI - FPGA - PCB de |'IN2P3
de mercredi 11 juin 2014 au vendredi 13 juin 2014
d CPPMarseille

https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confld=9825

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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I i Carte d'échantillonnage pour une

application TEP en hadronthérapie

Board functional diagram

1/24 channel Sampling & Digitization

Signal DIGITIZATION

ADC 12 hits

|
\

Trigger

Trigger generation Slow control & DAQ

iin 2014 Magne Magali LPC Clermont 7

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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Va4V 4

LABORATOIR
DE L'ACCELERATEU!
LI NEAIR

lrfu

mxm

The USB WaveCatcher board (V6
J - (V6) @

Pulsers for reflectometry applications saclay

1.5 GHz BW

Board has to be powered by USB Reference clock:
amplifier.

=>power consumption = 2.5W 200MHz=> 3.2GS/s

20082010 g sl il s

2 analog S D © 'lllliﬁil
mputs. 7 3 _ o :
DC | o i 8 o o : : 3 " | _{_-‘.
Coupled. : B N o e P W% Trigger

o | P\ rmen N LN output
The | L R g Gt N
autonomous -
test bench

+5V
Jack
plug

Cyclone FPGA

SAM Chip

Trigger S 4
discriminators ual 12-bit AD

Jss WAVE cAToAEr

i2-BiT 3.265/5 DIGITiZER e

Analog input| _ILV7 Trigger
Channel 0 input

USBok - @
Anatog input USB access — @ RUCLEY
hannel 1 Acquiring - @ K1

The historical 2-Channel module

D. Breton — Ps Timing Workshop — Clermont-Ferrand — March 2014



Systéme d'acquisition pour caractérisation d'un imageur a multiplication
électronique intra-pixel emCMOS
Remi Barbier, Timothée Brugiere, 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) l

» Validation et caractérisation du systénl\e
|

V

» Caractérisation des matrices de nouveaux pixels
sur banc optique

Journées VLS| — FPGA — PCB de l'in2p3

11-13 juin 2014 CPPM



Mécanique
Informatique
Conclusion
LA B R RN ERRRRSRRRRRERRERRERENRERRERRENRRENRRENRENRENNENNENRERNENRRENRENRNNENENERNNNNERNNNNERRNENNNENENRNENDENRNENNENNERNNNNERNNENNNNBNNHRNN.]

5 risetationdecres 5. Présentation des cartes

Lien Ethernet o . N e
1OGbits/seC\‘ ’ o o Mage T _ A . | SERVICE ELECTRONION

=1 I o

FPGA ARRIA GX

Voies analogiques
emCMOS
Ampli + sélection
gain

P

SERVICE THSTRUMENTATION

Gestion Peltier
Modules

DDR2

Journées VLS| — FPGA — PCB de I'in2p3

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

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”

0
IOk eskcopes 12 blocks - 192 telescopes
Telescope structure :
6 S Block arrangement

s s

Csl(TI)
Hol ] ).

Wipm 540D/ 7d0pm ARIIET

4PN

4x4 telescopes

T
OR3AY

Joumnées VLS| 2014 - Pierre Edelbruck, Franck Salomon, Gwenaél Brulin
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<= —=Exemple en physique nucléaire: FAZIA

FPGA side

e 08 microdecioniue Rndny

RN

Silicon 1

Wave
Memory
Wave
Memory

the Data Path

FEE card overview

Connectors JTAG PIC programming Connector monitoring
to connector connector for LABVIEW circuits e
detectors PLL clock probe PIC for HV high voltage switching
i uc devices devices regulators

. v\ co\
L} . H
‘l PN . 100& 250 MHz o 100 & 250 MHz glinear; 68-pin connector

Telescope

T e e Journées VLS| 2014 preamps Amplification ADC's ADC's regulators
o Pl Low and high voltage
Analog part Digital part

Power-supplies

Dimensions : 300 mm x 88 mm part

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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S = Large Synoptic Survey Telescop (LSST)
capteur + FEE = Raft tower
- 21 au total

