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Liquid Argon front-end electronics overview [LEB6 p.265]

B On-detector electronics
m Boardstested functionally on mod O
m ATLASrad-tol boards being finalized
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Front End Board (FEB) : Tower builder (TBB) :
1524 boards @ 128 ch 120 boards @ 32 ch
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Radiation maps [LEB6 p.270]

ATLAS Dctober, 10K Evts — fonfzation Dose, Gy/Roz-Year

B Radiation levelsfor LAr crates
m Dbarrel (in 10 yrs) :
« TID =50 Gy/10yr
« NIEL = 1.6 1012 N/cmz/10yr
« SEE=7.7 10" h/cm?/10yr (>20 MeV)

B Radiation Tolerance Criteria (RTC) for
DMILL chips (includes SF)
m TID=50* 35 (simul) * 1.5 (Idr) * 2 (Iot)
=525 Gy/10yr (3.5 kGy for COTS) e
= NIEL = 1.6 10%2* 5 (simul) * 1 (Idr) * 2 (lot T s T
= 1.6 1013 N/cm?/10yr (3.2 103 for COTS "= 3
m SEE=7.710* 5(simul) * 1 (Idr) * 2 (lot)
= 7.7 102 h/cm?/10yr

m [rradiation tests are mandatory for final _ s
qualification and still recommended for g g
production batches
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Calibration Board : overview [LAIG 2000-006]

B Generate 0.2% precision calibration pulses (Annecy, Mainz, Orsay)

m Milestones:

* Final prototype: Apr 02

* Production of 130 boards : Apr 03
* Installation complete Feb 05
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Calib : DAC design

B 16 bit DAC: DMILL (Orsay)
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COTSfalled irradiation tests at 20 Gy

16 bits dynamic range (16 uV-1V), 10 bits accuracy (0.1%)
external R/2R ladder and highly degenerated current sources
Good stahility at small DAC vaue
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Calib : DAC performance

B Yied:
®m 6.3 mm?chip, received Mar 01
m yield: 94%

B Performance:

Accuracy : 0.01% or 10 pV
Linearity : INL < 0.01%
Stability : 0.01%/K
Settlingtime< 1 us
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Calib : DAC irradiation results

B Neutrons: up to 9 1013 at CERI
m No significant change

B Gammasup to 2 kGy with 9Co
m  0.5% overall change after 2 kGy

m  Global shift in current reference dueto
current mirror

m V., shift mismatch around 1 mV
m  Good annealing

DAC R-2R

=
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Calib : DAC final version

® Final DAC prototype

m Band-gap reference voltage (1.5 V).
Current mirror removed. Feedback on reference.
Logic level trandatorsinside
Submitted in Sept 01, area : 8 mm? 2 séiﬁg@gfﬁfﬁ% oe
1 DAC per board, 150 chips needed
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Calib : low offset opamp design

B Usedin 0.2% accuracy DC current source (2 pA-200 mA) (Orsay)
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Calib : low offset opamp performance

B Yidd: 10 ! ! ! ! !
= 2 mm?chip, received March 01 (MPW 471). 9---.-PT‘E“J.L.'T’,.L.F’.W.Q?_S_‘EEPPEI oov __________ ]
= Fully functional. Yield : 92% B—il .......... |
m Selectioninside £100 pV ? sorting yield: 70%; : : T

£,
B Performance: "
m  Open loop gain 80,000 3
m GBW =100 kHz 2
m  Offset stability : afew pv 1
m  Temperature sensitivity : +1 pV/K o : :

B Final iteration
m Include HF switch (cost reduction)
m  Opamp unchanged
m Chip submitted in May 01. Area: 3 mm?
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Calib : low offset opamp irradiation results

B Gammasup to2kGy
m %0Co at Pagure (Saclay)

m  No change within 15 pVv up to 200 krad
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B Neutronsup to 9 1013 N/cm?
m ~10 MeV neutrons at CERI (Orleans)
m  Maximun change: 50 uv after 9 1013

m Betachange (@!.=25 pA):

« 180 prerad, 62 @ 510%, 37 @ 9 10*3

Carte 2/ Ampli Low offset [lin = 100uA]




Calib : Digital chips

B Control logic: DMILL (Annecy)

m  Common DMILL chip to control DAC,
pattern and delays registers

® 16 mm? chip, received Mar 01 (MPW
471). Yidld: 80%

Patter il

Calibl m——gp»| Calib counte(11 bits)

| test performed in Apr 01 (Louvai N ock 40Dest

. up to ~3. 1012 p* (60 MeV)
 INATLAS< 2 SEU/yr

m |[terated in May O1 to correct
initialization

B Deay chip : DMILL (CERN)

m 2 chipsper board ? 260 chipsrequired

Command

Patter nregister(32 bits)
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Front End Board (FEB) : overview

