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1 Introduction

Section 1 should contain an introduction to the document’s subject matter.  For example, if this document is the Preliminary Specification for BTeV Data Acquisition System’s Level 1 Buffers, this section should contain text describing how the Level 1 Buffers integrate into BTeV’s Data Acquisition System (e.g., what they are used for, where they are located, how many, connections to other devices, etc.).  Any other pertinent information that will help the reader understand the contents of this document should be included in this section.

1.1 Definition Of A Preliminary Specifications Document

A Preliminary Specifications document is NOT a Requirements document or a final Specifications document.  It is a document that details, to the extent possible at the early stages of a project, as many physics, electrical, electronics and mechanical and other physical (e.g., location) specifications and/or specification goals of that project that are practical before the design and checkout processes are completed.  The Preliminary Specifications document is normally completed and reviewed shortly after its Requirements document has been approved.  It is understood that initial work (e.g., simulations, simple circuit tests) is sometimes required to determine a number of preliminary specifications for the document.  The final Specifications document, along with various Software, Test and User manuals, should be worked on as the project is being developed.  These documents should be completed prior to the project’s installation, checkout and commissioning in the BTeV experiment at C0 such that they are available for use during these activities.    

The very large amount of electronics in BTeV and the interdependency of electronics projects within BTeV require close interactions between implementers of a given project, between implementers of different projects, and between implementers and technical managers.  This is the only way to ensure that subsystems and projects within subsystems integrate properly with each other and with the entire BTeV experiment.  If these interactions, both in written and verbal form, are not done in an efficient manner, very significant amounts of wasted personnel resources and money will occur.  The Preliminary Specifications document and its review by BTeV and other experts is one of several ways that will be used in BTeV to help make certain that these wastes does not occur.  The Preliminary Specifications document also forces the project’s implementers to think about the details of the project before significant work occurs.  

A Preliminary Specifications document specifies the design details a device must have to operate properly in the overall BTeV system.  Requirements define that which is needed whereas specifications define how the needs will be met.  For example, “the power supply ripple must be such that it's effect on the output data is less than one bit" is a requirement.  “The power supply ripple is equal to 30 ( 2 mV peak-to-peak" is a specification.

During the design and checkout processes it may be found that 40 mV peak-to-peak ripple is the best that can be achieved.  If this is the case, the project’s implementers will be required to request a change to the project’s Preliminary Specifications document and possibly the project’s Requirements document.  There will be a formal BTeV procedure for requesting such changes.

There is not always a clear delineation between a requirement and a specification.  When in doubt, put the item in question in both the Requirements and Preliminary Specifications documents. 

1.2 How To Use This Preliminary Specifications Document Template

The following subsections describe how to use this Preliminary Specifications document template.

1.2.1 Sections & Subsections Of Your Preliminary Specifications Document 

The section and sub-section headings contained in Sections 2 through 15 are a fairly complete list of issues to be included, as applicable, in the Preliminary Specifications and final Specifications documents.  Not all section and sub-section heading topics listed are relevant to a particular project.  Only those listed that are relevant for your document, along with any others not listed that are necessary for your project, should be used when writing your project’s Preliminary Specifications document.  The writer of a Preliminary Specifications document should not consider this list as definitive, but as a guide for the type of information that could be included.  If practical, maintain the section and sub-section ordering given here when writing your Preliminary Specifications document.  If not, do what is best for your document.  The sections and subsections of your Preliminary Specifications document should essentially match those of both your Requirements and final Specifications documents. 

1.2.2 Microsoft Word ‘Styles’ To Use In Your Preliminary Specifications Document

To make the Preliminary Specifications document more readable (preliminary specifications easily distinguishable from supporting text), there are two Microsoft Word ‘Styles’ defined in this template, a ‘Paragraph’ style for supporting text and a ‘Specifications’ style for preliminary specifications.  To invoke the ‘Paragraph’ style for supporting text, first make sure the ‘Style’ window is accessible by selecting the ‘Formatting’ ‘Toolbar’ under the ‘View’ menu.  Then select ‘Paragraph’ in the ‘Style’ window of the ‘Formatting’ ‘Toolbar’.  To invoke the ‘Specification’ style for preliminary specifications, select ‘Specification’ in the ‘Style’ window of the ‘Formatting’ ‘Toolbar’.  Assuming this paragraph’s text is supporting material for a preliminary specification, the following is an example of a formatted preliminary specification:

