7. FRONT END PACKAGING - MECHANICS





7.1  OVERVIEW AND REQUIREMENTS





	The front end interfaces of the hadron calorimeter consist of a distributed set of units called “Decoder” Boxes, which are located strategically “on detector”.  While the name is derived from the optical function performed by these interfaces, in reality the units serve as a control point for a variety of functions, including: light collection and optical signal processing using fiber-optic light guides, operation of the phototransducers which are multi-channel Hybrid Photodiodes (HPDs)  which detect and amplify the calorimetric signals, digitization of the signals to 15bit precision, and transmission of these digitized signals “off detector” to the DAQ system.  Additionally, the decoder boxes are the optical calibration interface, receiving input laser calibration signals and routing these to test HPD pixels and to test the scintillation tiles for response and aging.  An additional LED test feature for  calibration of the HPDs is also provided which is independent of the Laser system and useful when the laser may be unavailable.





	To provide this functionality, Decoder Boxes support numerous interconnections.  (A schematic is shown in Figure ___.)  These include:  input of optical signals from the detector;  input of laser calibration signals from the Counting Room; input of HV to operate the HPDs; input of  LV for HPD  bias and for operation of the preamps, digitizers, and line drivers; input of test pulses for the LED drivers; input of TTC (Slow Controls signals);  connection to cooling water for temperature control; and connection to dry N2 gas flow to protect the HPD cathodes from He poisioning.  [Control and operation of the source tube driver  is independent of the Decoder Box and is described elsewhere.]





	The actual configuration of the Decoder Boxes depends upon the HCAL subsystem involved: HB, HBO, HE, HEO.  While the global requirements for each detector are similar, there are regional differences in channel counts, configurations of sampling layers, numbers sampling layers to summed, and calibration requirements.





7.2.  HB Overview





	HB refers to the hadronic calorimetry in the barrel region and within the 4 Tesla solenoid field.  HB is constructed in wedge assemblies that are functionally divided at the midplane of the detector into two halves HB+ and HB-.  For purposes of this discussion, we consider only one end of the detector and refer to it generically as HB. HB consists of 18 wedges, subtending 20 degrees in (, and each wedge is served by a Decoder box which is located in the corner of the wedge at largest r and |z|.   Additionally, HB is operationally divided into two longitudinal (depth) sections:  HB1 which provides for up to 3 layers of initial sampling of a shower just at the exit of ECAL, and HB2 which consists of 17 sampling layers.  Each sampling layer of  HB1 and HB2 is  subdivided into four (( intervals and up to 17 ((  intervals.  This unit of 68 elements is called a megatile.    





	Optical signals from the megatiles are conveyed via ribbon cables of fiber-optic waveguides up the 53 degree crack that delimits the barrel region to the Decoder Box for signal processing.  Laser calibration signals are conveyed in the opposite direction from the Decoder Box to the megatiles via quartz fiber.





	Low voltage power, high voltage services, cooling water, nitrogen gas, TTC and ancillary control signals are supplied via the radial crack just beyond the solenoid, as are laser calibration signals. Digitized, optical signals destined for the DAQ system follow a similar routing.


   


7.2.1	HB Front End Optical Layout  





	Figure ___ shows the layout of an HB Decoder Box (or DBX), with dimensions 70cm x 25cm x 12 cm.  The materials from which the box will be fabricated will be non-magnetic: aluminum, copper, brass and plastics.  The DBX is mounted onto the steel backing plate of the calorimeter wedge.   It consists of two compartments which are optically isolated: a fiber-optic compartment and an electronics compartment.  Five  HPDs are mounted on the lateral interior wall between the two compartments.





	Access to the fiber-optic compartment is via optical connectors at two optical patch panels, one at each end of the box.  Each patch panel (Fig.___) is of 9.5 cm x 9.5cm x 0.6cm thick aluminum, and serves as the mounting surface for forty optical connectors arranged in two columns of twenty connectors.  Each column corresponds to a 5 degree (( interval. Each connector supports 18 multiclad fibers of 940 micron diameter on a pitch of 1.4mm, and each fiber within a connector corresponds to one of 17 (( subintervals within a megatile. The extra fiber is either a spare or a calibration fiber.  Each of the optical connectors is surface finished by diamond flycutting - to provide for excellent optical transmission through the connector (> 85%).   





