M. Gilchriese

DoE Review March 1999

ATLAS

Physics Division

                M. Barnett, D. Bintinger, A.  Ciocio , O. Dahl, K. Einsweiler, J.  Emes , M.

      Gilchriese, C. Haber, I. Hinchliffe , F. McCormack, H.  Niggli , M.  Shapiro , J.

            Siegrist , H.  Spieler . J. Richardson, J. Taylor, G. Trilling and L. Vacavant

NERSC and ICS

                                                  P. Calafiura , C. Leggett, D. Quarrie , S. Loken , C. Tull

Engineering Division

E.  Anderssen , A. Joshi, R. Marchesini , G.  Meddeler , O. Milgrome, J. Oneill ,

N. Palaio, J. Wirth  and G.  Zizka

   Consultants

W. Miller(Hytec, Inc)

  Visitors

J.-F. Genat  and F.  Zetti

2 M. Gilchriese

DoE Review March 1999

                                             The ATLAS Detector

                                          3 M. Gilchriese

DoE Review March 1999

                                                                      LBNL and ATLAS - Overview

                                · Pixel detector system

                         X

                                         Development of this new technology

                         X

                                         Later production of about one-third of system

· Silicon strip detector system

                         X

                                         Completing development to meet demanding LHC

                                         requirements

                         X

                                         Later production with emphasis on integrated

                                         circuit electronics and modules, the building

                                         blocks of the system.

· Software and computing

                         X

                                         LBNL was selected in January by U.S. ATLAS as

                                         lead institution for U.S. ATLAS computing => talk

                                         by Ian Hinchliffe .

          4 M. Gilchriese

DoE Review March 1999

                                    Highlights in Last Year

· Successful operation in test beam of pixel detectors

                   irradiated to lifetime LHC dose with realistic

                   prototype electronics.

· First operation of pixel module prototypes

· Demonstration that all-carbon structures can meet

                   thermal, mechanical and material requirements for

                   pixel system.

· Redesign(to fix errors) of front-end electronics for

                   silicon strip detectors nearly complete(finally).

· And most recently, designation of lead role in U.S.

                   ATLAS computing for LBNL and I. Hinchliffe .

                      5 M. Gilchriese

DoE Review March 1999

                                                     Inner Detector  and LBNL

·

                   LBNL is currently

                   involved in both

                   the Pixel Detector

                   System and the

                   Semiconductor

                   Tracker(S CT) for

                   the ATLAS Inner

                   Detector

                                          6 M. Gilchriese

DoE Review March 1999

                                                                               Semiconductor Tr acker
and LBNL

                                · LBNL is currently involved in the following aspects of the SCT

                         X

                                         Integrated circuit electronics design and testing

                         X

                                         Hybrid design and testing

                         X

                                         Module design and testing

                         X

                                         Development of module assembly tooling for production

                         X

                                         Irradiation of electronics (mostly) and some module components.

                         X

                                         Test beam and lab data acquisition

· LBNL production responsib ilities

                         X

                                         Final design of integrated circuits

                         X

                                         Testing of integrated circuits

                         X

                                         Irradiation (quality control) of integrated circuits

                         X

                                         Barrel hybrid design

                         X

                                         Hybrid fabrication and testing

                         X

                                         Barrel module assembly and testing

          7 M. Gilchriese

DoE Review March 1999

                                                                                           SCT Module

· Modules are the

                   building blocks of the

                   SCT system

· We have concentrated

                   our efforts in the last

                   year on

                         X

                                         the design and testing

                                         of the integrated

                                         circuits(as die, on

                                         hybrids and with

                                         detectors attached)

                         X

                                         a prototype hybrid

                                         that holds the

                                         integrated circuits

                         X

                                         completing the

                                         precision tooling

                                         needed for module

                                         assembly

Strip detector

Ceramic hybrid

Wire bonds

Front-end ICs

                                         8 M. Gilchriese

DoE Review March 1999

                                                                              Silicon Strip IC Electronics

                               · Major part of effort has been the development of integrated circuits using binary

                                                 readout for the SCT.

                               · Two rad -hard solutions under development

    X
                   CAFÉ-M(bipolar from Maxim) + ABC(CMOS from Honeywell) - 2 chips..

    X
                   ABCD( BiCMOS  from Temic) - 1 chip

.

R E A D

W R I T E

D E T
D A T A

O U T

                                 A M P L I F I E R

                                                                                        C O M P A R A T O R P I P E L I N E B U F F E R R E A D O U T

                                                                  C A F E - M A B C

A B C D

          9 M. Gilchriese

DoE Review March 1999

                                               Silicon Strip IC Electronics

· First prototypes of all three ICs have been fabricated

                   and tested. None of them meet specifications and we

                   have spent the last year understanding these

                   problems and in redesign.