· Specification 1.2.2-1 (Input Capacitance):  The amplifier’s input capacitance to ground is 12 ( 2 picofarads (Requirement 1.2.2-1)
1.2.3 Specifications Numbering & Identification 

For easier reading and referencing, specifications should all be numbered and identified as shown in Subsections 1.2.2 and 1.2.4.  Specifications should be prefixed with the boldface word ‘Specification’ directly followed by the section or subsection number that contains the specification.  The first specification in a section or subsection should have its section or subsection number followed by a boldface dash (-) and the number ‘1’.  The second specification in a section or subsection should have its section or subsection number followed by a boldface dash (-) and the number ‘2’, etc.  For all specifications, an ‘identification’ of the specification’s contents should follow in parenthesis and be boldfaced.  A boldfaced colon (:) should follow the close parenthesis and precede the specification.

All specifications in the Preliminary Specifications and Final Specifications documents should back-reference the requirement for which they satisfy.  Numbering requirements herein facilitates this back referencing.  The italic text including the parenthesis following each specification shown in Subsections 1.2.2 and 1.2.4 lets the reader (and document author) know which requirement is being met by the given specification.  The words (No Requirement) after a specification indicates that the given specification is not a result of meeting a requirement in the device being specified’s companion Requirements document.  

1.2.4 Tables, Figures & Timing Diagrams & Their Numbering

Clarity, with minimal potential for misinterpretation, is essential in any document, especially in specifications documents.  Tables, figures and timing diagrams most always do much more than text to explain specifications.  It is strongly recommended that your Preliminary Specifications document contain tables, figures and/or timing diagrams wherever practical.

The following are examples of the use of tables and figures as part of a document’s preliminary specifications:

· Specification 1.2.4-1 (Amplifier Specifications):  The input amplifier will have specifications as given in Table 1.2.4‑1 (Requirement 1.2.4-2)
· Specification 1.2.4-2 (Readout Interface Timing):  The readout interface to the Straw Front-End Board’s ASD IC will have timing specifications as given in Figure 1.2.4-1 (No Requirement)

For easier reading, it is recommended that tables and figures have the following numbering scheme.  Each table or figure number is prefixed with the section or subsection number in which it is contained and numbered consecutively in each section or subsection starting with number 1.   For example, the first table and first figure in this subsection are numbered Table 1.2.4-1 and Figure 1.2.4-1, respectively.  The second table in this subsection would be numbered 1.2.4-2, the second figure 1.2.4-2, etc.      

1.2.5 Miscellaneous Other Document Formatting Recommendations

The following are additional Preliminary Specifications document formatting recommendations:

· The document should be created in Microsoft Word 97 or later

· The cover page should include: Title, Document Reference Number (from BTeV document control), original creation date, document revision number and date, authors, contact people (with e‑mail, phone, fax, mailing address)

· There should be a Table of Contents

· There should be lists of Tables, Figures and Reference Documents following the cover page

1.3 Conformance To BTeV Standards

If in any section or subsection below a specification and/or specification goal for the device being specified does not conform to a BTeV Standard, there must be strong justification why this is so stated in the section or subsection.

2 Functional & Interface Specifications 

The subsections below contain specifications and/or specification goals pertaining to both circuit functionality and system interface issues for the device being specified.  Most or all of the timing specifications are included in this section.

2.1 Sensor Interface To The Front-End Electronics

This subsection contains specifications and/or specification goals pertaining to the functionality of the interface circuitry needed to connect detector’s sensors and its analog front-end electronics.  An example specification issue is:

· What are the specifications for the photo-multiplier tube high-voltage base?

2.2 Analog Circuitry & Timing

Front-end analog circuitry preliminary specifications and/or specification goals are included in this sub-section.  Timing diagrams should also be included.  Example specification issues include:

· What is the analog circuit’s input capacitance?

