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Abstract

The TBM modules are used for distributing the TTC signals and collecting the Busy signals inside the crates of the Liquid Argon ROD system.

The TBM is a 9U module that must be plugged into the slot number 5 of the ROD crate. This ROD crate must be equipped with the dedicated CP3 interconnection board in addition to the VME64x backplane.
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Introduction

The ROD system is connected to the Trigger system from which it receives the Trigger, Timing and Control signals (TTC) and to which it sends the Busy signals.

Top view of the ROD crate
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In order to operate different LARG detector parts independently during the commissioning or debugging phases, the detector is partitioned into 6 partitions.
Consequently, each partition has its own Local Trigger Processor (LTP) responsible for providing TTC signals through the corresponding local TTC system (part of the global TTC system). Each partition also has its own Busy signal which tells the LTP to lower the trigger rate so as to prevent data overflows.

When partitioning is inactive, the Central Trigger Processor (CTP) provides the TTC signals to all the partitions through the TTC system (including the local TTC systems). The CTP lowers the trigger rate when the Busy signal of any partition is active.

The TBM must be used with the CP3 board in order to perform the 2 following functions :
· Firstly allowing the TTC signal to be distributed to the ROD modules inside the ROD crate
· Secondly, allowing the ROD Busy signals to be gathered and sent to the LTP
The TBM prototype
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The TBM version 2
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Functionalities
Connections between the ROD boards
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Trigger, Timing and Control (TTC) distribution

The TBM receives an optical fibre from the TTC system. The optical receiver is the TRR‑1B43 from TrueLight, which is largely used in ATLAS. On the 6 prototypes, the optical receiver HFBR-2316T from Agilent was also mounted in parallel. The optical receiver converts the TTC optical signal into an electrical LVDS signal. Then , the TBM duplicates it and distributes it to each ROD module through the P3/J3 connector, using point-to-point transmission lines on the CP3 board.
TTC Distribution
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TTC input

After the optical receiver, the TTC signal is LVDS differential. A slight bias is introduced between the positive and the negative input of the following buffer DS90LV001. This is done for the following reason :

The receiver inputs of the DS90LV001 do not have internal failsafe biasing. So, as it was seen on some of the first 6 boards, when the TTC fiber is not plugged or when the TTC signal is absent, the DS90LV001 can oscillate and the TTC lines are noisy. The R24 (22kohms) and R27 (12kohms) resistors provide a slight positive differential bias and set a known High state on the TTC lines with a minimum amount of distortion.

TTC input of the TBM module
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Note : the first 6 TBM modules, with serial numbers 00 to 05, use another optical receiver :

Agilent HFBR-2316T which is selectable by a switch.
TTC output
The TBM module transmits the TTC signal to the 16 slots between slot 6 and slot 21. Dedicated pairs of differential lines on the CP3 board link the TBM slot, number 5, to the slot 6, slot 7, etc., slot 21. Theses point to point links use the P3/J3 connector. The table.Annexes\TBM P3 shows the use of the pins.

The point to point drivers are of the LVDS type (DS90LV110). At the receiving end (on a ROD module), the differential pair of lines, which has a 100 ohms differential characteristic impedance on the CP3 board, is ended by a 100 ohms resistor placed at the input of a differential receiver. If the slot is empty, the corresponding TTC signal is absent, due to the absence of the terminating resistor, which is necessary to close the driver current loop.

The 16 TTC signals on P3
TTC receiver on a ROD module
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 Busy collection

The TBM receives the ROD Busy signals from the P3 connector.

It makes a logical OR out of them in order to create the "Crate Busy" signal which has to be sent onto a coaxial cable to one input of the ROD‑Busy‑Module of the partition crate. The logic associated with the Busy signals is contained in the Busy FPGA (Altera ACEX EP1K50).
Busy collection
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Busy inputs
Each slot between slot 6 and slot 21 may transmit a Busy signal to the TBM module. Dedicated lines link these 16 slots number slot 6, slot 7,..., slot 21, to the TBM slot, number 5. Theses point to point links use the P3/J3 connector. The table.Annexes\TBM P3 shows the use of the pins.

The Busy signal is of the LVTTL type, active high.

Pull-down resistors (10k ohms) at the input of the TBM module make the empty slot lines inactive.

