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1 Introduction

1.1 B-Physics at the SSC

The physicsof bottom quark decaysprovidesstringent testsof the standardmodel
through the rich structureof CP-violating decaysthat are expected. OP-violation
would show up as an asymmetryin the decay rates of a B-particle and its anti
particle,

A_rBfrBf
-

wheref is the final state. Asynunetrieshave beenpredictedN2i for a number of
decaymodes within the framework of the standardmodel by using the available
measurementsof the CKM mixing angles,the mixing parameterzd=.73, andplau
siblevaluesfor thosestandardmodel parametersnot yet well measured.

For the benchmark caseof Bd -, r+,r, A is estimatedto lie in the range .05
to .3 and the branching fraction for this mode is estimatedto be 5 x 10. To
measuresuch an asymmetryat the 5u level would require between6 x 10°/c Mid
2 x 10°/c produced66 events, wherec is the efficiency for reconstructingthe B decay
and tagging it as B or B. For an overall acceptanceof 1% including tagging the
accompanyingb, about 1010 producedb’s are required. At the SSC,for a luminosity
of 2 x 1032 cm2sec, 1012 6 pairs per year will be produced,a rate which easily
meets the requirement. The fraction of the interactionsthat will producebib pairs
is 0.5%.

B. decaysmay be evenmore favorablethan Bd decaysfor OP-violationmeasure
ments becausethe large value ‘-‘15 expectedfor the mixing parameterz, gives
rise to measurablydifferent time developmentof the B versus B decays.

To measurethesedecayswill requirea new type of colliding beam detector1’’ with
a large acceptancefor small Pt particlesand with exdellenttracking, vertexing, and
particleidentification in this range. A crucial elementof the experimentis a micro-
vertex systemcapableof distinguishing the long-lived charm and bottom decays
from prompt particle production andmeasuringthe time developmentof the decay
asymmetry.

Important physicsotherthan B-decayswill be accessibleto an experimentequipped
with micro-vertexdetectioncapability. Higgs particlesdecayinginto 66 quark pairs
will havea cleansignaturethrough the reconstructionof nearly back-to-back,high

Pt b-particles.Anotherphysics areawill be openedup by the unprecedentednumber
of charmedparticles > 10° that canbe reconstructedwith a B-physics detector.

The dependenceof the charmcross section on xj will reveal the gluon structure
function at small momentumfraction - an unexploredregimeof QCD. In addition
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studiesof rare D decaysand a sensistivesearchfor non-standardCP-violation in
D-decayswill be possible.

1.2 Vertex Detector Requirements

The micro-vertexdetectormust meet a numberof challengingdesign requirements.
Foremostis the need for spacepoint measurementwith an r.m.s. resolution of
about 5 pm in eachcoordinatex andy of the measurementplane. The amountof

materialin theplanesmustbe such that this resolutionis not significantly degraded
by multiple scatteringerror when tracksof typical transversemomentum 1 Gev/c

are projectedto their vertexof origin. Thesefundamentalrequirementscanbe met

by a hodoscopesystemof silicon strip and pixel detectorsbuilt on substrateswith

thicknessin the range 200 to 300 pm,

The silicon wafers will be arrangedin a mosaic structure surroundingthe beam
pipe. A preliminary geometricaldesignof this systemis shown in figures 1 and 2.
The inner layerswill consistof pixel detectors,while the outer layerswill havestrip

detectors.

Radiation doseswill be at least 1 Mrad per yearjust outsidethe beampipe. Both

the detectiondiodes andreadoutelectronicsmust toleratethis. For radiationdoses
greaterthan about I Mrad, pixel detectorsare requiredwhich have a smaller detec

tion diode areatypically 100 pm x 100 pm than strip detectorstypically 50 pm
x 5 cm. In addition, the relatively higher track density at smallerradius requires
the patternrecognitioncapability of a pixel device.

The interactionratewill be in the rangeof 10 to 100 MHz for acceleratorluminosity
in the range 1032 to 1o33 cm2seC1. The vertexsystemmust be able to buffer hit
information at this rateand store it for a few psecuntil a trigger decisionis made.

Becauseof the compact natureof the vertex detector, the heat dissipationmust
be limited to a few watts per cm2. The mechanicalstructuremust accommodate
this heat load while still maintaining the alignment at the few micron level and
minimizing the amount of structural material. Electromagneticshielding of the
detectors,electronics,and cablesmust be adequateto maintain overall noise levels

of less than 600 electrons.

To addressthe aboveproblemsweproposea programemphasizingthe development
of threekey items:

* a high rate, high resolutionpixel device,

* a high rate, high resolutionsilicon strip readoutchip, and

* a prototypesystemutilizing existingsilicon strip technology.
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Figure 1:

a Arrangementof silicon wafersfor micro-vertexdetectionof B-decaysat the SSC.
In this preliminary design,wafers are orientedboth perpendicularand parallel to

the beam. The outer barr4 radius is about 10 cm. b Detail of a single module.
DrawingscourtesyCarl Lindenmeyer,Fermilab.

caT
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Figure 2:

Detail of a m.icrostripwafer assemblyorientedperpendicularto the beam. Readout
chips are locatedon both sidesof the wafers. Drawing courtesyCarl Lindenmeyer,
Fermilab.
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Theseprojectsare discussedin detail below.

2 Silicon Strip Readout Electronics - Oak Ridge Na
tional Lab

2.1 Overview

The BVX/S Chip is an ASIC application specific integratedcircuit for readoutof
a silicon strip vertexdetector at the 58G.

The main difference betweenthe Fermilab BVX and the SSCversion, dubbedthe
BVX/S is that BVX/S must operatefaster than the BVX 50 ns vs. 400 ns and
that the BVXS must toleratemoreradiation > lMrad vs. > 0.1 Mrad.

The overall specificationsof the BVX/S chip are:

* amplifier pulse dwell time of 50 ns

* power consumptiongoal of 3 mW/channel

* noise 600 electrons,tins

* trigger delay of 2 psecwith 16 ns steps4 psecwith 32 ns steps

* 7 bit ADC readoutwith sparsification

* suppression? strip clusterswith n > &

* 50 micron pitch of input pads

* radiationdamagetoleranceto at least 1 Mrad goal: 5 Mrad

* 128 channelsper chip

2.2 Scope

Since prior work has already been done in this area, our approachis to build as
much aspossibleon this work. The SYX chip is probablythemost highly developed
readout chip presently available, therefore, we plan to investigateenhancing its
functionality by incorporatingadditional key innovationssuchas analogstoragein
eachchannelandperhapson-chip A/D conversion. Theproposedchip, illustrated in
Figure 3, will be designedin such a way to facilitate bondingdirectly to microstrip
detectorswith a contact pitch of 50 microns.

8



Figure 3:

led.
flick

!IDdTn
I. BunchCrnSnt
b. ad9 m

74

h.?; :q

ChannelArchitecture.