· What are the limits of charge to be sensed by the amplifier?

· What are the pulse-shaping specifications of the ASD circuitry?

Interface specifications and/or specification goals between analog and digital circuitry can either be given this subsection or in Subsection 2.3.

2.3 Digital Circuitry & Timing

Digital circuitry preliminary specifications and/or specification goals are included in this sub-section.  Timing diagrams should also be included.  Example specification issues include:

· What are the signals between the analog and digital circuitry and what are their timing relationships?

· What data processing is done locally and what remotely?

Interface specifications and/or specification goals between analog and digital circuitry can either be given this subsection or in Subsection 2.2.

This section also includes specifications for non-front-end electronics digital circuitry and its interfaces to other system components.  Digital circuitry and interface specifications for data readout, controls and monitoring, fast timing, and alarms and limits are given in Subsections 2.4 and 2.5.  

2.4 Data Readout: Circuitry & Interface To The Data Acquisition System 

This subsection contains specifications and/or specification goals pertaining to the functionality of the data readout circuitry of the device being specified and its interface to the Data Acquisition System’s readout electronics.  Refer to BTeV document ????? for the specification of the Data Acquisition System.  Example specification issues include:

· What are the average and maximum data rates?

· What are the readout specifications including those for accommodating hit occupancies and occupancy fluctuations?

2.5 Circuitry & Interface To The Control/Monitoring & Timing System

This subsection contains specifications and/or specification goals pertaining to the functionality of the control and monitoring, fast timing, and alarms and limits circuitry of the device being specified and their interfaces to the Control/Monitoring & Timing System.  Refer to BTeV document ????? for the specification of the Control/Monitoring & Timing System.

2.5.1 Control & Monitoring

This subsection contains specifications and/or specification goals pertaining to the functionality of the control and monitoring circuitry of the device being specified and its interface to the Control/Monitoring & Timing System.  Example specification issues include:

· How is this device to be monitored and controlled?

· What are the control and monitoring functions that need to be performed?

2.5.2 Fast Timing

This subsection contains specifications and/or specification goals pertaining to the functionality of the fast timing circuitry of the device being specified and its interface to the Control/Monitoring & Timing System.  An example specification issue is:

· What are the stability (over temperature and time) and timing specifications for the bunch-crossing signal generated by the device being specified?

2.5.3 Alarms & Limits

This subsection contains specifications and/or specification goals pertaining to the functionality of the alarms and limits circuitry of the device being specified and its interface to the Control/Monitoring & Timing System.  Example specification issues include:

· What functions need to be monitored through the Alarms & Limits subsystem?

· To what accuracy do these functions need to be monitored?

· Under what conditions, for each of the above functions, should an alarm be generated?

2.6 Circuitry & Interfaces To Calibration Systems

This subsection contains specifications and/or specification goals pertaining to the functionality of the calibration system’s circuitry of the device being specified and its interface the calibration system’s source and other system components.

2.7 Circuitry & Interfaces To Additional Support Systems

This subsection contains specifications and/or specification goals pertaining to the functionality of any other support system circuitry of the device being specified.  An example is electronics circuitry to support a gas monitoring system.  Unless there are overriding reasons to do so, all control, monitoring and timing of additional support systems should be done through the Control/Monitoring & Timing System.  There should be a subsection to this subsection for each support system.

2.8 Other Functional & Interface Specifications

This subsection contains specifications and/or specification goals pertaining to the functionality of any other circuitry and their interface to other system components not specified in Subsections 2.1 through 2.7.

3 Grounding & Ground-Loop Avoidance

This section contains specifications pertaining to the electrical grounding of the device and ground-loop avoidance both within the device and when integrating the device into the overall system.  For front-end systems, this subsection should contain specifications that clearly define how both the detector components and its electronic devices are grounded so as to avoid ground loops and other sources of electrical noise.

BTeV will have a committee to review component and detector grounding proposals.  BTeV management will provide documents defining acceptable grounding procedures.  Until these documents are available, CDF has documents defining good grounding practices.  These documents may be found on the web at URL:  http://www-???????.

