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1.0INTRODUCTION

The 2k x 2k CCDs used for DES, of which there areerous leftover sensors since there was one iadladh
every wafer during production of the 2x4 DES CCidsre packaged in a way that is likely not suitablefuture
experimental applications. The reason for thikissorical; the DES focal plane support plate (FP&RI vacuum
interface boards (VIBs) were designed a year orenh@fore the design of the 2x2 packages was begharefore
it was simply decided that the interface between FRSP and the 2x2 CCDs would be the same asah#tef
larger 2x4 sensors. As a result, the DES 2x2 nesd(drawing 436629) have a footprint roughly twilce size of
the sensor itself.

In the interest of making the remaining sensordlavie for future use in as-yet-unforeseen applicet, a new
package design is being developed that moves alf¢hdout, support, and mounting hardware intostreow
behind the CCD sensor itself. This will allow arggment of sensors into a 4-side-buttable arraynfore flexible
layout configurations.

The new sensor design relies very heavily on tleeessful DES 2x4 production CCD design (drawing58g9.
Design of that module is discussed in Referendisdugh 5. That same design, adapted now for rtedler 2x2
sensor size, is shown in Figures 1 and 2 belowtail3eof the design are discussed in Section 2vibelblew FEA
studies have not been performed to investigaten#we design due to its high level of similarity teveral
generations of existing modules and due to liméedineering resources.

Figure 1. Image of the CCD with AIN readout board & AIN space



Figure2: Image of the completed module with the Invar faed anounting pins in place

This report documents several details of the desighdiscusses the assembly process. Designeat éocal plane
support plate (FPSP) is outside the scope of gmert since the design of such an object woulddpzddent on the
needs of the experiment. However, a suggested EBIBRyout with a form similar to that used foEB is also
shown as a starting point of discussion for anyreipplications.



20 EVALUATION

The drawing numbers for the assemblies and pagtéséed below.

Description Drawing
Module Assembly 480616
CCD Subassembly 480517
2k x 2k CCD 436076
AIN Readout Board 480518
AIN Spacer 480519
Foot 480520
Mounting Pin (5mm) 436576
Mounting Pin (6mm) 436577

Various aspects of the module design are discussébr in the sections below.

21ELEMENTSOF THE MODULE DESIGN

A brief discussion of each of the items in the medsi included below.
CCD - The sensor is unchanged from the previous 2x@uheoversions.
Double-Sticky Tape- Small tape squares will be used in the cornktBeAIN board, as has previously been done

on previous DES 2x4 and 2x2 CCDs as well as orupgftame modules. Some of these squares will tedén
active sensor area but at kept as small as isigahct

AIN Readout Board- The new board layout is very similar to thatdufm the 2x4 DES CCDs except the length of
the board has been compressed for the smaller @D $he width and thickness are identical andnine length
was chosen to preserve the same AIN-to-Si edgardies used on the 2x4 DES modules. The connggterand
RTD placement are also carried over from the DESgte

AIN Spacer- This piece is shorter than the 2x4 DES designtduthe smaller sensor size. In addition, thettwid
reflects the distance across of the narrowest pdirthe 2x4 spacer, where there are cutouts innihebond pad
regions. Wider regions in between bondpad fiel@gseawnot incorporated into the new design sincesibeces
between these fields are so small for the shoetesar.

Invar Foot— The foot design is similar to the DES 2x4 modidsign. Similarities are listed below:
. Material
. Plating
. Foot thickness
. Surface ‘A’ flatness specification
. Mounting pin hole sizes & tolerances (but not |omag)
. Loading rod hole sizes (but not locations)
. Readout board connector cutout geometry
. Serial number engraving to be used as module |Doetm
There are also several differences in the footgmhesis discussed in the following list:
. Shorter length due to smaller sensor size
. Larger width and no beveled edges since wirebopdirés not possible with this new design.
. Mounting pin locations changed since they no lorigén line with the connector body
. Loading rod hole locations changed
. Cutout shown on the left face in Figure 2 abovevigles access to point on AIN spacer for epoxy
application since the foot otherwise totally ovpddhe ceramic.
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Mounting Pins- These pins are identical to the ones used i@tHeDES modules.

Epoxy— The same epoxies used for the DES CCD modulodre used here: Epotek 301-2 for all joints ektiep
connector-to-foot reinforcement, which uses 3M Sleateld 2216.