Lentille

Large Synoptic Survey Telescope

Shutter

» 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 complete du ciel en 3 nuits

Lentille

Source: K.Gilmore [LSST1] & J.Oliver [LSST2]
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6@—//;— Large Synoptic Survey Telescop (LSST)

| _ Raft Assembly

Flex Cable &

Si CCD Sensor

CCD Carrier /

Thermal Strap(s)

SENSOR

Thermal Straps

Sensor Packages

FEE Cage

. & FEE
- i Raft Structure e 2l
RAFT TOWER

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

3 CCD for 1 REB

9 CCD per RAFT 16/CCD - 48/REB

16 channels readout

(1Ms/s - AD7982)

+ buffer
ASPIC Y
To DAQ.
(ATCA crate)
2/CCD - 6/REB 3.12 Gbit/s
T :T*:::::!:::::I:;:,:: el available for
the 0.5 Gb/s
needed to
Clocks, Biases, OD read 3 CCD
in 2s
REB : 3RAFT
ASPIC a pour fonction d’amplifier les a pour fonction de fournir
sign.aux analogiques provenant des 16 « Jalimention (OD) de I'étage de
sorties de chaque CCD sortie du CCD les polarisations :
| RD, OG, GD/SC
16 sorties /CCD x 189 = - Horloges “images” (parallel)

% 3024 voies d’électronique * Horloges “registres” (serial) &4



e —— Expérience radio: TREND

MICRHAU
Pl 00 MICTOBeCHoNQuE Rnont-Auvergre

INTRODUCTION TO THE 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: 7/1/7-731).
Distribution of TREND 50 Pods

SMN[m]
ok ]
= o

NS TriggerLab The 6th Workshop of FCPPL 2013-3-29 4

Ecole IN2P3 "Electronique Analogique " 2014 - Fréjus
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s 5,

6’-‘

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

i 04 icroBleconiue Rrdng-Auvergns
Tirne Darmain Wawe of y(t)

DFADC Board: WA
Spartan 6 FPGA -~ ;‘u‘; \uf‘r “\," “\J B
12bit 1Gbps ADC(2 chns) ADC1 : " | S;ri.sjadi";i}ilfielm:m | .o
1Gb DDR2 RAM(2 Chips) N ! m
2 optical Link(3.125Gbps) sm ; £ ekl s

USB host/peripheral Interf 0% W T E ® a0 0 @ &

Fregueacy (MHz)

-1.3dBFS 60MHz sine signal input

Time Diomain Wave of y()
2000

PN 7~ ~ ~
ool AR Yy ! \
# i I L] I ) I 1
_ H \ r i Y i 3
= 2 1 { \ ! ! ! .
LT % \ ! 2.
-10m 4 | v T
W\ \/ \/ uf
2000 i i i i i =i
] n 0 n a0 0 60 0

feme (1ns)
Single-Sided Amplitude Spectrum of y(t)

SHOR = 69,66 dBc
SINAD = 5742 dEFS
ENOB= 9.25 Bits

wwmwmw

50 00 150 200 350 300 350 400 450 S5O0
Fraquency (MHz)

-1.3dBFS 60MHz sine signal input

T —

S0

Amplituda [¥iN] 48

T TrggerLab The 6th Workshop of FCPPL 2013-3-29 12
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Aix--Marseille
universite

LHC and ATLAS upgrade
‘Possible upgrade timeline
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""5' luminosity leveling
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T. Kawamoto, TIPP2011, Chicago, USA



mf—'\‘. Le High Luminosity LHC [2]

