Recommended Practices for the use of

VMEbus inPhysics Applications

Draft 0.4

October 1,1995

This document has been prepared by the

ESONE/CERN VMEbus Steering Committee.

(Note that some parts of the document are marked as

�under development�. These parts should not be used to specify or claim conformance).

Contact:

C.Parkman

ECP Division

CERN - European Organisation for Nuclear Research

CH - 1211 Geneva 23

Tel. +41 22 767 3963

Fax. +41 22 767 5924

Email parkman@cern.ch

WWW http://www.cern.ch/ECP-ESS/VSC/VSC_Welcome.html

Table of contents, abstract, foreword

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- i -October 1, 1995Table of contentsList of tables.................................................................................................. ivList of figures................................................................................................. ivAbstract.......................................................................................................... vForeword......................................................................................................... vAcknowledgements......................................................................................... viContributors to this document............................................................................... viFurther information....................................................................................... viWorld Wide Web.................................................................................................... viChapter 1: Introduction.................................................................................. 71.1Objectives of the Recommended Practices...................................................... 71.2Document organisation.................................................................................. 71.3References..................................................................................................... 7Chapter 2: Additional features........................................................................ 82.1Introduction................................................................................................... 82.2Autoslot ID..................................................................................................... 82.3Additional backplane power supplies.............................................................. 82.3.1ECL power............................................................................................ 92.3.2Analogue power and reference.............................................................. 92.4Service signals............................................................................................... 92.4.1Electrical characteristics...................................................................... 92.4.2Drivers................................................................................................. 92.4.3Receivers............................................................................................ 102.5Large format VMEbus (�9U�)......................................................................... 102.6J1/P1 and J2/P2 connectors....................................................................... 112.7Jaux connector............................................................................................ 122.7.1Jaux/Paux connector pin assignments............................................... 122.7.2Jaux/Paux connector mechanical specification................................... 142.7.3 Jaux/Paux connector position............................................................. 142.8J3 connector................................................................................................ 142.9J4 connector................................................................................................ 152.10Mechanical keying....................................................................................... 16Chapter 3: Chained Block Transfers - CBLT................................................... 193.1Introduction................................................................................................. 193.2Cycle identification....................................................................................... 193.3Token mechanism........................................................................................ 203.4Readout mechanism - the general case......................................................... 213.4.1D64 readout....................................................................................... 213.4.2Data structure.................................................................................... 223.4.3Data structure field assignments........................................................ 223.4.3.1The GEO field........................................................................ 223.4.3.2Transfer count....................................................................... 233.4.3.3Status................................................................................... 23

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- ii -October 1, 19953.4.4 Empty modules................................................................................... 233.5End of CBLT transaction.............................................................................. 243.6CSR space requirements.............................................................................. 253.6.1Regulations concerning CSR status bit handling................................. 253.6.2Events................................................................................................ 263.7Multiple CBLT transactions.......................................................................... 263.8Timing specifications.................................................................................... 27Chapter 4: Multicast commands - MCST........................................................ 294.1Introduction................................................................................................. 294.2Cycle identification....................................................................................... 29Chapter 5: Configuration ROM and CSR space............................................... 315.1Introduction................................................................................................. 315.2CR/CSR space............................................................................................. 315.2.1Configuration ROM............................................................................. 315.2.2Control and Status Registers.............................................................. 325.2.3Self-Test Register................................................................................ 335.2.4CBLT/MCST Registers - CSR1............................................................ 33Chapter 6: Chassis, power supplies and cooling............................................. 356.1Introduction................................................................................................. 356.2Backplanes.................................................................................................. 356.2.1Termination....................................................................................... 356.2.2Power connection............................................................................... 356.2.3Signal connectors............................................................................... 356.3VSB............................................................................................................. 356.3.1Daisy chain........................................................................................ 356.3.2Termination....................................................................................... 356.3.3Signal connectors............................................................................... 356.3.4J3...................................................................................................... 356.4Card-cage..................................................................................................... 356.4.1Card guides........................................................................................ 356.5Power supply................................................................................................ 366.6Air cooling system........................................................................................ 366.79U module mechanical considerations......................................................... 366.7.1Module thickness & stiffening............................................................. 366.7.1.1Increased board thickness..................................................... 366.7.1.2Mechanical stiffening............................................................. 36Chapter 7: Front panel connectivity.............................................................. 387.1Introduction................................................................................................. 387.2ECL............................................................................................................. 387.2.1Signalling and termination................................................................. 387.2.1.1Differential signalling............................................................. 387.2.1.2Signal termination................................................................. 397.2.1.3OR�d signals.......................................................................... 407.2.2Connectors......................................................................................... 407.2.2.1Suitable connectors............................................................... 407.2.2.2Polarity and connector orientation......................................... 41

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- iii -October 1, 19957.3NIM.............................................................................................................. 427.3.1Connectors......................................................................................... 437.3.2Polarity and signalling levels............................................................... 437.3.3Implementation considerations........................................................... 437.3.3.2Double NIM........................................................................... 437.3.3.3Bussed NIM........................................................................... 437.4TTL.............................................................................................................. 447.5Low voltage differential signals (LVDS).......................................................... 447.5.1Main characteristics........................................................................... 447.5.1.1Voltage levels:........................................................................ 447.5.1.2Differential noise margins...................................................... 447.5.1.3Switching.............................................................................. 44Chapter 8: Analogue implementations........................................................... 458.1Introduction................................................................................................. 458.1.1Relation to VXIbus............................................................................. 458.2Power for analogue circuits.......................................................................... 458.2.1Digital 0V........................................................................................... 458.2.2Using the –12 V supply for analogue circuits...................................... 468.2.3On-board power conversion................................................................ 468.2.4Jaux/Paux for analogue supplies........................................................ 468.2.5Analogue reference............................................................................. 47Chapter 9: Mezzanine Standards................................................................... 489.1Introduction................................................................................................. 48Annex A: Summary........................................................................................ 50A.1Introduction................................................................................................. 50Annex B: Sensitive analogue implementations.............................................. 51B.1Introduction................................................................................................. 51B.1.1What is the problem?......................................................................... 51B.1.2What is the magnitude of the problem?............................................... 51B.2Solutions...................................................................................................... 52B.2.1Suppressing common-mode noise....................................................... 52B.2.2Alternative methods............................................................................ 52B.2.3Connectors and Busses...................................................................... 53Annex C: Wired-OR glitch.............................................................................. 54

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- iv -October 1, 1995List of tables2.1Service signal logic levels................................................................................. 102.2Connector summary........................................................................................ 112.3Comparison between CERN V430 and Recommended Practices Jaux/Paux..... 122.430 pin Jaux/Paux pin assignments................................................................. 132.542 pin Jaux/Paux pin assignments................................................................. 132.6Summary of Jaux signal definitions................................................................. 132.7Jaux Geographical Address pin assignments................................................... 142.8Recommended J3/P3 pin assignments (160 pin connector)............................. 172.9Recommended J3/P3 pin assignments for twisted pair connections (160 pinconnector)....................................................................................................... 183.1CBLT Address Register.................................................................................... 193.2CBLT D32 transactions................................................................................... 223.3CBLT D64 transactions................................................................................... 223.4CBLT Status return values.............................................................................. 233.5CBLT D32 empty transaction.......................................................................... 243.6CBLT D64 empty transaction.......................................................................... 245.1Configuration ROM contents........................................................................... 315.2CR capabilities - bit assignments..................................................................... 325.3Summary of CSR registers............................................................................... 325.4Self-Test Register - bit assignments................................................................. 335.5CBLT/MCST CSR1 - bit assignment................................................................ 335.6CBLT CSR2 - bit assignments......................................................................... 347.1Differential ECL front panel connector............................................................. 42A.1Summary of features....................................................................................... 50List of figures2.1Service line backplane termination............................................................... 102.26U and 9U module layout............................................................................. 112.3Typical 9U)chassis - schematic layout.......................................................... 153.1D32 CBLT timing......................................................................................... 273.2D64 CBLT timing......................................................................................... 283.3Multiple CBLT timing short cut.................................................................... 287.1Differential ECL termination........................................................................ 39C.1Wired-OR glitch............................................................................................ 54

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- v -October 1, 1995AbstractThis document defines the use of optional features described in other specificationdocuments and details a number of features specific to the use of VMEbus andrelated standards in physics applications.ForewordVMEbus has been very successful as a backplane bus standard for modularcomputer systems in industry at large as well as in physics research. However, inrecent years this very popularity and consequent availability of numerous functionsoff-the-shelf from a very large number of suppliers, has engendered other morediverse applications. This expansion has lead to extensions to the basic standard bythe responsible standards body, on a proprietary basis by manufacturers, and in in-house designs.The proliferation of such extensions in �front-end� and other applications has beenthe subject of much debate in recent years. Preliminary recommendations on theuse of VMEbus extensions were made to CERN management at the end of 1992, butduring the course of 1993 it became evident that the subject warranted a moreprofound study and a wider discussion.Discussions with physics groups, within management committees at CERN andcontacts with other European laboratories via the committee for European StudiesOn Norms for Electronics (ESONE)1 as well as with the VITA Standards Organisation(VSO)2 culminated in a workshop held at CERN on March 15th 1994 attended bysome 70 engineers and physicists, users, developers and suppliers of VMEbusequipment in physics.This workshop concluded that there was a need to clarify the use of VMEbus andrelated standards in physics applications. The CERN VMEbus Steering Committee(VSC)3 was mandated to continue its previous work and to ensure the widestpossible consensus for the resulting recommendations within the physicscommunity of manufacturers, suppliers and users.In September 1994, the CERN VSC was co-opted by ESONE as a technical workinggroup, and soon after co-founded the VMEbus International Physics Association(VIPA) with the North American NIM committee�s VME-P working group and VITA.Subsequently, another major meeting (�VMEbus in Physics �95), numerous localdiscussions and contacts with the NIM VME-P committee and colleagues in Japanhave served to refine the technical recommendations.This present document complements the relevant standards documents andprovides the basis for a coherent approach to be taken by industry as well as designgroups in relevant establishments to the supply of VMEbus equipment for use inphysics data acquisition and controls applications.

