DOE/NSF Review

October 1998

WBS 1.1  Silicon Subsystem

                                                                                         M. G. D. Gilchriese

(LBNL)

           DOE/NSF Review

             October 1998

          2

                                                                                                                      WBS 1.1 Institutions

SUNY Albany

UC Berkeley/LBNL

UC Irvine

University of New Mexico

University of Oklahoma/ Langston Univ .

UC Santa Cruz

University of Wisconsin

Ohio State University has joined ATLAS and would

                   work on the Pixel System(WBS 1.1.1)

           DOE/NSF Review

             October 1998

                                          3

Deliverables - Goals

                     1.1.1 Pixel System(Prelim inary)

                         X
                                         1.1.1.1 Mechanics - design, assemble and

                                         install disk system(100%)

                         X
                                         1.1.1.2 Sensors - design(30%) + procure and

                                         test 250 wafers(20%)

                         X
                                         1.1.1.3 Electronics - design(40%)+procure

                                         and test 8500 ICs(25%)

                         X
                                         1.1.1.4 Hybrids - design, fabricate, test(25%)

                         X
                                         1.1.1.5 Modules - design, fabricate and test

                                         disk modules(100%)

1.1.2 Silicon Strip System

                         X
                                         1.1.2.1 Electronics - design(25%)+procure

                                         and test ICs(50%)

                         X
                                         1.1.2.2 Hybrids - barrel design (100%) +

                                         procure all needed for US modules

                         X
                                         1.1.2.3 Modules - deliver  670 modules(15%)

1.1.3 Read-out Drivers

                         X
                                         Test  beam support - pixel support boards(3

                                         generations), DSP modules(50 ) +

                                         preprototype  RODS(16)

                         X
                                         Design, fabricate, test and install pixel

                                         (100%) and SCT(75%) RODs.

No major changes since February review

           DOE/NSF Review

             October 1998

                                          4

Summary Status

                                · 1.1.1 Pixel System

                         X

                                         Very substantial technical progress made in all areas

                         X

                                         Pixel Technical Desig n Report completed(May 30)

                         X

                                         LHCC approved

                         X

                                         Detailed schedule and resources developed for already

                                         approved pre-baseline R&D funding

1.1.2 Silicon Strip System

                         X

                                         Significant delay in completion of development of integrated

                                         circuits => delays in all other items

                         X

                                         Revised schedule and resources developed

1.1.3 Read-Out Drivers

                         X

                                         Test beam support provided on schedule and on budget

                         X

                                         Preprototype ROD development on schedule and on budget

                         X

                                         More detailed schedu le developed

           DOE/NSF Review

             October 1998

5

                                                                         WBS 1.1 Summary Schedule

                                                       Task Name

                    Silicon(WBS 1.1)

                    Pixel System

                       Mechanics

                       Sensors

                       Electronics

                       Hybrids

                       Modules

                    Pixel Baseline Review

                    Silicon Strip System

                       IC Electronics

                    Start Full IC Production

                       Hybrids/Cables/Fanouts

                       Module Assembly & Test

                    Start Full Module Production

                    Complete Module Production

                    Read Out Drivers (ROD)

                       Test Beam Support

                       Design/Prototypes

                    ROD Design Complete

                       Production

                       Checkout/Installation

                    ROD Installation Complete

                    ATLAS Complete

5/29

3/30

6/5

8/26

11/8

9/30

7/

 Prebaseline  funding  for  development
only  approved  for  Pixel  System.

Production  schedule  to  be  developed.

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1

1998 1999 2000 2001 2002 2003 2004 2005

           DOE/NSF Review

             October 1998

6

                                                                         WBS 1.1 Summary Schedule

                                                               Task Name

                                   Silicon System

                                  Pixel System

                                  Pixel Cost Baseline Review

                                     Mechanics

                                        Design/Prototypes

                                     Sensors

                                        Design/Prototypes

                                       Select Detector Vendor(s)

                                     Electronics

                                        Design/Prototype - Radsoft

                                        Design/Prototypes - Radhard

                                        Approach/Vendor Selection

                                     Hybrids

                                        Design/Prototypes

                                     Modules

                                        Design/Prototypes

                                  Silicon Strip System

                                     IC Electronics

                                        Design/Prototypes

                                        Select Approach/IC Vendor

                                        Vendor Preproduction Run/PRR

                                        Start Full IC Production

                                        Vendor Manufacturing/Testing

                                     Hybrids/Cables/Fanouts

                                        Design/Prototypes/PRR

                                        Select Hybrid Substrate Type

                                        Manufacturing/Testing

                                     Module Assembly & Test

                                        Design/Prototypes/PRR

                                       Start Full Module Production

                                        Manufacturing/Testing/Shipping

                                       Complete Module Production

                                     Read Out Drivers (ROD)

                                        Design/Development/PRR

                                        ROD Design Complete

                                        Select Design Approach

                                        Vendor Manufacturing/Testing/Installation

                                        ROD Installation Complete

5/29

1/20

2/29

12/10

3/30

12/10

6/4

8/26

11/8

10/30

9/3

                                                                                                                   1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1
1998 1999 2000 2001 2002 2003 2004

           DOE/NSF Review

             October 1998

                                        7

                                                                                                 WBS 1.1.3 Read-Out Drivers

                               · Test beam support

                                                        X

                                                                       Digital Signal Processor(DSP) modules for both pixel and

                                                                       silicon  strip laboratory and test beam measuremen t.

