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7. RECORDS

1.
PURPOSE


This document contains the requirements to be met by the specifications and plans relating to the development, construction, operation, and support of the DOM Main Board and consists of requirements based on the Science requirements of the IceCube Observatory . 

2. SCOPE 
This IceCube Project Engineering document specifies the functional, performance, and interface requirements of the DOM Main Board Hardware.  This document covers the requirements of the DOM main board electronics.

2.1
Precedence – The IceCube System Requirements has precedence over this document. In the interim period until the IceCube System Requirements is produced, this document has precedence over all others.  In the event of a conflict between the provisions of this document and any other IceCube DAQ documents describing the DOMMB hardware, the provisions of this document shall govern.

3.
REFERENCES
3.1 9000-xxxx,  Icecube Systems Requirements Document. System level requirements.

3.2 9000-xxxx, DOM MB– DOM HUB Interface Document. Electrical and mechanical interface description.

3.3 9000-tbd, Flasher Board to DOM MB Interface Document. Electrical and mechanical interface description.

3.4 9000-0006, PMT HV Base Board-DOM MB Interface Engineering Requirements 

3.5 Document.

3.6 LBL ICECUBE NOTE #IN104 – “Notes on: DOM Main Board Hardware  Requirements”. Based on earlier version of Requirements  Doc including justifications and status. 

3.7 LBL ICECUBE NOTE #IN103 – “Notes on:  DAQ System Requirements”
4.
DEFINITIONS, ACRONYMS AND UNITS
AC

Alternating Current

ADC

Analog to Digital Converter

ASIC

Application Specific Integrated Circuit

ATWD

Analog Transient Waveform Digitizer

cm

Centimeter 

DAQ

Data Acquisition System

DC

Direct Current

DOM

Digital Optical Module

DOMMB
Digital Optical Module Main Board

DHS

Data Handling System

DSA

Detector String Array

ERD

Engineering Requirements Document

FADC

Flash Analog to Digital Converter

FPGA

Field Programmable Gate Array

FWHM
Full Width Half Maximum

G

Giga (109)

GRB

Gamma Ray Burst

HV

High Voltage

Hz

Hertz

IID

In-Ice Devices

ITA

Ice-Top Array

k

Kilo (103)

kg

Kilogram

LAN

Local Area Network

LBNL

Lawrence Berkeley National Laboratory

LED

Light-Emitting Diode

MKS

Meter-Kilogram-Second

M

Mega (106)

MB

Megabyte

MTBF

Mean Time Between Failure

MTTF

Mean Time To Failure

MSPS

Mega-Samples Per Second

m

Meter

mv

Millivolt

mW

Milliwatt

n

Nano

Nt

Newton

P

Peta (1015)

PE

Photoelectron

<PE>
Mean peak amplitude of SPE pulse; the mean value of the peak amplitude of a statistically robust sample of SPE pulses acquired with the on-board weak pulsed LED in forced acquisition mode. The <PE> units can be either ATWD ADC units, or mV referred to DOM MB input. 

PMT

Photomultiplier Tube

P/V

Peak to Valley ratio of the PMT SPE spectrum

RAP

Reciprocal Active Pulsing

rms

Root Mean Square

s, sec

Second

SN

Supernova

SNR
Signal/Noise Ratio.  SNR =<PE>/ vn , where vn is the rms white noise intrinsic to the DOM MB active components in the PMT signal path.

SPE

Single Photoelectron

sps

Samples Per Second

T

Tera (1012)

TBD

To Be Determined

TBS

To Be Supplied

UTC

Universal Time Coordinated

UV

Ultraviolet

UW-SSEC
University of Wisconsin-Space Science & Engineering Center

V

Volt

vn

RMS Noise Voltage, referred to PMT signal path input

W

Watt

4.1 Units –Weights and measures in this document are expressed in the MKS International System of Units (SI).

5. RESPONSIBILITY
5.1 Physics personnel of the DAQ Group of LBNL are responsible for notifying the IceCube project office of changes to this document. 
5.2 Initial release and subsequent changes to this document shall be approved by the  DAQ Group of LBNL and IceCube Project Management.

5.3 UW-SSEC Quality or Product Assurance is responsible for ensuring that appropriate processes for document control and change are followed.