	All optical signal fibers used in the overall HCAL system and within the Decoder Boxes are of 940 micron diameter, multiclad construction, with polystyrene core, PMMA and fluorinated acrylic claddings.  Because of the tight turning radii within the box and the need for flexibility, Kuraray S-type fiber is used for all interior optical interconnections.





	Certain of the megatiles of HB2 require special consideration in optical routing, because they are located either directly behind or immediately beneath the decoder box, and hence optical connectors would be trapped (or blocked) by the presence of the Decoder Box (HB2-13 to HB2-16), or because they are located on the outer surface of the wedge and are mounted to the back of the stainless steel plate (HB2-17).   For these waveguide connections, special fiber-optic cables will be prepared which have identical connectors to other waveguides, but which are of cylindrical cross section over most of their length and hence more flexible than are the standard, flat  ribbon. 





	Additionally on the optical patch panel, there are two connectors supporting a total of 12 quartz fibers for transmission of laser calibration signals to selected megatiles, to monitor timing and scintillator/waveshifter aging.








7.2.2  Fiber Decoder Bundle





7.2.2.1  Formation of Tower Geometry





	Within the optical compartment and ~10cm behind the optical patch panel is a Delrin “sorting” plate through which the interior optical fibers are organized into HB1 and HB2 subgroups and also into tower geometry.  For HB1 there are 38 “tower bundles” of up to 3 fibers, and for HB2 there are 38 tower bundles of 17 fibers.  The holes in the sorting plate are oversized, so that the fibers simply pass through with no constraint.  The bundles are then formed into tubes and routed to the HPDs.   Additionally, a pair of multiclad fibers of 300 micron diameter are inserted into each bundle.  These are optically connected to the Y11 mixers of the Dye Laser/LED calibration system to provide an independent monitor of the sensitivity and gain of the HPD pixels.





7.2.2.2 Mapping to Hybrid Photodiodes





	The HB2 bundles are mapped onto two of the 19-channel-format HPDs, designated HPD19-1 and HPD19-2 in Figure ___.  Note that these are located on the far side of the optical compartment from the patch panel to allow for more adiabatic routing of the fiber bundles.  The HB1 bundles from the patch panel are mapped onto half of the available pixels of a 73-channel-format HPD, designated HPD73 and positioned centrally relative to the optical compartment.   





	In a similar fashion, the HB2 bundles from the opposite-side optical patch panel are mapped onto the two remaining  19-channel HPDs (HPD19-3 and HPD19-4), and the HB1 bundles from that side are mapped onto the remaining pixels of HPD73.  A mapping scenario is presented in Figure ___.   Choices of HPD location and pixel position are driven by the need to keep fiber bend radii as large as possible within the space constraints and for “simplicity” of the pattern of fiber routing.





	Two provide accurate aligment of the fiber bundles to the pixels of the HPD tubes, the fiber bundles are gathered into thin-wall sleeves (100 micron thick wall), that are routed from the sorting plates and sthen inserted and glued into holes in a 1.5 cm thick Delrin cookies.  The faces of the cookies are in physical contact with the HPD fiber-optic entrance windows are optically finished by diamond flycutting. These cookies are mounted onto the interior dividing wall that separates the optical and electronic compartments of the Decoder Box.  The HPDs are spring loaded into sockets to hold them into alignment with the cookies. 





	Alignment concerns include:  misaligment of fiber bundles in the cookies; misalignment of the cookies relative to the HPD pixel structure; and misalignment of tube axes relative to the direction of the local magnetic field direction. The cookie is registered with alignment pins provided on the HPD which will allow for an alignment tolerance of < 50 microns between fiber bundles and HPD pixels. The decoder boxes are designed to hold the HPD symmetry axis in alignment with the magnetic field direction.  Any variation in orientation relative to the field leads to a 100µm offset of the photoelectron image in the HPD per 6 degrees of angular misalignment.   Our current HPD design layout permits a misalignment of up to 210 microns which is very conservative.  