B Amplification, shaping, analog storage and digitization (Nevis)
m Milestones: first final board : Oct 2001, 30 boards : Oct 2002, 1700 boards : Apr 2003

DMILL
DSM
128
i.nput AMS
Signals |
fm calo COTS
E |
— 1 E 1 fiber
To RODs
8 sums
To TBB] : O
1 TTCRX 1 Glink
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FEB : analog pipelines (SCA)

[LEB6 p.203]

B SCA :DMILL CMOSchip (NevisOrsay,Saclay)

144 cells deep analog storage, 13 bit dynamic range

4 channels (3 gains + 1 reference) per chip. Dissipation 300 mW.
Simultaneous Read/Write at 40 MHz. Output rate 5 MHz.
Noise: 290 yV ; fixed pattern noise : 250 pV ; jitter < 70 ps

|
|
|
|
m [rradiationtests: OK
 3kGy
¢ 210N
. tests
m Yield: 10-90%
BATCH [DATE |YIELD
Vil 6/98 90 %
V12 8/98 80 %
V2wl2 (8/99 50 %
vV2w4d |8/99 84 %
V3l 10/99 |10%
V 3.2 7/00 65 %
V41 3/01 60 %
12 sept 2001 C.delaTai
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FEB : DMILL SCA test results

B Engineering run launched in nov 00

105 ¥/ndt B023. 7 236

2 N i 3 Constant  0.6418E+05

m 30 mm- chip; 416 chips/wafer Constant.0.6418F+05
Sigmd 0.8884E-01

m 6 wafersreceived in march 2001,
2 morein july 01 (new batch)

m 2543 chipstested : raw yield : 69%

m Cutonleakagecurrent: | <5pA ?
yield : 65%

8
Leakage Current [pal

B Production run : fall 2001
m 32 per FEB ? 54,000 chips needed
m 220-250 wafers (~ 1.5 M9$)
m PRR with Atmel : Oct 2001.
Define target yield
m Testsat Grenoble with robot : ~6
months
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Yadigital FEB

B Test setup for all FEB digital ASICs (Nevis)

m  Complete operation of SCAC, Gain selector, config contr., SPAC slave, TTCRX,
MUX, Glink ? Tests OK

Optical nl DMILL
transceiver \ - i TTCRXx
HP - i
Glink

DMILL

DMILL e,
SPAC

DMILL
Config
controller

DSM SCA

. controller
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FEB : SCA controller (SCAC)

B A very critical component (Alberta)

m  Book-keeping of SCA addresses \
m ModO Xilinx (0.35 um XC 4036) failed at 450 Gy WRITE FIFO

. Cross-section : Sg, = 2.7 10° cm? [LArG 2001-011] |

Y

COMPLETE
FIFO

« LET for configuration switches: 22 2 MeV
« 1latch-up @105MeV : sy, =810 - 1012 cm? (95% CL)

SEQ

® Difficult implementation in DMILL

LATENCY FIFO

m Specia RAMsneeded (CEA-DAM)

¥

m Largechip area (80 mm?) ? potentialy low yield (20%)
u - incorrect functioning until reset

READ FIFO

* noroom for error detection/correction
m  Submitted Nov 00 (MPW 533), received July 01

| . SCAWRITE

ADDRESSES

SCAREAD
ADDRESSES

=

B Backup launched in DSM (0.25 pum) (Nevis)

m Smaler area (16 mm?), higher yield, lower cost
m Error correction implemented

m  Submitted Feb 01, received July 01.
B Incritical path if an iteration is needed

m 2 chips per FEB, 3 400 chips needed
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FEB : DMILL SCAC test results

® Yield (DMILL)

40 chipsreceived july 01

28 good parts: preliminary yield : 70%

Correct operation up to 50 MHz (9 chips tested)
No failure after burn-in (7 chips tested)

test results (Alberta)
4 chipsirradiated to 3-6 10! p*/cm? (74 MeV) (Triumf Aug 01)
Associated TID : 30-80 krad
Mean flux until upset : 4.6 + 0.2 10'° p*/cm?. Power cycling needed to reset !
Extrapolated to ATLAS as 1 SEU/SCAC/70days ? reset every hour

Traced to “Power on reset” (analog) circuit, issuing continuous reset.
* Failure probably dueto TID effect
*  Removed externaly
* Further failures (with TID) of the input LVDS buffers
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FEB : Gain selector

B Gain selection and data formatting (Nevis)

m  On chip storage of 16 thresholds values
u . on chip bit error detection and correction

m DMILL chip
o 21 mm?chip, received Mar O1. yield : 93%.
« 581 chips per wafer, 34 wafers necessary : full engineering run.