Pull-down resistors on Busy inputs
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Because the Busy lines on the CP3 board are long and, consequently, sensitive to reflections, the lines have been built with a characteristic impedance of 50 ohms. Reflections can be avoided by using a small resistor in series at the driver end (thus absorbing the reflected wave) or by using a slow slew rate driver (rise and fall times greater than 3 ns) which avoids reflections.
Note : the first 6 TBM modules, with serial numbers 00 to 05, were designed with Busy inputs active low and have been modified to be active high.
Busy output

The Busy signal of the TBM module is implemented in accordance with the ATLAS ROD Busy Module specifications (Reference : "ATLAS ROD Busy Module", Technical description and users

manual, Per Gällnö CERN/EP/ATE/dqper.gallno@cern.ch, January 9, 2004).

Busy output of the TBM module
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The 3 Busy outputs of the TBM are identical. The output drivers are of the FAST TTL open-collector type, able to sink up to 64 mA. The TTL outputs are pulled up to + 5V by 12k resistors.
Care should be taken when monitoring the Busy signal on a scope because the signal appears inverted into 50 ohms. When using the high impedance input of the scope, TRUE is 0V and FALSE is + 5V.
Busy input of the ATLAS ROD Busy module
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On the ATLAS ROD Busy Module, the input is equipped with a 50resistive Thévenin network resulting in an idle input voltage of 0.8V. A Busy TRUE input corresponds to a 0V level and a Busy FALSE to a + 0.8V level. The input voltage threshold is set to + 0.4V and the ultra fast input comparators have an internal hysteresis circuit producing clean input signals even when receiving data over long lines.

Busy monitoring
The Busy FPGA also allows to monitor the state of the Busy inputs. The logic associated to this monitoring has been implemented in VHDL by Per Gallnö (CERN) in his ATLAS ROD Busy Module and adapted by Annie Léger (Université de Genève) for the ROD module.
Busy monitoring by VME
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The Busy signal used as a synchronization signal

During the calibration periods, one plans to use the Busy signal in order to synchronize the data taking of all the channels according to the following manner :

· One sets the Busy of the considered partition in the ROD Busy module of that partition.

· Consequently, the LTP is stopped.

· The calibration sequence is prepared.

· One clears the Busy of the partition.

· Consequently, the LTP sends the programmed number of triggers.

· Thus, the data acquisition channels are operated synchronously.

VME interface

Concerning its main two functions (TTC distribution and Busy collection), the TBM module functions without the help of its VME interface. However, the VME interface provides for monitoring the Busy signals and the TTC signal.

The TBM also features an interface between the VME‑bus and the TM modules in order to read the serial numbers of the TM modules. The TBM also allows to read the serial number of the CP3 board which is set by 2 rotary switches.
The VME interface of the TBM is mainly implemented in the VME FPGA (Altera ACEX EP1K50). The remaining parts of the VME interface are implemented in the Busy FPGA. The 2 chips are connected as follows :
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The core of the interface has been written in VHDL by Annie Léger (Université de Genève). In brief :

· VME slave module


Board ID: 0x303080030

· A32D32 for data transfer (A32 non privileged data access AM 09 or A32 supervisory data access AM  0D). Note : all the registers actually have less than 16 bits.
· A24D32 for CR/CSR (AM 2F)
· Geographical addressing (bits 28...24 for using with the VME crate controller VP110 from Concurrent Technologies)

· VME interrupter ROAK
The possible sources of interruption on a TBM are :

· Busy on : all the ROD Busy signals were inactive and one or more Busy signal has just been put on by a ROD module.

· Busy off : one or more ROD module was activating its Busy signal and all the Busy signals have just been put off.

· Busy overflow : the Busy signal lasts more than a certain time.

· TTC problem : the TTC signal encountered a problem that disappeared or is still pending.
Each source of interruption can be enabled or disabled.
Additional functionalities

CP3 remote identification
Each CP3 board has a unique identifier defined on the CP3 board by 2 rotary switches. This identifier is accessed by the TBM (pins CRA4 to CRA0 in the TBM P3 table) and can be read by VME.
The CP3 identifier is read by VME
CP3 identifier pins on P3
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TMs remote identification
The serial numbers of the TM modules plugged at the rear of the ROD crate can be accessed by VME through the TBM.