5.3.1 The document is maintained in the UW-SSEC document control system.

6.
REQUIREMENTS


6.1
General Description Of DOM MB Functionality 

6.1.1
Functional Description

The DOM Main Board (DOM MB) coverts analog PMT signals, supplied by the PMT base, to digitized, time stamped data for the transmission to the DOM HUB.  In addition, the DOM MB provides power and communication to the PMT base and Flasher Board.  The DOM MB also monitors certain environmental quantities internal to the OM pressure vessel.

6.1.2
Identification of External Interfaces

DOM HUB to DOMMB - Connection is via the quad twisted pair cable. 

DOM MB to DOM MB – Local coincidence connection via twisted pair

DOMMB to Flasher Interface – connection is via stacked headers
DOMMB to PMT Base Interface – connection is via flat cable connector

6.1.3
Allocated System Level Requirements 


Additional functionality may be allocated to the DOM Main Board as specified by the IceCube System Requirements to be determined at a later date.

Interim requirements that have been set for various parameters until such time that the Icecube Systems Requirements have been established, are identified in this document.

6.2 Physical Requirements 
6.2.1 Mechanical

6.2.1.1 Size, Shape, Weight, and Mounting as defined in Icecube dwgs 5549C025 (envelope) and 5549C022 (footprint)  

6.2.2 Electrical

6.2.2.1 Voltage

6.2.2.1.1 Input greater than 50 at DOM Vdc but less than 100 Vdc at the end of any length cable including the longest and shortest to be deployed for In-Ice and for Ice-Top

6.2.2.1.2 Average power – includes power to other devices since the DOMMB must pass this power to the other devices.  Details of power needs of other devices are described in interface and requirement documents for those devices and in the IceCube System Requirements which will allocate the power budget.  Interim requirements are:

6.2.2.1.3 Average power for DOM MB alone: 2.5 Watts excluding losses in cable for both In-Ice and Ice-Top

6.2.2.1.4 For In-Ice - other devices including: PMT base, flasher , etc, less than 2.0 watts when operating, less than 0.1 watts in standby.

6.2.2.1.5 Average power for Ice-Top - other devices including:PMT base, flasher , etc less than 12.0 watts when operating, with 10 watts dedicated for heater.

6.2.2.2 Instantaneous peak power  for DOMMB and for other devices are included since the DOMMB must pass power to the other devices.  Details of power needs of other devices are described in interface documents for those devices and in the IceCube System Requirements which will allocate the power budget.  Interim requirements are:

6.2.2.3 .

6.2.2.3.1 For DOM MB peak power is 5.0 Watts 

6.2.2.3.2 Peak power for In-Ice - other PMT base, flasher, etc peak power is 4.0 Watts .

6.2.2.3.3 Peak power for Ice-Top - other PMT base, flasher, etc peak power is 14.0 Watts including up to 10 watts for internal heater.

6.2.2.4 Connections – all connections to DOM MB are twisted pair from penetrator of the DOM sphere.  All signals and power carried on main twisted pair and pairs to adjacent modules.

6.3 Environmental Requirements 
6.3.1 Temperature – to be set by IceCube System Requirements for all electronics.  Interim requirement is for operation to –40 deg C for In-Ice and Ice-Top ( assumes local heater ).
6.3.2 Pressure – interior pressure of sealed DOM is 0.5 atm to sea-level during  assembly and test.
6.3.3 Relative Humidity – 0% to 80% non condensing.
6.3.4 Vibration –to be set by IceCube System Requirements for all electronics.  Interim requirement is for normal truck and air transport and shock during installation
6.3.5 Light – External light shall have no effect on performance in normal lab environment or in total darkness.  Materials used in the DOM MB shall not fluoresce or otherwise emit light detectable by the PMT to increase system noise by more than 10% after 72 hours in total darkness.
6.3.6 Electromagnetic Interference - to be set by IceCube System Requirements for all electronics.  
Emissions - TBD (interim requirement is no measurable effect on data error rate )
Susceptibility - TBD (interim requirement is  normal operation during drilling)
DOM HUB operation must be continuously possible during the entire year, including all IceCube south pole summer operations such as drilling, string deployment and commissioning. Data error rate of less than 1x 10 –9 shall not be exceeded.