4 Electrical & Magnetic Interference (EMI) & Shielding

All EMI-related specifications and/or specification goals are to be included in this section’s subsections.   Specifications and/or specification goals, both as a result of EMI emissions from the device being specified and that device’s susceptibility to EMI from that generated by other devices, are included in this section.

Section 11 contains grounding specifications for personnel safety.

BTeV management will provide documents defining proper techniques for measuring conducted and radiated electrical and magnetic interference.

4.1 Conducted & Radiated EMI Generated By The Device

This subsection contains specifications and/or specification goals pertaining to EMI emissions from the device being specified. 

4.2 Susceptibility To EMI Generated By Other Devices

This subsection contains specifications and/or specification goals pertaining to susceptibility of the device being specified to EMI from that generated by other devices.

4.3 Shielding

This subsection, along with Subsections 6.1 and 6.2, contains all specifications and/or specification goals related to shielding of the device being specified, shielding of any of its internal components, and shielding of its overall packaging.

5 Operational Constraints

The subsections below contain specifications and/or specification goals pertaining to environmental and other constraints in which the device must operate reliably.  Example specification issues include:

5.1 Vacuum

This subsection contains specifications and/or specification goals pertaining to operation of the device in a vacuum. 

5.2 Radiation (‘Z’ and ‘r’ Distance Variations)

This subsection contains specifications and/or specification goals pertaining to the operation of the device in an area with elevated radiation levels.  Example specification issues include:

· How do the specifications for the device operating in a radiation environment differ from detector component (e.g., plane) to detector component in the z direction and from inner to outer regions of the detector components?

· How does the device’s operational characteristics change over time due to radiation?

5.3 Temperature & Humidity

This subsection contains specifications and/or specification goals pertaining to the temperature and/or humidity in which the device must operate. 

5.4 Mass

This subsection contains specifications and/or specification goals pertaining to the mass of the device.

5.5 Space

This subsection contains specifications and/or specification goals pertaining to the allowed space in which the device must reside.

5.6 Distance From Other Devices

This subsection contains specifications and/or specification goals pertaining to distances from the device being specified to other devices.  An example specification issue is:

· What, if any, are the specifications for the distance between sensor and input analog IC from detector component (e.g., plane) to detector component and from inner to outer regions of the detector components?

5.7 Other Constraints

This subsection contains specifications and/or specification goals pertaining to any other constraints not included in the previous subsections.

6 Infrastructure

The subsections below contain specifications and/or specification goals pertaining to infrastructure issues of the device being specified.

6.1 Packaging

This subsection contains specifications and/or specification goals pertaining to device packaging issues.  Example specification issues include:

· Are there special packaging specifications?

· How does the device integrate with the detector mechanics?

Device shielding specifications are contained in Subsection 4.3.

6.2 Powering & Power Supply Filtering

This subsection contains specifications and/or specification goals pertaining to device powering and the filtering of required power supplies.  Example specification issues include:

· What are the power sources for this device?

· Can the total power be estimated?

· Are there any power supply noise issues?

· Are there any power supply input or output filtering specifications?

· What issues are involved with grounding the electronics or the detector to which the electronics connects?

Device shielding specifications are contained in Subsection 3.3.

6.2.1 Low-Voltage Power

This subsection contains specifications for the device’s low-voltage power supplies and their filtering.  50 volts or below is considered low-voltage in Preliminary Specifications documents.  Subsection 7.2.6 contains low-voltage integration and installation specifications between the device being specified and the its low-voltage power supplies.

6.2.2 High-Voltage Power

This subsection contains specifications for the device’s high-voltage power supplies and their filtering.  Greater than 50 volts is considered high-voltage in Preliminary Specifications documents.  Subsection 7.2.7 contains high-voltage integration and installation specifications between the device being specified and the its high-voltage power supplies.

Section 11 contains high-voltage specifications for personnel safety.

6.3 Electronics Cooling

This subsection contains specifications and/or specification goals pertaining to device cooling issues.  For example, what type of cooling system will be employed (e.g., air, fluid, conduction, radiation)?

Subsection 7.3 contains electronics cooling interface specifications between the device being specified and its cooling system.

