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ATLAS IBL Pixel Module Assembly

Abstract

This document describes the ATLAS pixel module and the assembly process. It has been
prepared for the Module Assembly Final Design Review and updated for the Production

Readiness Review.
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1. Introduction

The IBL detector will be constituted by 14 staves, arranged in a cylinder around the bean
pipe and providing support and cooling to the detector modules. The IBL has recentty|chose
asecal |l ed # mi agpaachs byeurirey rbotlo glanar and 3D sensor technologies

The mixed sensor scenario stave layout is shiowhigure The 3D sensrs populate the 2
extremities.The area covered with planar aBD sensors is, respectivel§5% (equivalent tQ
24 FEI4 chipsper stavg and 286 (equivalent tod+4 FE-14 chipsper stavg The modules
have a fixed gap of 205 pm.
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Fig.1 Modules on the stave.
2. Module Components

Modules are constitute by a sensor mated via bbomaling to readoutdntend chip(s). This
assembly is in the following refer to| as
hybrid, t h e, Réf.fhjpisl glueceto grdvidextiie connection between the readout
electronics and the external services. The folloveagtiondriefly describes the bare module

and the flex module.

JJ

2.1.Bare Module (SC and DC)

Two types of modules will be installed in the IBL: doubl@p planarmodules(DC) and
singlechip 3D modules (SC). Therefore a planar tile will be mated to 2 Eiiptwhile a 3D
tile mates one FEI4 chip. They are geometrically compatiblehasphysical size of twp
singlechip 3D sensor assembliesthe same width assingle planar twechip module.The
planar and 3Dnodulesdiffer slightly in sensorthicknessfrom 200 pmto 230 um; and infr
wherethe 3D modules are/00 pmwider for HV connection The 3D uses a single sided
design(slim edge)havingthe high voltage connection being made on the same side as the
bumpbonding. The differences infr between the twsensortechnologis are compatible
with the overall IBL envelopedn the bottom tablare listed the geometric parameters for|the
sensors used in the IBL mixed scenario.

Structure Planar 3D

Gap b/w modules 205 um 205 pm
Sensor thickness 200 pum 230 pm
Module width (along z) 41 315 pm 20 450 pm
Btas-tab-/-gtarding-extension{infr) 630-pm 1-230-pm
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2.2.Module Flex (SC and DC}ee Ref. [1]

The module flex is glued on the back of the sensor and routes signals and power lin
the typeO cablesstave flex) to the FrorEnds and provides HV to the sensor itself. Tyg

es frot
e0

cables are located longitudinally on the back of the stave and they have thin transvers:
oOwingsd6, one per FE, that are the connect|

Two typesof module flex are built to be compatible with the SC and the DC bare mpdules

see Figure. Both types have an extension that is used to connect the module with the
tests during the module qualification tests. Also a thick frame around the mtzdudidws
easier handling of the module during assembly, testing, shipping and storage. The

flex will be singled out from the frame atitke temporary extensioout just before the loading

on the stave.

The DC module flex from the layout and sclaim point of viewis basically a pair of SC fle
but it is preferred to have a unigue flex instead of two. Although there will be two ro
pads for the final connection to the flex wings, the temporary connection is unique
single connector forhie two chipsin this way, the same adapter, see Appendix A, ca
used to test SC or DC modules.
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3. Module Assembly

3.1Introduction, requirements

The flex module is glued on the sensor backside witlsoregble but not extreme
precision meaning that it is necessary to visually access the sensor alignment marks ar
to be able to wirebond both to the front end and to the flex wings. Order <f0000m
precision is therefore a reasonable precision reqoinetie flex nominal position.
Other mechanical requirements, besides the positioning wrt to the sensor, are th
envelope, in particular the HV capacitance and potting are critical, the tolerapce to
radiation that drives the choice of the material andgglkso, the region where the flex
stave wing will be glued needs to be glued to the sensor, see Figures below by UniGe.
Also the wirebondings needs to be strong enough. Apart checking with a pull test, desigr
has to be optimized (see Ref.[1]), gluing kabe properly done and pads surface need to
be clean.

Glue

Br.emee i e F Glue

?|=| T

Vue de face

i . Vue de face
Echelle : 2:1 Echelle : 2:1

Figure: requirements for glue deposition under the wings

D

In general theassemblyprocedure consists of: cleaning the flgisual inspection of th
bare module and IV scan (if planar), visuaspection and electrical test of the module
flex, weighting parts (bare module and fleg)igning the flex to the module, depasit
glue, gluing and curing. Bonn and Gendals havevery similar assembly qocedure
but mechanical toolkave beerautononously developedTheefore in the following thg
two procedures are described separaisly when different.