DISeTtUISMOrSet

Datahit
7 bIts

cap ID

TriggerValid

Cn&ng
Sded

9



Although the goal is to implement 12$ readout channelson one chip, it seems
unlikely that this many channelsof enhancedfunctionality electronicscan be put
onto one substTate. At this time we plan to make the analog storage128 deep.
We plan to investigatedifferent filter topologies to be used on the analog front
end to improve the signalto noise ratio over what has been done previously. The
presentgoal for powerdissipationis to requireno more than 3mW per channel. We
set this as a goal only since there are some sinceredoubts as to whether this can
be met with the massiveamount of desiredanalogmemory. Most of the readout

chips up to this point havebeen fabricatedusing processesthat are not inherently
radiationhardened.Although the ultimategoal of this work is to developa radiation

hardenedCMOS readoutchip, the concept of tile chip will be proven first using a
non radiationhardenedCMOS process.The CMOS processesoffered through the

MOSIS servicewill be usedfor the non radiationhardenedprototyping. Becauseof
densityandspeedadvantages,either the 1.2 micronor the 1.6micron processwill be
used. The primary reasonfor proceedingthis way is becauseof the fabricationcost
associatedwith a radiationhardenedprocess. After the concepthas beenproven,
it will be mappedinto a radiationhardenedCMOS processduring the third year.

Efforts are alreadyunderwayto identify, an appropriateprocess.Outlined below is
a more detailedaccountof the work to be performedin eachof the threeyears.

2.3 PHASE I YEArn

2.3.1 Charge Sensitive Preamplifier

Investigationswill be performedto determinethe best choice for a front endtopol

ogy. It is felt at this time that a full MOSFET front endwill be sufficient. At least

oneotherpossibility is that abipolar or BiCMOS preamplifiermay be necessarynot

for noise,but for bandwidth since therehavebeen someconcernsvoiced about the

run-to-run performanceconsistencyof the commerciallyavailableCMOS processes.

We intend to build upon, as much as possible,prior work performedon chargesen

sitive preamplifier development.A desirednoiseperformancetargetis 600 electrons

rms at approximately50 nanosecondspulse dwell time. One goal of this chip is to

be able to interfaceto both polarities of input signals therebyusing both sides of

the microstrip detector. We will need some ability to be able to not only drive

both polarities, but also to input the correctpolarity into the subsequentshaping

and storagestages. One approachthat will be investigatedis to pin programthe

polarity to which specific chips will be subjected.

2.3.2 Baseline Restoration-Shaping-Discrimination

The primary usefulnessof double correlatedsamplingis that the techniqueremoves

very low frequencyvariations in the signal being processedand removesnoise at

integer multiples of the sampling frequency. Examination of the noise spectral
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Figure 4:

Reset
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weighting function Wft = l-cos2pft revealsthat as an undampedperiodic func
tion in the frequency domain, there is no .bandwidth limitation for white noise.
Some‘integration’ can be performedby multiple sampling,but the most effective
method of actualsignal-to-noiseimprovementappearsto be pre-filtering before the
sampler. In vertexdetectors,the short shaping-timeconstantsdictatedby the high
systemclock rate force signal processingoperation well into the frequencieswhere
seriesnoise front end andsecondstagepreamplifier noise is dominant. Because,
to a first order, we are dealing with only one noise spectraldensity assuming1/f
noiseis negligible in a good analogprocessat high frequencies,somemodification
of the weighting function exhibitedby a simpleintegrationis in order. In particular,
a weighting function whosetime derivative is minimized is most appropriatesince
this will minimize the seriesnoise contribution. It has beenknown that, for time-
invariant filters, a symmetricaltriangleis the optimum stepresponsefor a filter that
will be used for processingsignalsin the presenceof primarily seriesnoise. This
assumesalso that the charge-collectiontime for a given detectorand preamplifier
risetime is much shorterthan the signal processingtime. We will investigatethe
designand fabrication of a triangular filter that will act as a prefilter for a double
correlatedsampler. Specifically, the developmentwill focuson a single active delay
line-integratetriangle generatorto be followed by a peak-detectingtrack-and-hold.
The track-and- hold output will be the input to the correlatedsampleras shown
in Figure 4. Amplitude discriminationwill be neededfor determining the channels
that haveinterestinginformation. This discriminator will be set by an on-chip D/A
converter that will be accessibleto the databus during calibration. A ‘hit’ on the
discriminatorwill be storedwith the bunch crossingtag for easein sparsificationof
data.

pnaiuplHle TriangularShaping PeakDetector

Vertex detectorfront-end andsignal processingelectronics.
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Figure 5:
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2.3.3 Analog Storage

Analog storagethat will retain a faithful representationof the input signal will be
neededto buffer the acquireddata prior to A/D conversion. Other requirements
are that the storageelementsbe compactand highly arrayablesince eachchannel
will need to have at least 128 storageelements. This will allow approximately2
microsecondsworth of analog data to be stojedat an 16 nanosecondinteraction

rate. In this case,the first level trigger delay wilt be 2 microsecondsor less. It may

be possible,after closer investigationof our chip real estatebudget, for us to add
more analog storageand lengthenthe trigger delay to somethingon the order of
5 microsecondsor less. One topology that we have been investigatingis shown in
Figure 5. Eachelementof analogdata will have to be taggedwith a digital word
that representsthe beamcrossingnumberand the channelnumber. The digital tag
will haveto remainlinked to the analogdata as long as the analogdata is held.

it is anticipatedthat several topologiesfor the charge-sensitivepreamp,shaping

circuitry, andanalogstoragecell will be prototypedusing the MOSIS servicebefore
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an the optimumis found. All of thesefunctional moduleswill be testedthoroughly

and refined as necessary.In addition the specific work mentionedabove, the high-

level fioorplan for the chip will be developed.

2.4 PHASE II YEAR 2

2.4.1 A/D Topologies

Previousreadout chips have not incorporatedintegral A/D converters. Decisions

must be madeas to how many convertersto try to put on a single chip. Its proba

bly not feasible to put a converterper channelin the final chip. Somedecisionwill

thereforeneed to be maderelating to the segmentationof the data conversionand
readoutpaths. This determinationwill needto be madeearly in the projectbut in
parallel with the developmentof the data collection channelssince ultimately the
design restrictionswill be thoseof speedand availablechip area. The presentreso

lution target for this converteris 7 bits for adequatechargeinterpolation between

channels.This number may be able to be reducedto 5 bits, but our presentesti

mate will remainconservative. Investigationsof an different architecturesfor the

analog/digitalconverterwill be performedDifferent algorithmsfor A/D conversion

will be studiedwith a tradeoffbeing madebetweenspeedand powerrequirements.

2.4.2 Sparsiflcation

Sparsificationwill be done in the analogportion of the chip. Eachchannelwill have
its own discriminator level that will be presetby loading the discriminator level

D/A converterduring systemcalibration. Any event that crossesthis level will be
storedand tagged. If all eventsare desired, the discriminator needonly be set to
the lowest possible level. The analogmemory will contain only those eventsthat
exceed the presetlevel. The bunch crossing tag memory will be synchronizedto
the analogmemory. When a given bunch crossingis desired, the memory will be
read out in a random accessmanner. In addition, we intend to incorporatesome
level of nearestneighbor suppressionin order to reducethe numberof multiple hit
occurrences.We believethat if a minimum of 5 adjacentstrips arehit, theseshould
all be ignored andnot stored.

