PDMDB plug-ins
RICH PDMDB EDR
1. PDMDB-DTM (dual optical transmitter) and 
PDMDB-TCM (optical transceiver) modules
Introduction
The connection between the counting room and the RICH detector front-end digital board is implemented using fibre-optic links. Each PDMDB-R will require 6 × 4.8 Gbps fibre-optic links to transmit experimental data to the counting room, whilst each PDMDB-H will require 4 such links. Additionally, both boards require 2 x 4.8 Gbps fibre-optic links to receive and transmit TFC and ECS data to and from the SOL40 module.
These links will be implemented using the radiation-hard versatile link components developed at CERN. Thus, experimental data will be transmitted using three identical VTTX dual optical transmitter modules, each driven by a single GBTX chip for each transmitter. TFC and ECS data will be received and transmitted using a single VTRX optical transceiver module, in tandem with a GBTX chip operating in transceiver mode and a GBT-SCA to provide a slow controls interface to the digital board.
Since the versatile link and GBT chipsets consist of one-off, radiation-hard custom ASICs, it is imperative that any reliability problems that may be associated with less radiation-tolerant components (such as the FLASH FPGAs used to on the digital board) do not result in the scrapping of these irreplaceable parts. There is also an inherent degree of duplication of data transmission circuitry, due to the need for three pairs of similar optical data uplinks per digital board. 
For these reasons, a modular approach has been adopted. Two plug-in modules have been developed: one containing the GBT and versatile link components for the dual optical transmitter (the DTM) and a second containing the GBT and versatile link components for the optical transceiver (the ECM). They are shown in figures Figure 1 and Figure 2 respectively.
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[bookmark: _Ref452730986]Figure 1: Photographs of the prototype PDMDB-DTM module (v1.0)
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[bookmark: _Ref452730987]Figure 2: Photographs of the prototype PDMDB-TCM module (v1.0)
Communication between these plug-in modules and the main digital board takes place using wired E-links and a small number of single-ended control signals. Additionally, the PDMDB-DTM module receives a clock reference from the PDMDB-TCM module and an I2C bus from the digital board, whilst the PDMDB-TCM module provides reference clocks, GPIOs, ADC inputs, DAC outputs, I2C busses, a JTAG interface and an SPI interface to the digital board, PDMDB-DTM modules and front-end elementary cells (ECs)
[bookmark: _GoBack]As well as the reliability, replaceability and duplication advantages mentioned above, this modular approach also improves testability, by making it practical to characterise individual optical link components independently of the digital board. It also follows the approach encouraged in [1], which notes that: “it is efficient to use one duplex GBT link to provide ECS/TFC information to many front-end components”.
This section describes the specification, design, development and future plans for production testing of these modules.
Requirements
The requirements for the modules are based on those set out in previous design reports, notably [LHCb-PUB-2011-011], the RICH TDR [LHCB-TDR-014] and the RICH 1 and RICH 2 mechanics EDRs[2][3]. The requirements set out in these documents that are relevant to the design and production of the DTM and TCM modules are summarised in [PDMDBEDR-requirements].