                         V

                                      Ongoing for last two years.

                         V

                                      Last 24 modules were received in June and have been tested

                         V

                                      Available to collaboration

X

                Pixel support

                         V

                                      First generation test chips supported by custom test boards -

                                      this work is complete

                         V

                                      Custom VME boards for most recent, full-scale prototype pixel

                                      electronics - initial work completed for test beam use this year.

                         V

                                      These boards are part of dedicated, PC-based test system

                                      developed. Under high demand as standard. Additional boards

                                      under fabrication.

           DOE/NSF Review

             October 1998

                       8

                                                                                WBS 1.1.3 Read-Out Drivers

· Preprototype(ROD99)

                         X

                                         Requirements review

                                         completed.

                         X

                                         Essential mo del reviewed

                         X

                                         Preliminary interface

                                         documents reviewed

                         X

                                         Implemen tation models

                                         underway and reviewed

                                                  V

                                                              DSP solution

                                                  V

                                                              FPGA solution

                         X

                                         Compare and select by

                                         end October

                         X

                                         Build first 3 modules by

                                         April 1999

           DOE/NSF Review

             October 1998

          9

                                                                   WBS 1.1.3 Read-Out Drivers

· Cost and Schedule

                         X

                                         Test beam support

                                                  V

                                                              On budget

                                                  V

                                                              Just in time-delivery of pixel test components, but worked well

                                                  V

                                                              Minor delays in DSP delivery => no impact

                         X

                                         ROD99

                                                  V

                                                              On budget

                                                  V

                                                              Design milestones met so far(PDR was ahead of schedule)

                                                  V

                                                              Delays in silicon strip system relieve pressure to fabricate many

                                                              ROD99s for next summer.

                                                  V

                                                              Increased emphasis on ROD99 as ROD prototype and less on

                                                              use in SCT or pixel systems tests

                         X

                                         ROD Design and Production

                                                  V

                                                              More detailed schedule developed.

                                                  V

                                                              No changes in estimated cost - need experience of ROD99.

           DOE/NSF Review

             October 1998

                     10

                                                                                        WBS 1.1.3 Read-Out Drivers - Schedule

Task Name

ROD Design & Fabrication

            Test Beam Support

            ROD System Design

            Design ROD Cards

            ROD Prototypes

            ROD Fabrication

            ROD Installation

            ATLAS Complete 7/4

97 ’98 ’99 ’00 ’01 ’02 ’03 ’04 ’05 ’06 ’07

           DOE/NSF Review

             October 1998

                                    11

                                                                                                     WBS 1.1.2.1 Silicon Strip IC Electronics

                               · Two  rad -hard solutions under development

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

                   is the US cost baseline.

    X
                   ABCD( BiCMOS from Temic) - 1 chip. Expected to be significantly cheaper

                   than cost baseline.

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

           DOE/NSF Review

             October 1998

     12

                                                                      WBS 1.1.2.1 Silicon Strip IC Electronics

· CAFÉ-M

                         X
                                         Fully functional before irradiation

                         X
                                         Small design error found after irradiation => increased threshold dispersion

                                         => threshold increase from about 1 fC to 1.2 fC after lifetime dose.

                         X
                                         Error understood, corrected design well underway at Santa Cruz. Final

                                         design review completed.

                         X
                                         Polarity also must be reversed for p-on-n detectors.

· ABC

                         X
                                         Significant design flaws. Not operational(major error in clock reception).

                         X
                                         Some few ICs(now about a dozen) have been repaired to a usable extent by

                                         focussed ion beam surgery.

                         X
                                         Believe we have found all design errors.

                         X
                                         Repaired chips functional after irradiation

                         X
                                         Have mounted repaired die along with CAFÉ-M on hybrids and tested

                                         successfully so far(including after irradiation)

                         X
                                         Design was done at RAL. Added design manpower at LBNL(no previous

                                         involvement) to speed up process(doubled manpower). Support for this

                                         manpower was provided by an approved baseline change proposal(BCP).

                         X
                                         Detailed status review complete.

           DOE/NSF Review

             October 1998

     13

                                                                      WBS 1.1.2.1 Silicon Strip IC Electronics

· ABCD

                         X
                                         Digital section nearly fully functional(minor errors and indication of

                                         insufficient speed margin in few blocks)

                         X
                                         Major problems with analog section before irradiation. Large threshold

                                         dispersion. Unstable near operating threshold.