Work in the secondyear will build upon the accomplishmentsof the first year. In
general,the functional blocks developedin the first year will be molded into the
overall chip architecture. Low level details and issuesassociatedwith the chip’s
functionality and architecturewill be addressed,for example,sparsificationspecif
ically discussedabove , real estatetradeoffs,logic to determinehow many adjacent
strips havebeen hit, crossing and ID tag generator,interfaceto a data collection
chip, etc. It is anticipatedthat severalprototype chips will be fabricatedduring
this phase. We plan to have a functional non radiationhardenedCMOS readout
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chip fabricated by the end of the secondyear.

2.5 PHASE III YEAR 3

Work in the third yearwill be devotedentirely to mapping the proofof conceptde
sign developedin year I and 2 into an appropriateradiation hardenedprocess.We
havealreadybeen laying the groundworkfor finding an appropriateprocess.Con
tact has beenmade with both AT&T and Harris Semiconductor.A non-disclosure
agreementwas signedwith AT&T andthedetails of their radiationhardenedCMOS
processdesign rules, processtechniques,etc. are being studied. An agreement
with Harris is being pursuedthat would allow us to beta site some of their new
designsoftwarein returnfor accessto their fabricationlines, The first phaseof this
agreementwill involve a dielectrically isolatedbipolar processthat probablywill not
be-appropriatefor this project. We will be discussingthe possibility with Harris
of dbing a similar arrangementperhapsusing their radiationhardenedCMOS line.

The plan is to havea functional radiationhardenedversion of the readoutchip at

the end of this year.

3 Pixel Detectors

3.1 Bump-bondedDevice

It is the primary goal of this collaborationto design the best vertexdetectorpossi

ble for the SSC.Both bump-bondedandintegratedpixel deviceshold greatpromise

for high resolution vertex detection. We expect to carry out tests of pixel detec
tors in parallel with the microstrip tests. By combining resourcesof microstrip

and pixel groups we believe that cost savings can be achieved. We plan o test
existing pixel detectorsin a stand alone mode in the MTEST beam and expect
to incorporatepixels into the vertex detector design for the systemtest. Funding
has beenrequestedfor the extracosts involved in testing of hybrid bump-bonded

pixel devicesin a separatesubsystemsproposalwhich includesgroups from SLAC,

UCD, UC Berkeley SpaceSciencesLaboratory,and HughesAircraft Corporation.

The pixel detectortestsare describedin detail in the pixel subsystemproposal.

3.2 Integrated Device - Hawaii, Stanford CIS

Work is underway,in a collaborationbetweenthe Centerfor IntegratedSystems

of StanfordUniversity andthe University of Hawaii, on the developmentof a pixel

detectorwith integratedelectronicst1.The collaborationhad its origin in the CIS

UH-CERN developmentof the Microplex chip, the first VLSI readout for silicon
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microstrip detectors,which startedin the sumnierof 1982 and was completedsuc
8

cessfully in 1984 . At that time UCSC joined the group and work startedon the

first microstrip vertex detector for colliding beamuse now completeand waiting
1for installation in the Mark II at SLC in October

Plans for a pixel devicewere startedin 1985, and an initial specific designwas pro

posedin 1987 andfunded in 1988 under the SSCgenericresearchanddevelopment

program. Unlike the Microplex chip, which useda standardnMOS process,this
device, with detectorsand transistorson the santesilicon substrate,requiresthe
developmentof a new set of fabrication steps. JamesHummer, a professorof elec
trical engineeringat Stanfordand oneof his students,W. Snoeys,havenow joined
the project. Detailed simulationshave beencompleted, a processtest chip one
with specializedstructuresto test the fabrication steps has beendesigned,masks
havebeenmade,and the first processtest wafersarenow being fabricated.

We would like to increasethe rate of progressby adding a secondstudent. In
addition to the fabricationsteps,which must be determinedbeforedetailedcircuit
designsare completed,much work will be requiredin taking the known techniques
for radiation hardnessand combining them with the steps for high purity silicon.
The basic pixel structurewill be optimized for the requirementsof the B-physics
vertexdetector. Detailedcircuit designandlayout for the on-chipreadoutincluding

time tagging and information storageduring the trigger delay mustbe completed..

As a point of interest relevant to other detector systemswe note that the pixel
structuremay also be optimized for use as a photon detector. The same set of
fabrication steps,with the additionof a transparent,high resistivity layer such as
tin oxide, canbe usedto makea photodiodewith nanosecondrise time andcapacity
oneor moreordersof magnitudelower than that of PIN diodes.Detailedsimulation
calculationsarenow underway.

Fundsin this year’s contractand expectedfor next year’s should be adequatefor
W. Snoeys’ support,and, if silicon and relatedcosts do not rise significantly, for
somewhatmore than half of a secondstudent’s support $87K per year including
lab chargesandtechnicianhelp wherenecessary.A group of this size would also be
adequatefor the preliminary designandsimulation calculationfor theseadditional
uses. It would need to be increasedin size if they were to be undertakenand
completedin time for an SSCdetector.

We proposehere the addition of two graduatestudentsso that a prototype device
suitable for B-physics canbe fabricatedin two years. One studentwould havepri
mary rçsponsibility for the layout of the circuitry specializedfor this application.
The other student would concentrateon the fabrication technology for radiation
hardness.Dependingon the support for graduatestudentsavailable to the Hawaii
Stanfordgroup from sourcesoutside this proposal,funds under this proposalmay
be usedalternativelyfor engineeringmanpowerdevotedto the radiationhard fab
rication.
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4 System Testing

4.1 Motivation and Goals

There is as yet no operationalexperiencewith full micro-vertexdetectionin a col
liding beamexperiment. Fore+e experimentsthis situationwill soonchange.The
ALEPH and DELPHI experimentsat LEP and the MARKII experimentat SLC
have silicon microstrip vertex detectorseithercompletedor nearly so. Indeed, the
MARICII experimenthas a threedetector,512 channelper detector telescopejust
outsidethe beampipe which has performedsatisfactorilyin measuringtracksfrom
Z° decays. The SLD experiment at SLC will operatea COD vertex detector in
about a year’s time. Theseexperimentswill provide valuable experiencefor the
SSC. However,therearemany key differencesbetweenvertexdetectionat a 72’ ma
chine and at the 550. The differencesin interactionrates,eventmultiplicities, and
th&angular distribution of tracksare dramatic. The CDF experimentat Fermilab
will operatea barrel geometrysilicon microstrip vertexdetectorfor the first time in
1991. The interactionrate will approach1 MHz and the eventmultiplicity will be
nearly about 2/3 of that at the S5C.TheCDF vertexdetectorwill clearly provide
relevantexperiencefor the SSC. However,for B-physics thereare a numberof cru,
cial aspectsof vertex detectionthat will not be addressedby CDF. Theseaspects
include three-dimensionalvertexingand trackingovera largerangein rapidity. We
intend to investigatetheseand other aspectsin detail with a modest-scaleproto
type of an 550 vertex detectorand operateit in colliding beamand/or test beam
modes.We will usecommerciallyavailabledouble-sidedsilicon microstrip detectors
andreadoutchips. A detailedplan is presentedbelow.