This reading needs several steps and two VME orders.

· First, the TM geographical address of the TM is written by VME to the dedicated register in the TBM (then, the crate controller waits for a while, 5 microseconds for instance). This write order triggers a Finite State Machine in the TBM (actually, in the Busy FPGA) that positions the TM address on the TM‑Bus, reads the TM serial number and puts it in the dedicated VME register of the TBM.

· Then, this dedicated VME register of the TBM is read by VME.

The TMs identifiers are read by VME
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The TM bus is supported by a few lines on the CP3 card. The TBM and all the TMs are connected to the TM bus. The TBM drives 5 bits to address one TM (TMA0 to TMA4) and validates the TM address with TMEN. A transaction on the TM bus concerns the TBM and the addressed TM. A transaction implies 4 lines in a manner similar to the JTAG but simplified. These 4 lines are : TMTCK (clock generated by TBM), TMTMS and TMTDI (mode and data bit transmitted by TBM) and TMTDO (data bit transmitted by TM). The signal TMRST is used by TBM to reset all the TM bus interfaces of the TM modules.
TTC Monitoring
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A copy of the TTC signal enters the Busy FPGA, thus giving the possibility to roughly monitor the presence of the TTC signal.
JTAG Chain
On the TBM prototypes, the JTAG signals, used for configuring the FPGAs and other programmable devices, were bussed along the chips. A manual switch associated to each chip had to be pushed in order to select the device concerned by the configuration operation. On the TBM version 2, the JTAG signals have been redesigned as it is shown on the following drawing. There are buffers between the on-board signals and the 10 pins connector dedicated to the programming instrument (MasterBlaster). The resulting JTAG chain is more secure.
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Power and power supply turn-on sequence
The TBM current consumption is 0.5 A from +5V and 0.5A from +3.3V.

PolySwitches from RAYCHEM are used as fuses to protect the crate backplanes from hazardous currents that would occur in the TBM.

When the power gets on, the on-board logic is reset and the FPGAs automatically configure themselves. These configurations last less than 1 second. There is no re-configuration triggered by software.
Environmental conditions

There are no particular conditions of radiation or temperature.

The boards will be accessible.

No aging is foreseen.

Spares will be available.
Tests of the first modules and validation of the production model

The first 2 prototypes incorporate some logic, electrical and optical, for testing purposes.

A dedicated input allows for connecting a lab generator giving a sine wave with a frequency that can be changed between 1 MHz and 200 MHz. The on-board test logic supplies a test clock with the same frequency range. This electrical clock is converted into an optical clock through an optical transceiver (DTR-156-3.3 from Optical Communication Products).

The optical clock is used to verify the TTC distribution and its quality, in conjunction with a 6 GHz bandwidth oscilloscope.

The little card TermTB is also used for the tests. TermTB supports an LVDS receiver, representing the input of the ROD motherboard. It also contains a 33 MHz clock that activates, on demand according a switch, the Busy line.
Test setup for the TBM
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The little card TermTB used in place of RODs
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Verification in lab of the TTC distribution
For the test, the TBM is plugged at its place onto the CP3 board and the optical clock is plugged into the TTC input of the TBM. The TTC signal is observed at the receiving end, on the little card TermTB which is plugged in the place of the ROD module. The full range of the frequency is explored at each slot, from slot 06 to slot 21.
Verification in lab of the Busy collection
The little card TermTB, which is plugged in the place of the ROD module, generates a periodic Busy signal. This signal is collected by the TBM, sent on the front Lemo connectors of the TBM and displayed on the scope by means of a coaxial cable. Each after the other, all the slots are verified.
Verification of the VME interface

The design of the VME FPGA and of the Busy FPGA is yet under progress. Simulations are performed with the Altera software Quartus II. The test setup uses a PC with the VME interface from National Instruments and the XVME software from Gelu Ionescu (LAPP Annecy). With this setup, write and read VME commands have been performed on the VME FPGA to verify the printed circuit connections between the VME FPGA and the VME bus. For the same goal, write and read VME commands have been performed on the Busy FPGA (through the VME FPGA) to verify the printed circuit connections between the 2 FPGAs.
Tests at CERN

Up to now, 7 boards have been produced : 6 prototypes and 1 version 2. Except for the VME interface, all the boards have been used in the CERN area : at EMF for the Back End Crate Tests, at H6 and H8 for the test beams and by the Tiles ROD team for their own tests.