1ESONE - the committee for European Studies On Norms for Electronics, c/o P.Ponting,ECP Division, CERN, 1211 Geneva 23, Switzerland2VSO - VITA Standards Organisation, 10229, N.Scottsdale Road, Suite B, Scottsdale, AZ85253, USA3VSC- CERN VMEbus Steering Committee. VSC convenor: C.Parkman, ECP Division,CERN. 121 Geneva 23, Switzerland, Email pmn@cernvm.cern.ch

Table of contents, abstract, forewordRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- vi -October 1, 1995AcknowledgementsThis document has been prepared by the CERN VMEbus Steering Committee aninternal body of the European Organisation for Nuclear Research (CERN) which isalso a working group of the committee for European Standards On Norms forElectronics (ESONE) and forms part of the VMEbus International PhysicsAssociation (VIPA). Notwithstanding its collective origin, much of the contents arethe result of individual efforts, from within the VSC and from other collaborators.Any comments on the contents of the document or for general information should bedirected to:C. ParkmanCERN VSC ConvenorECP DivisionCERN1211 Geneva 23SwitzerlandTel. + 41 22 767 3963Fax. + 41 22 767 5490Email. parkman@cern.chThis document is available via Internet on the WWW at URL:http://www.cern.ch/ECP-ESS/VSC/VSC_Welcome.htmlContributors to this documentVSC: J.Buytaert, D.Kemp, M.Merkel, C.Parkman L.Pregernig, P.Ponting, R.Rausch(all from CERN)Others include: M.Chorowicz (Creative Electronic Systems), J.Niewold (CERN),D.Notz, J.Pett (CERN) and U.Uhmeyer (LeCroy Corporation).The Editor thanks to all those who have contributed by their constructive criticism.Further informationWorld Wide WebThe ESONE/CERN VSC, in common with its associate organisations in VIPA,publishes relevant information on its activities via the Internet, World Wide Web.The VSC �Welcome� page provides access to all this information:http://www.cern.ch/ECP-ESS/VSC/VSC_Welcome.htmlOther relevant information may be found on the VITA home page:http://www.vita.com/

IntroductionRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 7 -October 1, 1995Chapter 1: Introduction1.1Objectives of the Recommended PracticesThis document specifies an application dependent sub-set of options or �profile�,which have been identified in the VMEbus family of specifications as applicable tothe use of VMEbus in physics research. Designers and manufacturers of VMEbusequipment are encouraged to use this standard to take a consistent approach to thedesign and construction of such equipment for physics applications.1.2Document organisationThis document is organised as Chapters containing formal standardisationinformation, including rules and regulations, and a number of annexes whichcontain further specification as well as informative text, informal guidelines, etc.1.3ReferencesThe following publications are used in conjunction with this specification. Whenthey are superseded by an approved revision, that revision shall apply.Ref.SpecificationOriginReferred to inthis document as:

[1]VITA-1 1995VSO/ANSI VME64VME64

[2]VITA -1.1VSO/ANSI VME64 Extensions (inpreparation)VME64Extensions

[3]VITA - 1.xVSO/ANSI VME64 9U x 400mmFormat (in preparation)VSO 9U

[4]IEEE 1101.1IEEE Standard for Mechanical CoreSpecifications for Microcomputersusing IEC603-2 Connectors

[5]IEEE 1101.10IEEE Standard for additionalMechanical Specifications forMicrocomputer using the IEEE 1101.1Equipment Practice

[6]IEEE P1386.1Physical and Environmental Layers forPCI Mezzanine Cards. April 1995IEEE, Piscataway, New Jersey.

[7]VITA-4IP Modules, Draft Standard VITA 4-,1995. VITA, Phoenix, Arizona.

[8]PCI Local BusSpecification,Revision 2.0.April 1993.PCI Special Interest Group, Hillsboro,Oregon.

[9]IEEE P1386.0Proposed Standard for a CommonMezzanine Card Family.� April 1995.IEEE, Piscataway, New Jersey.

[10]Specificationfor VMEbusCrate V430CERN EP Test and InstrumentationGroup, G.Bianchetti et al, 1990.CERN V430

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 8 -October 1, 1995Chapter 2: Additional features2.1IntroductionThis section describes and specifies features in the Recommended Practices whichare additional to or which modify those specified in the VME64 and VME64Extensions documents.Two formats are specified, 6U and 9U. The 6U format conforms to the VME64specification and defines the use of certain of the optional features described in theVME64 Extensions specifications. The 9U format follows the 6U specification butwith dimensions conforming to the IEEE 1101.1 [4] specification, and with theoptional addition of an extra, J3, connector. The 9U format is the subject of anANSI/VITA draft standard [3].The backplane connectors conform to the VME64 Extensions specification in allaspects as far as the J1/P1 and J2/P2 connectors are concerned. However the J0space between J1/P1 and J2/P2, is occupied by an alternative to the J0/P0described in known as Jaux (�aux� for �auxiliary�).It should be noted that the IEEE 1101.10 [5] keying mechanism is used to avoidincompatible combinations of modules and backplanes.Note that the only mandatory requirement is that either the VME64 96 pin or theVME64 Extensions 160 pin connector be used (without one of which the modulecannot comply to the VMEbus4 specifications.)Table 2.1 summarises the use and applicability of backplane connectors.2.2Autoslot IDThe VME64 Autoslot ID principle has been superseded by the inclusion of a �real�geographical address in VME64 Extensions as a means of assigning the CR/CSRbase address of VMEbus boards.RULE 2.1If an automatic means of setting the base address of a module�s CR/CSRspace is to be used, geographical addressing as described in the VME64Extensions specification and in this document SHALL be used.OBSERVATION 2.1Rule 2.1 implies that the VME64 Autoslot ID mechanism is notrecommended.2.3Additional backplane power suppliesAlthough on-board power conversion may be used in many circumstances to providenon-VMEbus standard power supply voltages, it is very often convenient and cost-effective to draw power from the backplane. This document describes two suchpower supply requirements: for Emitter Coupled Logic (ECL), and for analoguecircuits.

4The generic term �VMEbus � is used in this document to indicate VME64 or VME64Extensions as applicable in the context of the text.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 9 -October 1, 19952.3.1ECL powerPower at -5.2V and -2V is supplied from the backplane via the Jaux/Paux connectorspecified in section 2.7.1. With a conservative current rating of 1.5A/pin, 9A isavailable at -5.2V and 4.5A at -2V (with a 30 pin Jaux).2.3.2Analogue power and referenceBackplane power supplies at –15V ware specified which are primarily intended foranalogue circuits. With a conservative current rating of 1.5A/pin, 1.5A is availableat each of +15V and -15V (with a 30 pin Jaux).The analogue reference is an unbussed pin intended for the direct connection of atransducer signal reference onto the module. The connection through the backplaneis to be made in such a way as to minimise capacitive coupling with other signalsand power supplies.Refer to Chapter 8 for further specifications for an analogue environment.2.4Service signalsIn front-end applications, it is often necessary to fan-out signals to differentmodules. For example: fast clear, common start/stop, ADC gate and common clock.The specified service signals provide a convenient mechanism to make these signalsavailable without the need for extra cabling. Differential ECL has been chosen tominimise switching noise.Three differential ECL service signals, CK/CK*, SG/SG* and CL/CL* are specifiedfor use in applications when common signals have to be sent to all front-endmodules (e.g. Clock, Gate, Clear).The negative �*� signal has the ECL level -1.6 V when active and the positive signalhas the ECL level -0.8 V when active.RULE 2.2If a common clock. start/stop gate or clear signals are required in animplementation the service signals SHALL be used as specified in Table 2.4.2.4.1Electrical characteristicsThe bussed service lines shall have a characteristic impedance of 100 W.The terminations shall be done in such a way that when there are no drivers thevoltage difference between the X* line DC voltage and the X line DC voltage is higherthan 180 mV. Both lines shall have a 100W termination to -2V at both ends. Apossible implementation is shown in Figure 2.1.2.4.2DriversAny ECL differential driver can be used to drive the Service Signal lines The distancebetween the driver and the connector has to be kept as short as possible and thecapacitance presented to the bus should not exceed 12 pF.The drivers shall be operated at -5.2 V within 5%. The specified output voltageswhen terminated into a 50 W load (which corresponds to 100W on the bus lineterminated at both ends) to -2V are shown in Figure 2.1.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 10 -October 1, 1995Figure 2.1 Service line backplane termination

SERVn*

GNDGND1K110

-2V-2V1K110

SERVn

100-2V-2V100

Table 2.1 Service signal logic levelsOutputLogic levelVoltage high1-1V min., -0.7V max.

low0-1.6V max.

Pull-down resistors are not necessary.OBSERVATION 2.2It is not intended to have more than one Service Signal driver in a crate.2.4.3ReceiversAny ECL differential receivers with an input sensitivity of 150 mV peak to peak canbe used. The receivers should be located as close as possible to the connector andthe capacitance presented to the bus should not exceed 12 pF.2.5Large format VMEbus (�9U�)The dimensions, connector and front-panel positions, etc. are fully described in [3]and [4].The choice of position relative to P1 and P2 of the additional P3 connector (above P1,or below P3) has been made to ensure a maximum of commonality with the marketfor 9U modules already existing at the time that the choice was made, as well aswith the choice made within the VSO [3] and in order to group the connectorscarrying I/O signals (P2 rows a & c and P3) together.RULE 2.39U modules SHALL have the layout shown in Figure 2.2.RULE 2.4The dimensions of a 9U format module SHALL be specified according to VSO9U [3] and IEEE 1101.1, IEEE Standard for Mechanical Core Specificationsfor Microcomputers using IEC603-2 Connectors [4].

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 11 -October 1, 1995Figure 2.2 6U and 9U module layoutP2P1PauxP36U9U2.6J1/P1 and J2/P2 connectorsThis document allows the use of either the VME64 96 pin or the VME64 Extensions160 pin connectors for the J1/P1 and J2/P2 positions. The 96 pin connectors maybe used for economy or other implementation dependent reasons at the expense ofthe availability of the full functionality of VME64 Extensions.Table 2.2 Connector summarySpaceConnectorSpecificationStatusComment

J1/P196 or 160 pinVME64 /VME64ExtensionsJ1/P1mandatoryMinimum sub-set forVME64 compliance,geographicaladdressing

J030 pin (42 pinunderdevelopment)RecommendedPracticesJaux/PauxoptionalECL and analoguepower, bussedservice signals

J2/P296 or 160 pinVME64 /VME64ExtensionsJ2/P2 optionalVME64 32 bitaddress/dataextension, Userdefined input/output

J4-VSO 9UJ4 notrecommended-

J3/P396 or 160 pinrecommended(others allowed)RecommendedPracticesJ3/P3 optionalUser definedinput/output

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 12 -October 1, 19952.7Jaux connectorThis section describes an optional 30 pin (3x10) Jaux/Paux connector, based on andbackwards compatible to the CERN-developed Jaux/Paux [10], but with improvedsignal specification, and with VME64 Extensions compliant Geographical Address(Slot Number), which is also available on the VME64 Extensions 160 pin, J1/P1connector.Any implementation using the 30 pin Jaux/Paux will be incompatible with a VME64Extensions implementation whose 42 or 70 pin J0/P0 is specified for user definedinput/output. It is therefore suggested that, whenever possible, the use of the Jauxbe considered in the total system context, and that it should only be used when theuse of its additional features cannot be avoided.RECOMMENDATION 2.1Whenever the current required by ECL or analogue circuits is of a sufficientlylow value, power them from one of the VMEbus standard power supplies bymeans of on-board DC to DC converters.OBSERVATION 2.3The 30 pin Jaux/Paux specified in 2.7.1, below is mechanically andelectrically incompatible with the J0/P0 specified in the VITA 1.1 VME64Extensions document. Mechanical keying, as detailed in 2.6, below willprevent damage to incompatible assemblies of modules and backplanes.OBSERVATION 2.4Modules equipped with a 42 or 70 pin VME64 Extensions P0 will beincompatible with a backplane equipped with a 30 pin Jaux. Similarly,modules equipped with a 30 pin Paux will be incompatible with a 42 or 70pin VME64 Extensions J0. Mechanical keying will be used to ensure thatincompatible assemblies are not attempted.Table 2.3 Comparison between CERN V430 and Recommended PracticesJaux/PauxFeatureV430Recommended Practices

Geographical addressingSNn with positive logicGeographical address asdescribed for VME64Extensions

Service signalsDifferential or single-ended, differentialtermination withundefined valuesDifferential ECL withdefined termination.