4.2 Silicon Microstrip Detectors and Micro-mechanical Mounting

- Yale

4.2.1 Description

The useof double-sidedsilicon microstrip detectorsprovidesthree-dimensionalver

texing capability with a minimum of detector planes. The Oklahomaand Yale
groups are developing experiencewith thesedevices under existing 550 generic

R&D projects. See the appendixfor a description of theseprograms. For the
systemtestproposedhere, a substantiallylarger numberof wafers will be required.

In the preliminary designshownin Figures 1 and 2 there are 5 different shapesof
silicon strip detector. There are 38 wafers per central module and 95K channels.

Eachcentralmodule contains3 barrels and 2 disks. There are 84 24-channelcables
per module. In addition to the central modules, there are forward modules con
taining 17664 channelspartitioned among6 wafers. We will limit the total channel

count in our prototypeto 64K by instrumentingonly a portion of a barrel section
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andparts of at least threedisks. The total detectorwafer count for the test will be

64, including spares.

The Yale group will supply the double-sidedsilicon strip detectors and assemble

them in an appropriate geometry. We will wire bond the readout chips to the

detectorsand the cablesto the readoutchips.

Thegeometricallayout will beoptimized for B-physicsusinga GEANT basedMonte

Carlo. A.J. Slaughterhasextensiveexperiencewith this softwareand has taken a

leadingrole in simulation studiesfor BOD. We will useexistingcomputerresources
at Yale andFermilab for this work.

The detailedmechanicaldesign and drawings for the strip detectorswill be made
using an existing CAD/CAM systemat Yale. W. Emmet, mechanicalengineerfor

the Yale HEP group,is expert in using this system.

The silicon detectors will be procuredfrom industry with funds requestedunder

this proposal. We are currently evaluatinga double-sidedAC-coupledstrip detec
tor from MesserschmidtBolkow Boehm Munich and a single sided AC-coupled

detector from the Centerfor Industrial ResearchOlso. On the basis of our expe
rience with thosedetectorsand from the experienceof our Oklahomacollaborators
with DC-coupleddoubledsideddevicesfrom Micron SemiconductorU.K., we will

critically evaluateproposalsfrom theseandother manufacturers,eg., Hamamatsu.
We will alsopursuecontactswith U.S.companies,althoughtherearenonecurrently
involved in strip detectormanufacture.

After procurement,we will make I-V measurementsof the detectorsand test indi
vidual strips for punchthroughof the capacitor.We will usean existingmicroprobe
stationnow underprocurementbut will requirethe additionof a specializedprobe
card to makerapid measurementsof a largenumberof strips.

Wire bondingwill be done with an existingmachinealso now under procurement
but will require somemodifications for semi-automaticoperation.

A prototypecable for connectionto the readoutchips has beenmadeby Carl Lin
denmeyer at Fermilab. We will baseour cable design on tests of this prototype.
Cablemanufacturewill be subcontractedto industry.

4.2.2 Schedule

In thefirst yearwe will specify andprocuredetectors.Becauseof the lead time nec
essaryto fabricatemasksandmanufacturethe detectorsit is important to establish
a contract for commercialproductionearly in the funding cycle.

In the secondand subsequentyearswe will assembleprototype detectorstructures
and use them in the test beam at Fermilab as part of experimentE784 which is
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an R and D programfor the Bottom Collider Detector. Fermilab is reviewing the
possibilityof testsin the CO collision region. If approved,we will also testprototype
devicesthere. We are also exploring the possibility of testsusing the CERN SPPS
collider.

4.3 VLSI Readout Chips and Driving Electronics - Albany, Ok
lahoma

4.3.1 Introduction: Generic SSCR&D

The University of Oklahomaand Oak Ridge National Laboratoryare collaborating
on a generic Detector R&D project to "Investigate Radiation HardenedDevice
Technologiesfor usewith Silicon Strip Detectorsat the SSC". The project includes
the following threetasks:

Task 1: Theoreticalstudiesof electronic device technologiesfor use at the SSC.E.
J. Kennedy andA. Wu; ORNL and University of Tennessee

Studies of device technologieshavebeenstartedusing the SPICE simulation pro
gram and relatedVLSI softwaretools assembledby the Instrument and Controls
Division of ORNL. Of particular interest are- radiation hardenedprocesseswhich
havebeen developedby industry. Initial contacthas been made with the group
which developedtheradiationhardened10 Mrad CMOS processat AT&T. Copies
of the proprietary design ruleswere obtainedundera non-disclosureagreementbe
tweenAT&T, OU, and OR.NL. We expect to obtain post and pre-radiationSPICE
files soon which will allow quantitative evaluationof the processfor analog appli.
cations. Similar arrangementsare also being negotiatedwith Harris Semiconductor

Corporation.

Task 2: Experimentalevaluationof MOSIS processesfor application to radiation
hardenedreadoutcircuits for solid state tracking detectorsat the SSC. 0. Alley;
ORNL

Evaluation of MOSIS processesfor application to low noise,radiation insensitive

JFET, bipolar, and CMOS deviceshas beenstarted. We havesubmittedfor fabri
cation severaldevice structuresusing the MOSIS p-well CMOS process.Structures
submittedinclude differential pair MOSFET’s, differential pair WET’s, substrate
bipolar transistors,and MOSFET’s usingavariety of geometries.Thesechips have
been receivedand havebeen irradiated using a cobalt 60 gammasource at UTK.
Similar device structuresusing an n-well processwill be fabricatedlater in the sum
mer. Similar GaAs device structureshavealso beensubmittedfor fabrication this
fall.

Task 3: Radiation testing and evaluationof fabricated devices with solid state
trackingdetectors.P. Skubic, G. Kalbfleisch; OU
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Solid statemicrostrip detectorswith two-sidedreadoutwill be interfaced to read

out devicesand will be testedfor radiationhardnesswith neutrons,gammas,and

chargedparticles. This work will be done at the UCD Cyclotron facility protons

and neutrons, at Fermilab in the MTEST beamline high energy chargedparti

cles, and at UTK and/or HughesAircraft Corporationgammas. Thesetestsare

describedin moredetail in a separatesubsystemsproposalon hybrid pixel detectors.

In order to gain experienceandestablishproceduresin radiation testing, we irradi

ateda Micron Semiconductor,Inc. double-sided1mm pitch with orthogonalstrips

detectorwith the cobalt 60 sourceat the UTK Departmentof Chemistry. The detec

tor was irradiatedwithout bias voltage with a dose in the range2-4 Mrad. Studies

of the signal to noise ratio and leakagecurrents wereperformedbefore and after

irradiation as a function of time. No changewas observedwithin the sensitivity of

the measurements+- 15%. We havefurther testedthis detectorby irradiating it

with bias voltageon with the cobalt 60 sourcewhile monitoring theleakagecurrent
at the sametime. Post irradiation evaluationis now in progress.

