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Overview

e Generalities
major recent achievements and problems:

* SENSOrS
 module hybridisation

 rad-hard front-end electronics

» schedule and layout update

* mechanics, cooling and integration



Generalities
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e Pixdl istheinnermost ATLAS detector, isdevoted to track and vertex reconstruction
and primarily aims at heavy quark and lepton tagging.

e The detector ishighly modular and use of same solutions all over the system is
pursued (e.g. same modules, same local supports, same material for supports, etc.)

* The detector isdesigned for 3-hit coverage over -2.5<h<2.5, with 3 barrelsand 3(+3)
disks (trangtion at h~1.5). If lessthan 3 hits performance (B_tag) suffers @any L.
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* Pixel cells are 50x400 mm everywhere but in the B_layer (innermost cylinder,
independently replaceable, dominatestheimpact parametr resolution) wher e the length is 300 nm.

*The pixel collaboration is made of 22 labsfrom 7 countries. The major playersare
France, Germany, Italy and US.

 Management is done through working groups (e.g. eectronics, modules, sensors),
the PDSG (1 per lab+experts) and the RPDSG (Rossi, Wermes, Olcese, Delpierre,
Einsweller, Gilchriese, Wunstorf).

* Preparation for production happens through two kind of reviews:

* FDR (Final Design Review), wherethe design is evaluated by external reviewers, with
gpecial attention to interfaces

* PRR (Production Readiness Review), where the (same) reviewers go through the
production issuestoo. After a successful PRR acall for tender can go out and then the
(pre)production order can beissued.

 The FDR precedesthe PRR by at least 3 months



Recent achievements o)

Sensors

 FDR (12/99) and PRR (2/00) have
been passed

» Call for tender out (5/00). Formal
steps took mor e time than expected
(1st experience for pixel groups).

e Order in July for 30+30 4" wafers,
each wafer 3tiles (+test structures)
>50% of waferswith 3 tilesworking,
rest with 2tiles. Delivery 1/01,
approval by 3/01, then order for
production.




Oxygenated sensors: calculations and measurements

- Use of oxygenated wafersto produce

sSensors may give consider able advantage

(see RD48, ROSE Collaboration).

 Main advantage of those sensorsisthe
smaller slope of therever se annealing
curve (responsiblefor theincrease of
V,sat high dose) and the saturation of
rever se annealing. Also important isthe
reduction of stable damage.

* They can therefore survive higher doses
(of charged particles) or run at higher T
or/and survive longer war m-up times.

e Theadvantageislarger for innermost
layers (asthe positive effects have been
only measured for charged particles, not
for neutrons).
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2 Pixes
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Damage Projection - Atlas Pixel Detector - 1st Layer Rt
“Sqen®
*Radiation level for 1st layer: F (10 years) = 6.6" 10" cm? resp. 9.9" 10 cm? (+50%)
*Scenario: 100 days beam at T, 30 days at 20°C, 235 days at -10°C per year
*Sensor thickness 250um, oxygenated silicon, Vi, o=Ven+90 V, max. 600 V
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Damage Projection - Atlas Pixel Detector - 1st Layer Rt
“Sqen®
*Radiation level for 1st layer: F o, (10 years) = 6.6" 10* cn?
«Scenario: 100 days beam at 0°C, n days warm-up at T per year, rest at -10°C
*Sensor thickness 250um, oxygenated silicon, Vo=V e +50 V, max. 600 V
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2 Pixes

Sy
Damage Projection - Atlas Pixel Detector - B-Layer it
“Sqen®
*Radiation level for B-layer: F (5 years) = 1.2° 105 cm2 resp. 1.8 10%° cm2 (+50%)
eScenario: 100 days beam at T, 30 days at 20°C, 235 days at -10°C per year
*Sensor thickness 200um, oxygenated silicon, Vi, o=V e t50 V, max. 600 V
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. F =18 10% cm2 (+50%) .
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Damage Projection - Atlas Pixel Detector - B-Layer 5 o
“dqen®
*Radiation level for B-layer: F (5 years) = 1.2 10" cm™
eScenario: 100 days beam at 0°C, n dayswarm-up at T per year, rest at -10°C
*Sensor thickness 200um, oxygenated silicon, Vi, o=V e 50 V, max. 600 V
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| rradiated oxygenated sensors. measurements