In addition to the 30 Jaux/Paux, an extension to 42 pins (3 x 14) is proposed, toallow compatibility with the VME64 Extensions document and to allow theadditional functionality for a complete �3-row connector� solution. An extension to70 pins (5 x 14) may also be developed, again in view of the VME64 Extensionsproposals, if required.2.7.1Jaux/Paux connector pin assignmentsRULE 2.5If a 30 pin Jaux/Paux connector is implemented, its pin assignments SHALLbe as described in Table 2.4.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 13 -October 1, 1995Table 2.4 30 pin Jaux/Paux pin assignmentsPin no.Row aRow bRow c

1GA0*GNDGA1*

2GA2*GNDGA3*

3GA4*GNDGND

4CK*GNDCK

5SG*GNDSG

6CL*GNDCL

7-2V-2V-2V

8-15VAREF+15V

9-5.2V-5.2V-5.2V

10-5.2V-5.2V-5.2V

RULE 2.6If a 42 pin Jaux/Paux connector is implemented, its pin assignments SHALLbe as described in Table 2.5.Table 2.5 42 pin Jaux/Paux pin assignments<<UNDER DEVELOPMENT>>Pin no.Row aRow bRow c

1-48VGND+48V

2-48VRsvB+48V

3GA0*GNDGA1*

4GA2*GNDGA3*

5GA4*GNDGND

6CK*GNDCK

7SG*GNDSG

8CL*GNDCL

9-2V-2V-2V

10-15VAREF+15V

11-5.2V-5.2V-5.2V

12-5.2V-5.2V-5.2V

13-5.2V-5.2V-5.2V

14-2VGND-2V

Table 2.6 Summary of Jaux signal definitionsSignalFunctionNotes

+15V, -15VAnalogue powerFor general purpose analogue circuits

-5,2V, -2VECL power

-48V, +48VBulk powerFor high precision analogue circuits an non-standard voltages.Specified in VME64 Extensions

AREFAnalogue referenceUnbussed pins with low capacitive coupling

CK, CK*Common clockBussed differential ECL

CL, CL*ClearBussed differential ECL

GAn*Geographical addressHard-wired on backplane

RsvB-Reserved bussed line

SG, SG*Start/stop gateBussed differential ECL

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 14 -October 1, 1995OBSERVATION 2.5The GAn* - Geographical Address - lines have opposite polarity to the CERNJaux SNn lines [10], but the same polarity as the VME64 Extensions GAn*lines.Table 2.7 Jaux Geographical Address pin assignmentsSlot NoGA4*GA3*GA2*GA1*GA0*

1OpenOpenOpenOpenGND

2OpenOpenOpenGNDOpen

3OpenOpenOpenGNDGND

4OpenOpenGNDOpenOpen

5OpenOpenGNDOpenGND

6OpenOpenGNDGNDOpen

7OpenOpenGNDGNDGND

8OpenGNDOpenOpenOpen

9OpenGNDOpenOpenGND

10OpenGNDOpenGNDOpen

11OpenGNDOpenGNDGND

12OpenGNDGNDOpenOpen

13OpenGNDGNDOpenGND

14OpenGNDGNDGNDOpen

15OpenGNDGNDGNDGND

16GNDOpenOpenOpenOpen

17GNDOpenOpenOpenGND

18GNDOpenOpenGNDOpen

19GNDOpenOpenGNDGND

20GNDOpenGNDOpenOpen

21GNDOpenGNDOpenGND

2.7.2Jaux/Paux connector mechanical specificationThe connectors for a 30 pin Jaux and Paux are defined in the CERN V430 document[10].The connectors for a 42 pin Jaux and Paux are defined in the IEEE1101.10 [5]document.2.7.3 Jaux/Paux connector positionThe position of the 30 pin and proposed 42 pin Jaux/Paux connectors are defined inthe CERN V430 [10] and IEEE1101.10 [5] documents, respectively.2.8J3 connectorAn additional connector is placed below P2. This connector is known as J3/P3 andwill normally be used exclusively for signal input/output. The J3 position in achassis may be occupied by a backplane, may be left free for direct connections tomodules or via a cable transition module. J3 may be a 96 pin or a 160 pin connectoras defined in the VME64 [1] or VME64 Extensions [2] documents, if so, its preferredposition is given in VSO 9U. Any other application-dependent connector,, ispermittedThe sketch in Figure 2.3 shows a possible layout of connectors, backplanes andtransition modules.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 15 -October 1, 1995OBSERVATION 2.6The VSO 9U specification alludes to 3U, 6U and 9U transition modules.Typical crate layouts with a rear-mounted power supply, as shown in Figure2.3, will preclude transition modules with a height greater than 3U.RECOMMENDATION 2.2The J3/P3 position will normally be occupied by 96 pin or 160 pinconnectors with the pin-out shown in Tables 2.8 and 2.9.OBSERVATION 2.7RECOMMENDATION 2.2 gives guidelines for the regular use of the J3/P3position. In many instances other connectors (e.g. for optical connectors,etc.) will be required in an application dependent manner.Figure 2.3 Typical 9U)chassis - schematic layout

9U Module(366.7 x 400 mm)P3P1PauxP2Fan-tray

Power supply

I/O cabling

Cable transition module

If the connectors quoted in RECOMMENDATION 2.2 are used they will normally bemounted in a backplane whose dimensions are given in [4]. Since all the pins inJ3/P3 are user definable, certain pins may be bussed to provide power to cabletransition modules, or transmitted from a �mother� (9U) module2.9J4 connectorThe VSO 9U specification describes the possibility of placing an additional connectorin the space between J2/P2 and J3/P3 in a similar manner to J0/P0, known as J4.However, given the implications on backplane manufacture and connector insertionforce as well as the difficulty of mounting a complete J1, J0, J2, J4, J3 backplane ina chassis, this possibility is not recommended.RECOMMENDATION 2.3The implementation of a J4/P4 connector between J2/P2 and J3/P3 is NOTRECOMMENDED.RECOMMENDATION 2.4For single-ended connections, connect the UDn- pin in Table 2.9 to ground.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 16 -October 1, 19952.10Mechanical keying<<UNDER DEVELOPMENT>>Within the broad framework of VME64 and its extensions mutually exclusivesubsets can occur, particularly with respect to connectors and contact assignments.One method of ensuring both device protection and correct operation within aspecific environment is to employ mechanical keying.The keying patterns employed in this section permit the presence or absence of theJaux connector to be detected and also provide an indication that operation withinthe VIPA environment can be sustained.RULE 2.7If implemented, programmed keying of modules and subracks SHALL be as(currently) specified in IEEE P 1101.10 [5].RULE 2.8Subrack keys E, positions 1 and 2, and F, position 1, SHALL be assigned asVIPA primary keying patterns.RULE 2.9Primary keying patterns SHALL be permanently installed in modules.Primary keying patterns in subracks SHALL define the currently installedfacilities.RECOMMENDATION 2.5Subrack key E, position 1, indicates the presence of the 30-pin Jauxconnector as defined in Table 2.4.Subrack key E, position 2, indicates the absence of the 30-pin Jauxconnector as defined in Table 2.4.Module key E, position 3, indicates the need for some feature of the 30-pinJaux connector as defined in Table 2.4RECOMMENDATION 2.6Subrack key F, position 1, and module key F, position 3, defines the VIPAgeneral environment key pattern.OBSERVATION 2.8When RECOMMENDATIONS 2.5 and 2.6 are implemented no othercombinations of positions of keys E and F are possible.OBSERVATION 2.9Modules or subracks without keying facilities will retain full insertioncapability and care must be taken in their use.

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 17 -October 1, 1995Table 2.8 Recommended J3/P3 pin assignments (160 pin connector)Pin noRow zRow aRow bRow cRow d

1UDUDUDUDUD

2UDUDUDUDUD

3UDUDUDUDUD

4UDUDUDUDUD

5UDUDUDUDUD

6UDUDUDUDUD

7UDUDUDUDUD

8UDUDUDUDUD

9UDUDUDUDUD

10UDUDUDUDUD

11UDUDUDUDUD

12UDUDUDUDUD

13UDUDUDUDUD

14UDUDUDUDUD

15UDUDUDUDUD

16UDUDUDUDUD

17UDUDUDUDUD

18UDUDUDUDUD

19UDUDUDUDUD

20UDUDUDUDUD

21UDUDUDUDUD

22UDUDUDUDUD

23UDUDUDUDUD

24UDUDUDUDUD

25UDUDUDUDUD

26UDUDUDUDUD

27UDUDUDUDUD

28UDUDUDUDUD

29UDUDUDUDUD

30UDUDUDUDUD

31UDUDUDUDUD

32UDUDUDUDUD

Additional featuresRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 18 -October 1, 1995Table 2.9 Recommended J3/P3 pin assignments for twisted pair connections(160 pin connector)Pin noRow zRow aRow bRow cRow d

1UD48+UD00+UD16+UD32+UD64+

2UD48-UD00-UD16-UD32-UD64-

3UD49+UD01+UD17+UD33+UD65+

4UD49-UD01-UD17-UD33-UD65-

5UD50+UD02+UD18+UD34+UD66+

6UD50-UD02-UD18-UD34-UD66-

7UD51+UD03+UD19+UD35+UD67+

8UD51-UD03-UD19-UD35-UD67-

9UD52+UD04+UD20+UD36+UD68+

10UD52-UD04-UD20-UD36-UD68-

11UD53+UD05+UD21+UD37+UD69+

12UD53-UD05-UD21-UD37-UD69-

13UD54+UD06+UD22+UD38+UD70+

14UD54-UD06-UD22-UD38-UD70-

15UD55+UD07+UD23+UD39+UD71+

16UD55-UD07-UD23-UD39-UD71-

17UD56+UD08+UD24+UD40+UD72+

18UD56-UD08-UD24-UD40-UD72-

19UD57+UD09+UD25+UD41+UD73+

20UD57-UD09-UD25-UD41-UD73-

21UD58+UD10+UD26+UD42+UD74+

22UD58-UD10-UD26-UD42-UD74-

23UD59+UD11+UD27+UD43+UD75+

24UD59-UD11-UD27-UD43-UD75-

25UD60+UD12+UD28+UD44+UD76+

26UD60-UD12-UD28-UD44-UD76-

27UD61+UD13+UD29+UD45+UD77+

28UD61-UD13-UD29-UD45-UD77-

29UD62+UD14+UD30+UD46+UD78+

30UD62-UD14-UD30-UD46-UD78-

31UD63+UD15+UD31+UD47+UD79+

32UD63-UD15-UD31-UD47-UD79-

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 19 -October 1, 1995Chapter 3: Chained Block Transfers - CBLT3.1IntroductionThe Chained Block Transfer (CBLT) mechanism allows the fast readout of largeblocks of data of undetermined size from a series of modules housed in the samecrate. At the start of a CBLT transaction the master has no knowledge of which ofthe slave modules contains data nor the size of the data.All aspects of the CBLT mechanism including the readout of each module, thechaining, the end of transfer and exceptions are handled by a VME64 compliantmechanism requiring no specific features in the bus master, no additionalbackplane resources and which places no restriction on the use of VMEbus.Note that slaves must have a minimum A32 capability.Use of the CBLT mechanism will have the greatest effect on read-out performancewhen data is �sparse� that is when modules tend to contain little or no data. Whenconsistently large blocks of data are read, the effect will be minimal.3.2Cycle identificationThe eight most significant bits of an A32 address field (CBLT ADRS) signal a CBLTtransaction (with the AM code defining the D32 or D64 transfer size) which will berecognised by all participating readout modules. The 23 low order bits are notsignificant.All CBLT participating modules respond to the same value in bits A31-A24, the onlyrestriction being that this address must be different to the address used to initialisethe module.RULE 3.1CBLT readout SHALL be conditioned by the CBLTENB/CBLTDIS control bits(see Table 5.5)RULE 3.2Every CBLT readout module SHALL have a CBLT address registerRead/Write accessible from the VMEbus, as shown in Table 3.1.Table 3.1 CBLT Address RegisterA31............... A24A23................................................................... A01