Weight Estimate- The weights for these components are estimatiedvb

CCD = (32.67 *33.32 * 0.25) * 0.00233 = 0.63 g
Epoxy joint #1 = (30.99 * 29.97 * 0.10) * 0.00099.1 g
AIN readout board = 7.1 g (actual weight of 2x4 btard with Airborn connector & RTD) —
[(61.72-30.99) * 29.97 * 1.016 * 0.00326] = 4.1 g
Epoxy joint #2 = ~0.1¢
AIN spacer = 2.2 g (measured)
Epoxy joint #3 = ~0.1g
Foot = (5769 mrfrom CAD model) * 0.00805 = 46.4 g
5mm Pin = 2.7 g (measured)
6 mm Pin = 4.0 g (measured)
TOTAL = 60.3 g
22 MODULE ASSEMBLY

The basic assembly outline is shown below. Exjstiardware is being used where possible but at $esse new
tooling is being fabricated for each major assensitdyp. It is not yet decided if a detailed, stgpstep procedure
will be written for each part of this assembly mes as the existing DES S3-type 2x4 module paclamiocedure
is largely applicable here as well (DES docdb #10As has been done for previously-constructedsumaper
travelers will be maintained for each CCD modulekéep track of part serial numbers, technician n&ndate,
special comments, etc.

Clean feet, pins, and AIN spacers as they arevedei
Inspect parts
Install pins into feet
Inspect installed pins
Construct AIN readout board subassy (fixture drawB80521)
a. Receive and clean AIN readout board
b. Install conductive foam into Airborn connector twms pins together
c. Use jig to position spacer (with double-stick t@g@ares) onto readout board
d. Apply epoxy and allow to cure
6. CCD installation (fixture drawing 480523)
a. Install double-stick tape squares to undersideldfl Aoard
b. Move CCD from Gelpak case to assembly jig
c. Use jig to position AIN onto Si
d. Transfer assembly to precision-flat vacuum grapiisge
e. Apply epoxy between CCD and AIN readout board
7. Wirebonding (fixture drawing 480526)
a. Transfer CCD to wirebonding carrier plate
b. Use an ESD-safe container to take it to the LatbBding room
c. Wirebond the 40 connections between the AIN boarithe CCD
d. Repackage fixture in the ESD-safe container andmeb Lab C south
8. Foot Gluing (fixture drawing 480530)
a. Replace connector conductive foam with shortingplu
b. Transfer CCD to fixture
c. Use jig to position foot over CCD subassembly
d. Apply epoxy between foot and AIN spacer
9. Module thickness inspection

agrwNE
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10.
11.
12.
13.

Transfer CCD gluing jig top plate with module séttached to the QC4000 CMM
Measure thickness over a course grid

Measure edges relative to mounting features

. Return to workbench

Transfer module to storage box (drawing 480530)

Apply epoxy between electrical connector and foot

Clean contamination from CCD surface as necessary

Deliver completed module for electrical and flagassting

coop

2.3MODULE THERMAL ANALYSIS

No FEA studies were performed in support of thisz 2x2 design. Boundary and operating conditioms fo
unforeseen future applications are by definitioknown.

24 MODULE DEFORMATION AND STRESSANALYSIS

No FEA studies were performed in support of thie/ 122 design. For operation at 173K, page 11 deRace 1
summarizes the expected stress levels calculateghfmus studies performed for related CCD modigsigns. At
this temperature level, stresses and thermallydadudeformations are expected to be similar fos tlew 2x2
module layout as well.



25MODULE INTERFACE WITH THE FOCAL PLANE SUPPORT PLATE (FPSP)

As mentioned above, the mounting plate into whise €CDs mount will be designed to best fit the give
experimental needs. A concept for cell layout Hase a set of conditions similar to those applieaiol DES is
shown in the Figures below. Mounting is assumebdeaimilar to that shown in FNAL drawings 43640#8/¢ut
configuration concept) and 480066 (DES focal plassembly). No cable restraint is shown but ussoofe means
to limit the impact of cable motion on the modudeécommended.

Figure 3: Front (left) and rear (right) views of a sampleSHrcell.
The CCD foot sits on the elevated regions showtheneft view.

Figure 4: Installed CCD with the existing flex cable des&screws/springs
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Figure5: Sample FPSP Views



2.6 MODULE STORAGE BOX

A box similar to the one used for the DES 2x4 meduias been designed for compatibility wit the teagsCCD
module test stands at FNAL'’s Silicon Detector Cente

3.0 CONCLUSIONS

The design of the new 2k x 2k pedestal-style motakebeen presented. Based heavily on the DESIeddsign,
this package is expected to be constructed toaiodess and to perform at levels consistent with Bi&rience for
operation at temperatures near 173K.

Module parts and the necessary assembly toolirmnisrder to assembly as many as 25 of these paxKage
development testing.
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