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Introduction. 

The Velo front end hybrid circuits are a key critical component of the LHCb Velo detector providing the interconnection of 2048 readout channels on each silicon sensor and the 16 Beetle readout chips on each side of the hybrid and then offboard to the readout electronics via kapton interconnecting cables. In an electrical sense the hybrids are two simple, independent four layer moderately fine line (100um T&G) kapton circuit boards laminated back to back onto a high thermal conductivity substrate. These provide good low impedance power supply distribution for active devices, signal connections and terminations and a well-isolated high voltage connection to the detector backplane. However the completed hybrids have a number of constraints that make their design and construction a considerable technical challenge. They must operate in a high vacuum, be capable of transferring all of the heat from the readout chips to the heatsink with a minimal thermal drop to achieve a sensor temperature of –7 degrees, whilst at the same time having minimal mass and excellent positional stability in the X-Y plane. To achieve some of these sometimes conflicting requirements a novel substrate has been developed consisting of a core of 400um thick Thermal Pyrolytic Graphite (TPG) sandwiched between carbon fibre facings and surrounded on each of the edges by carbon fibre to inhibit delamination. Although the substrate performs well in terms of x-y stability and thermally it has proved difficult to make completely flat and  this has impacted on yield of finished parts.  For the purpose of this electronics review the detailed design and construction will not be addressed save when this impacts on availability of parts.

. To ease manufacture and increase yield, the very fine line (20um T&G) pitch adapters are made as 8 separate pieces which are separately tested and attached after hybrids are populated with discrete components and have passed electrical tests and metrology.

Functional spec of one circuit on each side 



Thermally efficient substrate with identical kapton circuits attached each side, electrically isolated from each other except for connections between the two ground planes at each of the shorter edges via the ground cable connection to the module mounting base.


Fine line (20um T&G) pitch adaptors separately manufactured to provide interconnect by wirebonding between detector strips and chips

  

               four independent split low impedance power planes to sets of four Beetle chips with adequate decoupling to a single common ground plane  and bulk decoupling compatible with the power regulators used.

sense lines via 100 ohms from each supply and direct sensing of the ground plane for power regulation


distribution and termination of  lvds level clock, trigger, reset and test pulse to each chip.

            distribution of power on reset (POR) to each chip and provision of time constant capacitor.


distribution of single ended slow control signals to each chip

individual slow control address.selection provided at each chip by wirebonding.

  
four differential analog readout lines per chip 

two 10Kthermistor temperature sensors (Rad tested by Atlas)  

I/O connectivity

                          Connection to the readout cables is via two 140 pin AMP connectors per side carrying all control and readout signals plus power and High voltage. Connection to ground is provided by a copper/kapton strap via a connector at one or other edge of the module.     

Implementation (schematics – layouts – component list and dimensions)



Data available in EDMS 

Quality Assurance


Full details of module production and QA at Liverpool is available at 

http://hep.ph.liv.ac.uk/lhcb/Hardware/Production/production.html
Some additional notes are provided here:

1) Pitch adapters 

Pitch adapters are produced at CERN and visually qualified  before shipping to Liverpool At Liverpool they are 100% tested for shorts, open circuits, bondability and dimensional accuracy. Parts are stored in a nitrogen atmosphere between steps before being glued to hybrids Glue is precisely dispensed using a glue robot and visual checks made after gluing.  

2) Sensors

Sensors are fully tested by the manufacturer and at Liverpool. Bad strips are identified and logged in the database. Bad strip data is later used to identify which bonds to omit when the sensors are bonded. 

3) Substrates 

Substrates are manufactured at Liverpool and numbered, they are measured for flatness on a Smartscope machine and visually inspected for surface finish and those passing these tests are sent to Stevenage circuits for assembly.

4) Circuits

Circuits are manufactured at Stevenage Circuits Limited UK. These are a four layer kapton construction with plated through holes and a Ni/Au finish suitable for wirebonding. The circuits undergo two standard tests using flying probes for open and short circuits before and after plating and only parts which are 100% good are charged for.    

5) Substrate routing, lamination and post lamination testing 

Substrates are routed to shape and drilled at Stevenage Circuits. Two circuits are then laminated on each side of the substrate in a vacuum press at 180 degrees using a 50um modified polyimide bondply. 