The work proposedhere can be considereda natural continuationof this generic

R&D project. Additional funds for the genericproject havebeenrequestedfor the

period October 1, 1989 to September30, 1990 to finish the work now in progress

in a timely fashion. If supplementaloperatingfunds are obtainedduring the first

half of this period, the work proposedhere by the ORNL group could begin early

in 1990.

4.3.2 VLSI Readout Chips

Wearerequestingfunds in the first yearbudget for 64,000channelsof VLSI readout.
The choice of which readoutchip to use in the systemtests will be basedon the
results of the MTEST beamtestswhich will be completedapproximatelyhalf way
through the first year of the project. The cost of the VLSI readout chips is based
on the presentprice of the CAMEX chip which is $70 per 128 channelseachchip
has 64 channels.More information will be available after the first production run
of the SVX-D chips is complete, which should occur before the end of 1989. If
the yield is high and if the presentSVX-D is chosenfor the systemtests without
modification, somereductionin cost may be possible. In order for the systemtests
to be startedduring the secondyearof the project, it is necessarythat the readout
chips be orderedbefore the end of the first year since long lead times are required
for delivery and testing.

4.3.3 Driving Electronics

The driving electronics for the readoutchips will be developedby the Oklahoma
group in collaborationwith The State University of New York at Albany. We will
build on our experiencein constructingthe CAMAC sequencerand ADC modules
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which are used to read out the SVX chip. We have constructedtwo sets of these
modules and are testing them now. The CDF experiment will use a FASTBUS
versionof this systemto readoutthe CDF vertex detectorduring the next colliding
beam run at Fermilab. If this system is available on schedule,it would satisfy
our requirementsfor the systemtest at CO. We are thereforerequestingfunds in
this proposalto purchaseelectronicsfor readingout 64,000channelsbasedon the
preliminary design for CDF. This would require one FASTEUS sequencermodule
which would control four buffer modules,eachof which controls a RABBIT crate
with eight ADC modules.Sixteen SVX chips would then be readout by eachADC
module. We are requestingfunds in the first year for one sequencer,one buffer

module and RABBIT crate,and two ADC moduleswhich can be usedfor testing
andsoftwaredevelopmentassoonas they areavailable. The balanceof thirty ADC
modules, three buffer modules and RABBIT crates can then be purchasedwith
secondyear funds. -

At the end of the MTEST beamrun during the first year of the project, we will

decide which readout chip and detector type to use in the CO systemtest. At
that time, if the SVX chip is chosenand data sparsificationworks according to
design,an option exists to use an expandedversionof the CAMAC readoutsystem;
Five sets of existingsequencerand ADC modulescould be usedin parallel to read
out sparsifieddata at 9600 bytes/eventat a rateof 50 events/secondwhich is the
estimatedinteraction rate for a CO test run. - This assumesa factor of 100 less

luminosity at CO than at DO andthat we instrumentonly 10% of the bunch length.

This option would requireconstructionof a factor of B multiplexing module for each

set of SRS-SDAmodulesto allow addressingand readoutof all the SVX chips in

the completevertexdetectorsubsystem.The cost of the CAMAC option would be

less than that for the FASTEUS readoutbasedon preliminary cost estimatesfor

that system.

Software and testing responsibilitieswill be divided between the Oklahomaand

Albany groups. A set of CAMAC readoutmoduleswill be supplied to Albany by

OU at cost so both groupswill havecompatiblesystems. If the FASTBUS system

is usedin the CO test, it will be necessaryfor Albany to obtain a FASTBUS crate

and segmentmanager. OU has theseitems already. Fundsfor this will then be
requestedin the secondyear Albany budget.

4.3.4 Schedule

1. to 6 months: CompleteMTEST datarun comparisonof SVX and CAMEX reaa

outs and double-sidedmicrostrip detectors.

6-12 months: Choose readoutchip and detectorfor CO systemtests. Placeorders

for readoutchips and driving electronics.

13-18 months: Bench testing of driving electronicsand readoutchips at home in-
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stitutions and develop software.

19-24 months: Constructand assemblehardware at systemtest beamsite CO?.

Initial testing of combinedsubsystemanddata acquisitioncomputerhardware.

4.4 Data Acquisition and Macro-mechanical Mounting - Iowa

4.4.1 Overview

K McCliment

I am currently involved in two phasesof the Fermilab fixed-target test of elements

of the proposedBCD detector: the design and constructionof a test stand, and

developmentof the online data acquisition DAQ system. Becausethe central

vertex detector is to be a principal element of the BCD detector for the SSC, I

proposeto continuethis work to developthe mechanicalmountingsand hardware

for a practical4-pi vertex detectorfor the SSC,and to developDAQ hardwareand

softwarefor the detector readout. This work will be carried out in collaboration

with the university efforts at Hawaii, Oklahoma,Stanford,State University of New

York at Albany, Hawaii, and Yale, and with Oak Ridge National Laboratory.

4.4.2 Macro-Mechanical Mounting

Elementsof the BCD detector will be tested in a test beamat Fermilab during

the latter part of the next fixed target running period. The test stand has been

designedfor this purposeby ERM and C. Lindenmeyer. The test stand provides

maximum flexibility to investigatevarious schemesof assemblyand testing of the

componentsof a 4.pi silicon vertexdetectorwithin a fixed-targetenvironment.The
rotatableplanesallow oneto simulatethe effectsof particlespassingthrough silicon
microstrip detectorsat large anglesaway from thenormal to thedetectorsurfacesas

happensin a colliding beamenvironment.The snap-inPyrex glassplanesareeasily

removableand can be rotatedthrough 90 deg so that other subassembliessuch as
a preassembledconfiguration of silicon strip detectorsSSD’s can be mountedon

the test stand. The thermaljacket will allow temperaturestudiesto be done on the
SSD system. Fabricationof the componentsfor this teststand is now underwayin

the U of I Physicsand Astronomy shop.The assemblyand testingof the stand will
be done at U of I before it is brought to the Mtest areaat Fermilab.

It is proposedto continue and extend this work to actual mechanicalmounting
systemsfor the SSCECI 4-pi silicon vertex detectorsystem. Studies of mechan.
ical, thermal, and electrical properties of the mounting initiated at Fermilab by

H. Jostlein must be continuedto ensuremechanicalstability to within a few mi
crons, dissipationof approximately1 kW of heat generatedby the readoutchips,

temperaturestability within 1 deg C, proper rf shielding of the detectorelements,
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and reasonablecabling configurations.The shopfacilities in the U of I Physicsand
Astronomy Dept. arewell suitedto this project. It is envisioned,for example,that
magnesiumwill be the material of choice for the mounting to keep the mass as
low as possible. The U of I shophas the facilities andexpertise to work with this
material, having done this on severalprojectsin the past. We also have available
an engineeringstaff and full CAD systemto aid in the mechanicaland electrical
design. The presenceof this infrastructureis the result of a large spacescience
effort.

