PDMDB Overview
LHCb RICH Upgrade
Glossary
The following nomenclature has been adopted to describe the RICH digital board and associated modules.
EC(-R/H)	Elementary Cell. This is the term that describes the basic building block of the RICH image plane. There are two variants having the same outer mechanical envelope but differing in the type and number of MAPMTs. The ECs also integrate front-end ASICs [CLARO, EDMS:1422172] that asynchronously convert the small (1Me- approx.) analogue MAPMT signals into digital pulses. The 8 CLAROs are mounted on a PCB known as a FEB. The EC-R integrates 4 64-channel Hamamatsu R11265 (“small”) MAPMTs coupled with 32 CLAROs on 4 FEBs. The EC-H, used in the lower occupancy region of RICH2, integrates 1 64-channel Hamamatsu R12699 (“large”) MAPMT coupled with 16 CLAROs on 2 FEBs. For the EC-H, not all CLARO channels are used.
PDMDB(-R/H)	Photon Detector Module Digital Board (PDMDB). This is the digital board that forms the interface between the elementary cell (EC) front-end and the optical-fibre links to the LHCb common readout environment. Two variants of this board will be used: PDMDB-R in the EC–R regions and PDMDB-H in the EC–H regions. Pairs of face-to-face PDMDB-Rs or single PDMDB-Hs define the modularity of the PDM (Photon Detector Module) which is a group of 4 ECs arranged on a column.
PDMDB-DTM	PDMDB Data Transmission Module (DTM). This module plugs into the main PDMDB board and is responsible for transmitting experimental data to the read-out network  over the fibre-optic link using a pair of GBTX ICs and a VTTX optical module. For brevity, this module is referred to simply as the DTM in these documents. [Note: It has previously been referred to as the DB-VTTX module in some documentation and has been renamed to avoid confusion with the versatile link VTTX optical module.]
PDMDB-TCM	PDMDB Timing and Control Module (TCM). This plugs into the main PDMDB board and is responsible for slow control, timing and fast control functionality. This functionality is implemented using a VTRX optical module, a GBTX transceiver and a GBT-SCA chip. For brevity, this module is referred to simply as the TCM in these documents. [Note: It has previously been referred to as the DB-VTRX module in some documentation and has been renamed to avoid confusion with the versatile link VTRX optical module.]
Functional overview
The upgrade of the RICH photon detector image plane has been largely driven by the LHCb requirement to be capable of reading out data from every bunch crossing; i.e. at a rate of 40MHz in contrast to the current 1MHz front-end read-out rate. This has necessitated the complete replacement of the photon sensors and their associated electronics while retaining the same overall geometrical envelope defined by the existing RICH1 and RICH2 detectors.
Single photon sensitivity is required with a resolution of the order of 2mm and with pixel occupancy exceeding 10% in some regions of the image plane.
The readout electronics falls into three main parts: the EC; the read-out and controls network; and the PDMDB.
The LHCb upgrade read-out architecture is common to all subdetectors. This defines the data transmission protocols between the front-end electronics and the readout network [DAQ, LHCb-INT-2014-011] and also the slow and fast control and monitoring protocols. It has been designed around the Versatile Link components that are used as building blocks for radiation hard data links. The Versatile Link components define the lower layer protocols for the data transmission.
The role of the PDMDB is therefore to receive the digital signals from the ECs, to pack them into data frames conforming to the LHCb protocols and to forward the data to the readout network. This functionality is synchronized using deterministic clocks and commands distributed via the TFC (Timing and Fast Control) part of the controls network [TFC, LHCb-PUB-2012-017]. In addition the PDMDB provides the interface for configuring the CLARO ASICs, for monitoring the temperature in the electronics region and for supporting functionality to allow in situ testing of the photon detection electronics chain.
Mechanical overview
 Column integration
The strongest constraints on the mechanical design of the PDMDB come from the design of the RICH1 photon detector plane. PDMs are mounted on the photon detector in a columnar arrangement. For example, the arrangement for RICH2 is illustrated in Figure 1. Figure 2 shows a section through the column. Details of the integration of the PDMs onto the RICH1 and RICH2 photon detector columns are presented in their respective EDRs [RICH1, LHCb-PUB-2016-014], [RICH2, LHCb-PUB-2016-015]. The EC has been the subject of a separate review [EDMS:1627008].
The optical parameters of the RICH1 detector have been optimized using simulations and the resulting position of the image plane within the existing magnetic shielding determines the available space behind the MAPMTs for electronics and services. Allowing for all cable-routing, thermal management infrastructure and mechanical supports, the remaining space for electronics is extremely limited. Therefore the PDMDB has been designed to be as small as possible in the direction perpendicular to the support columns with a size in this dimension of 125mm expected to be achievable.
The space available in the RICH2 configuration is larger than in RICH1 while the EC pitch is the same for both detectors therefore the same board will be compatible with both RICH1 and RICH2 geometries. In the EC-H region of RICH2, a modified version of the PDMDB will be designed with fewer read out channels and with only one PDMDB per PDM as this will provide a significant cost saving by requiring fewer data links.
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[bookmark: _Ref453349825]Figure 1 A RICH2 photon detector assembly and a single column
The EC-R (blue) and EC-H (cyan) regions can be distinguished in these figures and the location of the PDMDBs can be discerned in the figure at right where the PDMDB-Rs are shown in green. The figure gives an impression of how the various components, cables and services are integrated onto the columns.
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[bookmark: _Ref453349804]Figure 2 Section through RICH2 column
An EC-R is shown on the left of this figure. The PDMDBs in the middle part have their component sides facing towards the central spine which is actively cooled. A leveling plate between the PDMDB and spine provides a good thermal path between them. The part to the right of the figure is the harness and serves as a cable routing region.