The version 2 takes into account 

· the choice of the TrueLight optical receiver,

· the biasing of the TTC input,

· the active high logic of the Busy signals,

· the use of controlled impedance lines with resistors in series rather than in parallel,
· the overall simplification of the new design.
Organization of the production

Quantity

Presently, we have 6 TBM prototypes and 1 TBM version 2.

The LARG detector needs 16 TBMs plus 3 spares.

The Tiles detector needs 4 TBMs and 1 spare.

So, 24 TBMs have to be produced.

Procurements of components
Some components have already been purchased (VME connectors, for instance). For the others, the administration procedure is the following. A call for quotation is published on the CNRS web site (http://www.cnrs.fr/achats/). Most of the known distributors are informed by email about this call for quotation. The companies that are interested respond to this call. After some delay (typically 1 week), the vendor is chosen and the order is sent to this vendor.

Manufacturing of the printed circuits

Several companies were consulted for the manufacturing of the first 7 boards : RCI, ACI and TECHCI. The choice of the manufacturer for the 24 TBM version 2 will take these companies into account, considering the prices, the delivery delays and the former experience with the prototypes.
Front panels

The drawing of the TBM front panel was done in our lab at Orsay. Several companies were consulted for the procurement of kits including the panel, the EMC gasket and the 2 handles, as well as for the panel machining and the serigraphy : Schroff, Elma and Rittal. The EMC gasket was found able to damage the neighbor card when inserting or removing the boards in the chassis, except for the Schroff model. So, this company was chosen for the front panels.
Stiffeners bars
Due to its large dimensions, the board is subject to distortions. When it is plugged into the VME chassis, the board is maintained straight by the top and bottom rails of the cage. It is not the case for the vertical dimension. So, to avoid vertical distortions, a metallic bar is attached by 6 screws onto the board, near the VME connectors. The drawing of the bar was done in our lab at Orsay and the series of 25 bars for the production has already been made by SOCCAM (Marcoussis, France).
Assembling
Several companies were consulted for the assembling of the first 7 boards. SCC was chosen for the quality of their work and for their prices (the calibration board for ATLAS has also been cabled by SCC). The choice of the assembling company for the 24 TBM version 2 will take these companies into account, considering the prices, the delivery delays and the former experience with the prototypes.
Tests
All the tests will be made at Orsay, in the lab, with the following procedure :

· Mount the bar and the front panel

· Stick the ATLAS label on both front panel and board

· Visual inspection

· Inject an optical signal of frequency F into TTC input

· Test each slot of CP3 with terminaison card TermTB


(explore signal integrity between F=1 MHz and F>130 MHz)

· Test Busy from each CP3 slot with terminaison card

· Verify the VME interface

· Read and verify the serial number

· Update the TBM data base

Labeling
Each board has a lab hardware serial number identified by 2 rotary switches. The lab hexadecimal identifiers go from 00 (first prototype) to 3F (the last board of the series has the identifier 1F). This identifier is connected to the Busy FPGA and can be read by VME. In addition to that, all the boards will have the ATLAS label and will be declared in the ATLAS data base before their transport to CERN. It is planned that the lab label will be part of the ATLAS label.
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Schedule

We plan to order the printed circuits in September, after the PRR, after further verifications of the VME interface and after the consultation of the ATLAS community who uses the ATLAS TDAQ chain on the test beams at CERN..

The assembling is scheduled for October and the tests for November.
Depending on the chosen manufacturer, either the 24 boards will be produced in 1 batch or, 1 board will be firstly built, then 23 boards. The delivery date to Tiles and LARG may then be delayed until December.