6.4 Electronics Protection

This subsection contains specifications and/or specification goals pertaining to device electronics protection issues.  Also included in this subsection are electronics protection specifications for the handling of the device being specified.

BTeV will have a committee to review component electronics protection proposals.  BTeV management will provide documents defining acceptable electronics protection procedures.

7 System Integration & Installation

The subsections below contain specifications and/or specification goals pertaining to system integration and installation issues of the device being specified.

7.1 Physical Location Of Electronics

This subsection contains specifications and/or specification goals pertaining to the physical location or locations of the device or devices being specified.

7.2 Cables: Types, Connectors & Routing

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the device being specified and other system components.

7.2.1 Sensors / Front-End Electronics

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the analog circuitry of the device being specified and its detector sensors.  Example specification issues include:  

· What are the specifications for the cables and connectors used to interface detector sensors to front-end analog circuitry?

· Are there any special routing specifications for the cables between sensors and their analog circuitry?

7.2.2 Data Readout

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the data readout circuitry of the device being specified and the Data Acquisition System’s readout electronics.  Example specification issues include:  

· What are the cables and connectors used to interface Front-End Board digital readout electronics, for example, to its Data Combiner Board?

· What are the specifications of the cable?

7.2.3 Control & Monitoring

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the control and monitoring circuitry of the device being specified and the Control/Monitoring & Timing System.  Example specification issues include:  

· What are the cables and connectors used to interface Front-End Board digital control and monitoring electronics, for example, to its Data Combiner Board?

· Is there any special routing of the cables?

· What are the specifications of the cable?

7.2.4 Fast Timing

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the fast timing circuitry of the device being specified and the Control/Monitoring & Timing System.  Example specification issues include:  

7.2.5 Alarms & Limits

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the alarms and limits circuitry of the device being specified and the Control/Monitoring & Timing System.  The system interface to a device’s alarms and limits are a part of the Control/Monitoring & Timing System.  Example specification issues include:  

7.2.6 Low-Voltage Powering 

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the low-voltage circuitry of the device being specified and its low-voltage power supplies.  Example specification issues include:  

· Are there any special cable routing specifications?

· What are the cable specifications?

Subsection 6.2.1 contains the low-voltage powering specifications. 

7.2.7 High-Voltage Powering

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the high-voltage circuitry of the device being specified and its high-voltage power supplies.  Example specification issues include:  

· Are there any special cable routing specifications?

· What are the cable and connector specifications?

Subsection 6.2.2 contains the high-voltage powering specifications.  Section 11 contains high-voltage specifications for personnel safety.

7.2.8 Calibration System

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between the calibration system circuitry of the device being specified and its calibration source and other system components.

7.2.9 Support Systems

This subsection contains specifications and/or specification goals pertaining to the cabling (types, connectors and cable routing) between any other support system circuitry of the device being specified and the support system sources and other system components.  An example is the cabling between laser pulser circuitry of the device being specified and its laser pulser source.  There should be a subsection to this subsection for each support system.

7.3 Cooling: Connections & Routing To The Electronics 

This subsection contains specifications and/or specification goals pertaining to the electronics cooling (physical) interface of the device being specified to its cooling subsystem.  Example specification issues include:

· Are there any special cooling ‘plumbing’ routing specifications?

· What are the gasket specifications?

Subsection 6.3 contains electronics cooling specifications.

7.4 Mechanical / Electrical Interface:  Supports For The Electronics & Other Issues

This subsection contains specifications and/or specification goals pertaining to the mechanical/electrical interface of the device being specified including any mechanical supports specifications.  

7.5 Other Physical Interfaces

This subsection contains specifications and/or specification goals pertaining to other physical interfaces from the device being specified to other system components not specified in Subsections 7.1 through 7.4.

8 Software & Firmware

The subsections below contain specifications and/or specification goals pertaining to device software and firmware.

8.1 Test & Maintenance Software & Firmware

This subsection contains specifications and/or specification goals pertaining to device test and maintenance software and firmware.

8.1.1 Test & Maintenance Software

This subsection contains specifications and/or specification goals pertaining to device test and maintenance software.

