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PRR Components sp%@

* Ladder Assembly

* Ladder Assembly Fixtures
* Ladder Assembly Procedure
* Prototype Assemblies

* Production Readiness
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Ladder Components spHE(lix

Ladder = 1 CFC Stave + 2 HDIs + 52 Chips + 4 Silicon Sensors
—— = S

—— 7

sy @ Chips (FVTX)
—

B —

e

—

h Silicon Sensors

t

CFC Stave HDI Stave Endcap

(M55)) (High Density Interconnect) (Carbon PEEK) Cooling Connect
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8.
9.
10. Encapsulation wirebonding chips to HDI and sensors to chips.

11. Full ladder tests. INTT Ladder Assembly Station

. Parts kitted and S/N’s logged in database.

. HDI’s aligned and epoxied to CFC stave.
. Set and epoxy chips to HDI.

. Chips wire-bonding to HDI.

. Chips/HDIs testing.

. Set and epoxy silicon sensors to HDI.

]

Ladder Assembly Steps at BNL sPHEQ

Inspection B HDI Epoxy Em) Chips Epoxy B Chips Wire-Bond
]

Chip/HDI Test ﬂ Sensor Epoxy ‘ Sensor Wire-Bond ﬂ Full Assembly Test

. Laser scan CFC stave for flatness.

Silicon sensor wire-bonding

Sensors/Chips/HDIs testing

(‘

OGP Laser-Optical Measurement 4



Technical Overview — Laser OGP Machine 500 SF’HE@

* With a wingspan of 31.5 inches, the
staves require a large measurement
system to survey the flatness
throughout assembly.

 BNL's on-hand OGP Smartscope Flash
500 is the perfect tool for the job.

— Large travel bridge with a support span of
33.125 inches.

— Measurement platen can accommodate
multiple assembly fixtures at once.

— Top-down laser optical measurement
system with potential Z accuracy of
2 microns (calibrated by company every 6
months).
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Wirebonding/Encapsulation Expertise

* The BNL group has experience in assembling silicon
ladders/barrels (VTX/FVTX silicon trackers)

* Experienced wirebonding, bump bonding, encapsulation and
debugging services are available on site.

— Multiple rounds of wirebonding is required at different
stages of the stave assembly.

— Following the final test, encapsulation is completed by the
wirebonding group.

Users familiar with OGP measurement systems are available
for metrology throughout the assembly process.




Ladder Assembly Fixtures sPHE(ix
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Technical Overview — HDI Placement s PHEIX

4 : A ¢

1. CFC stave is installed on the base fixture, and
scanned by the OGP for flatness.

2. Glue mask is applied to prevent overspill
of epoxy during and after application.
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Technical Overview — HDI Placement Laser Scan=r+egix

QVI MeasureFit Report e ey

BROOKHAVEN NATIONAL LAB
Name INTT-CFStave-Flatness.mfp, INTT- Date of Inspection: March 9, 2020

205-310-0100-01 | 0011
205-310-0100-01 | 0013
205-310-0100-01 | 0014
205-310-0100-01 | 0016
205-310-0100-01 | 0017
205-310-0100-01 | 0019
205-310-0100-01 [ 0020
205-310-0100-01 | 0022
205-310-0100-01 | 0023
205-310-0100-01 | 0025
205-310-0100-01 | 0026
205-310-0100-01 | 0028
205-310-0100-01 | 0029
205-310-0100-01 | 0031
205-310-0100-01 | 0032

Dim | Dimension Label [ Wominal [ USL | LSL || Actual | Deviation ]| Status
1 |Flatness | 0.0000 | 0.0800 I 02144 D214l + 0123
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Technical Overview — HDI Placement sPHERIX

3. Glue mask is removed and both HDIs are installed
on the stave, located by 2mm pins.

4. Glue weight is applied to the top surface
of the HDIs and remains throughout curing.
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Technical Overview — Chip Placement =P H

