ANNEX 1
Technical specifications for spine manufacturing 

1. Participating Institutions

1.1. Leading Institution

	Short reference:
	IHEP

	Full name:
	STATE RESEARCH CENTER OF RUSSIA-INSTITUTE FOR HIGH ENERGY  PHYSICS (IHEP)

	Street address:
	1, Pobeda 

	City:
	PROTVINO
	Region:
	Moscow

	ZIP:
	142281
	Country:
	Russia

	Name of Signature Authority:
	Tyurin Nikolai  E.

	Title:
	Doctor of science
	Position:
	Deputy Director

	Tel.:
	(0967)- 713442 zip from Moscow –(27)
	Fax:
	(0967)-742824

	E-mail:
	 tyurin@mx.ihep.su

	Governmental Agency:
	Ministry of Atomic Energy of the Russian Federation


1.2. Participating Institution
	Short reference:
	NIITAP

	Full name:
	Scientific Research Institute of Technology and Automation for Industry NIITAP

	Street address:
	1st May,1

	City:
	Zelenograd
	Region:
	Moscow

	ZIP:
	103681
	Country:
	Russia

	Name of Signature Authority:
	Khokhlov Michail V.

	Title:
	Candidate of science
	Position:
	Director

	Tel.:
	095 5330404
	Fax:
	095-5330404

	E-mail:
	

	Governmental Agency:
	RUSSIAN CONTROL SYSTEMS AGENCY

	Sub-manager:
	Pilavova Larisa V.

	Title:
	Candidate of science
	Position:
	Chief of department

	Tel.:
	095 5330844
	Fax:
	095-5330404

	E-mail:
	larisa@ccs.ru


2. Participant Location and Equipment

	Institution
	Location, Facilities and Equipment

	IHEP
	IHEP, bld VP-1, r 315,307,308,304,305

1. Facilities for the measurement of the thermal and mechanical properties of the spine components

2. Equipment for input quality control of the spine components

3. Special jigs for the spine assembly
4. Equipment for quality control of the produced spines and control of the spine production database

	NIITAP
	 NIITAP, bld “ANGSTREM” “A” r.102, NIITM r.321-322 

        1. Equipment for laser cutting of AlN and Al2 O3
        2. Equipment for laser cutting of TPG

        3. Facilities for grinding of TPG

        4. Installation of facilities for grinding

 5.Equipment for metallization

 6.Facilities for coating of TPG with  Parylene

 7.Equipment for opening windows in the Parylene coating

 8.Facilities for production of masks and stencils




3. Manufacturing Details

3.1. Overview of spine design
The spine is the central element of the ATLAS SCT Endcap module, sandwiched between the module’s silicon detectors on each of its sides, with the module’s hybrid attached to its near-end. A photograph of a spine is shown in figure 1. To minimize the overall material within a module the spine must have the lowest possible mass, be mechanically rigid, consist of material with low Z,  (be radiation transparent), and provide the interface for the module cooling contacts.
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Fig.1. The spine, which provides the thermo-mechanical support of the ATLAS SCT Endcap detector modules
Intrinsically the spine must be highly efficient in its thermal transfer capabilities in order to transmit heat from both the attached hybrid structure and, after some years of running, the leakage currents of the silicon detectors that will arise from radiation damage. The thermal performance was studied and optimized using FEA simulations described in ATL­IS­EN­0007 and these are compared with experimental data given in ATL­IS­TR­0002. The low mass has been achieved by designing a minimal volume spine, constructed from customized graphite sheets of very high thermal conductivity. The spine substrate is thermal pyrolytic graphite, abbreviated to TPG, to which are attached AlN and Al2O3 ceramic parts. The TPG is an anisotropic material having both mechanical and thermal properties that are basically constant within the plane of a substrate sheet and are significantly different in the orthogonal direction, due to the planar mosaic ordering of the carbon structures. The main feature of the 500 ± 25 µm thick sheets of TPG is an in-plane thermal conductivity typically in the range 1500­1700 W/mK at temperatures around 20 °C. In order to achieve electrical insulation and mechanical protection the TPG is coated with a 10 µm layer of Parylene. There is a window in this coating for electrical connection of the TPG via a metal trace on the surface of the ceramics. The mechanical properties of TPG are rather poor and the structure of the spine has to be re­inforced using ceramic materials. To achieve this AlN has been chosen because of its high thermal conductivity of 180 W/mK at 20 °C and its thermal expansion coefficient, which is well matched to Silicon, thus reducing stress during temperature changes of the module. The attached AlN parts ensure the mechanical stability of the module. The plates covering the TPG at the cooling contacts are 225 ± 25 µm thick. They are needed to ensure a good thermal contact to the cooling points while protecting the soft TPG from mechanical damage. The wings supporting the detectors and providing mechanical stiffness to the detector spine assembly have a thickness of 500 ± 25 µm. Some of the AlN pieces have metal traces to supply the bias contact of the detectors. The detailed spine design has been the result of a long optimization process taking into account thermal and mechanical performance, cost and assembly.
3.2. Details of spine construction
The spine production will be organized according to following scheme. Firstly the raw materials (TPG, AlN and Al2O3 sheets) are provided. The TPG has an in-plane thermal conductivity of about 1600 W/mK. TPG sheets are processed to produce an element suitable to be used to manufacture the central elements of the spine, as detailed in section 3, task 1 subtask 4. During laser cutting, profiling, grinding of the sheets, or local grinding of the profiled TPG element, or during the Parylene coating (long time heating under vacuum) a deformation of the TPG may appear. NIIGraphite has developed a procedure to correct the deformed TPG elements. Hence at NIITAP the bow of the TPG elements is controlled after each production step, and, if necessary, the TPG is returned to the supplier for replacement. Despite the additional efforts this procedure reduces costs since the expensive TPG is used more efficiently. The AlN spine elements are manufactured by NIITAP as detailed in section 3, task 1, subtask 2, using the same technology as used for previous spine production. The thermal conductivity coefficient of the AlN ceramics used for the spine production is about 180-200 W/mK. The Al2O3 spacers are prepared as detailed in section 3, task 1, subtask 3, using the same technology as used for previous spine production. The components required for spine assembly are shipped to IHEP where the spines are assembled. The quality assurance procedures for spine elements before and after assembly have been developed and are performed at IHEP as detailed in section 3, task 2. The required mechanical tolerances are monitored throughout the assembly procedure. After assembly the spines are inspected and the thickness is measured at pre­defined points. Each completed spine is subject to a quality assurance of its thermal performance and electrical contact continuity. The electrical continuity is checked by direct measurements of the electrical resistance between the contact pads on the AlN facings and the HV openings on the TPG area. A special QA procedure has been developed to control the thermal conductivity of the assembled spine; this is performed by injecting a periodic heat wave at the main cooling contact and measuring the phase shift of the periodic temperature variation at the second cooling point. Data for each spine is recorded and stored in a database for comparison with both standards and FEA simulation. Each spine is given a bar­code identity from the SCT database and is finally inspected visually before packaging. The plastic package is labeled to identify the spine. The results of the QA are stored in the ATLAS SCT database as required. The assembled spines are shipped to CERN where an IHEP technician performs a reception visual QA step before attaching the far-end washer to the spine with the use of special jigs. The technician performs a final QA step including the measurement of the spacer position with respect to the spine’s v-grove. The spines are then shipped by the ATLAS SCT collaboration to the module production sites. Any spines rejected by or damaged at the module production sites are returned to CERN with details of the problem, where they are repaired by the IHEP technician. The period that the technician is based at CERN for far-end washer attachment and spine repair is 2 months after the last spine arrives at CERN from IHEP. The procedure of the spine production is detailed as follows:

3.3. Scope of Activities at each institute
Task 1: Production of the TPG, AlN and Al2O3 items of the spines

	Task description
	Participating Institutions


	 Subtask 2: Production of the AlN elements:

1.2 Laser cutting of the AlN elements (thickness 0.5 mm and thickness 0.225 mm)

1.3 Chemical treatment of the elements

1.3 Local grinding of the AlN elements

1.4 Metallization of the AlN elements

1.5 Output QC of the AlN elements (control of the thickness, electrical resistance of the open part on the ceramics and the electrical conductivity of the metal traces)
 Subtask 3: Production of the Al2O3 spacers:

1.6 Laser cutting of the Al2O3 spacers
1.7 Chemical treatment of the spacers
1.8 Metallization of the Al2O3 spacers
1.9 QC of the spacers (control of the cleanliness, thickness, electrical resistance of the open part on the ceramics and the electrical conductivity of the metal traces)
Subtask 4: Production TPG elements:

1.10 As required flattening of TPG sheets for elimination of bow
1.11 Grinding and polishing of the TPG sheets
1.12 Laser cutting

1.13 Mechanical treatment after cutting

1.14 Local grinding of the TPG elements

1.15 Chemical treatment of the elements

1.16 Coating of the TPG by Parylene

1.17 Opening the window (for bias contact to TPG ) in the Parylene coating 

1.18 Output QC of the bow and thickness of the TPG elements.
Subtask 5

1.19 Service and repairs of the laser equipment
1.20 Service and repairs of the vacuum equipment
1.21 Service and repairs of the electric equipment
1.22 Service and repairs of the cutting and grinding equipment
1.23 Service and repairs of the ventilation equipment
1.24 Account assistance, computer service, and document printing
	 NIITAP

	Description of deliverables

	1
	Timely delivery of the prepared thermal pyrolytic graphite (TPG) plates with required thermo- and mechanical properties for the 400 spines to enable IHEP to meet the required spine production schedule.

	2
	Timely delivery of the AlN parts with required metallization and mechanical properties for the 400 spines and spares to enable IHEP to meet the required spine production schedule.

	3
	 Delivery of Al2O3 spacers with required mechanical properties for the 400 spines and spares to enable IHEP to meet the required spine production schedule.


Task 2: Spine assembly
	Task description
	Participating Institutions

	2.1 Input quality control of components and materials

2.2 Spine assembly including intermediate QC during assembly stages
2.4 Output control and spine identification by bar-codes and storage of the results of the QA in the ATLAS SCT database.

2.5 Production of the boxes for packing of the spines.

2.6 Packing of the assembled and inspected spines.

2.7 Shipping of the spines to CERN and customs documentation

2.8 Shipping of all required spare parts for spine repair

2.9 Far-end washer attachment to the spines at CERN

2.10 Final QC of fully assembled spine before shipping to module assembly sites

2.11 Repair at CERN, by IHEP technician, of rejected/damaged spines

2.12 Management of the IHEP database of elements, materials, quality etc

2.13 Documentation of the spine production status and other common information in the general collaboration database 
	IHEP 

	Description of deliverables

	1
	400 quality controlled spines delivered to CERN according to schedule.

	2
	Far-end washer attachment to the spines at CERN

	3
	Final QA of spines before shipment to module assembly sites

	4
	Repair at CERN by IHEP technician of spines returned from module assembly sites because they were rejected or damaged at or by the module assembly site


4. Internal Managerial responsibilities

NIITAP
The manufacture of the TPG and ceramics items for the spines



Timely supply of the spine components to IHEP
IHEP
Assembling the spines

Shipping of assembled spines to CERN


Final far-end washer assembly at CERN


Repair of spines at CERN

Overall management of the spine production within Russia
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