CBLT ADRSNot significant

OBSERVATION 3.1Since CBLT transactions are standard BLT or MBLT, the AM codes used willbe 0F, 0C, 0B and 08.RULE 3.3Bits A23-A01 of the CBLT ADRS SHALL be user defined.RECOMMENDATION 3.1Use bits A23-A01 in CBLT ADRS to select a specific EVENT in a multi-eventbuffer.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 20 -October 1, 19953.3Token mechanismThe VMEbus IACKIN*/IACKOUT* daisy chain is used to pass a token from onemodule to the next as each finishes its contribution to the data readout.The first module in a CBLT chain is denoted by the setting the FIRST bit in its CSRspace, and the last module by setting the LAST bit.A certain number of regulations are required to ensure correct timing and for inter-operability with VMEbus interrupters.RULE 3.4All slave modules concerned with CBLT readout SHALL be electricallycontiguous on the VMEbus backplane.OBSERVATION 3.2RULE 3.4 implies either that CBLT modules will be in contiguous slots, orthe IACKIN*/IACKOUT* daisy-chain must be hardwired across anyintervening slots.RULE 3.5No non-CBLT VMEbus interrupters SHALL be inserted within a chain ofCBLT modules.OBSERVATION 3.3The timing rules given in Figure 3.1 are derived with the assumption that nomodules which perform any treatment on the IACKIN*/IACKOUT* daisy-chain are installed within a chain of CBLT modules.RULE 3.6When in a CBLT cycle, the LAST module in the CBLT chain SHALL NOTassert its IACKOUT* line.OBSERVATION 3.4Rule 3.6 serves to protect down-stream VMEbus interrupters which maymisbehave if they detect the assertion of IACKIN* while not in an interruptacknowledge cycle.RULE 3.7If its IACKIN* line is deasserted, a CBLT module SHALL NOT respond to adata transfer cycle and it SHALL NOT drive the data bus nor assert DTACK*or BERR*.RULE 3.8The module configured as the FIRST in the CBLT chain SHALL NOT wait forIACKIN* low to assume the token.OBSERVATION 3.5CBLT transactions observe VME64 timing rules which guarantee a minimumtime between the assertion of the DSn* lines and the assertion of DTACK*.They also guarantee that the IACKIN* line is stable (high) when the CBLTtransaction starts.RULE 3.9When a module assuming the token is transferring its last data word, itSHALL NOT assert its IACKOUT* line low until both DSn* lines have beendeasserted for that data transfer.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 21 -October 1, 1995OBSERVATION 3.6The token is received by the next module when IACKIN* is asserted whichcan occur before or after the DSn* lines are asserted.OBSERVATION 3.7When AS* is deasserted at the end of the cycle, each module deasserts itsIACKOUT* line according to VME64 rules for interrupt acknowledge cycles.Thus CBLT transactions are compatible with VME64 interrupt acknowledgecycles.3.4Readout mechanism - the general caseThe CBLT mechanism is specified for both D32 and D64 transfers. Certainoptimisation of data transfers may be achieved by the suppression of readout fromempty modules, with the CBLT token being passed without delay to the nextparticipating module.To start a CBLT transaction, the master asserts the specified address on the A31-A01 lines, the DSn* and the AS* lines, according to the VME64 specification. If themodule configured as the FIRST in the CBLT chain is not PURGED, it providesDATA and DTACK* until it has transferred all of its data (and then becomesPURGED). It then asserts its IACKOUT* line after the deassertion of both DSn* linefor the last data transfer to pass the token to the next module in the chain.On the next assertion of DSn* lines this module will detect IACKIN* asserted andcontinue the data transfer.If the FIRST module is PURGED it asserts its IACKOUT* line as soon as AS* andDSn* are asserted for a CBLT transaction. The next module detects that IACKIN* isasserted and continue with the data transfer.This module if not PURGED provides DATA and DTACK* until it is PURGED. Whenit is PURGED it asserts IACKOUT* following the deassertion of DSn* for the lastvalid data in order to pass the token to the next module in the chain. On the nextassertion of DSn*, this next module will detect IACKIN* asserted and continue thedata transfer.The LAST module in the chain does not assert IACKOUT*, but will transfer all itsdata and will terminate a transfer by asserting BERR* on the data phase followingthe last valid transfer (DTACK* assertion).3.4.1D64 readoutA D64 transfer starts with an address phase followed by one or more data phases.This section defines a mechanism to acknowledge the address phase whilst all CBLTmodules wait for the data phase before starting to transfer data as specified for theD32 case.RULE 3.10During a D64 transaction, only the LAST module SHALL acknowledge theaddress phase.RULE 3.11All D64 CBLT modules SHALL wait for the data phase to start the tokenmechanism.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 22 -October 1, 19953.4.2Data structureRULE 3.12CBLT slave modules SHALL supply data blocks structured as given in Table3.2 for D32 and Table 3.3 for D64 transactions.OBSERVATION 3.8The minimum transfer count for D32 transactions is 8 bytes, and 1610 bytesfor D64.Table 3.2 CBLT D32 transactionsD32..... D27D26. D24D23........................ D16D15............................................................... D00

GEOxxxxxxxxxxxxxxxxxxxxxxxxxxx

First Data

Last Data

GEOStatusTransfer Count (bytes)

Table 3.3 CBLT D64 transactionsD63 -D59D58. D56D55. D48D47........... D32D31............................................................... D00

GEOxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Data Word 1Data Word 2

Data Word n-1Data Word n (last)

GEOStatusxxxxxxxxxxxxxxxxxxxxxxxxTransfer Count (bytes)

OBSERVATION 3.9The transfer count field described in Tables 3.2 and 3.3 refers to the numberof bytes actually transferred on the VMEbus. The meaningful data within thedata may be less, and if so this count should be defined within the datastructure.3.4.3Data structure field assignments3.4.3.1The GEO fieldThe GEO field (see Tables 3.2 and 3.3) contains a 5 bit value unique on any onebackplane. This value will be derived from the module�s geographic address, from aregister, or from on-board switches.RULE 3.13The GEO field SHALL contain a unique value for each module in one readoutchain.RULE 3.14The module�s geographical address SHALL be used for the GEO field.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 23 -October 1, 19953.4.3.2Transfer countThe Transfer Count is a 24 or 32-bit field containing the number of data bytes whichhave been readout from the module including the data frame information.RULE 3.15Every CBLT module SHALL supply a transfer count corresponding to thenumber of bytes that have been readout from the module (this valuesincludes the frame delimiters).OBSERVATION 3.10The maximum data which can be transferred in one CBLT transaction for aD32 slave is 16 Mbyte and 4 Gbyte for a D64 slave.OBSERVATION 3.11The CBLT protocol is designed to allow the efficient transfer of large blocks ofdata from a number of slaves on one backplane. The VME64 specificationdoes not permit unbroken transfers of more than 256 cycles. Thus theimplementation of CBLT should allow for the blocks to be broken in toVME64 compliant sub-blocks.Editor�s note:With reference to OBSERVATION 3.11. The ESONE/CERN VSC asked for a derogationon this point in the VME64 specification to allow infinitely long block transfers in HEPfront-end crates, where typically there is only one master with a large number ofslaves, all involved in the same readout process. In this case the reason for the VME64block-length limitations (bus arbitration latency) is not applicable. The VSC�s requestwas not accepted.3.4.3.3StatusA 3-bit field reporting the status of the transferred data block.RULE 3.16zThe status field in described in Tables 3.2 and 3.3 SHALL contain a value asdefined in Table 3.4Table 3.4 CBLT Status return valuesStatus valueMeaning

0Normal completion

1Transfer ENDED (see section 3.5)

2User defined status

3User defined status

4User defined error

5User defined error

6User defined error

7User defined error

3.4.4 Empty modulesAn empty module which chooses not to participate in a CBLT transaction canconsiderably decrease the overhead in both the readout and the subsequentsoftware reconstruction.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 24 -October 1, 1995PERMISSION 3.1An EMPTY module may or may not choose to supply data in a CBLTtransaction.RULE 3.17If an EMPTY module supplies data in a CBLT transaction it SHALL follow thedata structure defined in Tables 16 or 17.RULE 3.18If an EMPTY module does not supply data in a CBLT transaction, thenunless it is the LAST module in the CBLT chain, it SHALL only pass thetoken to the next module. It SHALL NOT drive the data bus, nor SHALL itassert DTACK*.RULE 3.19The LAST module SHALL supply data even if EMPTY as given in Tables 3.5and 3.6.OBSERVATION 3.12Rule 3.19 ensures that the LAST module will terminate the transaction withthe assertion of BERR* after providing a correct status field with an ENDEDcode.Table 3.5 CBLT D32 empty transactionD32..... D27D26. D24D23........................ D16D15............................................................... D00

GEOxxxxxxxxxxxxxxxxxxxxxxxxxxx

GEOStatusTransfer Count = 810

Table 3.6 CBLT D64 empty transactionD63 -D59D58. D56D55. D48D47........... D32D31............................................................... D00

GEOxxxxxxxxxxxxxxxxxxxxxxxxxx0

GEOStatusxxxxxxxxxxxxxxxxxxxxxxxxTransfer Count = 1610

3.5End of CBLT transactionThe CBLT makes a special use of the VMEbus BERR* to terminate the transfer.The end of transfer occurs at the initiative of the slave when the token reaches theLAST module of the CBLT chain and this module has transferred its final data word.The slave then drives the BERR* line to signal the master to terminate the cycle.The end of transfer should not be confused with an end of cycle which can occur atthe master�s initiative. The master aborts the cycle because it needs to regeneratethe address or because the transfer size exceeds that permitted by VME64.RULE 3.20The LAST module in the chain SHALL terminate the CBLT transfer byasserting BERR* on the data phase following the termination of last validdata transfer by the assertion of DTACK*.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 25 -October 1, 1995RULE 3.21During a CBLT cycle BERR* SHALL only be used to terminate thetransaction.OBSERVATION 3.13Rule 5.2 implies that only the LAST module is allowed to assert BERR* andonly for the purpose of terminating the transfer when all of the data has beenread-out.A CBLT module will use the 3-bit status field to signal an internal errorcondition on the final data transfer.The LAST module sets the status code to 1 inside the data structure when giving outits last data, to signal that it will assert BERR* on the next data phase. This isintended to enable the software to check for the correct end of transfer after BERR*is received rather than to be used by the VMEbus master to stop the transfer.RULE 3.22The master SHALL continues the CBLT transfer until it detects the assertionof BERR*.It is always possible that a BERR* is generated during a CBLT transaction by thebus timer (BTO). All CBLT modules therefore must monitor BERR* and the CBLTaddress in order to detect the end of the transaction. Only when the assertion ofBERR* is detected at the CBLT address is the transfer completed. When all CBLTmodules may take the action necessary to acquire a new event. A BERR* at anaddress other than the CBLT address is possible and should not be confused withan end of CBLT transfer.3.6CSR space requirementsEvery CBLT and MCST module requires a number of CSR resources. These aresummarised in Chapter 5 and specified in detail below.3.6.1Regulations concerning CSR status bit handlingRefer to ???RULE 3.23A CBLT module SHALL set its PURGED bit to 1 during the transfer of its lastdata word.OBSERVATION 3.14RULE 3.21 ensures that on the next cycle the master will receive coherentstatus from the module.RULE 3.24An EMPTY module shall set its PURGED bit only when it detects theassertion of IACKIN* (the CBLT token).OBSERVATION 3.15An EMPTY module that supplies data will set its PURGED bit only when itsupplies the last data of its empty frame.RULE 3.25An EMPTY module that does not supply data SHALL set its PURGED bit onlywhen it asserts its IACKOUT* line and when detects the assertion of theDSn* lines.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 26 -October 1, 1995PERMISSION 3.2A EMPTY module that does not supply data that detects the assertion of itsIACKIN* line need not wait for the DSn* line to be asserted before assertingits IACKOUT*.PERMISSION 3.3The PURGED bit may be resettable by software in order to permit a re-read ofthe data, where this is feasible.3.6.2EventsIn the context of data acquisition we define the notion of event. The treatment of anevent (the reading-out data from modules following one or more physics triggers) isreflected in two CSR status bits EMPTY and PURGED.3.7Multiple CBLT transactionsThe length of a data block may be greater than the maximum allowed by the VME64specification. For this and any other reason, the readout of an event may needmultiple CBLT cycles to complete.The CSR PURGED bit allows the differentiation of multiple CBLT transactions forone event, as well as the signalling readout of a new event.RULE 3.26Once the PURGED bit is set, it SHALL NOT be cleared until the end of theCBLT cycle BERR* is detected (see section 3.5) is detected and the modulereceives a new event.PERMISSION 3.4The PURGED bit may be overwritten by software to allow a module to re-transmit the data of an event.OBSERVATION 3.16RULE 3.26 states the minimum conditions to clear the PURGED bit. Theremay be some additional conditions under software control and/or front-panelsignalling in relation with the trigger system.RULE 3.27When a CBLT transfer starts, a non-purged module (PURGED=0) SHALLobey the IACKOUT* assertion rules defined for the token mechanism.RULE 3.28When a CBLT transfer starts, a purged module (PURGED bit =1) SHALLasserts its IACKOUT* line as soon it detects the start of the data phase. (SeeFigure 3.1).OBSERVATION 3.17Rule 3.28 allow the daisy chain propagation delay to be short-circuited at thestart of the CBLT cycle to improve speed in case of multiple CBLTtransactions.