5. Chips are placed in the base pockets
of the base fixture.

6. The pickup tools interface with the
base fixture so that the chips are
accurately picked and placed on the
HDIs.
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Technical Overview — Chip Placement

7. Chip glue mask is installed for
precision epoxy application.

8. Glue mask is removed and chip
installation tool is used to accurately - | .
place the chips. Cg | ] -

@
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Technical Overview — Chip Placement/Metrology =F+=

9. All chips are installed at the same
time and the placement fixtures remain
throughout cure.
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Technical Overview — Sensor Placement sPHEQIX

11. Sensors are placed in the base
pockets of the base fixture.

12. The pickup tools interface with the
base fixture so that the sensors are
accurately picked and placed on the
HDIs.
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Technical Overview — Sensor Placement/Metrology ===

13. In the same manner as the
chips, the silicon sensors are placed
with a vacuum fixture.

14. The micrometer dials are
adjusted to properly position the
sensor on the epoxy.

15. OGP optical camera/metrology
is used to verify accurate sensor
positioning on the HDI/ladder.

16. Once cured, the assembly is
sent for additional wire-bonding.
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Sensors Placement and Wirebonding Encapsulation SF’HE@

Video: OGP optical camera/metrology is
used to verify accurate sensor positioning on
the HDI/ladder.

Video: Encapsulation wirebonding
chips to HDI and sensors to chips.
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BOM and Quotes SPHE
Ladder Base Fixture 100% 100% 1|MIC 6 Aluminum Delivered
Stave Frame 100% 100% 1|Aluminum 6061-T6 Delivered
HDI Glue Mask 100% 100% 1|5tainless Steel Delivered
HDI Glue Weight 100% 100% 1|Brass + Kapton Film Delivered

HDI Glue Weight Adapter 100% 100% 1|Aluminum 6061-T6 Delivered
Chip Glue Mask 100% 100% 2 |Stainless Steel Delivered
Chip/Sensor Placement Base Assembly 100% 100% 1|Aluminum 6061-T6 + Plexiglass Assembly |Delivered

Chip/Sensor Base Acrylic 100% 100% 1| Acrylic Delivered

Chip/Sensor Base Aluminum 100% 100% 1|MIC 6 Aluminum Delivered
Chip/Sensor Base Mount 100% 100% 1|Aluminum 6061-T6 Delivered
Chip Pickup Tool Assembly - 10 100% 100% 2 | Plexiglass Delivered

Chip Pickup Tool - 10 100% 100% 2 |Plexiglass Delivered
Chip Pickup Tool Assembly - 16 100% 100% 2 |Plexiglass Delivered

Chip Pickup Tool - 16 100% 100% 2 | Plexiglass Delivered
Sensor Glue Mask 100% 100% 2 [Stainless Steel Delivered
Sensor Pickup Tool - 10 100% 100% 2 |Aluminum 6061-T6 + Plexiglass Assembly |Delivered

Sensor Pickup Tool - Acrylic 10 100% 100% 2 | Acrylic Delivered
Sensor Pickup Tool - 16 100% 100% 2 |Aluminum 6061-T6 + Plexiglass Assembly |Delivered

Sensor Pickup Tool - Acrylic 16 100% 100% 2| Acrylic Delivered

Sensor Pickup Tool - Body 100% 100% 4| Aluminum 6061-T6 Delivered

Sensor Pickup Tool - Linear Drive 100% 100% 4|Delrin Delivered

Sensor Pickup Tool - Flange 100% 100% 4|Delrin Delivered

Sensor Pickup Tool - Plate 100% 100% 4| Aluminum 6061-T6 Delivered

Sensor Pickup Tool - Rotary Pin 100% 100% 414140 Alloy Steel - 97360A340 Delivered

Sensor Pickup Tool - Push Blocks 100% 100% 16|Teflon PTFE Delivered

Sensor Pickup Tool - Insert 100% 100% 4|5tainless Steel Delivered

Sensor Pickup Tool - Sheet 100% 100% 8|Stainless Steel Delivered
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Prototype/Pre-Production Assembly Components

