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On-Detector Pixel Electronics Schedule

K. Einsweiler, LBNL

Overview of FE Electronics milestones

Present US deliverables include only FE chips, so for now, 
only discuss this schedule.

Comments and Summary
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Overview of Milestones
Pursue two rad-hard vendors (TEMIC/DMILL 
SOI) through the final prototype stage:

• The initial milestones were for test devices in the two proce
establish that the processes themselves were useful for pix
Honeywell Bulk CMOS process was disqualified as not sui
excess of 10 MRad.

• The next set of milestones applies to the real prototypes (de
referred to as FE-D and FE-H). The critical steps are to com
(submit for fabrication), receive the fabricated parts, and co
of those parts.

• The final set of milestones describes the schedule for conve
vendor (we do not see any defensible reason for two vendo
of the B-layer). There would be a second prototype run of a
should be acceptable for ATLAS pixels.
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DMILL Test Device milestones:
• Test devices have been submitted several times for DMILL,

devices are those after the transfer of the process from LE

• The prototype array “MAREBO” was submitted in July 97 an
This array included a FE design similar to what we are usin
simple shift register readout in the column, and no circuitry
column. 

• This was a run made before CEA certified the successful tr
and it suffered from low yield on NMOS due to poly bridges
problems with the drain/source doping of the PMOS which 
less rad-hard, and very poor beta for the NPN’s.

• Nevertheless, it has been extensively studied and irradiated
after 25 MRad is difficult to extract, but it is possible to sho
threshold performance, as well as timewalk performance, f

• An improved version of this test array has been resubmitted
It includes both the CMOS and bipolar FE designs, and inc
with capacitive loads and leakage current injection capabili
be irradiated to perform more detailed characterizations of 
before and after irradiation.
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HSOI Test Device milestones:
• Single transistors on PM bars have already been evaluated

production SOI and the enhanced SOI process from Honey
process seems to behave well up to 50 MRad with thresho
100 mV, and gm losses of less than 20%.

• Test structures, including a complete FE design with pream
control circuitry, bias circuitry, current DACs and current re
submitted on a production HSOI multi-project run in Nov. 9
be available shortly.

• These circuits will be characterized before and after irradiat
behavior of full designs. Although this run is not in the targe
not been able to detect any electrical performance differen
SOI process compared to the production process.
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Test Device Schedule:

Milestone Baseline C

Complete Design DMILL Test Device 12

Complete Fab DMILL Test Device 4/

Complete Evaluation DMILL Test Device 7/

Complete Design HSOI Test Device 4/16/98 11

Complete Fab HSOI Test Device 8/26/98 3/

Complete Evaluation HSOI Test Device 7/
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DMILL Prototype milestones:
• Have agreed within the collaboration that given our limited r

desire for common designs, we should pursue a sequentia
with first a DMILL version, and then an HSOI version.

• The DMILL version, referred to as FE-D, is almost complete
first design review at CERN (2/23/99), and the top level bloc
weeks of being finished. 

• Effort is concentrating on completing detailed simulations of
means SPICE and Verilog in most cases, for example for a
readout. 

• We expect that this process, including a Verilog simulation 
and partial and full DIVA DRC and LVS, should be complet

• This would provide us with wafers by about 8/15/99. We wil
with TEMIC for the fastest turnaround consistent with our b

• The wafers would be available just barely in time to constru
assemblies for irradiations at the CERN PS in October, but
test complete assemblies in the CERN H8 beam before the
also have access to lower energy testbeam at the CERN P
1.5 GeV electron beam later in the calendar year.

• Full evaluation of irradiated assemblies cannot be done bef
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HSOI Prototype milestones:
• So far, only LBL has experience within our design commun

process. We have built up a decent Cadence technology fi
rules for DIVA.

• We are struggling to get the necessary agreements in place
colleagues (Bonn, CPPM, Genova) to allow them to design
Unfortunately, the US Govt makes this difficult.

• We hope to have the outside institutions up to speed by Ap
begin contributing to the “porting” of the FE-D design to HS

• This port will allow us to relax some of the restrictions on th
design, and so the schematics of various parts will not be id
to establish a simple standard cell library, and work with the
better understanding of corner models for the process.

• There will be some improvements possible in the design du
layout rules and added metal layers. We will probably incre
architecture performance for high occupancies, and possib
designs in parallel.

• Our present planning suggests that the FE-H submission w
months after the FE-D submission to complete the design 
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Prototype Schedule:

Milestone Baseline C

Complete Design DMILL Prototype 2/26/99 4/

Complete Fab DMILL Prototype 7/23/99 8/

Complete Evaluation DMILL Prototype 12/9/99 6/

Complete Design HSOI Prototype 4/2/99 10

Complete Fab HSOI Prototype 8/25/98 2/

Complete Evaluation HSOI Prototype 2/15/00 6/
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Second Rad-hard Prototype milestones:
• A complete evaluation of both FE-D and FE-H chips, includ

complete single chip and module assemblies, and systema
measurements in the CERN H8 testbeam, will be performe

• This cannot be completed prior to about June 00 due to ava
testbeams.

• After this information has been digested, it will be possible t
review of the two designs and vendors, and make a choice
include technical performance issues, yield issues, cost iss
differences that appear during the evaluation period.

• Both cost and limited engineering resources argue strongly
production chips with more than one vendor. The possible e
be the necessity of achieving higher performance in the B-
uniquely achievable using the HSOI process (denser layou
interconnect possibilities, and potentially greater radiation h
higher cost).

• Only after we have actual yield information from our prototy
have made the vendor choice, can we establish a secure co
electronics. Until then, it is necessary to assume rather larg
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Second Rad-hard Prototype Schedule:

Milestone Baseline C

Review Design Approaches of First Prototypes 1/19/00 6/

Make Rad-hard Vendor Selection 2/29/00 7/

Complete Design of Second Prototype 7/7/00 9/

Complete Fab of Second Prototype 11/29/00 1/

Complete Evaluation of Second Prototype 3/29/01 6/
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Summary
FE Electronics:

• As in almost all silicon projects, the critical path is determin
electronics development schedule.

• This work has been proceeding well, with no major technica
it is clear that we continue to suffer from schedule slippage
scheduling). 

• This is due to a combination of the difficulty in projecting ac
custom IC designs, and by the shortage of engineering res
constant turn-over in engineering manpower.

• We are constantly trying to improve the engineering manpo
reach at best a rough equilibrium condition.

• The present schedule does not allow for much additional slip
to have a real impact on the overall construction schedule.



U S - A T L A S  P i x e l  R e v i e w ,  M a r  1 9 9 9

xel Electronics Schedule, Mar 11 1999    12 of 12

ics. This includes on-
ks. There is a critical 
nlikely that the host 
 of CERN, only LBL 

eas where US 
re there are critical 
 This includes 
s and electronics). If 
e our list of 
K. Einsweiler          Lawrence Berkeley National Lab
Pi

Overall Electronics:
• LBL currently has an overall coordination role in FE Electron

detector electronics, along with power supplies and opto-lin
lack of “project engineering” in these areas, and it is very u
lab (CERN) will provide any significant assistance. Outside
has the requisite experienced manpower to assist.

• We have begun to expand our roles somewhat into other ar
expertise can have a major impact on the project, and whe
needs that are not being met by our European colleagues.
collaborating on the MCC and work on opto-links (package
work in these areas proceeds well, we would plan to updat
deliverables appropriately.
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