After Lamination there is some non linear distortion of the circuits which make it impossible to then fully test to the fine line fingers at the bond sites. As a compromise, a less stringent test is made on both sides where the probes contact only the surface mount pads of the components, connectors and vias. Whilst this is not 100% complete it will catch almost all possible short circuits.

6) post population test

Good hybrids are sent for hand population with discrete components at Hawk Electronics Ltd. UK.  Bond sites are masked before soldering and the mask is removed and the hybrids are cleaned before return to Liverpool.

On reception at Liverpool the Hybrids are tested for shorts using a test board which plugs into the hybrid connectors via a set of the short cables.

The test board is one of a pair of boards equipped with an LED on each of the signal lines of the short cable to ground. On the board is a row of pads which also connect to each of the pins of the connector so it is a simple matter to touch each pad with a wandering lead and ensure that only the correct LED lights. This is an effective and quick way to test for shorts between any line and any other. The hybrids are then cleaned using Prozone and DI water, Measured again for flatness and visually inspected.

7) Post Chip and pitch adapter attachment

A set of 8 pitch adapters and 32 chips are now glued onto the hybrid. and the chip back ends are bonded to the hybrid . A test is now done to verify that all chips can be read out using the DAQ system and noise data uploaded to the QA database.

8) post chip to pitch adapter bonding test

chips are bonded to the pitch adapters in four rows 32 channels per row at each chip. Bonds in each row are visually inspected and if necessary repaired before the next row is bonded as it is not possible to repair bonds that are underneath another row. After all bonds are made the hybrid is read out on the DAQ system and the data uploaded to the database.

9) final sensor bonding and final functional test

sensors are glued  to the hybrid and wirebonded in four rows.

They are then  read out on the DAQ system using a laser to scan each sensor channel and the data uploaded to the database.

10) Final Burn in 

      
A burn in is now performed under vacuum and the data read out and uploaded to the database.

Status of functionality – results – including radiation issues


Double sided modules produced and functionally verified. No parametric S/N from this (K5) version yet, but construction layout and components are virtually the same as previous version (K4) which was successfully tested in a beam last year. The only substantial change is that of splitting the power plane into four separate planes so that rad hard voltage regulators may be used and this very unlikely to change high frequency performance that could impact on the noise.    

Active components (readout chips and temperature sensors and detectors) are qualified as Rad Hard 

Passives are standard thin film resistors and capacitors with X7R dielectrics as used in ATLAS 

Pitch adapters are attached using epoxy 2011 (qualified for use in ATLAS)

Circuits are bonded to substrates using modified polyimide as in the manufacture of  kapton multilayer circuits which are known to be radiation  tolerant.

NOTE the radiation performance of the epoxy adhesive used in the CF prepreg is untested and unknown  

Project management  - turn around time – schedule – costs and quantities including spares) manpower and commitments for installation commissioning and maintenance )

Production of these parts is the subject of a separate review however current status of the substrates is 

7 K5  hybrids populated with discrete components  of which

1 at cern for electrical test with chips one side and back ends bonded

1 at cern for mechanical test – no chips 

2 at Liverpool chips both sides, fanouts attached – fully working back ends –awaiting FE bonding – electrical for PRR?

2 with chips both sides – partially working back ends – mechanicals for PRR

1 unused

11 more awaiting population at Liverpool  (3 next week  8 more in 2 weeks)

28 more substrates at Stevenage for Lamination   a further 100 circuits produced and tested at Stevenage (sufficient for 50 hybrids )

19 more pieces of TPG available 20 more on order

Known issues 



Minor PCB layout error means that POR RET line is not terminated on the hybrid – this will have no effect on the operation of modules. 

Yield of flat substrates is unstable 




From the first batch of  20 substrates produced 


`


3 were rejected on twist <> 200um+-200um





1 rejected on thickness 





1 rejected on surface quality  

from the second batch of 20





10 pass twist <> 200um+-200um





17 pass with 300um +-300um

and hybrid flatness after lamination  to selected substrates (200um criteria) is not stable,

From last batch of 12 laminated substrates




1 failed electrically – unfixable short circuit after lamination 

only 4 pass a 200um +-200um flatness criteria

or 7 pass with a 300um+-300um flatness criteria 

   

efforts to resolve this are ongoing – we believe it may be possible that acceptance can be increased by batching into groups with similar twist and adjusting the angle at the top of the paddles

 . .   