FVTX Chips sl
| @ Silicone Sensors

HDI

Carbon Fiber Stave
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Ladder Assembly Procedure (first two pages) =F+¢

Draft INTT Ladder Assembly Steps (ver. 12/16/2020)

A. Carbon Fiber Flatness Inspection Steps

1. Remove all fixtures from the OGP platen, except for the Base Fixtures and the Pickup
Base Fixture

2. Clean all debris from the QGP platen and base fixtures.

3. Power on the OGP system and open MeasureMind 3D Multisensor

a.  Go through the OGP initialization process.
b. File->Open: CANTT'Prod Routines\INTT-CF-Flatness. RTN
c. Navigate to System - > Configuration -> Safe Zones and enable Safe Zones 1
and 2.
4. Open MeasureFit
5. Open SmartReport
a. File-=Open: C:\Prolink\QC-CALC 3.2\Data\INTT-CFStave-Flatness.mip,
INTT-CF-Flatness_Report.Qcc
b This file should already be open upon SmartReport startup. Check the top border
to verify this.

5. Place Carbon Fiber Stave on Base Fixture (fop fixture meaning lecated towards the wall)
and remove the lower lefi (towards you), and lower right (lowards you). pins to expose
the small thru-holes in the fixture. (Pins closest to the operator when standing in front of
the OGP machine)

7. Engage the vacuum pump.

8. Run the routine on the OGR.

a. When prompted, save the output as CANTT'\Prod DatalINT T-CF-Flatness. DAT

b.  After the OGP routine is completed, go to CANTT\Prod Datal and save a time
stamped copy of the DAT file in the Archive subfolder. (MeasureFit will delete the
original when it generates the report).

9. In MeasureFit, play the INTT CF Flatness Inspection under the Macros tab.

10. Once the report file is generated, save the file under C:ANTT\Prod Reportst

a. Save the file with the following timestamp format:
INTT_SNXXXX_205-310-0100-XX_Report.pdf
&
INTT_SNXC0K_205-310-0100-XX_VAC_Report.pdf
11. Repeat these steps. Once with the Vacuum on and once with the vacuum off.

B. High Density Interconnect (HDI) Gluing Steps

1. Install the Carbon Fiber Stave on the Base Fixture (mounted to the OGP platen
located towards the wall) in the same fashion as [Section A | Step 6]

2. Verify that all 2mm locating pins are installed in the Base Fixture and are
captured by the Carbon Fiber Stave.
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3. Place the HDI Glue Mask on the Carbon Fiber Stave by engaging the 2mm
locating pins on the Base Fixture.

4. Mix epoxy on the lab bench.

5. Apply a thick bead of epoxy (3M Epoxy Adhesive TC2810, 50 mL, /1.75 floz)
along the center of the HDI Carbon Fiber Stave from left-to-right, within the area
of the HDI Glue Mask using the pressure syringe.

6. Using an epoxy knife, spread the epoxy around the exposed Carbon Fiber Stave
so that the epoxy I1s as thick as the HDI Glue Mask and does not run underneath
the glue mask.

7. Remove the HDI Glue Mask by removing all 2mm locating pins and then peeling
the glue mask from the left-maost side to the night-most side

8. With the HDI Glue Mask removed, re-install the eight 2mm locating pins. There
should be no epoxy touching the pins.

9. Install the first HDI on the left side of the Carbon Fiber Stave by sliding the HDI
down the locating pins (similarly to the glue mask)

10. Repeat step 9 for the second HDI to be installed on the right side of the Carbon
Fiber Stave.

11. Gently place the HDI Glue Weight by installing it to the outer 8mm pins on the
base fixture.

12. Let cure for overnight.

Chip Gluing Steps

1. Install 52 chips into the chip pockets on the Chip-Sensor Assembly Fixture so
that the bonding surfaces of the chips are facing upward

2. Place the four Chip Pickup Tools on the fixture base so that they are mounted in
their marked positions, engage the 8 mm pins (the four big pins), and make
contact with the chips.