Specification
The specification for each of the modules has been developed from the general design requirements for the digital board. To avoid duplication of design effort, the modules will be identical between the PDMDB-R and –H variants. The general specifications for the modules are as follows:
General specifications for both modules
Size and layout
· Modules to be as small as possible to ensure signal integrity and minimise space needed.
· Modules to have similar size and layout to improve packing and minimise design effort.
· Heat-generating components (> 100 mW) to be mounted on top surface to aid heat-sinking. Consideration must be given to mounting these components to cold bar.
· Power and data connections between modules and PDMDB to be made with a single low-profile connector. Connector to be capable of multiple (>20) mating cycles.
Signal integrity
· High speed differential signals ≥ 40 MHz to use differential pairs with matched termination.
· Similar differential pairs to be length-matched to the PDMDB connector to simplify length-matching on PDMDB and minimise phase differences.
· Total un-matched length must be negligible compared to the maximum signal wavelength.
· Sensitive signals to be routed between small-signal ground planes on internal layers.
· Connection lengths to be minimised in reverse order of signal frequency (i.e. the first priority is to minimise the length of the 4.8 Gbps differential pairs between GBTX and VTxX).
· All unused inputs must be tied to a reference voltage through a suitable resistor.
· I2C lines to be pulled up on master module only. Slaves will have no pull-ups.
Power supply
· Two power rails are required by each module: 2.5 V supply for VTxX modules and GBT-SCA DVDD and 1.5 V supply for GBTX ICs and GBT-SCA AVDD and VDD.
· Two ground planes, a 1V5 and a 2V5 power plane will be used per module. Unused areas of copper will be connected to ground as additional shielding.
· Ground and power planes to be cut to separate the power supplies to different IC functions. This will minimise interference within and between ICs by individually decoupling them.
· All ICs on the modules will be well decoupled. As a minimum, each separate IC power supply to be decoupled with a 4.7 μF bulk and a 100 nF high-frequency capacitor.
· Capacitors decoupling high frequencies (≤100 nF ceramics) to be in 0402 packages and placed to minimise high frequency loop area and stray inductance.
· All decoupling capacitors to be X7R, X5R or C0G ceramics, operated below half of their rated voltage, to ensure reliability and reasonable voltage and temperature stability. 
· Traces carrying ≥100 mARMS to be sized to avoid excessive resistance and heating.
· A complete column of PDMDBs in either RICH 1 or RICH 2 should ideally be capable of being powered by a single Maraton power supply
Manufacturing
· Halogen-free PCB laminates are to be used for production boards, unless cost is prohibitive.
· For greater reliability and to lower manufacturing costs, conservative layout design rules are to be adopted. E.g.:
· Minimum track and gap of 100 μm
· Minimum drill size of 250  μm
· Minimum pad size of 300/350 μm (external/internal)
· Minimum track to plane spacing of 200 μm
· All components to be used in production boards to be surface-mounted to minimise space and assembly costs.
· All pads to be non-solder mask defined, for reasons of reliability (see, for example [4])
· Space to be left on top surface of PCB for a unique barcode ID.
Mechanical
· Plug in modules must be mechanically stable when connected to digital board. The connector should not be relied on as the only mechanical connection.
· Mechanical fastenings to digital board should not make modules unduly difficult to remove.
Configuration and testability
· Configuration input voltages to be defined, even if no digital board is connected.
· Module-specific configuration inputs to be hard-wired on production boards for reliability. During development, DIP switches may be used in place of resistors for convenience.
· FPGA-controlled configuration inputs must be pulled up, to allow the FPGA to operate as an open-collector driver and hence overcome supply voltage differences with the module ICs.
· Configuration and control signals relevant to testing to be made directly available to the user via headers on the module. 0.1” TH headers are acceptable if not needed in production. 
PDMDB-DTM specific specifications
The following connections are to be made available to digital board:
· 14 x differential serial e-link uplinks to each GBTX (28 total)
· 1 x differential reference clock input
· 1 x I2C serial bus, on which both GBTXs are slaves
· A RESETB connection for each GBTX
The main components on the board will be:
· Two GBTX chips operating in wide-bus simplex transmitter mode
· A VTTX dual optical transmitter module for sending data to the back-end
These components will be connected by:
· A high speed dual uni-directional 4.8 Gbps differential serial interface between the VTTX module and the GBTX chips
· An I2C serial bus, connecting the two GBTX chips (as slaves) to the digital board/PDMDB-TCM module.
· An I2C interface between both GBTX chips and the TCM module
· A clock reference output from one GBTX to act as the reference for the second. This means only a single clock reference need be provided to the DTM module.
N.B: The timing reference to the PDMDB-DTM module will be provided by the clock manager on the TCM. This REFCLK input will be connected to only one of the DTM GBTXs. The reference clock for the second GBTX will then be taken from the clock manager of the first GBTX. This avoids termination problems from splitting the clock between devices and only requires one clock input per module.