                         X
                                         Source of poor analog behaviour not fully understood.

                         X
                                         However, clear that bipolar aspects of DMILL process not fully established

                                         at Temic and that process monitoring not sufficient. Source of problems

                                         may be processing deviations

                         X
                                         Major design change agreed to(threshold trim on each channel) to mitigate

                                         threshold dispersion even if process brought under control.

                         X
                                         Working closely with vendor to improve process monitoring.

                         X
                                         Redesign work underway largely at CERN but also some at LBNL, and

                                         expect CAFÉ-M designer at Santa Cruz to participate when CAFÉ-M is

                                         completed. US work also supported by BCP.

                         X
                                         Preliminary status review complete

· Bottom line

                         X
                                         Need second prototype runs for all three chips

                         X
                                         Significant delay - see next page

           DOE/NSF Review

             October 1998

     14

                                                                      WBS 1.1.2.1 Silicon Strip IC Electronics

                                                  Milestones Old New

Submit 2nd CAFÉ-M ---- 10/30/98

Submit 2nd ABC ---- 11/16/98

Submit 2nd ABCD ---- 1/27/99

Complete fab o f all 2n d chips ---- 6/30/99

Select IC vendor 5/15/98 12/10/99

Start  p repro ductio n  run 9/1/98 3/31/00

Release/start full p roduction 5/3/99 3/30/01

Complete IC testing 3/1/01 11/21/02

· If 2nd prototypes are ^ preproduction quality~, schedule could be

                   shortened - but we are not assuming this.

· We have shortened the production fabrication period. IC vendors

                   strongly prefer one year fabrication time.

           DOE/NSF Review

             October 1998

     15

                                                                                                                      WBS 1.1.2.2 Hybrids

· Prototype beryllia hybrids designed, fabricated and tested.

· Issues: yield from vendor was less than hoped and some bowing was

                   observed.

· Cost of lower yield was absorbed by vendor allowing us to make

                   another prototype run in future(for 2nd prototype ICs) with existing

                   funds to resolve these issues.

· Schedule is tied to IC electronics schedule. Essential for IC testing. No

                   difficulties in meeting required schedule.

           DOE/NSF Review

             October 1998

     16

                                                                                                                 WBS 1.1.2.3 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 in FY99.

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

                   system. First dummy modules fabricated.

· Planning is underway for ^clean room~ facilities.

· The module effort is on budget and there is considerable slack in the early part

                   of the schedule, given delay in the IC electronics

                                                     February 1998 July 1998

           DOE/NSF Review

             October 1998

     17

                                                                                       WBS 1.1.2 Silicon Strips - Impact of Delay

· Cost impact of delay

                         X

                                         A baseline change proposal was submitted and approved for

                                         adding $65K in FY98-early FY99 for additional IC design

                                         manpower at LBNL and $30K in FY99 at UCSC.

                         X

                                         A baseline change proposal was submitted in August fo r the

                                         US contribution to  the 2nd prototype round IC fab rication.

                         X

                                         Hybrid and module costs have not been  affected by the

                                         delay and are not exp ected to be affected.

· Schedule delay mitigation possibilities under study

                         X

                                         Shorten module construction time( eg . do uble shifts)

                         X

                                         Remove slack fro m installation/checkout sched ule

                         X

                                         Revise installation schedule(for all of Inner Detector) to allow

                                         later arrival of SCT

                         X

                                         Some or all of th e above

           DOE/NSF Review

             October 1998

                         18

                                                                                                                   WBS 1.1.1 Pixel System

                    · Pixel Technical Desig n Report completed on May 30, 1998.

                    · LHCC review July 7, 1998. LHCC ap proval in September.

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

           DOE/NSF Review

             October 1998

      19

                                                                  WBS 1.1.1.1 Pixel Mechanics

· Technical Status - Disks

                         X
                                         Multiple prototype sectors constructed and tested successfully

                         X
                                         Prototype tests with evaporative cooling are better than specs.

                         X
                                         Thermal specifications met and stability goals appear possible

                         X
                                         Moving ahead now to many-sector fabrication and full-disk prototype

           DOE/NSF Review

             October 1998

         20

                                                                                     WBS 1.1.1.1 Pixel Mechanics

Mounting ring-(C-C facings)

Carbon-Carbon thermostructure

(fiber core omitted)

Sector

Kinematic attachments

Disk with 12 Sectors

  Sector support, cantilevered

  from outer edge

Coolant lines

Enlarged view

                                                                               Composite Materials-Sandwich Construction

Carbon-Carbon Materials
zero moisture effects

           DOE/NSF Review

             October 1998

     21

                                                                                 WBS 1.1.1.1 Pixel Mechanics

· Technical Status - Structure and Integration