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 L3 Manager:  Zoltan Gecse
 Associate Scientist at Fermilab
 International coordinator of Cassettes L2 area
 ~4 years of R&D experience within the HGCAL

 Silicon sensor probing and design for HGCAL
 Construction and operation of the first HGCAL test beam prototype and data 

analysis
 Cassettes design and prototyping, built and tested a thermal and mechanical 

cassette mockup
 ATLAS Transition Radiation Tracker readout firmware upgrade to 100kHz L1 

rate
 Convener of the MET based Supersymmetry Group in ATLAS

Biographical Sketches
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Scope
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 US is responsible for 
assembling the active 
layers of the CE-H and 
shipping to CERN

 Active layers are 
inserted into absorber in 
pairs of 30-degree 
cassettes
 2 endcaps
 22 layers in each endcap
 12 cassettes in each layer
 Total of 528 cassettes
 Additional 22 cassettes 

for test beam purposes

Deliverables for Cassettes 402.4.5
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22 layers of CE-H



 Cassette components
 Cooling plates and cover

 Silicon and scintillator modules
 WBS 402.4.4 and WBS 402.4.6

 Silicon motherboards (separate talk)

 Scintillator motherboards 
 WBS 402.4.6

 Cassette interface and cables

 Cassette tooling and factory
 Frames and carts

 Assembly tooling

 Electrical test stands

 Thermal test stands

 Cassette assembly, testing and shipping

402.4.5 WBS Structure

10/22/19 Zoltan Gecse    HL-LHC CD-1 Review                EC L3 - Cassettes 6

Charge #7



Conceptual Design
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 Cassettes are complete, self-contained detector sub-
assemblies, which are assembled into the HGCAL 
mechanical structure to form the Endcap Calorimeters.

 The cassettes must:
 Combine silicon and scintillator modules and their respective 

motherboards into an integrated detector, ready to be read out.

 Provide a mechanism to maintain the temperature of the active 
detectors (silicon sensors and SiPMs) at a stable temperature 
 -30°C (EC-engr-093)

 Provide interfaces to the services necessary to test and operate 
the detectors (EC-engr-091):
- HV to bias the sensors
- LV to power the on-detector electronics
- Fibers to read out the data and send control signals
- Refrigeration fluid

8

Requirements (1)
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 The cassettes must:
 Provide a robust mechanical structure for the active detectors 

elements that have different CTE
 Conform to the endcap geometry (EC-sci-engr-011, EC-engr-001, 

EC-engr-095), which is set by 
- rmin(z) and rmax(z) (interface with the rest of CMS) 
- defined sampling structure of the calorimeter in z-direction

 Be of minimal thickness to maximize the density of the calorimeter 
(EC-engr-004)

 Be of manageable size and weight to facilitate (EC-engr-009)
- Handling during assembly and testing
- Shipping from cassette assembly site to CERN/CMS
- Handling during insertion into the endcap mechanical structure
 Minimize the complexity of requirements placed on the detector 

elements that are integrated into the cassette.

9

Requirements (2)
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All Silicon Cassette Design
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Cover
Motherboards
Modules
Cooling plate

 Cassette boundaries 
follow whole module 
boundaries when possible

 30-degree cassettes can 
be inserted in pairs

 30-degree cassette have a 
manageable size for 
handling and assembly

WBS 402.4.5.1.1

WBS 402.4.5.1.2

WBS 402.4.4

WBS 402.4.5.1.1

Charge #1
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Cooling Plate
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 Copper cooling plate is the mechanical support for modules and 
keeps them cold with 2-phase CO2 cooling

 Cooling performance verified with simulation and prototypes
 30 different shapes to be designed, but with a large degree of 

similarity

Cooling tube soldered
into a groove with low 
temperature solder

WBS 402.4.5.1.1
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Dynamic Mounting of Silicon Modules
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cassette cover

silicon modules

motherboard

cooling plate

 Modules can have different CTE and 
expand wrt cooling plate

WBS 402.4.5.3.1
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Mixed Silicon-Scintillator Cassettes
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Scintillator/SiPM Tile-Module

WBS 402.4.6
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Height of CE-H cassettes
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 Envelope thicknesses are shown for two types of active elements

 To account for tolerance build-ups an additional 3.7mm is added 
to the gap

Charge #8



 Inspect and test received cooling plate/cover
 Verify outline and flatness / thickness as well as location of holes on 

cooling plate / cover using CMM
 Pressure test and flow test cooling tube

 Inspect and test received modules and motherboards
 Electrical tests: high voltage current, low voltage current, 

communication

 Update database

 Install modules on cooling plate

 Install services: motherboards, cables; quick electrical test

 The nominal throughput of assembly is 2 cassettes / day

 Projecting experience with the mockup cassettes, each 
cassette will require two technicians working full time along 
with a supervisor coordinating the efforts