PDMDB-TCM specific specifications
The following connections are to be made available to digital board:
· 6 x differential reference clocks (1 per FPGA and PDMDB-DTM module)
· RESETB connections for both GBTX and GBT-SCA ASICs
· GBT-SCA SPI interface
· 4 x GBT-SCA I2C busses (with GBT-SCA as master)
· Connections to the I2C bus between the master GBTX and GBT-SCA
· 32 x GPIO I/Os (for FEBs and FPGA)
· 4 x DAC inputs (for FEBs)
· 30 x ADC inputs (for FEBs and sensors)
· JTAG interface from GBT-SCA
· Versatile Link control signals
(i.e. TX/RX data valid, TX/RX ready, RSSI and TX disable)
· 6 x differential E-link downlinks to send TFC commands to digital board FPGAs
· 3 x differential E-link data clocks for data synchronisation between clock domains
· E-fuse power and program signals for both the GBTX and GBT-SCA
· GBTX reference clock input (which must be enabled on the board by the connecting additional zero-ohm links)
The main components on the board will be:
· A master GBTX chip operating in transceiver mode with FEC
· A VTRX optical module for bi-directional data transfer with the back-end
· A GBT-SCA ASIC to provide a slow controls interface to the front end.
These components will be connected by:
· A high speed bi-directional 4.8 Gbps differential serial interface between the VTRX module and the master GBTX
· A dedicated 80 Mbps bi-directional e-link between the GBTX and the GBT-SCA.
· An I2C bus with the GBT-SCA as master, between the GBTX and GBT-SCA
· A separate I2C interface between the GBTX and VTRX module
· The timing reference will usually be provided via the optical link. However, for testing and start-up purposes, the master GBTX must have an on-board 40 MHz crystal oscillator.