O Toutes les expériences auront besoins d’effectuer des mises a jours afin de s’adapter a la nouvelle

luminosité et aux nouvelles fréquences de fonctionnement des trigger/DAQ

LS1 ATLAS/CMS compléterons leur détecteurs « originels »,
2013-2014 préparations/début des upgrades
-
D
] CMS a prévu des upgrades pendant 'arrét technique de fin d’'année
o
LS2 Upgrades majeurs de LHCb et Alice
2018 ATLAS/CMS terminent leurs upgrades pour une plus forte luminosité
-
D
3 Dégradation des performances de détection d’ATLAS et de CMS due aux
> dommages liés aux radiations
LS3 Upgrade majeur d’ATLAS/CMS afin de correspondre a la luminosité du HL-LHC
2022-2023 Remplacement de détecteurs/composants pour augmenter leurs longévités
-
-y
B
CI& Fin de mise a jour pour ATLAS et CMS
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«——_Atlas Liquid Argon Calorimeter upgrade

MICRILAL

que Rnna-Alsvergne

Upgrade phase | Upgrade phase I
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3 and Drivers
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LAr Trigger Digitizer Board (LTDB) )
<
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1 Crate
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S
.. Source: [Atlas_Lar]
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e i Atlas Liquid Argon Calorimeter upgrade

RICREAU

O FEB (nouvelle version)

>
>

VVV VY

Plus de pipeline analogique.

Eventuellement pipeline numérique (solution de replis a la transmission totale des
datas vers le ROD).

ADC fonctionnant a la frequence des BC (Commercial ? ou ?).

Multiplexage des ADC (4*16bits-40 MHz ou 8*16bits 20 Mhz)-> 16 bits 160 MHz
Sérialisation et transmission optique vers ROD ( 3,2 Gbits/s)

32 ou 16 fibres optiques par FEB.

Des tests sont en cours avec des HFBR-772 (12 fibres, 2,7 Gbits/s) et un ADC du
commerce (TI ADS 5272: 8 channels, 65 MSPS 12-bit ADC with multiplexed
LVDS outputs) a Nevis (USA7??).

Source: G. Perrot — LAPP [PER]
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e Atlas Liquid Argon Calorimeter upgrade

MICRHA

MiCOECTONQuE RNdne-AUvergre

The development of high-precision fast ADCs for the LAr readout has been pursued for several
years with future electronics upgrades (through Phase-ll) in mind. The main challenge is to cover
the full 16-bit dynamic range with one or more ADCs per channel. In any case, the low power
requirement is essential; this has been the main purpose of the LAr custom ASIC R&D efforts and
will continue to drive the design effort for the main readout of the calorimeter in Phase-Il. This long-
term development has given rise to the design of a fully operational multi-channel 12-bit device
that could be used for the Phase-I trigger electronics upgrade with the potential for a significant
reduction in power consumption. However, given the uncertainty and cost associated with a custom
chip design, an extensive search has been conducted for a commercial off-the-shelf (COTS) option
meeting the electrical and radiation requirements.

There are two custom ASIC developments, based on the IBM CMOS8RF (130 nm) technology,
which has been chosen because of its established CERN procurement contract, its radiation toler-
ance for digital circuits, and its anticipated use for LHC upgrades, enabling sharing of experience
and re-use of building blocks developed by others. The two ASIC approaches are at different stages
of prototyping and are described below. A COTS option (the Texas Instruments ADS5272) has been
also identified as candidate for the LTDB. A demonstrator LTDB is being designed with this ADC
(see Appendix D).

The LAr Collaboration will make the final decision on the ADC for the LDTB when test results
are available from the two ASIC ADCs and experience is obtained with the system implementation
of the ADS5272. The schedule for this decision is discussed in Chapter 6.

Table 10. Specifications for the ADC. The ADC must have a serial output using either standard LVDS or SLVS
technology. The ADC word must be either 12-bit or 16-bit in one frame, with a frame clock at 40 MHz and a
bit clock at 480 MHz (12-bit case) or 640 MHz (16-bit case). The latency is the time between the first sample
and the last bit out. The power consumption is given per ADC channel at 40 MSPS. For comparison, values
for the COTS TI1 ADS5275 ADC are given in the third column.