7.2.3  HB Front End Electronics Layout 





	Approximately half the Decoder Box volume is allocated to electrical and support services for the HPDs and for signal amplification, digitization, and optical signal drivers, calibration and slow controls functions, and for water cooling and thermal monitoring.  All of the output signals from the 149 available HPD channels (136 of which correspond to active detection elements) are routed to readout boards located in a custom crate structure, with lead lengths kept as short as possible.  The ceiling and floor of the electronics compartment are water-cooled copper plates to maintain all regions of the Decoder Box at or below a temperature of 26 degrees C.





	Services to the HPDs include:  Photocathode high voltage (-10 kV), bias voltage to the silicon (typically 100 V), and supply voltages for the QIE preamp/digitizer/driver boards (+5 V and +10 V).   These are supplied to the Decoder Box via a panel on the “front face” (see Fig.___).





	All HPDs used in HB will be operated at a photocathode voltage near (-10KV).  These will be fed individually from outside the detector over a minicoax to each HPD.  Similarly, LV bias (~100 V) for the silicon substrates of each HPD will also be supplied individually via minicoax from supplies located outside the detector.  These electrical power services are routed to the Decoder Boxes through vertical crack at the end of the solenoid magnet.





	Water temperature and flow sensors are placed on the entrance and exit ports of the water lines outside the detector.





	The electronics layout is shown in Figure____, and includes a HV system, two LV systems, and ancillary controls, calibration, and monitoring systems.   Each HPD channel is amplified and digitized in a QIE chip.  HPD outputs are multiplexed (three channels per optical link) and driven via laser diodes off-detector to the trigger and data acquisition system.  Water cooling is required for the electronics compartment because of power dissipation in the QIE chips and the laser diodes which are used to drive the digital signals off detector.





7.2.3.1  HV layout.  





	Five commercial minicoax cables import the required 10KV photocathode voltage to each HPD within the Decoder Box.  Power supplies are located outside the detector.





7.2.3.2  LV layout.





	There are two distinct LV systems supplied to the Decoder Box.  One supplies bias to the the HPD silicon substrates.  The other provides power for amplification, digitization and signal processing, and for calibration and monitoring.





7.2.3.2.1 LV for HPD Bias





	Five commercial minicoax cables import the required 100 V bias to each HPD substrate in the Decoder Box.  Power supplies are located outside the detector.     





7.2.3.2.2 LV for Signal Processing and Monitoring.





	The low voltage requirements for the QIE, FADC, DBC and drivers is based upon the experience of KTeV and work done for CDF on the new QIE6.   We estimate that the requirements for each crate would be +5V at 75 Amps and +10V at 15 Amps.  This will require the back plane of the electronic compartment to be supported with adequate bus bars to distribute and handle the supply and return current paths.





	The backplane located in the Decoder Box will have a connection to the slow control network via a J-TAG which will use a low speed (1MHz) serial link to send and receive data.  Implemented on the backplane will be voltage and current monitors to sense low voltage supply status.  This information can be read back to the control room every few minutes for monitoring purposes.  A micro-controller on the backplane could shutdown the system in the event of excursions in voltage, current or temperature limits. are exceeded.  Note:  It is expected that individual boards within the crate will be protected via “poly-fuses” which open on an overcurrent and close once power is removed.





	As in the case of supply voltages and currents above, the backplane will also have temperature sensors both on the water supply lines and on a few of the boards in the crate, on the HPDs and within the fiber volume.  This will allow the system to monitor the Decoder Box temperature and to shut power services down if extremes are exceeded.





	Due to the large currents involved in the low voltage supply, it is assumed that the supply leads will be hardwired to the crate using adequate cable for the currents specified.





	The connection to the  slow control network would be via a 3- or 5-wire serial link which could be daisy-chained from crate to crate or in which each crate had its own link.  In either case, the connector would likely be very small and captive locking so that it would not disconnect accidentally.