Design overview
This section describes how the design is implemented in the prototype modules.
Mechanical
Both modules have been designed with dimensions of 62 x 38 mm. This is the smallest area that is able to comfortably accommodate the main components of each board and allow sufficient area for routing. Each module has an M2.5 mounting hole, close to the edge from which the optical connector protrudes. This provides mechanical stability when the optical module is connected or removed and also prevents the megarray connector becoming disconnected once installed.
The maximum height of any component on the modules from the surface of the digital board is 11 mm, excluding the VTTX and VTTX plug-in modules. This increases to 15.7 mm when the optical modules are included. The body of the optical modules protrude approximately 11 mm from the RICH-DB-VTXX PCBs. This makes it easier for optical fibres to be connected and disconnected with the board in situ, whilst ensuring that the optical modules themselves are securely mounted with screws to the RICH-DB-VTXX PCBs
With the exception of the megarray connector and fixing screw, no components on the underside of the production boards protrude further than 0.7 mm from the surface of the PCB. This permits components of up to 3 mm high to be used underneath the modules on the digital board without interference from the module. (Note that if DIP switches are to be used during testing, there will not be space under them for any components on the digital board).
Sketch diagrams of the layout of the DTM and TCM boards are shown in Figure 3 and Figure 4 respectively.
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[bookmark: _Ref453162507]Figure 3: Sketch layout of DTM board, approximately actual size. Size of GBTX is 17x17 mm.
Shaded areas represent locations where space between module and PDMDB <3 mm.
Quoted measurements are only accurate to ±0.3 mm. Please refer to layouts and part drawings for greater accuracy.
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[bookmark: _Ref453162508]Figure 4: Sketch layout of TCM board, approximately actual size. Size of GBTX is 17x17 mm and GBT-SCA is 12x12 mm. 
Shaded areas represent locations where space between module and PDMDB <3 mm. Quoted measurements are only accurate to ±0.3 mm. Please refer to layouts and part drawings for greater accuracy.
Radiation hardness
Both modules are radiation hard by design. The active components used on these boards are all CERN-specific radiation hard parts which have been extensively tested. Passive components including film resistors and ceramic capacitors are not known to be sensitive to radiation and are also used in other radiation components such as the FEASTMP modules.
The biggest unknowns for the radiation hardness of the modules will be the choice of PCB substrate and the megarray connector. The authors are not aware of any evidence that halogen-free PCB substrates suffer any serious adverse effects in a radiation environments. Similarly, the liquid crystal polymer used in the packaging of the megarray connector is thought to have good radiation resistance [5] and similar connectors are known to have been used at CERN in previous irradiation tests [6]. An increase in power consumption by the radiation-hard components is also expected over the life of the modules due to the effects of irradiation. This effect is described in more detail in section 5.3
Naturally, the radiation hardness of the complete modules will need to be assessed in irradiation tests. However, at this stage, the components and materials used are not expected to pose a problem in the RICH radiation environment.
Manufacturing
The module PCBs consist of 8 layers, of which 4 are ground/power layers. The outer layers are to be finished with electroless nickel gold (ENIG), which has good oxidation resistance and is very well suited to reliable soldering of high-density BGAs. ENIG finishes are associated with a slightly increased chance of brittle fracture of solder joints. However, this should not be a problem, provided boards are handled carefully.
FR-4 has been used for development prototypes for simplicity and cost. However, halogen-free materials are preferable for production and pre-production boards. Slight design tweaks may be required in the transition between the two materials to ensure differences in relative permittivity are accounted for.
The stackup of the module PCBs is shown in Figure 5.
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[bookmark: _Ref451934602]Figure 5: Stackup for digital board module PCBs
Signal integrity and layout
The components on the board are arranged primarily to minimise the length of the high speed data links between the GBTX chips and the optical modules. The connector to the PDMDB is then positioned to minimise the length of the data links to and from the digital board and to make routing between the connector and BGAs practicable. Specific signal integrity design features of the modules are described below.
ADCs and DACs (TCM only)
Although these analogue signals are high impedance, they are also low bandwidth (e.g. <7 ksps for the ADC). These are therefore routed on shielded inner layers from the SCA to the connector, with conductors in close proximity to save space.
Communications busses
SPI (TCM only)
The SPI bus is capable of operating at comparatively high frequency (CLK, MOSI and MISO can operate at up to 20 MHz) and its traces pass through a very congested part of the board. Consequently, SPI traces run in very close proximity to other signals. To mitigate this, trace lengths are kept to a minimum. As a result, no two traces run parallel to each other for more than 7 mm, hence cross-talk is not expected to be a problem.
I2C
By necessity, several of the I2C busses have long parallel traces of up to 50 mm on the modules for the inter-module busses and up to 100 mm for the intra-module GBTX-SCA bus. To minimise cross-talk between data and clock lines where traces are parallel for a considerable distance, signal lines are interleaved with a shield ground line.
High-speed differential signals
To ensure data integrity, high speed differential signals on both modules are routed on matched impedance transmission lines on internal layers. The general properties of these signals are shown in Table 1. The properties of FR-4 used in these calculations are derived from [7]. 
Note: Slight modifications to transmission line dimensions are expected to be required when moving the design between FR-4 and a halogen-free substrate to ensure the characteristic impedance is maintained.
	Signal
	Data rate (Mbps)
	Fundamental frequency (f0)
	5th harmonic (5f0)

	
	
	f (MHz)
	Typical λ in FR-4 (mm)
	Typical ν in FR-4 (% c)
	f (MHz)
	Typical λ in FR-4 (mm)
	Typical ν in FR-4 (% c)