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 27 -October 1, 19953.8Timing specificationsRULE 3.29All timings SHALL be as specified in VME64 with the exception that theassertion of IACKOUT* SHALL NOT occur before the deassertion of DSn*.OBSERVATION 3.18RULE 3.29 implies that the T1 in figues 3.1 and 3.2 has a minimum value ofzero.

A31-A01AS*DSn*IACKOUT*1IACKOUT*2IACKOUT*3DTACK*BERR*

Module 1

Module 2

Module 3SLAVE RESPONSEST1Figure 3.1 D32 CBLT timing

Chained block transfersRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 28 -October 1, 1995

AS*A31-A01

DSn*IACKOUT*1IACKOUT*2IACKOUT*3DTACK*BERR*

T1LAST

Module 2

Module 3SLAVE RESPONSES

Module 1Figure 3.2 D64 CBLT timing

AS*DSn*IACKOUT*1IACKOUT*2IACKOUT*3DTACK*Modules 1 & 2 arePURGED

Figure 3.3 Multiple CBLT timing short cut

Mulicast commandsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 29 -October 1, 1995Chapter 4: Multicast commands - MCST4.1IntroductionIn a data acquisition context it is often useful to define a global mechanism to givegeneral commands such as reset, fast clear, trigger ready, event selection, etc.Multicast (MCST) transactions allow such commands to be sent to set of slave read-out modules in one DTB transaction and as such are essentially dataless writecycles. As for CBLT, all hardware mechanisms are implemented within the VMEbusslave so no non-standard features are required of a VMEbus master.4.2Cycle identificationThe eight most significant bits of an A32 address field (MCST ADRS) signal a MCSTtransaction (with the AM code defining the D32 or D64 transfer size) which will berecognised by all participating modules. The 24 low order bits are not significant.All MCST participating modules respond to the same value in A31-A24, the onlyrestriction being that this address must be different from the address used toinitialise the module.RULE 4.1CBLT readout SHALL be conditioned by the MCSTENB/MCSTDIS controlbits (see Table5.5).RULE 4.2Every MCST readout module SHALL have a MSCT address registerRead/Write accessible from the VMEbus, as shown below:A31............... A24A23................................................................... A01

MCST ADRSNot significant

RULE 4.3Bits A23-A01 of the CBLT ADRS SHALL be user defined.OBSERVATION 4.1MCST transactions will use AM codes 0D or 09.The CBLT mechanism of FIRST and LAST modules is used to acknowledge amulticast transaction and the IACKIN*/IACKOUT* daisy-chain is used to propagatethe acknowledge from the FIRST module to LAST. Thus the same regulations definedfor CBLT concerning electrical continuity, daisy-chain ordering, etc., apply to MCSTtransactions. The use of D64 transactions is not recommended since they aremultiplexed and the use of one, single data phase inefficient.Normally, software should not issue read cycles using the MCST address, howeverslaves modules should be protected against such an eventuality.RULE 4.4MCST read cycle shall be protected. If a read cycle directed to the MCSTaddress is detected, all MSCT modules SHALL keep their VMEbus datadrivers in 3-state. They SHALL NOT assert DTACK* nor BERR*.

Multicast commandsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 30 -October 1, 1995OBSERVATION 4.2The LAST module may either drive BERR* or leave the cycle terminate with aBTO time-out.

Configuration ROM and CSR spaceRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 31 -October 1, 1995Chapter 5: Configuration ROM and CSR space5.1IntroductionSince VMEbus in its IEEE1014-1987 and earlier forms lacks any system-levelspecification, individual manufacturers have each taken their own approach to thelayout of the VMEbus address map, CSR space definition, etc. The VME64specification includes a definition of a Configuration ROM and CSR space.This chapter describes a number of optional extensions to the VME64 CR/CSRspace, notably that required for CBLT and MCST transactions.5.2CR/CSR spaceModules need only supply the registers relevant to their implementation (e.g. no self-test status register and execute bit if self-test is not supported).5.2.1Configuration ROMTable 5.1 Configuration ROM contentsAddressContentCommentsSpecification

0x03ChecksumVME64

0x07, 0x0B,0x0FLength of ROMVME64

0x13Configuration ROM dataaccess widthVME64

0x17CSR data access widthVME64

0x1BCR/CSR space specificationIDVME64

0x1F0x43ACSII �C�VME64

0x230x52ASCII �R�VME64

0x27, 0x2B.0x2FManufacturer�s IDIEEE OUIVME64

0x33, 0x37,0x3B, 0x3FBoard IDVME64

0x53, 0x57,0x5BPointerVME64

0x5F to 0x7BReservedVME64

0x7FProgram ID codeVME64

0x83, 0x87,0x8B, 0x8FSerial number4 bytes assignedby manufacturerRec. Practices

0x93, 0x97,0x9B, 0x9FCapabilities4 bytesRec. Practices

Configuration ROM and CSR spaceRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 32 -October 1, 1995Table 5.2 CR capabilities - bit assignmentsAddress 0x93BitNameRead

7RSVD0

6RSVD0

5RSVD0

4RSVD0

3MCST1MCST capable0Not MCST capable

2REREAD1CBLT PURGED bit may becleared0CBLT may not be cleared

1CBLT1CBLT capable0 Not CBLT capable

0STST1Self test capable0 Not self-test capable

Addresses 0x97, 0x9B, 0x9FBitNameRead

3RSVD0

2RSVD0

1RSVD0

0RSVD0

5.2.2Control and Status RegistersTable 5.3 Summary of CSR registersAddressContentMeaning

0x7FF7FSelf-test registerSee Table 5.4

0x7FF7BSelf-test resultregister0 - self-test completed successfully1-255 - application dependent

0x7FF77CBLT/MCSTCSR1See Table 5.5

0x7FF73CSR2See Table 5.6

0x7FF63 -0x7FF6FCBLT counter (4bytes)Actual transfer count in bytes

0x7FF5FCBLT resultregister0 - transfer completed successfully1 - ENDED2 - 255 - application dependent

0x7FF5BCBLT ADRSMost significant 8 bits of CBLT address register

0x7FF57MCST ADRSMost significant 8 bits of MCST address register

0x7FF53CBLT geographicregisterLeast significant 5 bits (only if the geographicaladdress is not available)

Configuration ROM and CSR spaceRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 33 -October 1, 19955.2.3Self-Test RegisterTable 5.4 Self-Test Register - bit assignmentsAddress 0x7FF7FBitNameWriteRead

7RSVDReserved0

6RSVDReserved0

5RSVDReserved0

4RSVDReserved0

3RSVDReserved0

2RSVDReserved0

1RSVDReserved0

0STSTEXE1Execute self-test0No effect1Self test executing0 Self-test not executing

RECOMMENDATION 5.1Limit the time taken by self-test procedures to 2s maximum.RULE 5.1If the self-test fails the error number in the status register SHALL be set.OBSERVATION 5.1The �board has failed� indication specified in VITA 1 VME64 may be setwhether the board has a software triggerable self-test or not. However self-test may or may not set the �board has failed� indication depending on theseverity of the fault(s) detected.5.2.4CBLT/MCST Registers - CSR1Table 5.5 CBLT/MCST CSR1 - bit assignmentAddress 0x7FF77BitNameWriteRead

7MCSTENB1Enable MCST0No effect0

6MCSTDIS1Disable MCST0No effect1MCST enabled0MCST disabled

5FIRSTENB1Enable first module in a CBLT chain0No effect0

4FIRSTDIS1Disable first module in a CBLTchain0No effect1First module in a CBLT chain0Not first module in a CBLT chain

3LASTENB1Enable last module in an CBLTchain0No effect0

2LASTDIS1Disable last module in an CBLTchain0No effect1Last module in a CBLT chain0Not last module in a CBLT chain

1CBLTENB1Enable CBLT0No effect0

0CBLTDIS1Disable CBLT0No effect1CBLT enabled0CBLT disabled

Configuration ROM and CSR spaceRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 34 -October 1, 1995Table 5.6 CBLT CSR2 - bit assignmentsAddress 0x7FF73Bit NoCSR bitValueR/WMeaning

7RSVD0Reserved

6RSVD0Reserved

5RSVD0Reserved

4RSVD0Reserved

3RSVD0Reserved

2ENDED1READONLYThe module is the last in a CBLT chain andhas asserted BERR* to terminate the transfer

0The module is not the last in a CBLT chain,or the module is the last in a CBLT chain andhas not asserted BERR* to terminated thetransfer

1EMPTY1READONLYThe module has no data for the event

0The module has data following the acquisitionof an event

0PURGED1R/W*The module has received an event

0R/W*All the modules data has been read out

*If the REREAD capability is supported writing "1" to the PURGED bit will clearpurged whilst writing "0" will have no effect.

Chassis, power supplies and coolingRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 35 -October 1, 1995Chapter 6: Chassis, power supplies and cooling<<UNDER DEVELOPMENT>>6.1IntroductionWhilst there are many applications in physics for catalogue-standard chassis, powersupplies and cooling systems (known collectively as �crates�) - typically in laboratoryand office environments, in common with other similar applications in research andindustry, there are many applications for rugged, high-reliability, modular systems.Crates used in control and data acquisition applications are often placed in short-term inaccessible locations. This, and the frequent need for a large number ofinput/output cables, requires that the backplane and its housing (�card-cage� or�bin�) be able to be left undisturbed by repair or routine maintenance activity on theelectrical and electro-mechanical parts of the crate (i.e. power supply and cooling).6.2Backplanes¥Automatic daisy-chaining.¥Monolithic constructionOBSERVATION 6.1Modules equipped with the VME64 Extensions 160 pin connector, requirethat crates are equipped with compatible backplanes. Modules with 96 pinconnectors may be used in crates equipped with either 96 pin or 160 pinconnectors.6.2.1Termination6.2.2Power connection6.2.3Signal connectors6.3VSB6.3.1Daisy chain6.3.2Termination6.3.3Signal connectors6.3.4J36.4Card-cage6.4.1Card guidesThe VME64 specification with respect to card guide dimensions is followed (referalso to 6.7.1).