	The water supply for the cooling system needs to provide about 0.5 US gal per min of cooling water.  This could be made via hard connections or quick disconnects.  We prefer the hard-line connections since the quick disconnects might leak or come uncoupled.  Once in position, the Decoder Boxes are essentially permanently fixed and should a Box need to be removed, unsoldering the water lines would be a minor addition to the complexity of the task.





	The cooling of the circuitry is performed primarily via conduction through PC boards and air to copper plates thermally connected to the main crate water jacket via thermally conductive elastomeric plastic.  The volume of the electronics compartment is basically divided into 100 separate compartments, each of which is surrounded on 6 sides by copper walls which provide a low thermal impedance to the cooling water.  Each compartment dissipates about 1.0 Watt.  This scheme should keep the entire heat load away from the fibers which are heat sensitive and should keep the chips cool enough to keep lifetimes long.  We estimate the chip package temperature to be a maximum of 40 degrees C.





	The readout scheme uses a QIE chip followed by a commercial 5 bit FADC and a DCS (Digital Clocking Synchronizer) chip.  The QIE is a pipelined chip which has no dead time and basically provides two outputs which are valid 4 clock cycles after the cycle of interest.  Its pipeline length is 4 ticks +1 for the output.  In every clock cycle, the QIE outputs a 3 bit digital number which corresponds to the exponent of the input current and an analog voltage which corresponds to the mantissa of the input current.  The exponents go directly to the DCS while the analog voltage is sent to the FADC.   The QIE also sends to the DCS a two bit capacitor ID number which corresponds to the capacitor (1 of 4) which tells the user which cap in the pipeline was used.  Since capacitors can differ slightly in value, this number is needed for calibration and correction of the data offline.  Experience with KTeV has shown that the caps are equal to within a few percent without any correction, and that the value can be measured to a few 0.1% offline.





	One clock tick later, the FADC has produced an 5bit digital mantissa for the analog input from the QIE.  This mantissa is sent to the DCS which receives it and synchronizes it with the exponent  data from the QIE.  The synchronization takes another 2 clock ticks and with 1 tick for the FADC, the total latency of the pipeline is 8 ticks.





	At this point the DCS has  a complete data word (2 Cap-ID), 3 exponent,  and 5 mantissa bits.  The data is then sent to a parallel-to-serial converter chip and a laser diode driver which drives the data from the decoder box to the counting room.  There the data is split: part to make a trigger, the other part stored locally awaiting a trigger decision.  Every clock tick another full data word is sent from the decoder box.  Note:  since the speed of the laser optical link is 1.2 Gigabits/sec, it is possible to multiplex 3 channels of HCAL data onto 1 optical link, thus reducing the number of laser drivers needed by a factor of 3.





 7.2.3.3  Calibration layout.  





	Two optical calibration systems, laser and LED, are supported within the DBX.  A layout schematic is shown in Figure ___.   These, together with a source-tube calibration system, are used to transfer absolute calibration measurement from the test-beam to in situ calorimeter megatile layers and to monitor the relative behavior of these calorimeter elements over time.





	Laser calibration of scintillation elements is provided for selected megatile layers HB1-1 and HB2-9 only:  the first, because it is the primary (and perhaps only) layer of the first sample and near shower maximum; the second, because it provides a monitor deep in the calorimeter, relatively far from shower max, and which samples a substantial number of towers (( intervals. 





7.2.3.3.1  Laser Calibration at 337 nm.





	Laser pulses from the CMS calorimeter laser calibration system are input into each  DBX.  Two 200 micron diameter quartz fibers are utilized. One set of laser pulses excites the megatiles directily, to monitor scintillator and waveshifter aging.  This wavelength is 337 nm and is derived from the primary (nitrogen) laser.  This calibration pulse is supplied to two selected layers of the HB at selected depths within the tower structure:  HB1-1, the first sampling layer of HB, and HB2-9 which is located halfway through the tower.  An additional requirement of this link is to set and monitor the relative timing of the megatiles. The incoming 337nm laser lightguide is divided into 10 individual quartz waveguides on a receiver card located within the electronics compartment of the DBX.  Eight of these waveguides are exported via the patch panels (four through each) and to megatile layers HB1-1 and HB2-9.  The remaining two waveguides are coupled to photodiodes situated on the receiver card to monitor the laser timing and light intensity.