	TFC data and clocks
	320
	160
	920
	49
	800
	184
	49

	Data uplinks
	320
	160
	920
	49
	800
	184
	49

	GBT-SCA 
E-links
	80
	40
	3,600
	48
	200
	735
	49

	VTxX data links
	4,800
	2,400
	63
	50
	12,000
	13
	50

	Reference clocks
	-
	40
	3,600
	48
	200
	735
	49


[bookmark: _Ref451929821]Table 1: Signal properties of key data links and clocks on DTM and TCM. All differential signals require a characteristic differential impedance and termination of 100Ω. 
Differential signals on the module are length-matched to ensure phase errors are small and the unmatched length is minimised to avoid unwanted reflections. For signals passing through the megarray connector, length-matching is applied up to the connector, to make it easier to independently length-match the same lines on the PDMDB. Table 2 summarises the typical characteristics of the transmission lines on the two modules. In all cases, phase error is anticipated to be less than 1 %.
The unmatched length of the VTxX data links are slightly higher than is ideal, particularly on the TCM. However, at least 20% of this is due to the design of SFP connector required by the VTRX module, with the rest being due to the spacing of the GBTX pins and the need to swap the order of the P and N traces of the RX connections between the VTRX and GBTX. 
Whilst these unmatched sections are likely to cause some unwanted reflections, the mismatch between the impedances of these sections is not severe, which will help to mitigate undesirable effects. For example, the characteristic differential impedance of the SFP connector pads is estimated to be of the order of 77 Ω, which will result in a reflection coefficient of around 13%, which should still provide acceptable performance.
	Signal
	Typ. Actual differential impedance
(Z0)
	Nominal reflection coefficient
(ρL)
	Nominal (actual) length tolerance (mm)
	Nominal (actual) max. phase error (degrees)
	Max. nominal (actual) unmatched length 
(% λfundamental)

	TFC data and clocks
	99.1
	+0.45%
	4.00 (2.20)
	1.6 (0.9)
	0.5 (0.4)

	Data uplinks
	99.5
	+0.21%
	4.00 (3.59)
	1.6 (1.4)
	0.7 (0.8)

	GBT-SCA 
E-links
	98.6
	+0.70%
	4.00 (1.67)
	0.4 (0.2)
	0.1 (0.1)

	VTxX data links
	101.2
	-0.60%
	0.30 (0.17)
	1.7 (1.0)
	7.9 (5.8)

	Reference clocks
	98.6
	+0.70%
	4.00 (1.73)
	0.4 (0.2)
	0.2 (0.2)


[bookmark: _Ref451930480]Table 2: Transmission line characteristics of key data links and clocks (v2.0 PCB)
Data and power interfaces
The data and power interface between the PDMDB and the DTM and TCM is through a 4 mm stack height FCI megarray connector. The DTM uses the 100 pin variant of the connector and the TCM uses the 200 pin variant. The pinout of the connector is shown in Figure 6 and Figure 7. The megarray is rated for up to 200 mating cycles, depending on the variant chosen.
The pinouts of both connectors will change in version 2 of the modules and will make them incompatible with version 1 boards. This is to allow additional connections to the PDMDB that have been found to have been useful in testing to be incorporated as standard. The decision to change these pinouts now is intended to ensure that no additional future changes are necessary.
Data
DTM
The 14 differential data uplinks to each GBTX are arranged around the outer two rows of pins on the megarray connector. This minimises the length of each link and makes routing easier. 
The corner closest to the VTTX module is used for the reference clock input and for VTTX control signals, whilst the opposite corner is used for the I2C bus and reset signals for both GBTXs.
N.B: This pinout is likely to change in the next iteration of the PCB. It is intended to route additional control signals to the PDMDB via the megarray connector. These include: 2 x TX_READY, 2 x TSTCKOUT, 2 x TSTOUT, 2 x EFUSEPOWER and 2 x EFUSEPROGRAMPULSE. MOD_ABS will also be removed. Space for these signals will be found by redesignating the power pins indicated in Figure 6. This will increase the maximum current through 1V5 pins to 142 mA, which still leaves a minimum safety factor of 3, relative to their rated current. 
TCM
The differential data downlinks, reference clocks and e-link data clocks are arranged along the top two rows of the megarray connector, to minimise trace length and routing conflicts with other signals. In general, lower bandwidth signals (DAC, GPIO and ADC) are routed over longer distances. Pins are grouped into distinct regions, arranged by function.
Power
Using the data presented in the “Input power requirements” section, the input power requirements of the two plug-in modules are estimated as follows: (Table 3)
	