8.1.2 Test & Maintenance Firmware

This subsection contains specifications and/or specification goals pertaining to device test and maintenance firmware.

8.2 System Software & Firmware

This subsection contains specifications and/or specification goals pertaining to device system software and firmware.

8.2.1 System Software

This subsection contains specifications and/or specification goals pertaining to device system software.  An example specification issue is:

· What are the specifications for the software at the system level to operate this device?  This includes the control, monitoring, data acquisition and any other software that is needed to integrate this device into the BTeV system.

8.2.2 System Firmware

This subsection contains specifications and/or specification goals pertaining to device system firmware.

9 Reliability & MTBF

This section contains specifications and/or specification goals pertaining to device reliability, and its mean time between failure (MTBF) in situ (installed at C0).  Example specification issues include:

· What are the reliability criteria specifications (e.g., MTBF)?

· Will the design consider failure modes so the data not critically impacted by the malfunction of a single device?  For example, will all pixel ICs of a multi-chip-module have a common input controls line?

10 Maintainability, Testability & Calibrations

The subsections below contain specifications and/or specification goals pertaining to device maintainability, testability and, primarily for front-end systems, calibration specifications and/or specification goals.  Mean time to repair (MTTR) specifications and/or specification goals both in the lab and in situ are also included in this section.

10.1 Maintainability & Testability

This subsection’s subsections contain specifications and/or specification goals pertaining to the device maintainability and testability.

10.1.1 In The Lab

This subsection contains specifications and/or specification goals pertaining to the device maintainability and testability at the test bench.  Example specification issues include:

· Are there special equipment specifications for repair such as calibration instruments, computer interfaces, etc?

· Long-term parts storage issues

10.1.2 In-Situ

This subsection contains specifications and/or specification goals pertaining to device maintainability and testability when installed in the experiment.  Example specification issues include:

· What are the specifications for remote downloading of programmed devices?

· What are the online (in-situ) maintenance specifications?

· What are the MTTR specifications and/or specification goals for this device when it is installed in the experiment at C0?

10.2 Calibrations

For front-end and possibly other systems, this subsection contains specifications and/or specification goals pertaining to how the device or front-end system to which the device belongs is calibrated.  An example specification issue is:

· What are the specifications for testing and calibrating the device, before and after installation?

11 Personnel Safety

This section contains specifications and/or specification goals pertaining personnel safety when working on and/or near the device being specified.  Grounding and high-voltage specifications and/or specification goals for personnel safety are also included in this section.  Other grounding specifications and/or specification goals are contained in Section 3.  Other high-voltage specifications and/or specification goals are contained in Section 6.2.2 and Section 7.2.7.  An example specification issue is:  

· Given hazardous materials, what are the specifications for their handling?

BTeV will have a committee to review proposals for personnel safety when working on and/or near equipment.  BTeV management will provide documents defining acceptable personnel safety procedures when working on and/or near equipment.  Fermilab documents pertaining to personnel safety may be found on the web at URL:  http://www.?????.

12 Failure Modes

This section contains specifications and/or specification goals pertaining to various failures that effect the operation of the device being specified.  For example, what are the impacts of various failures?  Example specifications issues include:

· Failures using bulk vs. individual power supplies

· Failures due to induced currents from magnet shutdowns

· Failures using central vs. distributed cooling systems

13 Quantities

This section contains specifications pertaining to required system and spare quantities of this device.  An example specification issue is:

· What is the total number of devices required both in the experiment and spares (e.g., number of Front-End Boards)?  Include any needed for test stand and/or test beams use and make clear how many are for each application (e.g., system, spares, test stands, test beams).

14 Training
This section contains specifications and/or specification goals pertaining to required and/or recommended training before working on and/or operating this device.

15 Documentation

This section specifies the documents that are needed and will be generated for the device being specified.  Example documents include:

· Requirements document
· Preliminary Specifications document
· Final Specifications document
· User Manual

· Test & Maintenance Hardware and Firmware Manual

· Test & Maintenance Software Manual

· System Software and Firmware Manual

· Simulations document
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