3. Be sure that all valves are closed

4. Install the Carbon Fiber Stave on the Base Fixture (mounted to the OGP platen)
in the same fashion as [Section A | Step 6].

5. Werify that all 2 mm locating pins are installed in the Base Fixture and are
captured by the Carbon Fiber Stave.

6. Place one Chip Glue Mask ( 50 um thick) on the left side of the Carbon Fiber
Stave by engaging the 2 mm locating pins on the Base Fixture.

7. Mix epoxy on the bench table

8. Apply small beads of epoxy (silver epoxy Loctite Ablestik 12902 BIPAX) on each
slot in the Chip Glue Mask for the chip positions

20



Learning Curve/Procedure Developed SPHE@

Phase I: Half Ladders Prototypes: Phase II: Half Ladders Prototypes:
FNAL Beam Test 2018 FNAL Beam Test 2019

e i

B (NTT PROTOTYPE MODULE # 3

3/2/2021 SPHENIX - INTT 21



Parts In

SPHE

Assembly

3/2/2021

i

a

Barrel 2

Lot # -01 Layer 1

|Bam|z

spection

Fair | Class3 biso<x<ozo0

G

Lot# 02 Layer 2 Mo Vacuum
Count Namis L1 | nName
1 | 205310010002 | 0011 Batch 1 SA | 12182020 SARP
2 | 205-310-0100-02 | 0012 Batch 1 SA | =T SA
3 | 205310010002 | 0014 | Batch1 SA | 16021 sA
4 205-310-0100-02 | 0015 Batch 1 SA | DETROT SA
5 | 205-310010002 | 0017 | Batch1 RN | oimrzo21 [ o674 | A
6 | 205-310-010002 | 0020 Batch 1 SA | 12772021 SA
7 205-310-0100-02 | 0021 Batch 1 SA 242021 SA
B | 205310010002 | 0023 Batch 1 RN | 12121/2020 SA
o | 205-310-010002 | 0024 Batch 1 1712021 SARP
10 | 205-310-010002 | 0026 Batch 1 122021 | 0aee8 | SA
1| 205-310-0100-02 | 0027 Batch 1 11172021 SARP
12 | 205-310010002 | 0029 Batch 1 11172021 SA
13 | 205-310-0100-02 | 0030 Batch 1 172021 s
14 | 205310010002 | 0032 Batch1 | 2 | SA | 1zezo2 sA
18 | 205-310-010002 | 0033 Batch 1 SA
16 | 205-310-0100-02 | 0035 Batch 1 SA
47 | 205-310-010002 | 0036 | Batent sA
18 | 205-310-010002 | 0037 Batch 1 SA
19 | 205-310-010002 | 0038 Batch 1 SASA
20 | 205310010002 | 0041 Batch 1 84 SA
21 | 208-310-010002 | 0042 Batch 1 SA SA
22 | 205-310-0100-02 | 0044 Batch 1 SA
23 | 205310-010002 | 0045 Batch 1 SASA
24 | 208-310-010002 | 0047 Batch 1 SA |
25 | 208-310-010002 | 0048 Batch 1
20 | 205-310-010002 | 0050 Batch 1
a1 | 208310010002 | o031 | matcn1 | r2avanan.
28 | 208-310-0100.02 | 0053 Batch 1 1126/2021
F1
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Phase lll: Full Ladders Preproduction

Ladder = 1 CFC Stave + 2 HDIs + 52 Chips + 4 Silicon Sensors

Dan Cacace

4

{ ! P =
\ Y L4
Donald Pinelli Antonio Verderosa Robert Pisani § .. Rachid Nouicer
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Production Trackin