4.4.3 Data Acquisition Hardware

Last summer at Fermilab I participated along with Fermilab staff physicist L.
Stutte and Yale graduatestudent S. Utku in an effort to put togetheran online
dataacquisitionsystemat Fermilabfor the fixed- targettestof the BCD detectorel
ements.Wesucceededin readingout a Lecroy FastEncodingReadoutADC FERA
Lecroy 4300B, its driver Lecroy 4301, andmemory module Lecroy 4302, which
will be used by P. Karchin to processdata from CAMEX SSD integratedread
out chips in the fixed-target test alluded to above. This was done first with the
simple CAMAC diagnostic program DDL, and then incorporatedinto the VAX-
ONLINE data acquisitionsoftware that will be usedin the fixed-target test. The
Iowa group is also committed to supplying an SSD systemto measurethe beam
position in flxed.target experimentE781 at Fermilab A SegmentedLarge X De
tector to study charmedbaryon production and decay. This system will make
use of a Berkeley readoutsystemincluding SVX integratedreadoutchips plus the
SRSpatterngenerator/chipcontroller and SDA data collection modules. The sili
con detectorsare currently on order from Hamamatsuand the readoutchips from
Berkeley. I mentionthis becauseit meansI will haveexperiencewith SSD systems
that have LSI chip readouts.The Berkeley systemis a serial readoutsystemthat
requiresapproximately1 ps per channel,all the data moves through a single flash
ADC on the data collection board, and this board has only about 2000 words of
memory. If every strip were hit this would meanthat one SDA module would be
neededto serviceevery 2000 stripsand would require 2 ms to read out. With data
sparsificationthe readoutspeedincreasesby an order of magnitude,but with 106

strips in the completevertex detector 50 SDA modulesneed to be read out. The
situationis somewhatbetterwith the Lecroy FERA ADC’s which have 16 channels
per module. However, the datarate here is 4.8 is per channel and essentially the
samememorysize, so thereis overall only a factor of 4 improvement.Either scheme
is thus adequatefor low data rates. To handlerrmch higher datarates at the SSC

will require significant improvementsin dataacquisition. To produce a more SSC
worthy DAQ I proposefirst to adaptthe Berkeleypatterngenerator/chipcontroller

and data-collectionmodules to a FASTBUS-baseddata collection systemand to

evaluatetheir performance,first in benchteststhen in a beamtest, most likely the

"CO" test at Fermilab 1992. This will require effort in both hardwareand soft
ware. The work on the hardwarewill be done with the assistanceof an electronic
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engineerstaff in the U of I physics departmentand the electronicsassemblyshop.

Secondly,I proposeto introduce parallelisminto the data acquisitionby meansof

an ACP farm to processthe datafrom eachof the memory units in parallel.

4.4.4 Data Acquisition Software

The VAXONLINE softwaredevelopedfor useby CDF at Fermilabprovidesageneral
framework for online dataacquisition. VAXONLINE is organizedinto "producers"
that communicatedirectly with the hardwareboth CAMAC and FASTEUS ver
sions are available, a data pool where datafrom various parts of the experiment
are collected, and ccconsumersto processthe data and store it on tape. As al
luded to above somepreliminary work has been done on a "producer" for BCD.
A producer was written to read out the Lecroy FERA ADC system,which will be

usedin the fixed- targetand CO collider test runs at Fermilab. A producer for a
FASTBUS version of the data collection module needs to be written and tested.
Also, a full consumerhas yet to be written. At present only the barest skeleton
of a consumerexists for the fixed-target test, namely one that histogramsthe hit
channels. I proposeto write a producer and consumerto handle data from the
FASTBUS versionof the Berkeleymodulesand the FERA system. I also intend to
write patternrecognitionsoftwareto reconstructspacepoints from the hits in the
SSD’s. And I proposeto write the softwarefor the parallel dataprocessingon the
ACP farm alluded to above.

4.4.5 Scheduleand Support

I believethe work on both the hardwareand softwarecan be accomplishedwithin
carrieda two-yearperiodwith theaid of oneIowagraduatestudentandthe technical
support personnelat the University of Iowa. I ask for the following manpower
support:

Salary and benefits for one 1/2-time graduatestudent; Travel for myself and the
student; Six months shop time; Two months electrical engineeringtime; and Two
monthsmechanicalengineering/computeraided design.

Note:TheUniversity has contributedto the BCD effort by bearingthe full manpower
cost for machining the componentsof the fixed-target test stand.

I also ask for the following hardwareon a 50% matching basiswith the University
of Iowa:

A Vax 3200 work station; A fastbuscrate and segmentmanager.

I believe theserequeststo be necessaryto accomplishthe proposeddevelopment
of the macro-mechanicalmounting of the vertex detector,and developmentof the
proposedDAQ system.
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5 Budget

5.1 State University of New York at Albany

At Albany, we have a CAMAC test setup,basedon the LeCroy3SOOData Acqui
sition System,which uses the Intel8OSS 8-bit microprocessorand 8 floppy drives.
The systemhas limited memory and canrecord dataonly at a few kilohertz. Fur

ther, the availablesoftwareis verylimited. In fact, the systemis amajor bottleneck
in our setup. We would like to updateto a PC-basedsystembut also desireporta
bility so that we cancarry the setup to different acceleratorlaboratoriesfor testing

purposes.

We need to set up a smallelectronicshop with printed circuit fabrication facility.

The details of the equipmentbudgetwe requestfollows.
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First Year Budget

Equipment

Data Acquisition

Laptop PC-386systemwith VGA, 5 and disk drives,

40 MB Hard disk drive, Mouse,Modem $3,500

PC-to-CAMAC interface. Kinetics Corp. 3922 Crate 2,500

Controller and2926 IBM PC InterfaceCard

PC CAMAC driver software 250

Total $6,250

CAMAC Instrumentation

LeCroy 8013A Benchtop 13 slot CAMAC PowerBin 2,450

ADC/TDC Calibration Module. Phillips Scientific 7120 2,250

Total $4,700

NIM Instrumentation

High Power NIM bin and power supply. LeCroy 1403 2,830

Quad two-fold logic unit. LeCroy 622 995

Triple 4-fold logic unit. LeCroy 465 1,195

Two-channelfour-fold logic majority unit. LeCroy 365AL 1,045

Digital ReadoutVisual ScalerBNC 1,500

NIM pocket pulser 65

Total $7,630

Electronic Shop

PCB software 1,500
Board etching machine 1,500

Total $3,000

Miscellaneous
Limo cables,connectors,etc. 2,000

Oscilloscope

LeCroy 9400 Fast waveformdigitizing scope 8,900

EQUIPMENT TOTAL $32,480
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Travel

Travel to Collaborators
6 trips x $1,000each $6,000

Instrumentation Conferences
1 x $1,000each i,ooo

TRAVEL TOTAL $7,000

Salaries

Graduate Students

Fill time students 12,000
2 Summerstudents 5,000
Total $17,000

TOTAL DIRECT COSTS

Equipment+ Travel + Salaries $56,480

TOTAL INDIRECT COSTS

Travel + Salariesx .521 $12,504

TOTAL BUDGET FIRST YEAR $68,984
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SecondYear Budget

