PDMDB summary of requirements
RICH PDMDB EDR
This document summarises the key requirements of the DTM and TCM boards, as specified in previous technical documents.
Radiation environment
From LHCb-PUB-2011-011 [1]
· All electronics systems must be capable of operating at a luminosity of 2 × 2033 cm-2 s-1.
 (pg. 5) – TCM & DTM
· Front end chips should be tolerant to the radiation environment of the detector. (pg. 6) 
– TCM & DTM
· The maximum inefficiency allowed at the maximum instantaneous luminosity of 
2 × 1033 cm-2s-1 is 0.01%. (pg. 8) – DTM only
· Radiation testing is mandatory (pg. 16) – TCM & DTM
· The following radiation effects should be considered for the front-end electronics:
· Effects from ionising radiation
· Displacement damage
· Single-event effects (SEEs): single-event upset (SEU), single-event latch-up (SEL), single-event functional interrupt (SEFI) (pg. 16) – TCM & DTM
· The FE components should be designed and proven to withstand the detector radiation environment. (pg. 16) – TCM & DTM
From simulations by Karacson [2] (supersedes LHCB-TDR-14)
The expected maximum annual radiation doses in RICH 1 and RICH 2 are described in 
	
	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)


Table 1.
	[bookmark: _Ref449345160][bookmark: _Ref449345155]
	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)


Table 1: Expected maximum annual radiation doses in RICH 1 and RICH 2
Timing
From LHCb-PUB-2011-011 [1]
· The front end module must have the capability of phase-shifting the 40 MHz clock to find the optimum timing with respect to bunch collisions. (pg. 7) – TCM only
· The FE module generates the required phase-adjusted clocks for all modes of operation based on the clocks provided by the GBT. (pg. 17) – TCM only
From LHCB-TDR-14 [3]
· The MaPMT readout must conform to the upgraded 40 MHz LHCb electronics architecture. (pg. 9)  – TCM & DTM
Interfaces
From LHCb-PUB-2011-011 [1]
· The front end module should support one of the standard protocols provided by the GBT system.  (pg. 7) – TCM & DTM
· The FE module has an interface compatible with the GBT data interface. (pg. 17) 
– TCM & DTM
· The FE module has an ECS interfaced based on a master-GBT link (bidirectional). (pg. 16) 
– TCM only
· The FE chips drive multiple GBTXs configured in simplex-transmitter mode. These then drive a number of dual-transmitter optical packages connected to fibres that fan into a 12-way fibre ribbon. (pg. 42) – DTM only
From LHCB-TDR-14 [3]
· The overall architecture of the digital board and its position between the front-end boards and read-out boards is shown in Figure 1. (The PDMDB-TCM and –DTM modules are not shown separately from the digital board in this diagram). – TCM & DTM
[image: ]
[bookmark: _Ref449344322][bookmark: _Ref449344318]Figure 1: Schematic of the RICH readout system showing MaPMTs, front-end ASIC boards, digital board and TELL40s[3]
· Transmission of a 4x64-bit hit map requires … three links in wide-frame mode. (This translates to three dual optical links for the 4×½ elementary cells read out by each digital board, which equals a total of 8x64-bit hit maps.) – DTM only
Experiment control
From LHCb-PUB-2011-011 [1]
· To allow the read-back of configuration data, each ECS link must be constructed as a point-to-point link between the GBT system and the FE device. (pg. 7) – TCM only
· The ECS registers are writeable/readable via this link. (pg. 16) – TCM only
· A single GBTX (master) on this FE module is configured in duplex-transceiver mode to accept TFC and ECS data from a SOL40 module. This distributes the master clock to the GBTXs and other FE components. (pg. 42) – TCM only
Power supplies
From LHCB-TDR-14 [3]
· The existing bulk power supplies will be reused for the upgrade. Individual modules are rated at 40 A at up to 7 V[footnoteRef:1] and there are 36 modules currently in use for RICH 1 and 48 for RICH 2 [hence it is preferable to use 1 PSU channel per column] (page 41) – TCS & DTM [1: ] 

Manufacturing 
From IS41 [4]
· Materials [without brominated fire retardants] should be used in preference [to standard FR-4] whenever possible. (pg. 12) – TCM & DTM
Mechanical
From RICH 1 and RICH 2 Mechanics EDRs [5][6]
· The layout of the two variants of the PDMDB is to be identical between RICH 1 and RICH 2 
– TCM & DTM
· RICH 1 will use only the –R version of the PDMDB (small MaPMTs); RICH 2 will use both the 
–R and –H versions of the PDMDB (small and large MaPMT variants respectively) 
– TCM & DTM
· Two PDMDB-R boards will be placed either side of the cooling plate to serve 4 ECs with small MaPMTs. One PDMDB-H will be placed on one side of the cooling plate to serve 4 ECs with large MaPMTs – TCM & DTM
· Components generating significant amounts of heat must be capable of being cooled by a machine aluminium levelling plate, attached to the cold bar – TCM & DTM
· In RICH 1, only 22 ECs are required per column. Therefore, one PDMDB will be half-populated and only DTMs will be required. – DTM only
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