	These optically -induced pulses in the megatiles will be used to cross-check source tube measurements in the same megatile layers.   





7.2.3.3.2  Laser Calibration at 430-450 nm.





	The second laser link is to transmit pulses from a dye laser at a wavelength of 430-450 nm and which activate a Y11 waveshifter mixer located within the DBX.  The Y11 mixer is fiber-optically coupled directly onto each HPD pixel.  These pulses measure the HPD cathode responsivity and provide a monitoring measurement independent of the characteristics of the megatiles.





	This calibration task of the HPD pixels is also shared with a blue LED (430-450nm) pulser system.  Test pulses received from the counting room via a twisted pair driver can excite the LED which is also optically connected to the same Y11 mixer as the laser system.  This provides an independent measure of the single photon response of the HPDs, and additionally provides for a full test capability of the DBX during fabrication and bench testing, when there will likely be no laser access.





7.2.4  HB System interfaces.  





	The decoder boxes must maintain appropriate operating voltages, temperature controls, and diagnostic information to monitor and maintain stable opereration of HB1 and HB2 elements.  A TTC interface is included in each DBX.





7.2.5  HB Monitors and Controls System


	


	Numerous monitor and controls functions are required in every DBX.  It is expected that these will be served via the TTC.  





7.2.5.1 Temperature Monitor





	Temperature monitoring is required to protect the electronics and especially to prevent temperature excursions which could damage the optical fibers resident in the optical compartment.  Six temperature sensors will be provided per DBX:  three in the optical compartment and three in the electronics compartment.  Temperature excursions would result in shut down of the LV feeds to the QIE boards.  A similar shutdown would occur if temperature indicators or flow indicators on the exit lines of the cooling water feeds show an excursion.





7.2.5.2  HPD HV and LV Monitors





	High voltage and current draw will monitored for each HPD with each DBX.  Current excursions or faults will result in the shutdown of the offending HPD from the system.  Low voltage bias for the silicon will be similarly monitored and controlled for faults.   Additionally, the HV and LV bias can be independently controlled for each HPD from crates outside the detector.  





7.2.5.3  LV Monitor





	Low voltage ( +5 V and +10 V) will be used to supply the bus of the crate structure with the DBX to support the QIE preamp/digitizer/driver cards, for the LED drivers, and for photodiode operation.  Current draw will be monitored outside the detector.  Individual QIE boards will be fused, with resettable polyfuses.





7.2.5.4   Optical Fault / DBX Closure





	Monitors will be provided to assure that HPD high voltage cannot be activated with the Decoder Box covers removed.  This will be provided by three methodologies - light sensing using photodiodes, HPD current monitoring on unused pixels, and by sense switches to assure continuity of material (box closure).





7.2.5.5  Gas Monitor





	To prevent helium gas poisoning of the HPDs, dry nitrogen gas at slight overpressure will be circulated within the DBX.  [A resident He sensor?]





7.2.5.6  Water Flow Monitor





	Water flow indicators will be located in the return lines and outside the detector.





7.2.5.7  Laser and LED Monitors





	For the 337nm laser, photodiodes will be used to monitor laser timing and laser power.  For the 430-450nm laser and blue LED excitation of the Y11 mixer used in direct tests of HPD photocathode, photodiodes will be used to monitor the light directly in the Y11 mixer, and will be common to both systems.





7.2.5.8  QIE Controls





	Interfacing capability is required to download thresholds and timing  trims to the QIE circuitry.  [This will be accomplished via....]





7.2.6   Access, Maintenance, and Operations





	The decoder boxes will be designed to be maintenance free.  However currently the actual effective “lifetime” of an HPD tube is as yet unknown (time to failure).  Eventually one might expect some tubes to be replaced over the lifetime of the experiment. Because of the large array of electrical, optical, plumbing and other services directly in fromt of access to the decoder boxes, only simple adjustments can be made without functional disassembly of services in front ot the boxes.  Accesses of this kind could be effected when an endcap is withdrawn and easy access available. 