SPHE

X

Bamel 1 ||ProsECT TITLE NTT

Deputy: Robert Pisani

Instinstion: Broakhaven National Lab

Institution: Broakhaven National Lab

2 Deputy: Robert Pisani

NEW Ladder | Barrel il Ladder
Build
Humber Type class = : = = START DATE - -
Initiale ot Waifer ot # Waifer Type B Waifer Tyaz & Initials [ Waifer Lot2 Type A Typem STARTDATE | Mame | Banding e Waife
Count Sl 2005) Big (16) ) Smll 2025 it | Metes Smal
. 205-300-0100-0 10H:1402586 WEBTS2-09F2 S04 |  IDH:1402586 2
1 PPB1_LT 1 BNL 10762020 SN 0008 RP & RN #003 26148 WEBTS2-U0RR £8 [ aasass RPERN 004 ELEH 213 batch-D45L AAL3SE 11/2/2020  |DON&ANthomy rone
. 205-300-0100-01 WEE752-053% 10H:1402586 By idh1 402586 p Si4a28
2 PPB2_L2 2 BHL 10A2/2020 fgiviins RN&RP 005 36148 batchO40EAABESS R &RN £006 a36148 WeLTS2-D5ad £20 | o S s 2020 |DON&Anthoay 1/4/2021 RR/RN
- 205-300-0100-02 WEB752-05A4 10H:1402586 WEEFSZ-05a4 13 | IDH:1402586 p 14625
3 PPB2_L3 2 BNL 10/21/2020 SN 0007 RN&RP #007 226148 12 batch-040EAABESS RH&RP #008 236148 e, batchDAOEAARESS 2020 DONEAntheny Vax2d
, 205-310-0100-0 WE752-05A4 101402586 WEBTS2-0SA4 714 | IDH:1402586 ; o 14825
4 PPB2_L4 2 BNL 10/24/2020 Pelepviey RN & RP 2008 SIE148 ey batch DASLARZESE RH & RP %010 336148 817 n-u13) atch D20EAASESS Ui-ut3+ Replaced | 11/08/2020 |DON&Anthony 11117201
, 205-310-010002 WibE752-05A4 101202586 ; 1DH:1402585 Z resiziors broken . o 514625
5 PPB2_L5 2 BNL 10/29/2020 N 0003 RN&RP #011 936148 $12 215482 batch-D40EAABRSS RN&RP #012 936128 WEBTS2-0SAL 1S || o or i gass U 11/11/2020 | DOMEAnthomy 12/9/2020 Vaxind
‘ore resistar 100
B} 205-510-0100-02 WEB752-05A4 10H:1402586 WEB7S2-05A4 #24 | IDH:1402586 - 514629
6 PPB2_L6 2 BNL 117472020 0002 RN & RP #013 ¥36148 6 batch 040 AAD4EE RM & RP #014 36148 518 220 £19 batch D45L AADARE WTE;T;:J:G-N 11/12/2020 | DONEAnthomy 120772020 Vax20d
. 205-510-0100-01 WEB752-05A4 10H:1402586 WEB7S2-05A4 18 | IDH:1402586 i rar S14629-
7 PPB1_L7 1 BNL 11/08/2020 N 091 RN&RP #0185 226148 = batch-040EAABESS RH&RP #016 236148 P batch-D40EAABESS 11/16/2020 | DONEAnthomy 120412020 ralm Vax2nd
I
South Chipa/HDI Status. North Chips/HDI Status.
ot | s T P P P g 7 = ) ) e Y o
Daya i 1tos
New Nane u Mams | Oueue Laader
Hrnbs e
1| PPEILE B R i W02 08 62 i & -
=nma-
: | el il R 164502 -
s e
i e SRl s 1012 02 Mo | s -
=nma- ey
4 | PPE2LS BHL 164102 it | WEEZEEI WU
mnmar. .
§ PPEZLS BHL 1508, 0.2 - (2N L0
214 s
& | PPE2LG BHL o 180z | (ROANE LY
PPE 211 ey
! hiad o rnseme iore g,z | e -
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h
Summary SP“E@

Assembly fixtures on hand J

* Parts testing procedure J

* Inspection procedureJ

* Production tracking“

* Assembly inspectionJ

* Inspection report logs J

* Experienced production teamJ

Ready for full scale production.
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Back Up
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