Equipment

FastbusData Acquisition System $40,000

Travel
Sameas first year 7,000

Salaries
Sameas first year 17,000

Total Direct Costs $64,000

Total Indirect Costs $12,504

TOTAL BUDGET SECOND YEAR $76,504
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5.2 University of Hawaii

Cost PerYear for First and SecondYears

2 graduatestudentsalaries $30,000
lab costs 24,000
supplies - wafers,etc. 20,000
computertime 10,000
engineeringconsultingtime with CIS staff 10,000
technician time 40,000

SUBTOTAL $134,000

OVERHEAD ©30% $40,000

TOTAL COST $174,000
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5.3 University of Iowa

1 June 1990 through May 1991

A.IIa - REIMBURSABLE OF’ COST-SHARING POR
TION

Salariesand Wages

Scientific Discipline Personnel

Principal Investigator,E. R. McCliment,

Professor- no salarysupport $0

GraduateResearchAssistant,50% time for 2 summers

monthsat $1,233/mo.,and 50% time for AY 1990 - 91

at $1,289/mo. 14,066

Support Personnel

Electrical Engineer,$3,400/mo.for 2 months 6,800

MechanicalEngineer,$4,400/mo.for 4 months 17,600

Machinist, $2570/mo. for 6.0 months 15,420

Secretary,$2070/mo. for 0.5 months . 1,035

SALARIES AND WAGES SUBTOTAL $54,921

PermanentEquipment

ComputerEquipment: VAX3200 15,000
LaboratoryEquipment: 7,500

I fastbuscrate + programmablesegmentmanager

PERMANENT EQUIPMENT SUBTOTAL $22,500

Expendable Supplies and Materials

Magnesiumand othermachiningmaterials 2,000

Electronic componentsandmiscellaneous

expendablesuppliesandmaterials 500
Computer 500

EXPENDABLE SUPPLIES SUBTOTAL $3,000
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Publications
No publicationscharge $0

Travel
Collaborationmeetingsat the SSC

Dallas, TX, 4 trips/yr, 2 days/trip;

air fare at $620/trips, subsistnceat

$107/day,and car rental $50/day. 3,738

Collaborationmeetingsat FNAL, 4 trips

for 2 days each; air fare $218/trip, and

subsistenceat $113/day. 1776

TRAVEL SUBTOTAL $5,512

Other Direct Costs
Staff Benefit5: retirement,FICA andinsurance;

25% of ProfessionalSalaries$24,401, and

28% of generalservicestaff salaries$16,455. 11,439

Xerographi;photographic,andother technical

services,telephoneusage - . 1,180

CAD/CAM usage,100 hours at $20/hr 2,000

OTHER DIRECT COSTS SUBTOTAL $14,62b

Total Direct Costs 100,558

Indirect Costs

39.0%of modified total direct costsMTDC for on-campusresearch 30,042

activities $18,058

TOTAL COST $131,000

it is requestedthat the Departmentof Energyprovide 100%

of the A-IIa portion of $131,000.
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A-IIb - ITEMS EXCLUDED FROM COST-SHARING
TO BE FURNISHED
BY THE UNIVERSITY OF IOWA

Computerequipment50% of total cost $15,000

Laboratoryequipment50% of total cost 7,500

Total $22,500

A-IIc - UNIVERSITY CONTRIBUTION OF PRINCI
PAL INVESTIGATOR

Principal Investigator,E. R. McCliment, 5% of time

during the academicyear.
* 50% of the permanentequipmentwill be paid by the

University of Iowa
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1 June iøVi through 31 May 1992

A-IIa - REIMBURSABLE OR COST-SHARING POR
TION

Salariesand Wages

Scientific Discipline Personnel

Principal Investigator,ER. McCliment,

Professor- no salarysupport - $0

GraduateResearchAssistant,50% time -

for 9 month academicyear and 2 summer

months at $1489/mo.,for AY 1990-91 at

11,367/mo.for AY 1990 14,878

Support Personnel

Machinist, $2,776/mo.for 6.0 months 16,656

Secretary,$2,236/mo.for 0.5 months 1,118

SALARIES AND WAGES SUBTOTAL $32,652

Permanent Equipment -

No equipment so

Expendable Suppliesand Materials

Magnesium,andother machiningmaterials 2,000

Miscellaneousexpendablesuppliesand

materials 500

Computersoftware 500

EXPENDABLE SUPPLIESSUBTOTAL $3,000

Publications
Journalpagecharges,Phy Rev. 1. 500
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Travel -
Collaborationmeetingsat FNAL, 4 trips for

2 days each; air fare at $229/trip and

subsistenceat $119/day 1,868

Collaborationmeetings,SSD,Dallas, TX,

4 trips/yr, 2 days/trip; air fare at $651/trip,

subsistenceat $112/day 3,500

TRAVEL SUBTOTAL $5,368

Other Direct Cost
Staff Benefits: retirement,FICA and insurance;

and 28% of generalservicestaff salaries$17,774 4,977

DEC Microcomputermaintenance 3,000

Xerographic,photographic,and other technical

services,telephoneusage,etc. 863

OTHER DIRECT COSTS SUBTOTAL $8,840

Total Direct Costs - 50,360

Indirect Costs

-

39.0% of modified total direct costsMTDC

for on-campusactivities $50,360 19,640

TOTAL COST $70,000

It is requestedthat the Departmentof Energy

provide 100% of the A-IIa portion of $70,000
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A-IIb - -ITEMS EXCLUDED FORM COST-SHARING
TO BE FURNISHED BY THE UNIVERSITY OF IOWA

None $0

A-IIc - UNIVERSITY CONTRIBUTION OF PRINCI
PAL INVESTIGATOR

Principal Investigator,E. R. McCliment, 5%

of time during the academicyear.
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5.4 Oak Ridge National Laboratory

Budget

First Year

Labor 2 man-yrs. © 180.2K/yr. $160,400

ASIC Fab. 25,000

4 "Tiny Chips" 2u, 2 ea. 4600X6800 1.2u

Material 10,000

Miscellaneous o

Subtotal $195,400

Indirect - 78,160

Total $273,560

SecondYear

Labor 2 man-yrs. 0 $84.2K/yr. - $168,400

ASIC Fab. - - 70,000

4 "Tiny Chips" 2u, 2 ea. 7900x92001.2u -

Material 10,000
Miscellaneous 0

Subtotal $248,400

Indirect $99,360

Total $347,760
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Third Year

Labor 2 man-yrs. 0 $88.4K/yr. $176,800

ASIC Fab. Rad. Hard Fab. Run 125,000
Material 20,000
Misc. Rad. Testing 1,500

Subtotal $323,300

Indirect $129,320

Total $452,620
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5.5 University of Oklahoma