AY”4

During assemblymer ati ons and measur e menRe. [2hane t
which also comments on the tests are tracked, as veelinél signoff before shipping tc
the loading site. When the modules are shipped, the traveller is scanned and|the fil
stored on the raw data server t{bb-ww-sstraveler,t=D,F,C indicates planar, FBD or
CNM, bbis the batchww s the waferssis the tile id on the wafer)

A4

3.2. Parts preparation

3.2.1.Bare module
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- Before assembly the bare module is carefully inspected, looking in particul
scratches on both sides. Alignment marks are checked as their integrity is cru
further assembly steps. téyrity of all edges and corners is also checked: we

ar for
cial for
have

observed in the preproduction that FE corners can be easily damaged in the variqus ste|

of module flipchipping and delivery.

- An IV curve is done at this stage for the DC modules, comparingoiteege breakdow
with the values reported by wafer probing.

- Finally the bare module is weighted and value is stored on the traveler.

3.2.2.Module Flex

- The module flex is electrically tested. We have several steps of QA in Genova an

-

d in the

productiondirms, see Ref. [1], however before loading a quick electrical test is repeated

in both labs. It consists in:

1. Visually check SMD soldering, pads and lines integrity.

Check continuity between the bridge and the connector

Check at the bridge the DI/Ck resiate

Check continuity between the bridge and the DOn/p FE pads

Check the HYV filters resistance and continuity between the bonding ring and the connector
Check all SMD resistances

o0k wN

- Then he module flex is cleanedeepicture following this procedure (@eady used fo
FEI3 module production):

Clean flex in Vigon A 200(in Ultrasonic bath)

Rinse with warm water

Rinse with distilled wateK(in Ultrasonic bath)

put in clean waterand measuringhe conductivityin the bath >0,5uS is good

Dry at 50- 70°C, 15 min

Clean in plasma @n (Bonn onlysee picturenew,not apgied at FEI3 Module productign

S e o

After cleaning a visual inspection is redone.

-
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3.3Module flex duing procedure
3.3.1.Bonn

Once tested and cleaned the flex modslgositioned (1.) orthe assembly tool and
aligned to alignment marks on the tool itself (2.). It is then removed with a special jig (3.)
that keeps the flex module in a fixed position with respect to the assembly tool. The jig
stands the module flex so that the bottom s&den the top and accessible. At this stage
the glue is applied (daand zoonx a double tape strip of PPl RB77F is attached under
the frort-end wirebonding pads, while dotseggoxy UHU EF 30@re depositednderthe
temporary bonding pads, around to ti#/ ring and close to the tape to better ensure
attachment (see zoomn the meanwhile the module is positioned and aligned on the
module assembly tool ®.). The module flex is then put back in its original controlled
position and overlapped to the mubel (7). The critical region to be glugdonding pads )
are covered with a weigli20 gr per chip at bridge area, 100/150 gr on the FE area per
SC/DC respectively, estimated ~half on the FE surface, see pichddgfa for curing
time (8).
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1. Flex positioning

4. Apply of the glue

2. Flex alignment using
the marks on the tool

5. Module positioning

6. Module alignment using

3. Flex pull back the marks on the tool

Small dots

7. Put back Flex on the
module Flex and
check position

8. FE bonding and bridge
bonding area fixed with
weight




ATLAS Project DocuméiNo: Page:8 of 19

ATU-SYS-AN-0001 Rev. No.1

3.3.2.Genova

Similar procedure has been finalized in Genoves for the Bonn procedure, only D

tools are shown. Tools devoted to the SC assembly are very sandaawailable, see

more pictures ing].

