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PRR Components
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• Ladder Assembly

• Ladder Assembly Fixtures

• Ladder Assembly Procedure

• Prototype Assemblies

• Production Readiness



Ladder Components
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Chips (FVTX)

HDI 
(High Density Interconnect)

CFC Stave 
(M55J)

Stave Endcap
(Carbon PEEK)

Silicon Sensors

Cooling Connect
(304 Stainless Steel)

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



Ladder Assembly Steps at BNL
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1. Parts kitted and S/N’s logged in database.

2. Laser scan CFC stave for flatness.

3. HDI’s aligned and epoxied to CFC stave.

4. Set and epoxy chips to HDI.

5. Chips wire-bonding to HDI.

6. Chips/HDIs testing.

7. Set and epoxy silicon sensors to HDI.

8. Silicon sensor wire-bonding

9. Sensors/Chips/HDIs  testing

10. Encapsulation wirebonding chips to HDI and sensors to chips. 

11. Full ladder tests. INTT Ladder Assembly Station
OGP Laser-Optical Measurement



Technical Overview – Laser OGP Machine 500
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• 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).



Wirebonding/Encapsulation Expertise
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• 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.
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Wire-bonding machines
Automatic Encapsulation machineThermal Recycling Chamber



Ladder Assembly Fixtures
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Base Vacuum 
Fixture

Chip 
Placement 
Tool

Sensor 
Placement 

Tool

Ladder on
Stave Frame
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Technical Overview – HDI Placement
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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
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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 – HDI Placement



Technical Overview – Chip Placement
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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
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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.
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Technical Overview – Chip Placement/Metrology
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9. All chips are installed at the same 
time and the placement fixtures remain 
throughout cure.
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10. Once curing is complete, the fixtures are removed, OGP optical camera/metrology is used to 
verify accurate chips positioning on the HDI/ladder, and the ladder is sent for wire-bonding.



Technical Overview – Sensor Placement
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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
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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
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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. 



BOM and Quotes
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Prototype/Pre-Production Assembly Components
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FVTX Chips

Silicone Sensors

HDI

Carbon Fiber Stave



Procured Assembly Fixtures (cont.)

3/2/2021 sPHENIX - INTT 19



Ladder Assembly Procedure (first two pages)
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Learning Curve/Procedure Developed
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Phase II: Half Ladders Prototypes: 
FNAL Beam Test 2019

Phase I: Half Ladders Prototypes: 
FNAL Beam Test 2018



Assembly Parts Inspection
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Production Team & Assembled Prototypes
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Ladder = 1 CFC Stave + 2 HDIs + 52 Chips + 4 Silicon Sensors 

Phase III: Full Ladders Preproduction



Production Tracking
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Summary
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• Assembly fixtures on hand

• Parts testing procedure

• Inspection procedure

• Production tracking

• Assembly inspection

• Inspection report logs

• Experienced production team

Ready for full scale production.



Back Up
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