Module
	Input current at 1.5 V (mA)
	Input current at 2.5 V (mA)
	Total power dissipation (mW)

	PDMDB-DTM
	1276
	200
	2414

	PDMDB-TCM
	1005
	147
	1875


[bookmark: _Ref452470699]Table 3: Power supply requirements of plug-in modules
Since ground is common to both power supplies, a larger number of ground connections will be required than those for the 1V5 or 2V5 rails. A much greater number of connections are also required for the 1V5 rail compared to the 2V5 rail. To simplify routing of signals, it is also desirable for power connections to be made in the centre of the connector.
To meet these requirements, the power connections are made using concentric rectangles of pins, as shown in figures Figure 6 and Figure 7. This also makes it easy for power connections on the digital board to be made from any direction, which simplifies routing. This arrangement gives 20 x ground, 12 x 1V5 and 4 x 2V5 pins for the DTM connector and 28 x ground, 20 x 1V5 and 12 x 2V5 pins for the TCM connector. The worst-case input current per pin is 106 mA for 1V5 on the DTM, which is a factor of 4 lower than the 450 mA rating for the connector with all its contacts energised [8].
All voltage rails have at least one dedicated power plane connected directly to the megarray connector. All power planes also act as small-signal ground planes for the top, bottom, signal 1 and signal 2 layers (see stackup in Figure 5). To minimise any unwanted interference between components and individual IC power supplies, the ground and power planes are cut to ensure return current flows only where is intended and that all power supplies are properly decoupled locally. (N.B. This feature has not been fully implemented in v1.0 of the DTM and will be included in the next revision of the PCB)
The input voltage to the digital I/Os of the GBT-SCA can be set to either 1V5 or 2V5 using an 0805 zero-ohm link. Although the GBT-SCA is nominally a 1.5 V device, its I/Os are 3.3 V tolerant, allowing it to be used directly with the 2.5 V output of the FPGA and FEBs. It is expected that 2V5 will be chosen as the default value.
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 (
Pins expected to change use in next revision
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[bookmark: _Ref452559136]Figure 6: PDMDB-DTM interface using 100 pin Megarray connector (expected to change in v2.0)
[image: ]
[bookmark: _Ref452559138]Figure 7: PDMDB-TCM interface using 200 pin Megarray connector (not expected to change further)
Final design
Production readiness
Following this EDR, testing of the modules will continue. An early priority will be the development of a v2.0 PDMDB and DTM to go with the updated TCM. These updated boards will incorporate necessary improvements found during initial testing. The three boards need to be developed together, due to the change in pinouts on the connectors to the PDMDB.
V2.0 modules will then be used as part of a complete v2.0 system for firmware and integration testing, including in irradiation tests at CERN. Meanwhile, a module functionality test system will be developed in preparation for testing the final production modules (see following section). 
Any further modifications to the design will then be made based upon the results of development and testing activities. It is hoped that any modifications at this stage will be minor revisions. At this point, the results of module test and development will be presented at a production readiness review (PRR) before proceeding to manufacture.
Production, testing and system integration
Production tests
Production modules will be tested at each stage of manufacturing, to minimise the chance of failures due to manufacturing faults. In addition, a test batch of around 20 of each type of board will be manufactured, assembled and tested before the full production run, to ensure that there are no unexpected problems with the chosen manufacturing processes.
After PCB manufacturing, each board will be tested with a ‘flying probe’ test. This checks the connectivity of all tracks on the top and bottom surfaces against the expected connectivity in the design files and will highlight any broken tracks. This test is unlikely to detect any shorted tracks and these must be tested for during functionality testing.
Following assembly of the PCB, automated optical inspection will be used on each board. This should detect any components that are missing, incorrectly oriented or (in some cases) of the incorrect value. In addition, a sample of assembled boards will be X-rayed to check the quality of the assembly process, particularly the solder joints under the BGAs.
Functionality tests
Certain features of the modules cannot be tested whilst they are connected to the digital board. It is therefore proposed to develop an automated test and measurement setup to test and configure the DTM and TCM boards, before they are connected to a PDMDB for the first time. These tests will include the following actions:
All modules
· Read unique module ID barcode with camera and log to database
· Check voltage and current draw on both power rails
· Read unique GBTX/GBT-SCA IDs over I2C and log to database
· Perform basic tests of all I2C busses
· Perform basic set-up using I2C as required (e.g. burn e-fuses for desired default configuration)
· Measure conducted EMI emissions from module on 1V5, 2V5 and GND power rails
DTM only
· Check communication of both I2C busses between GBTXs and VTTX module
· Check operation and phase of REFCLK inputs
TCM only
· Check communication on I2C bus between GBTX and VTRX
· Measure accuracy, linearity and offset of all DAC outputs
· Measure accuracy, linearity and offset of all ADC outputs
· Check operation of SPI bus
· Test SCA JTAG interface
· Check operation and phase of all reference and data clocks
· Test all GPIOs
· Test communication between GBT-SCA and GBTX if possible
Each test will check that measurements fall within a defined pass range. All test results will be logged in a database and a summary test report produced for each module. Once a module has passed this stage, it will be used to populate a PDMDB, which will then be tested for data integrity as a complete unit. The procedure for testing complete PDMDB PCBs and integrating them with the rest of the front end modules is described on page ????.