· This includes testing after irradiation to 10MRad

· In this work we have been collaborating closely with

                   Santa Cruz, Rutherford Lab and CERN.

· New version of CAFÉ, CAFÉ-P is in fabrication.

· ABC and ABCD are in final simulation/verification

                   and will be submitted shortly.

· We are upgrading our testing capability to be ready

                   when wafers appear in July-September.

                           10 M. Gilchriese

DoE Review March 1999

                                                                                                Irradiation Studies

· The 88~ cyclotron has been used

                   for irradiation stud ies of all three

                   ICs.

· The CAFÉ-M/ABC(fixed) pair and

                   the ABCD-2 have been mounted

                   on hybrids, irradiated and read

                   out in p lace for full functionality

                   tests.

                                                                                                         CAFÉ-M/ABC

88~ Cyclotron

55 MeV protons

Ion

Chamber

Samples

                                                                                                             Beryllia Hybrid

11 M. Gilchriese

DoE Review March 1999

                               Pre- rad /post- rad Comparison

                   CAFÉ-M/ABC(10 MRad )

ABCD-2

                                                                                                 Injected Charge(fC)

     12 M. Gilchriese

DoE Review March 1999

                                                                                   SCT Modules

· Tooling and equipment for module assembly is largely in place at LBNL,

                   although some aspects(primarily related to measurements after assembly) will

                   appear only later in FY99.

· Dummy parts ready and have started dummy module fabrication to debug

                   system. First dummy modules fabricated.

· Work is underway for ^clean room~ facilities. Ideally this would be a very

                   beneficial upgrade to our general facilities and capabilities for silicon detectors.

                                                       Module Tooling

Mechanical dummy module

              13 M. Gilchriese

DoE Review March 1999

                                                   The ATLAS Pixel System

· Pattern recognition

X
Space points(1.4 x 10 8  pixels)

X
Occupany  of - 10 -4

· Parametric performance

X
Impact parameter

X
z resolution

· Trigger

X
Space points-> L2 trigger

· Layout

                         X
                                         3 barrel layers, 2 x 5 disk layers

                         X
                                         Three space points for | |< 2.5

                         X
                                         Modular construction(2228 modules)

· Radiation hardness

                         X
                                         Lifetime dose - 25  MRad  at 10 cm

                         X
                                         Leakage current in 50μx300μ pixel is

                                         - 30  nA  after 25  MRad .

                         X
                                         Signal loss in silicon by factor 4-5

                                         after 25  MRad (or - 10 15  n/cm 2 )

1852 mm

374 mm

                                                                        2.2 m 2  of active area

                                                                        140 million pixels

                                                                        13 kWatts

Barrel region
                                                               Disk region

2228 Modules

118 Barrel Staves

120 Sectors

                                     14 M. Gilchriese

DoE Review March 1999

                                                                                ATLAS Pixel System and LBNL

                                · LBNL is currently involved in the following aspects of the Pixel System

                                                   design

                         X
                                         Front-end integrated circuit electronics

                         X
                                         Bump bonding

                         X
                                         Module design

                         X
                                         Mechanical design of the disk part of the system

                         X
                                         Overall system integration of the mechanical system

                         X
                                         Irradiation of electronics, detectors and mechanical components (mostly at

                                         the 88~ cyclotron but also in Cobalt sources at LBNL and LLNL)

                         X
                                         Test beam data acquisition and software

                         X
                                         Test beam analysis

· Production responsibilities will be

                         X
                                         IC electronics

                         X
                                         Module construction and testing

                         X
                                         Mechanical construction and delivery of the disk system(about 1/3 of the

                                         total) and other parts of the mechanical structures.

· Pixel Technical Design Report completed and approved by CERN

     15 M. Gilchriese

DoE Review March 1999

                                                                                      Pixel Module

Power/DCS

 flex cable

Bias

 flex cable

Optical

 fibers

Front-end

 chips

                                                                                Clock and

                                                                           Control Chip

Optical

 package

                                                                          Interconnect

                                                                             flex hybrid

Wire bonds

Resistors/capacitors

          Temperature

                       sensor

           Silicon

            sensor

Module is basic building block of system

Major effort to develop components and assemble
prototypes.

First prototypes
will not have
optical connections

                16 M. Gilchriese

DoE Review March 1999

                                                                                   Pixel Electronics

· Pre-prototype program completed successfully by end 1997.