Chassis, power supplies and coolingRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 36 -October 1, 19956.5Power supply6.6Air cooling system6.79U module mechanical considerations6.7.1Module thickness & stiffeningBased on FASTBUS experience, 9U x 400 mm modules need stiffening ifunacceptable warpage is not to result even with careful manufacture. This stiffeningis provided two ways: increased board thickness and mechanical stiffening.6.7.1.1Increased board thicknessIEEE1101.1 [4] specifies boards 1.6 mm thick whilst FASTBUS calls for a thicknessof 2.36 mm. However for compatibility with VMEbus 3U and 6U boards, standardcard guides, foreseen for 1.6 mm thick boards, are specified for (9U). Provision ismade for reducing the thickness of (9U) boards at their edges.RULE 6.1(9U) modules SHALL have a thickness of 2.4mm except for a distance of2.5mm from the top and bottom edges (card-guide edges) where thethickness SHALL be reduced to 1.6 mm (see Figure 6.1).6.7.1.2Mechanical stiffeningMechanical stiffeners are recommended to be used and may normally be placed inthree places: near the VMEbus connectors and along each of the card-guide edges.These latter stiffeners should be manufactured in a manner so as not to impede theflow of cooling air and should respect the maximum component height specified inIEEE1101.1 [4]. See the VSO 9U specification.

Chassis, power supplies and coolingRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 37 -October 1, 1995

1.6–0.20COMPONENTCOMPONENT1.6–0.20

2

.

5

–

0

.

1

2

.

5

–

0

.

1

9

Usolder side2.36–

7– x400.0– 0.100.3 Board dimensions:

1.3 max.Board guide centre line

==Component leadlengthFigure 6.1 Cross-section of a (9U) module

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 38 -October 1, 1995Chapter 7: Front panel connectivity7.1IntroductionThis chapter discusses the commonly used signal standards for front-panelinterconnects and their application in physics.Two different interconnection methods for digital signals are commonly used inphysics instrumentation modules: NIM (Nuclear Instrument Module - a currentswitching standard) and ECL (Emitter Coupled Logic). These signalling standardsare used in the vast majority of the front panel control and status signals of NIM,CAMAC and FASTBUS modules. To optimise connectivity it is recommended thatmodules retain this consistency. TTL (Transistor-Transistor Logic) interconnects arealso discussed.Differential ECL is the preferred method for digital signal interconnect, and requiresless physical front panel space than NIM signals.The one drawback to ECL is not the logic itself, but the commonly used cabling. The110 ohm twisted pairs have a greater attenuation at high frequencies than co-axialcables. Although it is possible to interconnect single-ended ECL with coaxial cables,it is not recommended, since such cables are more commonly used for groundreferenced signals such as NIM and analogue.RECOMMENDATION 7.1Whenever possible, use differential ECL. For single-ended signals, NIM is anacceptable alternative.7.2ECL7.2.1Signalling and terminationECL is a standard logic family with a variety of standard devices available for bothsingle-ended and differential interconnection. ECL offers both a high degree offlexibility in interconnection methods as well as a very high fan-out capability. ECLoutputs are open emitters which require resistive pull-downs for correct bias.Normally the driver requires a pull-down resistor of about 390 ohms to be connectedto -5.2V, to properly bias the output transistor, making it into a low impedancevoltage source, and also to sink the current necessary to develop 800 mV across thetermination resistor. Note that 100 ohm pull-downs to -2V at the outputs of frontpanel ECL drivers will not be adequate to meet this requirement. ECL inputs aretransistor bases and require only a few mA of bias in either the low or high states.They appear as a very high impedance with respect to the 100 ohm line impedanceused for interconnections.7.2.1.1Differential signallingDifferential signalling is the preferred method for ECL interconnections since itprovides a high degree of rejection of temperature and voltage variations, ensuring agood noise margin. The received signal is extracted based on the crossing of twosignals from the same source and even if the amplitudes vary, or the noise betweenmodules varies, the crossing of the differential signals maintains the correctthreshold.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 39 -October 1, 1995Differential ECL signalling should be used in all cases where timing is critical, suchas for gating, triggering and fast clearing signals. In contrast, a single-ended ECLsignal has the driver and receiver circuits in entirely different modules, each withseparate thresholds. The single-ended interconnect may be acceptable for shortdigital interconnections within the same crate where exact timing or timing stabilityis not critical.7.2.1.2Signal terminationSome differential ECL line receivers (such as the 10114 and 10125 receivers/leveltranslators) go to a defined state if their inputs are left unconnected. DifferentialECL inputs will normally be provided with an input termination network compatiblewith twisted pair cables having a nominal 100 ohm characteristic impedance. This ismost often achieved by connecting two 56 ohm resistors in series. The commonpoint of the termination is decoupled to ground with a capacitor (0.01mF to 0.1mF) inorder to provide a partial common mode termination to prevent high frequencyringing of the input signals.56W56W GND

Figure 7.1 Differential ECL terminationRULE 7.1Terminate differential ECL signals as shown in Figure 7.1.RECOMMENDATION 7.2In order to accommodate the bussing of a common gate or timing signalacross several adjacent modules, make the ECL terminator removable.OBSERVATION 7.1The bussing of a common differential ECL signal across several modules isonly possible if the transmission line stubs extending into the module arerelatively short before they encounter their termination networks and linereceivers.OBSERVATION 7.2For differential twisted pair signals entering a printed circuit board, theindividual traces for each signal should run with an impedance of one half ofthe differential line impedance. In the nominal case, the 110 ohm cableshould transition into 55 ohm transmission lines on the printed circuit andbe terminated in 56 ohm to a voltage half way between Vhigh and Vlow, asachieved by the specified termination network. It is also customary to havethe nominal 390 ohm output pull-down resistors removable for certainapplications.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 40 -October 1, 19957.2.1.3OR�d signalsIt is possible to use differential drivers in combination with single-ended receivers toprovide a data bus across modules. Modules would normally stay off the bus bykeeping their outputs in the logic �false� state. When a module�s turn to drive thebus comes, it drives a logic �true� onto the bus. Since ECL has open emitter outputs,a logical �ORing�5 of all logic �trues� is performed. Only the �+� outputs are looked atby a single-ended receiver.In this example, only the driving module at the end of the line provides the pull-down resistors to -5.2V. All of the other driving modules have their removable pull-downs removed. The receiving module should be at end and terminate the line bytying the �-� input to ground and the �+� input via a 100 ohm resistor to -2V and willgo to a single-ended input with a logic threshold equal to Vbb, nominally -1.3V.7.2.2ConnectorsInsulation Displacement Connectors (IDC) mounted on the cables allow for eitherpoint to point or bussed interconnections since IDC connectors can be placed atpoints along the cable. Individual pairs are easily routed with 2 pin connectorswhich use only the 2.54 mm allowed for each pair on a dual row 2.54 x 2.54 mmheader.RECOMMENDATION 7.3Use dual row 2.54 x 2.54 mm headers and IDC connectors for differentialECL connections.RECOMMENDATION 7.4Use 34 pin connections for 16 pairs of differential signals as shown in Table7.1.7.2.2.1Suitable connectorsPrinted circuit headersExamples of printed circuit mount right angle headers that work well are:4 pin(2 pair)DUPONT (BERG) 75789-101-046 pin(3 pair)DUPONT (BERG) 75789-101-0620 pin (10 pair)DUPONT (BERG) 75789-101-2034 pin (17 pair)DUPONT (BERG) 75789-101-34These connectors are particularly suitable since the pins are higher above the board(approx. 3.8 mm) than conventional right-angle headers. This allows the matingconnector in turn to be slightly higher above the board and prevents the exposure ofthe printed circuit board through the front panel cut-out.

5See Annex ? for a description of the Wired-OR �Glitch�.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 41 -October 1, 1995Cable connectorsExamples of cable connectors that work well are:2 pin(1 pair)BERG 65039-035 housing (requires BERG 47745contacts)34 pin(17 pair)3M 3414-6034CablesExamples of multi-conductor twisted pair cables that work well are:Spectra-Strip 843-132-2801-nnn, where nnn is the number of conductors from 5 to25 pairs. These cables are 28 AWG on 1.27 mm centres. Specifically:10 conductor(5 pair)Spectra-Strip 843-132-2801-01034 conductor(17 pair)Spectra-Strip 843-132-2801-0347.2.2.2Polarity and connector orientationHeaders should be assigned such that the signal which is logic �true� is at thenominal -0.8V state and is designated the �+� side of the pair. The �-� side of the pairwill be a nominal -1.6V state when the signal is �true�.RULE 7.2Differential ECL logic �true� SHALL be designated by the �+� signal being atnominal -0.8V and the �-� signal being at nominal -1.6V.RULE 7.3Differential ECL front panel connectors SHALL be mounted such that the �+�side of the header is on the left when viewed from the front.OBSERVATION 7.3For single pair cables, it is easy to invert the signal by reversing theconnector orientation upon insertion into the header.RECOMMENDATION 7.5In a front panel implementation, label the pairs as to their �+� and �-�orientation.OBSERVATION 7.4The header manufacturers convention for pin numbering places pin 1 at thebottom of a connector mounted on the right hand (component) side of aVMEbus board, as seen from the front, (the opposite to NIM, CAMAC andFASTBUS). The cable connector will then plug into the VMEbus module frontpanel header rotated by 180 degrees such that pin 1 of the connector willmate with pin 34 of a cable-mounted 34 pin connector.RECOMMENDATION 7.6For the reasons given in OBSERVATION 7.4 do not use shrouded andpolarised headers on the module front panel.RECOMMENDATION 7.7When a 34 conductor (17 pair) cable is used for 16 differential signals,connect the unused pair to ground at the printed circuit header and markthe pair as �ground� on the front panel.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 42 -October 1, 1995OBSERVATION 7.5The application of RECOMMENDATION 7.7 avoids ground loops.Table 7.1 Differential ECL front panel connectorSignal +Signal -