Appendix 1: Schematics, layout and change list for PDMDB-DTM PCB (v1.0)
1. Board view
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	Top view
	Bottom view


Figure 16: Top and bottom rendered views of PDMDB-DTM PCBs (v1.0) (actual size)
PCB layers (not to scale)
[image: ][image: ]
Figure 17 Left: Top (component) layer. Right: Top ground plane.
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Figure 18 Left: Top signal layer. Right: 1V5 power plane.
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Figure 19 Left: 2V5 power plane. Right: Bottom signal layer.
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Figure 20 Left: Bottom ground plane. Right: Bottom (component) layer.
Intended change list for next version (2.0) of PDMDB-DTM board
· Re-number refdes based on position.
· Standardise pull-ups to 10k from 4k7.
· Modify I2C address resistors to account for internal GBTX pull-ups.
· Reroute REFCLK input signal to only one GBTX. Clock manager on this GBTX to be used to generate REFCLK for second GBTX to avoid termination problems.
· Fillet component pads.
· Make pin 1 marking clearer.
· Leave space for unique QR barcode.
· Remove I2C pull-ups from board (responsibility of master).
· Add DIP switches for GBTX I2C address, MODE, REFCLKSELECT, RXLOCKKMODE, CONFIGSELECT.
· Change all resistors to 0402 from 0603.
· Change 6-pin test connectors to standard 0.1” pitch headers.
· Route Efuse power and control connections, TX_READY, TSTCKOUT and TSTOUT for both GBTXs to PDMDB.
· Remove MOD_ABS connection.
· Add 0.1” headers to GBTX reset connections.
· Move identification labels (version, date etc.) to top surface.
· Improve tolerances of differential pairs, reduced unmatched length and make continuous arcs.
· Space I2C lines to minimise crosstalk.
· Slice power planes to minimise conducted interference between components.
· Remove JTAG pull-ups where pulled up internally.
· Rename to PDMDB-DTM from VTTX.
· Increase track-plane clearance increased from 0.1 to 0.2 mm.
· Update megarray pinout to accommodate changes.
· Remove power plane islands where not defined to avoid antenna effects.
· Improve clarity of schematic.
DTM schematic
[image: ]

Appendix 2: Schematics, layout and change list for PDMDB-TCM PCB (v2.0)
1. Board view
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	Top view
	Bottom view