Oxygenated pixel sensors (ATLAS “production” design) have been irradiated at
PS up to 10% n/equiv. then tested at SPS H8 beam (thoseirradiated up to 5.6 104
have been analysed).

Charge collection isgood (no losses at pixel boundaries)
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» As expected depletion voltageis
lower than non-oxygenated.

» Overall resultsare according to
expectations, but more tests ongoing
(more datistics, full fluence, p (not
p) irradiation).

» Oxygenated sensors provide safety
factor (in fluence) and simplify the
access (less problemsin war m-up)
and thethermal barrier design.

* New spec for S temperature (<0C)
simplifies construction (hot spots).
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Module hybridisation

Module= 1glicontile+ 16 FE chips + fan-out bussing + control chip (MCC) + data
transmission (not shown)
FE chip #15
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_ MCC Kapton _
FE chip #0 circuit FE chip #7

Chips-to-sensor= bump bonding; chips-to-kapton= wedge bonding, kapton glued to sensor
12
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e 3 moduleswith thickness 0.7% XO (i.e. the TDR value, i.e. with 150 nm thick
electronics) have been built and operated in lab and beam. They work just fine
(thr=3700 e-, D(thr) ~300 e-, noise~200e- over the entire module).

Capacitors Mmcc

Cd® source
run of thin
module: shows
all 16 FE
working and
“radiography”
of components
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« Bumping/thinning/flipping is established up to 6" wafers. Flex fabrication is ok, but
we need more suppliers.

*Work isalso going on to qualify the glue inter face between the module and the support
structure (thermal and mechanical interface). We have a baseline choice, but we want to
optimise the parameters and define a well controlled processfor this crucial operation
(we need alarge number of dummy modulesfor this study)

* We passed (Aug.24) the bare module FDR. Main recommendations were;
» produce ~50 modules/supplier (check yield and problemsin “production mode’)
» consider extension to 8" wafers
» continue the study of reworking
» definethetest policy (KGD) and its cost/benefices
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* Flex FDR isscheduled on Dec 11. _ e
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The Front-End electronics

Rad soft electronicswas built, bump

bonded on sensor and operated on
beam (1998-1999).

L HC specs have been met.

Routine operation at 3000 e threshold

with both s, . and s, .~ 150e .

noise

Small timewalk: need ~600e above
thr eshold to have sgna] Inside 25ns.
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*Rad-soft to rad-hard transition (started in early 1999) consider ably more
difficult than expected (even if not-final front-end chips(e.g. MAREBO) of
compar able complexity and sizewere already realised in DMILL by our
designers).

« Tominimiseriskswe decided to have 2 r-h suppliersand to design the same FE
chip first in DMILL (more mature, less expensive, but 2-metal layersonly) then
In HSOI14 (3-metal layers, possibleto fit the B layer pixel cell (300 mm long) in).

* Thispolicy hasalso the advantageto bind all designersto a unique design and
to emphasise “ ownership” versus‘“competition”.

e FE submitted in August 99 to Temic, back in October. General properties of
the chips ~OK, but miserableyield. Some design errors (insufficient driving
power of some nodes, short not detected by DRC) made the investigations more
difficult and time consuming.

16



* Focussed 1on Beam (FIB) surgery has
been necessary to correct one layout
error (cntrl discriminator threshold
voltage) and oper ate the chip.

*Possible also to includetest padsin some
locations and investigate further some
critical part of thecircuit.