m DSM alternative
« 16 mm?chip, submitted in Feb 01, received Jun 01
B SEE irradiation results (DMILL chip)
m 5chipsirradiated to 2-7 103 p* (50, 100, 158 MeV) (Harvard may 01)
m : SBE (corrected) and SEU (? 1-2 events corrupted)
m Extrapolated rate to full calo : 1 SBE/30 min 1 SEU/168 min

Energy Fluence Single Bit Errors (SBE) Single Event Upsets (SEU)
(MeV) (10%3/cn?) Number s (10 3cm?) Number s (10 3cm?)
50 2.4 0 = 0 -
100 4.0 14 3.5 4 1.0
158 20.8 212 10.2 38 1.8
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FEB : digital chips

-@m@@@@--@mmm@ﬁ@@@l@@@@@@m@
EEEEEE B S e e e cei e Elclel o8

B Config controller (Nevis)
m Interfaces SPAC to local busses (shaper, SCAC, regulators...) &
= DMILL chip: 22 mm?area, received Mar 01 yield : 93%. Final _-
o irradiation results (4 DMILL chips) 7-22 10% p* 1semev) &
* 69 SEU observed ? sy, =1.5101 cm? ’
* Ry, =1SEU/26.8hrin ATLAS (2-15 Mrad associated TID)

B SPAC dave (Paris) [LEB6 p.454]
m  Serid interface to write/read parameters. Manchester encoding
®m 27 mm?DMILL chip, received Mar O1. yield : 94%.
m |teratedin sept O1 for

EXNWERRCHRAN AN

B MUX (Multiplexer) (Grenoble) [cf. talk by D. Dzahini]
m Dataformatting for Glink serializer (32bits40MHz ? 16hits 8OMHz)
® 18 mm?chip, received Mar 01. yield : 88%.
u test up to ~ 103N (20 mev) : negligible compared to Glink
m [terated in may 01 to remove dual mux for single Glink
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Tower builder : overview

B Analog summation toform LVL1 towers (Saclay)

Signals | LB

from P | l

reg | | Delay line I
— Dby B

I :}

4' Pole-zero I 0

i Analog mux I

B Milestones: sameascdib

m Oct02: 2fina boards
m Dec02:PRR
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TBB : analog multiplexer

B Analog multiplexer (BiMUX) : DMILL (Saclay)
m previous COTS (DG358) failed at 170 Gy

m Prototype DMILL chip realized in 1998
« 8 big CMOS switches + control logic (registers)

area: 4.6mm?; yield : 80%
32 chips per board ? 8,000 chips needed
Irradiated to 2 kGy and 310%3 N.

test showed no error up to ~ 10Y”N (20 Mev)
Full production planned in 2001 or 2002
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Shared DMILL wafers

B Analogreticle B Digital reticle
m 52 opamps m 4SPAC
m 25 BiMUX m 2caiblogic
m 2DAC |

B 13 wafersneeded

u

Cost : ~150k$

18 mm

12 sept 2001
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3 Configuration controllers
|

3MUX
B 20 wafersnecessary
B Cost:~200k$

3
R

g
LRSI RRRRLANE |
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Summary of LArG DMILL chips

Chip Area | Min chips | OK Yield | Iteration | Comments
(Mm?) | required | /tested out

SCA 30 54000 | 1643/2543 | 65% None final
Gain select. 21 13 300 27129 | 93% DSM alternative
SCA contr. 80 3300 28/40 | 70% DSM alternative
FEB config 20 1650 37/40 | 93% None final
DMUX 18 1 650 15/17 | 88% nov 01 Remove dual
Calib logic 16.4 700 3/3 | 100% nov 01 Fix initialization
SPAC dave 27 2 500 17/18 | 94% feb 02 Mitigate SEU
Opamp 3 17 000 26/37* | 70%* nov 01 Add HF switch‘
DAC 6.3 130 18/19 | 94% feb 02 Fix refer ence‘
Delay 6.5 260 None final |
TTCRx 2100 None final |
BiMUX 4.6 8 320 65/80 | 81% None final

12 sept 2001
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Summary

B 10DMILL chipsdesigned and produced in 2000-2001
= 3MPW (MPW 471, MPW 511, MPW 533)
m 1 full engineering run (SCA)

B 7digital chips
m Yield > 80%
m All designsfinal
m 2 chipshave 0.25 um DSM alternatives (SCAC, Gain select.) ? Choicein Oct 01

B 3analog chips
m  Good performance (offset, leakage...)
m Yield > 65%

B 250 wafersneeded for ATLASIn 2002
m ~ 200 for the SCA, PRR in oct 2001
m 33 shared wafersfor 8 different chips: packaging issues

12 sept 2001 C. de La Taille 7th conference on LHC electronics Stockholm

25