FIRST YEAR OU BUDGET

April 1, 1990 to March 31, 1991

Operating Expenses

Travel 12 trips to Fermilab 0 $500 per trip $6,000

GraduateStudent Salary 12,000

UndergraduateStudent Salary - 4,500

PermanentEquipment

LeCroy qvt MM module 4,000

1 ea. FASTBUS sequencermodule 10,000

1 ea. RABBIT crate buffer module 1,000
2 ea. RABBIT crate ADC modules 4,000
1 ea. RABBIT crate - 1,000
64K channelsof SVX-D or CAMEX microstrip detector

readoutcircuits © $70 per 128 channels 35,000

Total Direct Costs $77,500

Indirect Costs
26% MTDC as set by DHHS on 2/10/89 55,850

TOTAL COSTS Year 1 $83,350
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SECOND YEAR OU BUDGET

April 1, 1991 to March 31, 1992

Operating Expenses

Travel 12 trips to Fermilab © $500 per trip $6,000

GraduateStudentSalary 12,000

UndergraduateStudentSalary - 4,500

Permanent Equipment

3 ea. RABBIT crate buffer modules 3,000
30 ea. RABBIT crate ADC modules . 60,000
3 ea. RABBIT crates 3,000

Total Direct Costs $88,500

Indirect Costa

26% MTDC as set by DHHS on 2/10/89 - $5,850

TOTAL COSTS Year 2 $94,350
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5.6 Stanford University - Center for Integrated Systems

Costswill be reimbursedthrough the University of Hawaii.

5.7 Yale University

First Year Budget -

It is assumedthat 6 monthsof post-doctoralresearchphysicist time will be funded
from the generic SSC R&D program and so it is not included here. Another six
monthswill be funded from other REP funds.

32 double sided AC-coupledsilicon microstrip detectors $68,000

including mask design

probe card and spareto assistin testing 3,000

modifications for semi-automaticbonding 5,000

cablesfor connectionof readoutchips to driving

electronics 5,000
3 monthsmech. engineeringtime 30,000

student technician - 6 months - 9,000
12 months - graduatestudent 9,000

travel to manufacturers - 5,000

TOTAL $134,000

SecondYear Budget

Note that the 6-monthsof researchphysicist time is now included as part of the
subsystemeffort. The other 6 months will continueto be paid from HEP funds.

32 double sided AC-coupledsilicon microstrip detectors $32,000

6 months post-doctoralresearchphysicist 30,000

student technician- 6 months 9,000
12 months - graduatestudent 9,000

TOTAL $80,000
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6 Appendix on Generic SSC R&D

6.1 University of Oklahoma

The University of Oklahomagroup has ordered10 double-sidedniicrostrip detec
tors from Micron Semiconductor,Inc. Thesedetectors,which were purchasedfrom
University matchingfunds, will be delivered this fall and will be testedat Fermilab
during the next fixed target run in the MTEST beamline. We have also ordered
SVX-D readoutchips to be usedin the Fermilabtestsfrom the next productionrun
in collaboration with UC Berkeley and CarnegieMellon University. The readout
chips will be wire bonded to the detectors and will be readout with UC Berke
ley designedCAMAC sequencerSRS and flash ADC SDA modules which are
presentlyunder constructionat OU. The purposeof thesetestsis to measureposi
tion resolution of high energy particle tracks as a function of incident angle. The
perfpnnanceof various typesof niicrostrip detectorsandreadoutcircuits including
SVX and CAMEX chips will be comparedduring stand alonetestsby the OU and
Yale groups. At the end of the tests,the best combinationof detectorand readout
chip will be chosenfor a largerscalesystemtestof an actual550 designfor a vertex.
detectorbasedon a 2.54cm. diameterbeampipe.

6.2 Yale University -

6.2.1 Silicon Detectors and Readout Electronics

Vertex detectorR&D has alreadybegunat Yale under the eneric SSCprogramto

evaluateVLSI readoutelectronicsfor silicon strip detectorshhhl.

A flexible test stationhas been set up at Yale to operatesilicon strip readoutchips
at a variety of speeds. P. Rarchin, W. Ross, and E. Wolin have been working on
thesebench tests, We can now inject test signals into the analog inputs of the
CAMEX silion strip readoutchip and see the responseof the analogoutput on an
oscilloscopeas shownin Figure 6.

We have begun measurementsof niicrostrip detectorsprocured from the Center
for Industrial Researchin Oslo and from MessersclunidtBolkow Boehm in Mu
nich. With our continuingstudiesat Yale, we aredevelopingthe practical expertise
necessaryto mount an experimentwith thesedevices.

As part of Fermilab experimentE784, prototypesilicon detectorswill be operated
in a test beam during the fixed target run in 1990. A. J. Slaughterand S. Utku,
aYale graduatestudent,havebeenpreparinga computer interfaceandreadoutat
Fermilab that canbe used with variousmicroplex chips.

The electrical engineeringdepartmentat Fermilab is developing a readoutchip for
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Figure 6:

- tj

is-I t&i

Waveformfrom the analogoutput of the ‘AMEX silicon strip readoutchip using the test
standat Yale. No input chargeis applied in a while a lest pulse simulatinga minimum

lonising particle in the microstrip detectoris applied to all channelsin b. The 64 channels

are interrogatedsequentiallyto producethe waveform shown. Channels0, 15, 48, and 63

showmore noise than the othersbecausethesechannelshavea 12 pF capacitor connected

to their input to simulate thecapacitive load of the microstrip detector.
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silicon strip detectorsthat will include an analogtime delay circuit, a featurethat
is required at both Fermilab and the SSC. P. Karchin is the liasonphysicist from
E784 for the developmentof this chip and has worked closely with Fermilab on its
design. Testsof the existing chips are an important input to the designof the new
Fermilab chip.

6.2.2 Mechanical Assembly

In June,1989 we proposeda genericSSCresearchprogramto developnew methods

of assemblingmulti-element microvertex detectors. That program is essentialto
develop the techniquesfor the systemtest. The genericprogram will developthe
methodsof mechanicalassemblynecessaryto achievethe requirementsfor gluing,
wire bonding, electrical shielding, precisionalignment, and thermal cooling. The

readeris referredto the genericproposSl2ifor a detaileddiscussion.

Under the generic proposal,fun&ng is requestedfor the key equipmentto do this
work: a wedgebondingmachineand a microprobestation, J. Sinnott, mechanical
technicianwith the Yale REP group, is coordinatingthepurchaseof this equipment.
Also requestedunder the genericproposalis 50% of the salaryof a post-doctoral
physicist. Funding for the other 50% is requestedfrom the high energy physics
researchbranch of the DOE, including funds under the OJI program. We are
planning to start this position on May 1, 1990.

7 Environmental Statement

We do not present an environmentalassessmentof our researchprogram for the
following reasons.

1. We arenot producingany equipmentitem which falls into the categoryof ma
jor equipmentas defined in the "Guidancefor Preparationof Environmental
Assessment."

2. The potential environmentalimpact of our researchprogram derives from the
use of the high energy beams usedin our experiments. The environmental
aspectsof the high energy acceleratorwhich produce thesebeams are pre
sumably covered in the assessmentsprovided by the National Laboratories
that operatethe acceleratorandmanagethe researchprogramwith them.
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