A e sl

Cut M2 trace




e Threshold dispersion and noiseare ok (125 e- and 110e-)
« Some chipsintegrated with detector even if buffer undersized and yield problems.
Noise larger than expected (500 e-), cross-talk very low (~2%).

- 18
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 Timedispersion within the chip isvery good (1.1 nsrms).

 Timewalk of barechip isfair. In-time (i.e. within 20ns) threshold of 43800 e-
obtained at 40 m\/pixel power consumption. Once connected to sensor thein-time
threshold is dightly above 5000 e-.
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e Two major sources of low yield:
e bit lossin a 2880 bit long quasi-dynamic control shift register, and
» adefect in adynamic storage node used in the readout logic which causesit to
discharge on a timescale of 100ns (other dynamic nodes work well)

* Thisgivesa 19% yield only for the above registers (minimal register tests) and no
chips passing all acceptancetests (yield was 90% on rad-soft (HP) FE_B).

» Back-up run (sameimplant at the same time, metalisation stepslater, no more
need for FIB) done after first investigations. Go ahead in February 00, back at the
beginning of April OO.

It has sensibly better yield but still one order of magnitude below expectations.

L ots of investigations on our side (FIB-ed and individually measured good and bad
pixel cells), many discussionswith DMILL expertsand Temic technical staff .

20
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* We havethen proven that theyield in the critical nodesis dueto low drain-source
resistance for two different NMOStransistors. Thisresistive behaviour isonly seen in
bad pixels (which show up typically in groups of 5 or s0).

* Reverse engineering done at Temic did not show any evidence for technology
problems, the parameter of therun were at the edge of the acceptance tests (but still in)

* The other relatively large chip (3.5x 6.1 mm)
submitted in the samerun (a prototype of the
Module Control Chip: MCCDO) did not have
yield problems (11/14 wor ked above design
frequency (90 MH2), thisyield is as expected
considering the chip area).

This chip contains only static logic.

AETERTTT AR I.“.'a.l\

8 M CCs have been irradiated to 30M Rad, they
all happily survived (SEU study ongoing).

-
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e |stheproblem thisrun? Or thetechnology? Or our design in thistechnology?

* We then decided (and reviewers (15/6/00) agreed with us) to submit two similar
FE_chipsinthereticle, i.e.:
« achip astheoriginal FED with all bug fixesand all the prescriptionsto
minimisetheyield problems,
» achip wherethecritical dynamic nodes are made static. Thisrequires more
transistors and we decided to leave out the threshold control circuitry (to
submit without major redesign).

 In thesamereticle (submitted on July 20, delivery expected Nov 17) also a quas final
version of the M CC + optochips. Technological splits have been madeto clarify the
origin of theyield problem.

* Decision if DMILL isavalid technology for our F-E chipsto betaken not later than
Feb 2001 (lab + irradiation tests). If answer is negative, we haveto cope with a
schedule delay of 8-12 months.

22
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e Design of the HSOI4 version of the chip was well advanced when we decided to
stop it asa consequence of a production cost increase by 2.5 (Aug.00).

e Trandation of our design in DegpSubMicron(*) started immediately
(preparation was going on in the background since few months) with two designer

wor kshops at LBNL (Sept 20-22) and Cern (Sept 29) . June 1% 2001 isthe
projected submission date.

(*) DSM (i.e. 0.25 mm gate length commer cial ASICs) was recently proven to be
rad-hard once proper design prescriptionsare used (“edgless’ layouts and use of guard

rings). Sour ces availableto HEP are IBM (frame contract with CERN in place) and

TSCM. -
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» Assuming TDR layout and present L HC schedule we would need to install 90% of
the system (all but the B_layer) on 4/04 (i.e. together with the barre I1D).