15

Assembly Procedure
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Future Clean Room Floor Plan in Lab B
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Module and 
motherboard 

inspection 
station

Cassette 
Assembly
station 1

Cassette 
Assembly 
station 2

Electrical 
testing 
station

Repair 
station 1

Repair 
station 2

Crane area

Cleanroom ISO 7, class 10,000

WBS 402.4.5.2.2



17

Cassette Handling Tools
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 Cooling plates are framed to ease handling and keep them straight

 The frames are also used for shipping and storage

 Framed cassettes are wheeled around
on carts

WBS 402.4.5.2.1
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Cold Testing with CO2
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Cassettes slide into custom 
(wider) rack based on 
commercial shelving technology

 Assembled cassettes cold tested for 2 weeks
 Insert cassettes into insulated rack with dry environment
 Connect all services, data connections and CO2 cooling lines
 Thermal cycle several times during testing
 Collect cosmic muon data and confirm proper operation

 2 weeks of testing requires testing 20 cassettes at a time

 2 cold rooms of 22 capacity
are planned to allow 
acceleration

 Qualified CO2 cooling 
plant already exists in 
Lab C 

WBS 402.4.5.2.4
WBS 402.4.5.3.2
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The cassette prototype program proceeds in 3 phases…

 Thermo-electro-mechanical mockup  (CE-H8 and CE-H15mix)
 With blank silicon sensors and heaters for front-end electronics
 International milestone met in Aug 2018

 Prototype series #1 (CE-H1 and CE-H15mix)
 Fully functional prototypes using first complete front-end chip 

HGCROC-V2 and a motherboard with FPGA for the concentrator
 Design work started this spring, milestone to fully test by Aug 2020

 Cooling plate design finished, motherboard design well underway, see 
dedicated talk

 Prototype series #2 (2x CE-H1, 2x CE-H9mix, 2x CE-H15mix)
 Prototype with (near) final front-end HGCROC-V3 and motherboard 

with concentrator ASIC
 Design work to start in 2020, milestone to fully test by Sep 2021

19

Cassette Prototyping Program
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 Study thermal performance of cassette
 Measure temperature distributions of cooling plate and 

silicon sensors, compare to FEA calculations
 Study working points of CO2 system

 Study mechanical properties of the cassette
 Demonstrate mounting scheme of modules including those 

at the edge of cassette
 Study production issues like tolerances, fixtures and ease of 

assembly
 Investigate thermal contraction issues
 Demonstrate cassette cover mounting

 Study electrical properties (limited being a mockup)
 Demonstrate module-to-motherboard and 

motherboard-to-motherboard connections
 Study connection quality and robustness for high 

speed communications

20

Thermo-electro-mechanical mockup 
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 Mockup cassette fabricated and 
assembled

 Cold tested with CO2

 Measured temperature distributions 
on Si sensors with RTDs

 Observed -30C with -35C CO2 
temperature

Mockup Results
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 Real 8” silicon modules and scintillator/SiPM tile-modules.
 Active 8” silicon sensors
 Fully active front-end PCB (“hexaboard”)
 Tile-modules with full array of scintillator tiles and SiPMs
 Front-end electronics based on first fully-functional version of the front-end 

chip “HGCROC-V2”

 Fully functional motherboards
 Function of concentrator will be provided by FPGAs
 Prototype cassette interface 

 Fully realistic cooling plate design –
 Two 30° cassettes to form a 60° “insertion unit”

 Goals:
 Test of all detector elements

to the extent possible with
first round of electronics.

 Design of the cooling
plate is finished

 Sent to collaborators
for fabrication

22

Prototype Series #1
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 8” silicon modules and scintillator/SiPM tile-modules of 
(nearly) final design.
 Front-end electronics based on (nearly) final front-end chip 

“HGCROC-V3”
 Both full and partial modules available

 Motherboards of (nearly) final design
 Concentrator ASIC
 “Final” cassette interface 

 Final cooling plate design

 Include three cassette sizes

 Goals:
 Develop and validate final assembly and testing procedures
 Full validation of final cassette design including performance of 

final module and electronics elements
 Provide feed-back for final iterations of all designs

23

Prototype Series #2
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Schedule and Cost
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Milestones
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 Cassette assembly, testing and 
shipping are sequential steps at 
the end of cassette production 
chain

 They are on the critical path,
by construction

Cassette Dependencies
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Silicon 
modules