0000

0101

0202

0303

0404

0505

0606

0707

0808

0909

1010

1111

1212

1313

1414

1515

1616

--(view on front panel)7.3NIMNIM signals originated in the NIM standard and are still popular. This digitalsignalling convention can be ideal for fast trigger generation and distribution as wellas clock distribution. It should be considered when there are long signal runs, whensub-nanosecond timing is important, where signals source are widely separated andnot conducive to cabling with ribbon style cables and when a single-ended signal ispreferred. In addition, for many temporary laboratory set-ups, NIM signals can bemore quickly interconnected with readily available coaxial cable assemblies.NIM offers many advantages over single-ended ECL data transmission. NIM�sstrengths lie in the use of coaxial cable and the fact that its drivers are currentsources. The coaxial cable brings good immunity to crosstalk and lower highfrequency attenuation over long distances as compared to twisted pairs. This helpsto maintain fast edge rates on signals and minimises ringing. Although either sub-miniature LEMO connectors or BNC connectors can be used the former are muchpreferred for density reasons.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 43 -October 1, 19957.3.1ConnectorsSuggested LEMO style connectors:LEMO EPL.00.250.NTN or WW Fischer DLP101-A004-10NIM-CAMAC series right angle receptacle for printed circuitLEMO EPN.00.250.NTN or WW Fischer DP101 A-004-10NIM-CAMAC series printed circuit board end launch receptacleLEMO EPY.00.250.NTNNIM-CAMAC series right angle dual receptacle for printed circuit -two connectors in one body7.3.2Polarity and signalling levelsThe current source driver, resistive termination strategy of NIM is an excellentsolution for single ended signal distribution. The NIM driver in the logic �false� stateis �off� (0 mA) except for leakage (–1 mA max.). Therefore, the logic �false� level isdetermined by the ground at the termination resistor�s location, which shouldnormally be at the input to the receiver. The receiver then has control over both the�false� state level and the switching threshold. The driver�s responsibility is to ensurea proper signal swing from the logic �false� to the logic �true� state. This methodprovides a considerably better noise margin then the single-ended ECL case wherethe receiver generates only a switching threshold and the driver can do whatever itslocal ground dictates!When a logic �true� is to be generated. the NIM driver sinks 16 mA –2 mA, whichdevelops a voltage at the termination resistor. In a nominal 50 ohm system the logiclevels for NIM are: �false� = 0V and �true� = -0.8V. Note that this is inherently�negative� logic such that the leading edge of a timing pulse is �falling� when viewedon an oscilloscope. This is the opposite of the ECL convention which is �positive�logic (important when conversion from NIM to ECL is to be made).7.3.3Implementation considerations7.3.3.2Double NIMA �Double NIM� output can sink twice the normal 16 mA �true� state current. This isintended to be terminated with a 50 ohm resistor in two places, such as both ends ofa line. these outputs typically have two coaxial connectors connected in parallel onthe front panel of the modules. If only a single coaxial line is to be driven, then theother line must be terminated with 50 ohms.7.3.3.3Bussed NIMBussed NIM signals may be achieved with bridged inputs. In this, two coaxialconnectors are mounted on the front panel with a removable termination resistorwhich takes up considerable front panel space. Another method is to use coaxial �T�connectors, but again at the expense of front panel space, and with theaccompanying risk of reflections on the cable and a loss of fidelity of the distributedsignal.

Front panel connectivityRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 44 -October 1, 19957.4TTLTTL is not recommend for front-panel interconnects. It can be used on an �asneeded� basis, such as the implementation of a �proprietary� bus between two sistermodules.RECOMMENDATION 7.8Mark all TTL front-panel input and outputs as such.7.5Low voltage differential signals (LVDS).Advances in technologies (BICMOS, FPGAs, etc.) makes it increasingly possible toavoid power-hungry ECL for high-speed applications and thus also avoid the needfor negative power supplies. In such case, a signalling standard with comparableperformance and similar advantages as differential ECL, but compatible to BiCMOStechnology becomes very attractive.The proposed TIA/IEC SP-3357 standard (originating from the IEEE P1596.3 SCILVDS standard) defines LVDS with following main characteristics.7.5.1Main characteristicsLVDS, like differential ECL, exhibits:¥near constant total drive current (decreasing noise on the supplies)¥excellent immunity to ground potential differences (between driver andreceiver) and induced noise.¥low EMI (low, equal and opposite currents create small and cancellingelectromagnetic fields)7.5.1.1Voltage levels:At driver side (100 ohm load across opposite polarity outputs)¥(Voh) max: 1.6 V¥(Vol) min 0.9 V¥(Vod) differential output swing: 250 mV min, 350 mV typical, 400 mV max.¥loop current high state: +3.5 mA typical.¥loop current low state: -3.5 mA typicalAt receiver side¥common mode input range: 0 to 2.4 V (referred to receiver ground)¥differential input threshold �high�: +100 mV max.¥differential input threshold �low�: -100 mV max.7.5.1.2Differential noise margins;¥High� and ’�low�: min 150 mV, typical 250 mV.7.5.1.3Switching¥Rise/fall time: typical 300 ps.

Analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 45 -October 1, 1995Chapter 8: Analogue implementations<<UNDER DEVELOPMENT>>>8.1IntroductionVMEbus is not an ideal platform for sensitive analogue implementations, butnevertheless is often used in such applications. This chapter gives a number ofguidelines and recommendations which together describe a suitable VMEbusenvironment.Annex B contains a narrative description on the subject.8.1.1Relation to VXIbusThe VMEbus Extensions for Instrumentation (VXIbus) specification describesextensions to the VMEbus specification which provide all the features necessary forthe implementation of modular instrumentation. VXIbus includes many of thefeatures specified in this document: ECL and analogue power, screening, largemodule format (9U x 340 mm and 6U x 340 mm).8.2Power for analogue circuitsThe requirements for supply rails for analogue sub systems result from threefactors:1.The digital 0V reference is inherently noisy in a VME system,2.The –12V often gives insufficient voltage headroom for I/O requirements3.The implementation of DC to DC converters on the module its self results ingeneration of additional noise and heat close to susceptible electronics oftencausing a reduction in their possible performance. Apart from being noisy DCto DC converters are only 70 to 90% efficient and are also a major costcomponent of any board. Provision of suitable supply rails will largelyeliminate the DC to DC requirement.8.2.1Digital 0VOn a VME64 system, as any address/data word switches over any major codeboundary, for example EFFFFFFF to F000000, the sudden surge in current pulledfrom the supply can cause the ground line to �bounce� resulting in the noise spikesappearing on the 0V rail. Although the problem of �ground Bounce� is addressed inthe VME64 Extensions specification, supply surges will still occur, albeit to apossible lower level. ADC and DAC sub-systems are increasing in their conversionspeed, ( e.g. 30 MPs for a 12 bit ADC), and are easily capable of digitising the noisewhich appears on the digital 0V rail. The noise causes a significant reduction in thesystems potential dynamic range if appropriate design precautions are notimplemented, such as isolation and suitable component selection and layout. All ofthese engineering demands add considerable cost and complexity to any design. Inshort, the noise on the 0V digital rail can degrade the potential performance of theanalogue sub-system.To get round this problem most designs have either implemented isolated DC to DCconverters or used an external supply approach. In the first instance DC to DCconverters are expensive and have limited current drive and also generate heat and

Analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 46 -October 1, 1995noise in the second the additional wiring harnesses and cables introduce a higherlevel of system integration complexity.8.2.2Using the –12 V supply for analogue circuitsThese supplies are often extremely noisy since most communication ports make useof them and, owing to their usual high switching rates, introduce noise not only onthe ground but also on to the supply rails. Furthermore, most power devices, outputdrivers and in some instances input devices with a �High Dynamic Range� requiremore than 2V above the maximum input signal level on the supply lines to operatewithin their specification, in order to achieve the –10V range, then greater than–12V is required, thus renders the use of the –12V rail unsuitable. Again to resolvethis manufactures have resorted to using DC to DC technology or by using externalsupplies, and as described above this is often not the most cost effective or bestsolution.8.2.3On-board power conversionThe use of DC to DC converters can provide solutions to some system requirementssuch as board to board isolation or by the selection of a low noise, low capacitivlycoupled DC to DC converters a higher accuracy sub-systems may be realised. In themain the DC to DC converters are used to provide the necessary –15V rail requiredto attain the –10V I/O capability. Although they have improved in efficiency over thelast few years DC to DC converters still have a power loss and when running at ornear to their maximum rating can dissipate considerable heat. This is a designfactor most VME systems could well do without. Apart from the real estate theyrequire, the heat dissipated, DC to DC converters also radiate considerable noise,again a factor any designer and system integrator would prefer not to have tocontend with.8.2.4Jaux/Paux for analogue suppliesThe Jaux/Paux provides –15V primarily to supply analogue circuits. In addition,and analogue return, or reference, is also provided.To allow fail-safe design a minimum of two pins should be allocated per rail,resulting in a total of six pins.The –15V rail should be kept to a tight specification thus allowing the integration ofmedium to high performance analogue sub-systems. The ripple should be of theorder 20 mV peak to peak maximum, this should be expressed as an absolute valueand not as an RMS value to ensure no high level spikes are tolerated within systemdesigns. Any use of this supply must ensure that is no contamination of the rail.Appropriate design techniques include implementing suitable ferrite chokes anddecoupling at the supply input on their board.A further issue should be considered regarding the implementation of the bus. Thiscan be either a user configurable Jaux per connector or by a bussed architecture.The bus architecture provides the simplest system integration, however this mayresult in the rail being unsuitable for high end applications such as true 14 Bitaccuracy or 74 dB dynamic range @ 20 Mega samples/s. The user configurable backplane would be the only approach suitable for these types of design requirements. Itmay be possible to offer two different types or crate, one for high end applicationswhich has a "point to point" wiring arrangement (user configurable) and a second ofa reduced performance capability for general and less demanding applications.

Analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 47 -October 1, 19958.2.5Analogue referenceHaving suggested making use of the Jaux as an analogue power bus it would beadvisable to provide a clean Earth or reference Rail. This would be made use of as atrue reference point for all analogue sub-subsystems. As this is a reference point itwould provide no current sink or source capability and all users would buffer theirelectronics by way of a high impedance buffer amp ( >100M Ohms ). In this way itwould be free from noise being caused by current flow as may be found in the –15Vreturn rail.

Mezzanine standardsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 48 -October 1, 1995Chapter 9: Mezzanine Standards9.1IntroductionIn recent years, a trend toward increased modularity of electronic equipment hasbecome popular. The concept ("mezzanine concept") is to use general-purpose baseboards that carry application specific mezzanine boards. This gives users an easyway to customise their system with off-the shelf or in-house designed components.Base boards, or carrier, or mother boards, provide common infrastructure features(e.g., backplane-bus interfacing, compute resources, networking capabilities, etc.)for the mezzanines connected to them. Mezzanines are also known as daughterboards or piggy-backs. Both carriers and mezzanines follow a �mezzanine-bus�specification which defines the mechanics, the electrical, and logical layers.Carriers exist as �intelligent� (with an onboard processor) or �dumb� (slave-onlycapability) boards. One finds standalone or bus-based (e.g., VMEbus, etc.) carriers.The mezzanines perform application-specific functions, such as analogue-to-digitalconversion (ADC), digital input/output, graphics, communications, etc.. Carriersand mezzanines exist in different sizes (form factors). Examples are 3U- or 6U-sizedVMEbus carriers, and single- or double-width mezzanines, with or without frontpanel option. Typically, carriers can accommodate 1—4 mezzanines.With the growing popularity of mezzanines, one could observe a proliferation ofproducts and specifications. For instance, VITA�s (VMEbus International TradeAssociation) �1995 VMEbus Product Directory� lists 30 vendors of company-specificmezzanine solutions. Four other mezzanine specifications are undergoingstandardisation, with three standards being prepared under VSO (VITA StandardsOrganisation) and one under IEEE (Institute of Electrical and Electronics Engineers).They are:¥VITA 4-1995 - IP Modules¥VITA 12-199x - M-Modules¥VITA 14-199x - CXC / ModPack¥IEEE P1386.1 - PMCLooking at possible application areas in physics, one can find a whole spectrum,ranging from simple industrial I/O to very-high bandwidth applications. It appears,that, at least for the time being, no single mezzanine standard covers the spectrum.RULE 9.1Mezzanines in physics SHALL be of the PMC [6] or the IP-Module [7] type.OBSERVATION 9.1An application-area overlap between IP-Module and PMC exists. Factors, likethe existing environment (e.g., predominantly industrial I/O orpredominantly high bandwidth) will determine whether to choose one or theother, or both mezzanine families in the specific case.OBSERVATION 9.2PMC (PCI Mezzanine Card), the combination of the PCI (PeripheralComponent Interconnect) Local Bus specification [8] with the CommonMezzanine Card (CMC) [9] specification, has become an industry standard.Its peak data transfer rates of 132 Mbytes/s (for 32-bit wide

Mezzanine standardsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 49 -October 1, 1995implementations) or 264 Mbytes/s (for 64-bit wide implementations) and themomentum which it has gained in industry make it the preferred candidatefor high-bandwidth applications (e.g., data links, graphics, etc.).OBSERVATION 9.3IP-Modules, with their smaller size and simpler protocol, are intended tocover application areas with less-stringent bandwidth requirements. Peakdata transfer rates for IP Modules are 64 Mbytes/s (for the 32 MHz clockversion and 32-bit wide implementation).OBSERVATION 9.4Mezzanines provide a convenient base for in-house developments. Carrierboards provide infrastructure features, like networking capability,backplane-bus interface, compute resources, graphics, etc.. If engineers basein-house developments on mezzanines, they can take advantage of theseexisting features, without having to (re)design them.RULE 9.2PMC hosts that provide I/O through the backplane SHALL comply with theI/O mapping schemes as defined in the CMC Standard (IEEE1386.0).

SummaryRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 50 -October 1, 1995Annex A: SummaryA.1IntroductionTable A.1 summarises the features of the profiles and summarises the endorsementgiven by this document to each of the possible combinations of connector layout andboard format.Table A.1 Summary of featuresConnectorsAddtl. Power

Format96p J196p J2160pJ1160pJ230pJaux42/70pJ0Adr/Data3.3–15-5.2/-2GeoadrsSpecification

3UX-----A24:D16----VME64

3U--X---A24:D16X--XVME64 Extns

6UX-----A24:D16----VME64

6UXX----A32:D32----VME64

6UX----XA24:D16----VME64 Extns

6UX---X-A24:D16-XXXRec. Practices

6UXX---XA32:D32----VME64 Extns

6UXX--X-A32:D32-XXXRec. Practices

6U--X---A24:D16X--XVME64 Extns

6U--XX--A32:D32X--XVME64 Extns

6U--X--XA24:D16X--XVME64 Extns

6U--X-X-A24:D16XXXXRec. Practices

6U--XX-XA32:D32X--XVME64 Extns

6U--XXX-A32:D32XXXXRec. Practices

9UX-----A24:D16----Rec. Practices

9UXX----A32:D32----Rec. Practices

9UX----XA24:D16----Rec. Practices

9UX---X-A24:D16-XXXRec. Practices

9UXX---XA32:D32----Rec. Practices

9UXX--X-A32:D32-XXXRec. Practices

9U--X---A24:D16X--XRec. Practices

9U--XX--A32:D32X--XRec. Practices

9U--X--XA24:D16X--XRec. Practices

9U--X-X-A24:D16XXXXRec. Practices

9U--XX-XA32:D32X--XRec. Practices

9U--XXX-A32:D32XXXXRec. Practices

Sensitive analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 51 -October 1, 1995Annex B: Sensitive analogue implementationsB.1IntroductionThis annex contains a number of explanations of the problems encountered whenimplementing sensitive analogue circuits in the inherently electrically noisyenvironment which is VMEbus.B.1.1What is the problem?The basic problem is that analogue and digital circuits do not mix well. This is aknown problem for analogue designers but is less well known by the digitalfraternity. Bussed systems are all bad, but VMEbus is probably among the worst,since it would appear that very little, or no consideration has been given to theproblems of placing sensitive analogue electronics on VMEbus cards. The VXIbusapproach, while much better in this respect, can only go so far in reducing theproblems created by high speed digital circuits operating on the same poweringsystem as their analogue front ends.The major problem which digital circuits create is a high level of common-modenoise, i.e.. the entire crate �floats� above ground on a noise generator. Analoguecircuits have to be connected in some way to the real world of signals exterior to thiscrate and therefore the above noise generator appears in series with each analoguesignal. To a lesser extent, direct electromagnetic radiation from digital circuits cancause a number of problems for analogue electronics in the same crate. These typesof problem are usually associated with false triggering or non-linearities.B.1.2What is the magnitude of the problem?The common-mode noise source in a well designed crate can typically be reduced toa few hundred millivolts, but having spectral components ranging from a few kHz toseveral 100�s of MHz. A bad system may produce several volts by comparison.Therefore, if the analogue electronics has say an ADC with a 10 volt input rangesome suppression of the common-mode noise is needed to even exceed the 10 bitlevel for the best crate. Clearly, achieving higher resolutions, or using crate systemshaving higher levels of common-mode noise, needs even more suppression and thisis where the difficulties start.As far as radiated noise is concerned, the careful use of analogue ground planes andcontinuous metal shielding enclosures can normally reduce problems to acceptablelevels, i.e. less than 1/2 an LSB.The major difficulty is that solutions acceptable for say 12 bits are clearlyinadequate for 14 or 16 bit performance or beyond. It is therefore essential to fixlevels for the crate generated noise at a certain level which is adequate for mostnormal applications. Should the same crate then be called on to house, say an 18bit converter, it becomes obvious that something else has to be done (see below). Asyou can see, it is a mixed problem of technical possibilities, general costs anddedicated design objectives. Your dilemma is therefore to fix the bar not too high,otherwise VMEbus will become a very expensive solution.

Sensitive analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 52 -October 1, 1995B.2SolutionsB.2.1Suppressing common-mode noiseThe important word here is suppressing not eliminating. How well can you reducethe effects of this unwanted noise ? Very obviously, by suppressing it at the source ifat all possible. One major noise source which can be identified and tackled easily iscaused by the use of switch-mode power supplies in many VMEbus crates.Surprisingly perhaps, it is also mainly the design of the VMEbus power supplieswhich determines the electronics capacitance to ground and therefore the amplitudeof the common-mode noise. The individual digital cards and the backplanes createsome noise which can also be minimised by careful design. In this case digitalground planes and careful local decoupling can help for the individual cards but thebackplanes still represent a large signal flow to ground via the above mentionedcapacitance.Provided the precautions outlined above are taken, the noise level should not belarger than the few hundred millivolts mentioned earlier. This noise level must thenbe suppressed by other means if analogue performance would be degraded by sucha noise level. The usual means of reducing common-mode noise is via the use ofdifferential or instrumentation amplifiers at the input to the sensitive analogueelectronics. However, such amplifiers can provide adequate suppression only up to alimited bandwidth and are rarely of any use above 100kHz. Therefore, balancedfilters must often be employed to suppress high frequency common-mode andradiated noise components which cannot be reduced by the instrumentationamplifier. The use of absorbing ferrites, continuous metallic shielding as well as thecorrect connection of cable screens plays a vital role in this area, particularly wherethe input impedances are high.B.2.2Alternative methodsThe above assumes that the analogue electronics is powered directly from thestandard VMEbus supply lines. It is not possible to quote an exact point at which nomore improvement can be obtained, but it is probably between 12 to 14 bitaccuracy. To go beyond this limit requires other approaches and/or somecombination of all of them. This may sound confusing, but it is frequently necessaryto combine some, but not necessarily all, of the methods of noise suppression toobtain a satisfactory result. Since the major source of common-mode noise appearsbetween the zero-volt bus of the VMEbus and ground, a natural idea would be toisolate the analogue electronics by powering it independently. Use of a separate, butstandard type of power supply to power the analogue part can be quite effective, butwill suffer to some extent from the same problem as the normal VMEbus supplies.This is because the coupling capacitance to ground is still too high. The connectionsto the digital part of the VMEbus card must also be isolated otherwise noise entersvia this path. Use of photo isolators or transformers can be considered, but the keydesign objective is to reduce the overall coupling capacitance to as low a value aspossible. Therefore, it is not sufficient to consider one, but all the coupling paths,hence the power supply again becomes the weak point. Ideally, the total couplingcapacitance should be reduced to the pico-farad level, but this is rarely possible.Photo-couplers, or better still fibre-optics, can be considered almost ideal, (providedthere are not too many in parallel), however, the power supply needs specialtechniques to reduce the coupling capacitance to the 10�s of pico-farad level.The best approach would be to provide a separate, low coupling capacitance,analogue supply for each VMEbus card having sensitive analogue electronics onboard, and to therefore have no common bus connections effectively tying everything

Sensitive analogue implementationsRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 53 -October 1, 1995together. The zero-volt connection of each sensitive electronics must then bereferenced to the ground of the signal source to which it is connected. Provided thatthe precautions mentioned earlier, with respect to photo-isolators, instrumentationamplifiers, filters, shielding and screened cable connections are observed, anexcellent analogue performance should be obtained to beyond the 16 bit level. It istherefore vital to tackle the most important point first and this is the power supply.It is possible to obtain supplies which are on-board DC-DC converters which areoptimised for this type of application. They will probably employ a resonant highfrequency technique with very low levels of radiated noise. Such supplies canprovide adequate power for most modern analogue circuits and could be poweredeither from the – 12V VMEbus supplies or from the 48V line. A separate zero volt pinfor each VMEbus card (clean ground/guard/ground return or whatever you want tocall it) is absolutely vital for this scheme to work and it must be connected to groundsomewhere exterior to the VMEbus crate, which itself must be connected to groundtoo. If, as so often happens, the analogue electronics is left floating, it is not able towork correctly.B.2.3Connectors and BussesAs mentioned earlier, VMEbus is not really a good platform for sensitive analogueapplications, particularly from the connector point of view. Mixing of any analoguesignal lines with digital or supply lines is to be avoided, since the inevitable couplingcapacitance between pins or adjacent lines is a disaster. Use of screened cable is notpractical either. Therefore, while it is certainly very practical to have inputs on therear of a module they should, if possible, be well separated i.e. on a specialconnector or the P2 if unused for digital signals. For very sensitive signals, a special,isolated and fully screened front panel connector would actually be the bestarrangement. Such a connector should have signal high, signal low, groundreturn/guard and isolated screen.

Wired-OR glitchRecommended Practices for the use of VMEbus in Physics - Draft 0.4ESONE/CERN VSC- 54 -October 1, 1995Annex C: Wired-OR glitchConsider a transmission line where a number of drivers are sinking current in awired-OR manner. The terminators will supply current more or less equally to eachof the drivers, and if one driver switches off, the current it had been sinking will beshared between the other drivers.If an instantaneous view is taken of the switching off of the driver, and the line isconsidered as a real transmission line with a finite signal propagation time, then,although the final stable state is the sharing of the current, the short term eventsare not as simple. In Figure D.1, the loss of the current sinking capability of a driverby its being switched off, may be considered as equivalent to the injection of acurrent i at that driver. A voltage step will therefore be produced across thecharacteristic impedance of the line as seen at the driver, which will travel towardsthe terminators at the propagation speed of the line.The practical situation may be exacerbated by differences in the characteristics ofthe drivers, through manufacturing tolerances, temperature differentials, etc. Thesedifferences will mean that the current sinking capabilities of the drivers will not bethe same.Consider a system with two drivers, one sinking all the current, the other, none. Ifthe former driver now switches off, the line will be momentarily released to the highstate, and a voltage step equal to the logic high level v will propagate towards theterminators. When the other driver receives this step, it will begin to sink thecurrent, and will return an equal step of the opposite polarity, effectively returningthe line to the zero state. However, any receiver connected to the line between thetwo will sense a pulse greater than its logic threshold, and will switch. If the twodrivers in question are at opposite ends of the bus, the resulting pulse will be equalin length to twice the propagation time of the line (TCP), and a receiver connected tothe line near to the driver which switches off will see a pulse of that duration.

DRivvCPTD0

2TCP

Figure C.1 Wired-OR glitch