[image: ][image: ]
Figure 3 PDMDB exploded views with leveling plate
For assembly on the columns, the PDMDB and the leveling plate are first coupled with screws and using thermal pads to provided good thermal contact. The completed assembly is then attached to the column spine.
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[bookmark: _Ref452459239]Figure 4 PDMDB sketch
The close-packed geometry of the MAPMT sets the EC pitch to 56mm which leads to an overall PDM dimension along the column of 224mm. The corresponding PDMDB dimension of 220mm allows for a 4mm gap between adjacent modules. At left of the sketch, the PDMDB couples to its four ECs with 180-pin SAMTEC SEARRAY connectors which protrude through slots in the column support structure. PCB cut-outs between the connectors have been made as large as possible (8mm) to minimize the required slot length on the column so that the mechanical strength of the column is maintained. LV cables and optical fibres are connected at the right of the sketch.
Motivation for a modular design
The baseline electronic design of the PDMDB uses Xilinx Kintex7 FPGAs combined with the CERN Versatile Link chipset (GBTX, GBT-SCA, VTRX, VTTX). Because the radiation tolerance of the FPGA has not yet been fully established and together with the anticipated difficulty in obtaining new versatile link components after the initial production, a modular approach has been adopted. All the full-custom versatile link components will be mounted on sub-modules coupled to a motherboard that carries the FPGAs (Figure 4). In this way, in a worst case scenario in which it becomes necessary to replace the FPGAs, it will be possible to at least recuperate the radiation-hard components for re-use.
It is not intended to perform zero-suppression of the data on the PDMDBs. The bandwidth requirement for sending data off detector demands the use of 6 GBT links in wide-frame mode. Since the VTTX optical modules are dual transmitters, the natural choice is to use three identical DTM modules each having one VTTX plug-in driven by two GBTX ASICs in simplex TX wide-frame mode.
Each PDMDB also has a dedicated duplex link used for control, synchronization and monitoring (the ECS link). This ECS link interface is also implemented as a plug-in module (TCM) having one VTRX plug-in, one GBTX ASIC operating in transceiver mode with forward error correction, and one GBT-SCA ASIC.
Radiation environment
Estimates of the annual ionising radiation dose in the photon detector region obtained from simulations of the radiation environment in LHCb are given in Table 1.
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	RICH 1
	RICH 2

	
	Best case
	Worst case
	Best case
	Worst case

	Neutrons:
1 MeV neq [cm-2] (x1011)
	18.5
	30.5
	8.5
	15.5

	Hadrons:
>30 MeV [cm-2] (x1011)
	5.0
	11.5
	2.9
	5.0

	Ionising radiation 
[Gy (krad)]
	305
(30.5)
	1980
(198)
	225
(22.5)
	795
(79.5)


[bookmark: _Ref453349522]Table 1 Expected annual dose
Thermal environment
The PDMDB modules will be located in the confined space of the photon detector region. Furthermore, together with the HV resistors and front-end ASICs they are the principal source of heat in the system. The thermal management of the system is an important consideration for the system due to the requirement to keep the MAPMT photocathode at a temperature below about 35C. The thermo-mechanical issues related to the integration of the PDMDBs on the columns have been addressed in the RICH1 and RICH2 EDRs.
Magnetic environment
The PDMDBs will operate in a magnetic field of up to a few tens of mT. The module does not utilize any inductive components except in the DCDC converters. These use air-cored inductive elements and have been tested to work correctly in fields exceeding the maximum expected in the RICH environment.
Grounding considerations
Low signal amplification at the front-end in close proximity to high-speed digital electronics and a HV distribution network provide a challenging environment for low-noise operation. Significant effort has been invested to minimize and control noise in the EC region. The PDMDB is closely coupled to the EC as it provides the power source and power return for the CLARO ASICs and is directly coupled to the CLARO digital inputs and outputs.
The design of the PDMDB and its integration with the other components must therefore preserve the good low-noise operation of the front-end. The grounding scheme must also allow for the extraction of individual columns for maintenance.
Scale of the system
Table 2 summarises the number of PDMDBs (and PCIe40) required to readout each region of the RICH1 and RICH2 image plane.
	
	R1U
	R1U-short 
	R1D
	R1D-short 
	R2A-R
	R2A-H
	R2C-R
	R2C-H

	MAPMT rows
	44
	40 
	44
	40 
	16
	16
	16
	16

	MAPMT columns
	20 
	2 
	20 
	2 
	24
	12
	24
	12

	EC rows
	22
	20 
	22
	20 
	8
	16
	8
	16

	EC columns
	10
	1 
	10 
	1 
	12
	12
	12
	12

	PDM rows
	6
	6 
	6
	5 
	2
	4
	2
	4

	PDM columns
	10 
	1 
	10 
	1 
	12
	12
	12
	12

	PCIe40

	TELL40 
	30 
	3 
	30 
	3 
	12 
	6 
	12 
	6 

	SOL40 
	3 
	3 
	2 
	2 


[bookmark: _Ref453087507]Table 2 Number of elements
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