Scintillator 
motherboards

Scintillator 
tile-modules

Silicon 
motherboards

Cassette 
Interface and 

cables

Cooling plate 
and cover QC

Cassette 
assembly

Cassette 
testing

Cassette 
shipping

Concentrator
ASIC

Cassettes WBS

HGCROC
ASIC

Charge #3

Si Sensors

Cooling plate 
and cover fab



 Planned throughput of cassette assembly: 2 cassettes/day

 Design assembly factory for a capability of assembling and 
testing 4 cassettes/day
 Allows to keep the subproject end date in case of delayed inputs

 Build two cold rooms

 Convert repair stations to assembly stations

 Design for plenty of storage of partially assembled 
cassettes
 If waiting for a particular part to finish assembly

 Perform plenty of assembly and testing trials during 
prototyping phase to avoid unexpected problems during 
production

Critical Path Mitigation
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Cost Estimate Overview
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Cost Estimate at Level 5
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Fiscal Year Cost Profile
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Risks
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 For each failure take the value of the affected area

 Estimate the time it would take to replace the lost items

 Probabilities are based on prior experience

Charge #3



Risk of Damaging or Losing Cassettes
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Risk of Cassette Assembly Site Failure
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Contributing Institutions and 
Resource Optimization
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 Fermilab: Cooling plate design/prototyping, assembly site 
and tooling
M. Alyari (postdoc), P. Rubinov (eng), S. Timpone (eng), E. 
Voirin (eng), H. Cheung (sci), Z. Gecse (sci), J. Strait (sci)

 Minnesota: Silicon motherboard design/fabrication
M. Revering (student), E. Frahm (eng), J. Mans (prof), R. 
Rusack (prof), N. Strobbe (prof)

 Brown: Cooling tube fabrication
G. Landsberg (prof)

 Alabama: Cassette frame fabrication
C. Henderson (prof)

 Collaboration with LLR/CERN on cassette design
LLR: C. Ochando (sci), T. Pierre-Emile (eng), G. Fayolle (eng), 
M. Roy (tech)
CERN: H. Gerwig (eng), S. Surkov (eng)

 Other institutes may join cassette assembly

Contributing Institutions
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 Cassette Assembly Site
 Fermilab is a natural choice for assembly of large and heavy 

objects given its large lab space, crane coverage, coordinate 
measuring machines and a CO2 cooling system for testing

 Fermilab can also host technicians from universities to 
participate in the assembly

 Cooling plate design and fabrication
 Fermilab has extensive expertise in cryogenics and mechanical 

engineering as well as suitable machine shops
 Alabama and Brown Universities have technicians and 

machine shop to contribute to this area

 Motherboard
 University of Minnesota has engineering expertise of high-

speed PCB technology from CMS Phase-1 uHTR electronics

 Vendors are always considered when cost effective

Resource Optimization
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 All ES&H aspects of the HL LHC CMS Detector Upgrade 
Project will be handled in accordance with the Fermilab 
Integrated Safety Management approach, and the rules and 
procedures laid out in the Fermilab ES&H Manual (FESHM)

 We are following our Integrated Safety Management Plan 
(cms-doc-13395) and have documented our hazards in the 
preliminary Hazard Awareness Report (cms-doc-13394)

 Standard industrial hazards:
 Lifting heavy objects (cooling plates)
 Ergonomics of cassette assembly: e.g. leaning to install modules in 

the middle of a cooling plate, repetitive motions, etc.
 Potentially sharp edges of components

 High voltage
 Cryogenic (-30°) operations
 Possible ODH from CO2 coolant or dry nitrogen.

(Very large leaks would be required to generate an ODH condition.
The CO2 plant at Sidet is fully qualified. )

ES&H
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13395
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13394


 Cooling Plate
 QA: Develop a robust design with as much standard fabrication 

procedures as possible
 QC: Use CMM machines to inspect fabricated parts
 QC: Test cooling tube for flow and leakage

 Motherboard
 QA: Use design techniques that follow industry standards
 QC: Perform extensive testing of PCB and chips before assembly

 Cassette Assembly
 QA: Develop robust assembly procedures with several tests at 

intermediate stages
 QA: Maintain a construction database to track quality of parts
 QC: Perform long-term electrical and thermal test of cassettes 

before shipping to CERN

 Conform to cms-doc-13093

Quality Assurance and Quality Control
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 The Cassettes area has a well defined scope and clear 
deliverables

 A conceptual design fulfilling the requirements have been 
developed

 Good progress is being made towards a preliminary design
 An R&D program with 3 phases has been planned with well defined 

questions to answer

 A resource loaded schedule has been defined
 Cost estimates are documented in BoEs
 The schedule and dependencies are established and understood
 Risk have been identified and are being managed

 Contributing institutions have been identified and optimized 
based on capabilities

 ES&H and QA/QC aspects are being closely tracked

Summary
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