Figure 21: Top and bottom rendered views of PDMDB-TCM PCBs (v2) (actual size)
PCB layers (not to scale)
[image: ][image: ]
Figure 22 Left: Top (component) layer. Right:Top ground plane.
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Figure 23 Left: Top signal layer. Right: 1V5 power plane.
[image: ][image: ]
Figure 24 Left: 2V5 power plane. Right: Bottom signal layer
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Figure 25 Left: Bottom ground plane. Right: Bottom (component) layer.
Changes made between v1.0 and v2.0 of PDMDB-TCM board
· Refdes re-numbered based on position.
· Pull-ups standardised to 10k from 4k7.
· I2C address resistors modified to account for internal GBTX pull-ups.
· GBTX I2C lines also routed to Megarray.
· Component pads filleted.
· Additional I2C lines routed from GBT-SCA (4 total) and pulled up on board.
· Pin 1 marking made clearer.
· Space left for unique QR barcode.
· GBT-SCA digital IO voltage made selectable between 1V5 and 2V5.
· Connections added to GBTX REFCLK for Megarray, header pins or pull-ups.
· DIP switches added for GBTX I2C address, MODE, REFCLKSELECT, RXLOCKKMODE, CONFIGSELECT.
· All GBTX control inputs pulled-up to allow use of open-collector logic by FPGA. Exception is EFUSEPROGRAM PULSE; tied down to avoid accidental programming.
· All resistors changed to 0402 from 0603.
· GPIO ext clock pulled up.
· I2C pull-up resistors optimised. 4k7 for VTRX bus, 2k2 for all others.
· 6-pin test connectors changed to standard 0.1” pitch through-hole headers.
· GBT-SCA and GBTX Efuse power and control connections routed to PDMDB.
· 0.1” headers added for GBTX and GBT-SCA reset connections.
· 0402 test points added to GBTX/SCA E-link and for GBTX XOSC.
· XOSC pull-ups removed.
· Track-plane clearance increased from 0.1 to 0.2 mm.
· Megarray pinout changed to accommodate changes. 1 pin allocated for possible future use.
· RSSI resistor values changed to give 
1 V/mA response and 1 V maximum.
· TFC connections changed to correct output pins, rather than incorrect inputs.
· Copper power plane islands removed where not defined to avoid antenna effects.
TCM schematics
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Estimated manufacturing costs
Budgetary quotations have been requested from a range of PCB manufacturing and assembly companies. These have been based on early design data and should be used as estimates only. Furthermore, the capabilities of these manufacturing companies are not identical and have different approaches to outsourcing. This is a particular consideration due to the radiation-hard nature of the boards.
For PCB manufacturing, quotes have been sought for both standard FR-4 and halogen-free laminates, to determine whether halogen-free materials are a cost-effective solution.
The cost distribution for a complete set of each PCB to be manufactured is shown in Figure 26. The cost for assembly of these boards is shown in Figure 27. This corresponds to 500 PDMDBs, 1,400 DTMs and 500 TCM, making a total of 2,400 boards. The overall cost distribution for manufacturing and assembling a complete set of all boards is shown in Figure 28, which accounts for the fact that PCBs may be manufactured and assembled by different companies. It is important to note that these figures do not include the cost of any components on the board.
These data suggest that there is no significant cost penalty to using halogen-free substrates and it is therefore recommended that production boards are halogen free. The overall cost for producing the boards is likely to be in the range of £32-62k, excluding any additional testing that might be required.
	[image: ]
	[image: ]


	[bookmark: _Ref452727417]Figure 26: Distribution of PCB manufacturing budgetary quotes for all individual boards and for a complete production run of 2,400 boards in FR-4 and halogen-free variants. (N.B. Assumes boards made in large quantity batches)
	[bookmark: _Ref452727419]Figure 27: Distribution of PCB assembly budgetary quotes for all individual boards and for a complete production run of 2,400 boards. (N.B. does not include extra test options such as X-ray test of each board, which can double cost. Assumes boards assembled in large quantity batches)



[image: ]
[bookmark: _Ref452727594]Figure 28: Distribution of total cost of manufacture for a complete production run with both FR-4 and halogen-free PCB substrates. (N.B. Assumes large volumes and no additional testing. Component costs are not included.)
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Overall thickness: 1 51 mm
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