* To copewith therad-hard eectronics schedule (assume DSM):
o reduction of pixel total surface (i.e. # of modules) and
e installation as much as possible independent from therest of the D

*This has been proposed, accepted by the IDSG and is currently under optimisation
(need SCT forward inner bore change). It preservesthework doneto-date (same
modules, same staves, same sectors,...) and allowsinsertion of the full pixel system in
a long shutdown scenario (forward calorimeter & forward beam pipe section out).
Region “free” in
a long shutdown ATLAS ID

CANTILEVER BEAM

;F’[F‘E SUPPORT

SUPPORT WIRE

24



e Outer pixel envelope must
be minimized (to minimize
Impact of SCT bore change)

*Barrel Servicesneed to be
reduced in width to fit
through and on a narrower
panel

» O-sector disk for first disk
to reduce acceptance |osses

2-hit hole
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o # of modules = 1782/2228 = 80% of TDR layout (the smallest possible compatible with 3 hits,
acceptance over |h|<2.5 and use of existing parts)

e Installation can happen up to Spring 2005 (i.e. 1 year later than TDR). Eventual
Installation (upgrade) after turn-on doable without major intervention.

Barrel Active Tilt
Radius(mm) Staves  Modules Chips Channels Area(m?) Angle(®)
B-layer 50.5 22 286| 4576|1.76E+07 0.28 -19
Layer 1 88.5 38 494| 7904 3.04E+07 0.48 -17.5 ®* New basdalinedoublewall Be
Layer 2 122.5 54 70211232 4.31E+07 0.68 -17.5.  heam pipe has been recently
Subtotal 114 1482 23712/9.11E+07 1.43 defined, which makes possible in
situ bake-out (use of internal
Disks getters). Thisimpliesincreased
Inner Outer Active B_layer mean radiusto 50.5mm
Z(m) Radius(mm) Radius(mm) Modules Chips Channels Area(m®) Sectors (was43mm in the TDR).
495 99.2 160 54 864 2.49E+06 0.05 9
580 88.1 148.9 48  768/2.21E+06 0.04 8
650 88.1 148.9 48  768/2.21E+06 0.04 8
Subtotal(Both Sides) 300 4800 1.38E+07 0.28 50
GRAND TOTALS 1782 28512 1.0E+08 1.71 Ty B
8@71-m®14-ﬁ~m
o(dy) = 11 @ . —um

pr~/sin®



IO | Task MName

2001

2002 2003 2004 2005

Ditr Pt £

Dtr Tatr 2otr Pt Dtr Pir Dotr Jotr Dotr Dotr Dtr Pt Dotr Potr Dotr tr Dotr Pitr Ditr Jotr £

1= TDR layout

2 Submit production electronics

3 Fixed module production

4/ Firstinstallation complete

5 Complete module prodiB-Layer)
B Complete installation

=

8 = Insertable layout

e Submit production electronics
10 Cuter module production

11 Complete module prodiB-Layer)

iy
b2

Complete installation

=
(-8

| Materal budget Insertable vs Dubna layout (R < 25 cm)

Thickness in vadiation lengths
T

=
Z
I

I Insertable layout
[ Dubnalayout

IL‘IB."‘ID

0J1 514
:LI 5id

[3013!1

+1514

*Schedule advantageis clear (oversimplified).

M aterial does not increase much. Some increase
around h=2.5, some decrease above (B _layer
services go sooner to largeradius).
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Mechanics, cooling and services
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The pixel detector mechanical structure

Local support
structure

| ntermediate support
structure

Global support structure

Stave

Discring

Barrel shell

» Good progress
on local
supports.

e Status and
wor kpackage
reviewed at

N L BNL workshop

(April 00)
» We passed local

support FDR on
June 15.
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examples of progressin local supports

» Considerable effort on defining QA for fabrication process and fabricate samples
(e.g. 20 Omega stiffenersfabricated and qualified dimensionally and for gas
tightness).