Thebaremodule is posioned onthe assemblytool plane (1):te jig holding the module
has the possibility to be moved in z (the vertical axds)e alignment on the horizontal

plane is obtained via mechanical steps. The flex module is then put on the top of {
module using alignment pins that fit in the frame .(2) any residual misalignment
there, the bare module adignedunder microscope. Thethe bare module ikept in
position via vacuum.The module flex is removed, its bondingads aregently cleaned
using afibreglass penThen it is turn so to have its bottom accessiblee same glu
deposition pattern as Bonn is used, tape under the FE pads, liquid gluésentseee
The tape is Arcladused in the Atlas Pixel Endcap modules, and glue is Araldit#&. 20>

D

C

he bar
S

deposit gluea special jig shaped to deal with the SMD components envelope @ put

top of the module pigta(l8) so that the bottom surface is flathen the module fleis put

back on the assembly jig. Alignment is checked once more and wheea tke module is

brought in contact with the flex using theazes movemen#). Finaly the SMD-shaped
metallic mask (actually it is in plexiglass) put on top of the flex5) and a weighbf ~
200gr per FHs left on top during the curing tin{é).
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4. Module Wirebonding

Once the module is assembled, wirebondings are done to the FE(s), the HV sensor pad, to t
temporary bridge on the extension.
Both Bonn and Genova use for all the Al bondings5anth wire diameter and same
wirebondirg schemaA pictorial document on FHElex wirebondings is available, Ref. [4].

4.1. FE-flex

Wirebonding are done from the flex (source) to the FE (destination).
Bonding schem& added in the appendix (with Gadc_Vref p pad 43 bonded to cap [C17).

The wirebomling sequence needs to Isfallows to prevent ESD discharges and possible
damages to the FE regulators.

- BondVrefOutDig_P, BgVrefdg_P: 21, 115

- Bond first Reg2 gnd and Vin (B5, B3) and then Regl gnd and Vin (119, 121)
- Then bond the rest of the cHiyy INCREASING PAD NUMBERS

- Bond last Vrefl (117)

Notes(see figures below)

1) TheChip ID bits(63,64,65)are all wirebondedso GA is initially7 for theDC
and SC moduleOneGA bonding isthen puledon FE1 of DCsoto set GA to
716 for the DCFE 0/1 respctively. The GA addres®n SC will be assigned and
relative wirebonding will be removed once the position of the stave will be
known at the loading site.

2) IRefTune bits (122225) are all wirebonded so to set IrefTune to 1000 as
IRefTune_3 is wirebonded t¢CC and the others to GND. As IRefTune_3 has
an internal pull down, all the other an internal pull up by removing| the
wirebondings all IRefTune values may be set.

3) All the pads have one wirebond except Digital regulator input/owpdtGnd
(119120/121)and analog input/output (B3,B85) where 2/3 wirebondingare
done.

4) Additional 7 bondings are done on each & unused FE pad#) be pulled tg
qualify the wirebonding qualitiogether with the GA and Iref pads
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Bond all 3 GA pads
and then pull 0/1 to get the GA setto 7/6

L

Chipld<0> Chipld<2>

Figure: details of chip GA bondings
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All
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to 1000.

All floating
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125
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MSB, Ireftune 3, is internally pulled low and rest are internally pulled high.

Figure: details ofthip IREFbondings
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Figure: details ofchip regulatorsbondings
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4.2.Test bondingon the bridge

The test or bridgsvire bondings(see fig. 3) are done to allow the test via the tempg

extension and connector. A large pad isaledt to pull test wirebondings.

These wirebonding will be removed at the stave loading site, just before the 1

gluing on the stave.

s

o
o
-]

()
PULLTEST HE _JE.

—

Fig.3 detail of the test bonding pads where temporary bondings to the connector are don

4.3.HV bondings

Multiple HV bondings are done from the metal ring to the se(@@/SC) and to the

rary

nodule

bottom corner pad to the seng&C only) Notice that in the DC modules redundancy is

assured by two bonding rings, one for each FE. To avoid possible envelope iss
have decidd not to use in DC thextra sensor squared pads in the back of the senso

ues, w
[S.
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SHINT MODE
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4.4.Pull test in Bonn and Genova

The main quality control tool at odisposal is destructive pull tests of representative wire

bond sampled-or this scope, extra bondingeaone and then pull.
In the picture the pullester in Genova. In the bottom pictures some examples for

qualification in Genova and Bonn.
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Fig.4 Pull test in Genova lab and pulls resultsinGenova/Bonn.
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5. Handling tools for test, shipping, storaye

5.1 General requirements

Tools to handle the modules during the test have been developed in both labs.
In the following a picture of the Genova plate used during tests and wireboathgne for
the storage

Besidesplates for handling and t&sg, Bonn will also produced several plates for modt
shipping and storage that are shown in sketches and in the figur@ rubber thicknes

prevents the module to move in the vertical direction.

iles

5