| Parameters | Requirement || ADS5272 |

Sampling rate = 40 MSPS || 40 MSPS
Dynamic range 12 bits 12 bits
Resolution (ENOB) =11 11.5
Differential Nonlinearity =1lsb 0.31Isb
Integral Nonlinearity =1lsb 0.4 Isb
Latency < 200 ns 162.5ns
Power consumption < 145 mW 113 mW

COTS Tl ADS5272 ADC

, Source: [Atlas_Lar]
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RICREAU

Test tenue aux radiations

&0
Analog Power Supply Current of Sample # ] se—
Digital Fower Supply Current of Sample #] e
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500 - Digital Power Supply Current of Sample #2
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Figure 33. (a) Current drawn by 2 TI ADS5272 test samples as a function of irradiation dose (*“Co). (b)
Results of SEE performed at two different 200 MeV high flux protons beam facilities (MGH and IUCF). Besides
single bit-flips, both SEFI-A (reset signal recovered upsets) and SEFI-B (power-cycle recovered upsets) were
detected during these tests. The increase of power consumption due to the absorbed dose follows the one

20000

observed during ®°Co irradiation (dotted line).
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e — International Linear Collider (ILC)

Positrons

Electrons Détecteurs Source d'électrons

Ondulateur

f !;‘ - b
i fooeens P—
L 10 11 ]
Accélérateur principal collisions Accélérateur principal
Durée entre deux trains de collisions: 200ms (5 Hz)
\‘—'—' tefnps

Lengueur train 2820 gerbe X (950 us)

Temps de cycle pour I'électronique de Ecal

=

Analog electronics busy IDLE MODE
. 1ms (.5%) Bms (.25%) .5ms ('25%,)/\ 198ms (99%) Y,
_\V/_ Y
Temps occupation: 1% cycle Temps libre: 99% cycle
Electronique ON Electronique OFF
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—— VFE electronics of Si-W Ecal

HCAL

Electronique
frontale

| Couchede Silicium |

Couchede
tungsténe Source: M. Anduze - LRR
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——  V/FE electronics of Si-W Ecal

channel n |
R O Requirements for ADC @ ILC
| ]""“"’“’ o [ » 100 000 000 channels !
A » Ultra low power: 25uW/ch for the whole
e Shaper A power-pulsed Very-Front-End electronics,
10 >——— e [ including ADC
— iy h,__é ¥ » Resolution of ADC:
lt‘,,f‘?f HE; . E v" 10 bits if 3-gain shaping
— v" 12 bits if 2-gain shaping
Shaper Discri. - .
| pat 1 TG ,t};’:‘;:uﬁff@ » Compactness, electronics embedded in
I detector
channel n+/ SCA
P = Intégration de 'ADC dans le VFE
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—~— Upgrade du TilaCal d’Atlas

O Changement de la carte de lecture des PMT « 3-en-1 » vers « tout-en-un »
» ASIC FATALICA

High Gain 12
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—~ ~ /mnc 12b 'l a~ Gain selecti > =
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Inter-
face
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" Energy i Energy

Time Time
Trigger
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Physics
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Physics

salibs Trigger

ATLAS — 3 ASIC
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Evolution of Front-End ASIC Design Groups

In order to contribute to future PP detectors

FE ASIC groups need to:

* grow (30-40%)

* increase collaborations (know-how exchange)

* develop/acquire "system-level FE ASIC designer"
» develop/acquire "high-density interconnects”

e align technologies
e evolve and coordinate R&D

PP community needs to contribute with 25-30%

Alternative? Pay companies (hundreds MS)




Coordinating R&D

R&D on enabling circuits/technologies
* low-power ADCs
ow-power DSP (auto-calib., data red., program., ...)

ow-power high-speed communication (standards)
ow-power low-voltage analogs

nigh dynamic range, waveform sampling
nigh-density interconnects (2.5D, 3D - incl. sensors)
* cryogenic

* MAPS

N
&
O

2

i

Y
o}
)
Q
=

When to exit/enter a technology ?

* exit too late may result in limited collaborations
* enter too early may result in waste of resources




IC Designer in a “Collaboration”

Source: [TIPP]
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