* Destructive pressuretestsfor Omega/C-C tubesindicatetolerance at >22 Atm.

o Fatigue tests done through pressure cycles (5 10¢ cycles@0-8 Atm) and
temperature cycles (+20; -20) both on structuresand on gluejointsdo not show
problems. NG

Wi

o Details of critical parts (e.g. terminations)
defined and stress& fatigue tests done

(3 103 cyclesat 40N and 10Nmm, i.e. x10
the nominal values) also on fully irradiated
parts.

29



* Moving from generic design to detail of design and approaching the
fabrication criteria.

o Comments of FDR referees (Szeless, Catinaccio, Godlewski, Oriunno) were
positive and indicated the need of:
» more prototypes (O(5%) of final sample) to understand yield and
problemsin production
e use of industrial processes as much as possible.
* the choice between use of Al tubesweakly coupled to structures
and sealed carbon tubesisleft to the collaboration once more pre-
production work isdone (thisis now scheduled in Dec.00)

* Thelocal support PRR isscheduled for Feb 01.

30



Cooling
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With evaporative C,F, possible to cool two stavesin series (smplify services). Staveis
the most critical for cooling (more power, asymmetry).

L ow stave defor mations during cool-down

SGL Z displacement for DT=30°C @ 1 bar abs

-5
—— i
20 .
T e %) -10
! — 4 - @
et 00 oo 300 & df S
= -15
nna E
o
£
2 — T 2 20
mml < 15 microns
-25

Cooling review (14/6/00) positive %0
for evaporative C;F,

Two staves in series (2 x 107 W)

T T T T T T T T
D 200 400 600 800 1000 1200 1400 1600 18

AAASN
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—8—Fluid

distance along the staves (mm)
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Carbon fibres with Cyanate Ester matrix

Omega (Thickness 0.3 mm) ., 34 é
Aluminium Pipe
(Thickness 0.2 mm) _ _
Carbon- Cooling results satisfactory also for
carbon i :
rermal il | . the back-up stave solution
\ /
Modules

=

A C-C sensors ¢ Si sensors

Silicon emperature along the stave

| —

-10 Q ’
¢ Py = S o — ——% K 3 - ¢
Temp ¢ A —
| —a
-25 -
g Tube sensors st
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Results with disks also very encour aging

herethelayout in the evaporativetest set-up at Cern (2 times 2 sectorsin parallel)

0.030” capillary




heretheresultson the S temperature (2 sectorsin parallel, 12 silicon tiles)

Temperature(C)

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

100.00

200.00

300.00

400.00 500.00 600.00 700.00

800

Flow=1.2 g/s
Exaust P=2.15-2.19 bar
Dp=0.09 bar

Time(seconds)

.00

——39 2[C]
—=—39 _3[C]
S9_4[C]
S9_5[C]
—*—S9_6[C]
——139 7[C]
——S10_2[C]
——S10_3[C]
S10_4[C]
S10_5[C]
S10_6[C]
S10_7[C]




| ntegration and services

e Coming closer to the actual construction of the parts, we look more and morein
detail to cable and tube paths, installation sequences and related problems




* Detail of the cable path isstudied (patch panels, connections, voltage drop).
* M ock-up are built to understand real cross-section and handling
« US15isalso considered aslocation for (part of) power supplies (shorter cables).

* Low masscable
prototypes are under
fabrication at LBNL
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 Also pigtails (stave mor e difficult) have been prototyped and are under
tedt.

Elbow for the middie Module
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Elbow for the
following Modules

Opto Package for the

following Modules
Optical fiber Envelop

Z|I F Connector ’?
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Conclusions

 Progress on oxygenated sensor s allows to build pixel sensors surviving longer or
warmer or at smaller radius.

» The pixd project has encountered difficultiesin thetransition of the front-end
chip from rad-soft to rad-hard technology.

» With the exception of the point above, we ar e progressing accor ding to
expectations.

» We are putting maximum priority and large amount of resour ces onto the rad-
hard problem and we did change the layout to minimiseitsimpact on the schedule.