Associated documents

· barre_tbm.pdf
· tbm2_panel.pdf
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Appendix A : pin allocation of P1, P2 and P3 connectors on TBM
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Appendix B : changes to the board TBM from prototype to version 2

Changes to the TTC distribution

Optical input : TrueLight receiver instead of Agilent
Changes to the Busy collection

busy_n changed to busy, pull-up resistors replaced by pull-downs

Signal ffd12 moved from FPGA pin 182 to pin 206

3 leds added at the output of the Busy FPGA
Changes to the VME interface

Signal vfd13 moved from pin 182 to pin 99

3 leds added at the output of the VME fpga

8 connections added between the 2 FPGAs

Lines irq1, 3, 5, 7 linked to VMEbus : new FPGA inputs
Changes to the JTAG chain

Individual programming changed to serial chain, suppression of the switches for TCK on Altera

chips, slow slew rate signals with SN74LVC32ADW added as buffers, 3 TCK lines instead of 1
Changes to the logic dedicated to tests

Function "TM tester" suppressed

Inter4unip instead of 6 (swich S5 and S20), switch S12 suppressed

Electro-optical logic suppressed except optical input for the TTC fiber

Options around FPGAs suppressed

Signals vjtag, tjtag, bjtag, led config suppressed

Test pins P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, P12, P15, P16, P17, P18, P19, P20,

P21, P52, P53, P60 suppressed

M40, M88 and signals jxxx suppressed
Changes to notations

4 capacitors 47 microF, 16 V : notation updated on schematics

2 multifuses : notation updated on schematics

trst_n changed to tmrst_n : notation updated on schematics

Lines between FPGAs : ffa1-6 renamed ffa2-7, ffa7 renamed ff_more9, ffa8 renamed

fpga_busy_cs_n

2 x SN74F06 instead of 74ALS04 : notation updated on schematics
Miscellaneous

ESD strips connected to GND through 2 megohms instead of directly

Serial number bits reordered

Signals cra0, cra1, cra2, cra3, cra4 with pull-ups

Appendix C : TBM VME mapping

The VME addresses that are recognized by the TBM are separated into 2 spaces : the CSR space identified by the Address Modifier code AM2F and the data space identified by the Address Modifier codes AM09 and AM0D.
The TBM CSR space is mapped into the 16 M bytes of the VME CSR memory.
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The TBM data space is mapped into the 4 G bytes of the VME data memory. The VME FPGA decodes 5 memory zones :

· the address ranges 00-3C and 180-1FC are zones internal to the VME FPGA
· the address ranges 40-7C and 240-2FC are zones internal to the Busy FPGA

· the address range 400-4FC is reserved to the TBM prototype used as an equipment dedicated to test the Transition Modules TM.
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Appendix D : TBM options
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A rotary switch on the TBM allows for choosing 1 among 16 modes of operation. The normal mode is 0. The other modes are reserved for the tests exercising the board.
Appendix E : how to configure the TBM FPGAs and the switches
Configuration of the TBM prototype
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Configuration of the TBM version2
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Switches of the TBM prototype
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Appendix F : TBM schematics
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Appendix G : TermTB schematics
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Appendix H : bill of materials

[image: image39.png](Composants pour es cartes TBM2

‘Nombre
par TBM

[Cireatimprime

T

[Connecteur Harting cougé male 02 01 160 2101

[Connecteur male [EEET385 CONG3P-PCLM

[Connecteur male JTAG 10 points coucé

[Prise Lemo

[Recener TrusLigni TRR-1522

[Driver quadruple DSS0LVO4TATM

[Recerver quadrup'e DSSOLVOZBATI

[Buffer LVDS DSS0LVODTTM

[Reépéteur LVDS DS0LV110TMITE

[Oscilateur 3.3V DS1077LZ66

[Priips 74F060

[Réguiateur 2,5 TPS7682500

MAXB14TCSA

[EPMT032AETCAI4

[EF1Ks0aC20:

[Ercarcaz

[Résistance 51 ohms

[Résistance 100 onms 0305

[Résistance T2k ohms 0805

[Résistance 22 ohms 0805

[Resistancs T ohms 0205

[Réseau 10K ohms SIPS Ra-10K magasin RSCUM,

[Poussol piqué_POUS_2P50<60 SWpa0;

[Switch APEM DP-04 INTERAUNIP-5P

[Roue codeuse 0-F COMHEXA-SF APEW CRES108

[Dioce LED Dialght rouge 5552001

[Dioce LED jaune 5552401

[Diode LED verte 555-2301

[Fuse Raychem (114) TBM RGET100

Raychem (44) TBM RGE40

[Radisseur LAL TEM

Vi 3 L10 Raidissenr

[Face avant

[Enveloppe antstatiaus Z6cm x 43m.

[Enveloppe bulles 48cm x 23em

[Carion
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