· Full-scale prototypes fabricated in rad -soft technologies in 1998 and tested

                   extensively.

· Different design approaches. FE-A and FE-B. Pin compatible.

· FE-A(AMS -> Temic/DMILL). Designed in Europe

                         X
                                         First delivery in February of AMS chips

                         X
                                         Functional although some errors

                         X
                                         Yield about 5%. Processing problems?

                         X
                                         Second run delivered in July(all CMOS version called FE-C). Yield about 80%.

· FE-B(HP -> Honeywell SoI ). Designed at LBNL

                         X
                                         First delivery in April 1998 of HP chips

                         X
                                         Functional although some errors

                         X
                                         Yield about 93%.

                         X
                                         Extensively utlized by collaboration

· Unified design approach adopted some months ago for  rad -hard design FE

                   chips

                         X
                                         K. Einsweiler is currently electronics coordinator for collaboration

                         X
                                         All working on same design to be implemented in the two  rad -hard processes -

                                         first in DMILL(FE-D) and then in enhanced Honeywell SoI (FE-H).

                         X
                                         Expect submission of FE-D in April.

                           17 M. Gilchriese

DoE Review March 1999

                                                                                             Pixel Electronics

· FE-A/C and FE-B bonded to prototype detectors, including irradiated detectors.

                         X
                                         18x160 pixels(50x400 micron pixel size). Complete analog and digital to ATLAS

                                         specs. Final goal is 50x300 micron pixel.

                         X
                                         Essential requirements met(efficiency, time resolution, noise, threshold,�.)

                         X
                                         Multiple test beam runs at CERN. Extensive lab tests. Principle established.

FE-B

                                                                                         Single FE-B/detector

     18 M. Gilchriese

DoE Review March 1999

                                                                      Lab and Test Beam

                                                                       Results - Summary

· Extensive lab tests and three test beam runs in 1998. Very

                   successful.

· Highlights

                         X

                                         Dozens of single-chip/detectors have been operated successfully

                                         with multiple detector types and front-end ICs

                         X

                                         16 chip modules have been operated successfully

                         X

                                         Detectors irradiated to lifetime fluence expected at LHC(10 15 ) have

                                         been read-out in a test beam with efficiency near 100%

                         X

                                         Operation below full depletion voltage demonstrated

                         X

                                         Preferred detector type identified in these studies

                         X

                                         Timing performance needed to identify bunch crossings has been

                                         demonstrated.

                         X

                                         Operation at thresholds 2,000-3,000 electrons demonstrated

                         X

                                         Threshold uniformity demonstrated.

                         X

                                         Spatial resolution as expected

· Conclusion

                         X

                                         Proof-of-principle of pixel concept successful

19 M. Gilchriese

DoE Review March 1999

                                       Photon Source Test of FE-B and

Detectors

20 M. Gilchriese

DoE Review March 1999

                                 Lab and Test Beam Results -

Examples

Efficiency vs time of particle passage for three different
detector types before irradiation. The efficiency is near

100% in each case and there is a substantial plateau,
indicating good timing performance of the electronics

21 M. Gilchriese

DoE Review March 1999

                                 Lab and Test Beam Results -

Examples

            Not irradiated - depletion depth

Irradiated - depletion depth

22 M. Gilchriese

DoE Review March 1999

                                                      Efficiency - Irradiated

                                                                                                                   Detectors

Efficiency after
irradiation of 1x10 15
without and with a
position cut to remove
tracks near the edge
of the pixel.

                           23 M. Gilchriese

DoE Review March 1999

                                                                                                              Pixel Modules

Xray  of bumps

                                            16 chips with 46,000 bump bonds

Module with flex hybrid and controller chip on PC board

24 M. Gilchriese

DoE Review March 1999

                             Photon Source on Module

· A number of mod ules
have now been built
and tested in  the lab.

· All mounted on PC
boards

· No test beam yet but
this will occur this
year at CERN.

· Module, 16-chip
operation is clearly
more challen ging  than
one chip/detector.

· Noise and stability are
the major issues being
addressed now.

         25 M. Gilchriese

DoE Review March 1999

                                                                                               Disk Region

Disk with 12 Sectors

  Sector support, cantilevered

  from outer edge

Coolant lines

Sector - support/cooling
for pixel modules

     26 M. Gilchriese

DoE Review March 1999

                                                                   Disk Mechanics

· Modular mechanical construction - sector

                         X
                                         A convenient size for testing(with modules)

                         X
                                         Size limit for some fabrication techniques

· Investigating two general approaches

                         X
                                         All-carbon design