6.3.7 Storage - Temperature, shock, vibration, etc. to be set by IceCube System Requirements for all electronics.  Interim requirement is for reduced storage temperature of –55 degrees at the Pole assuming controlled exposure to exterior.
6.3.8 Installation - Temperature, shock, vibration, etc. to be set by IceCube System Requirements for all DOM electronics.  Interim requirement is for DOM to have short period exposure ( approx five minutes) to  temperature of –55 degrees at the Pole during deployment, followed by immersion in water in drill hole.  Effect  on DOMMB inside sphere TBD.
6.3.9 Transportation -Temperature, shock, vibration, etc to be set by IceCube System Requirements for all electronics.  Interim requirement is for normal truck and air transport but with reduced temperature of –55 degrees C at the Pole.  Normal good practice anti-static packaging shall be used for all electronics hardware before integration in DOM.
6.4 Electrical Interface Requirements 

6.4.1 PMT HV Base Interface – see dwng 9000-0006 for details

The DOM MB shall transmit control signals and receive monitoring signals from the PMT HV Base.  

6.4.1.1 The PMT HV control and monitor signals shall be digital. 

6.4.1.2 The interface and PMT HV Base design shall demonstrate that noise introduced by the operation of the PMT HV base does not exceed the noise budget entry from this source. 

6.4.2 Flasher Board Interface - see dwng 9000-tbd for details

The flasher board interface shall provide the full complement of power and signals to establish the:

· Instant of LED pulsing.

· Frequency of pulsing

· Amplitude of pulsing

· Return monitoring signals as appropriate. 

6.4.2.1 The DOM MB shall be able to operate with or without the flasher functionality. 

Note : This interface may also be required to support special Ice-Top variant capabilities and for future unanticipated needs.  These needs shall be addressed by changes to the Icecube Systems Requirements.

6.4.3 Twisted Pair Cable – see dwng 9000-tbd for details

6.4.3.1 Major features are:
6.4.3.2 Quad twisted pairs

6.4.3.3 Octopus cable split to individual DOMS

6.4.3.4 Two DOMS per pair

6.4.3.5 100 ohm nominal impedance

6.4.3.6 transition to internal twisted pair via DOM penetrator

6.4.4 Local Coincidence

6.4.4.1 The DOM MB shall possess the capability to transmit and receive simple digital messages from nearest neighbors. 

6.4.4.2 This messaging capability shall allow messages received in the up (down) direction to be retransmitted in the same direction.

6.5 Messages may be received while transmitting in either direction.

6.5 Reliability , Maintainability and Safety Requirements

The DOM MB design shall meet the qualitative and quantitative reliability requirements specified below.

6.5.1
 Failure Propagation 

A failure in a given optical module shall not induce failures in other optical modules.

6.5.2
 Supplier Selection

The electronic parts shall be selected from manufacturers on the DoD Qualified Manufacturer List (QML) and NASA's Active Parts Core Suppliers List (CSL).

6.5.3
 Quality/Reliability Level
· The preferred electronic parts shall be selected from "Manufacturer High Reliability" parts qualified and screened in accordance with Mil-Std-883 or EIA/JEDEC approved test methods to the following levels:

· Semiconductor devices equivalent to JANTX  or better

· Microcircuits equivalent to 883 Class B  or Q or better

· Passive devices equivalent to Established Reliability (ER) Failure Rate Level R or better. 

The electronic parts that do not meet the above criteria shall be evaluated to ensure that they have been manufactured and tested in accordance with "best commercial" practices for automotive or industrial designs and are adequate for the IceCube application.

6.5.4
 Requirement: Prohibited Materials
· The following materials shall not be used in critical applications:

· Pure tin plating

· Cadmium plating

· Zinc plating.  

In the event that these materials cannot be avoided further evaluation shall be provided to determine their suitability.

6.5.5
Operating Life will be specified in the IceCube System Requirements.  Interim requirement is:
The DOM MB shall be capable of remaining operational for 10 years.

6.5.6
Untended Operations

The DOM MB shall be designed to operate safely without requiring continuous human monitoring.  

6.5.7
 Parts Derating

Parts shall not exceed the allowable stress limits specified in the manufactures data sheet.  Operation at extreme low temperatures and Plastic Encapsulated Microcircuits may require  additional deratings.   

6.5.8
 Failure Rate will be specified by the IceCube Systems Requirements
6.5.9     Maintainability

The DOM MB shall be fabricated using methods that allow rework and repair up to the time of enclosure in the DOM and deployment at the pole.

6.5.10    Safety

The DOM MB shall meet all relevent  OSHA and NEC code requirements.

6.6.1 Performance Requirements

6.6.2 Time Resolution
For any given DOM, the timing resolution and relative accuracy of the leading edge of an arbitrary ensemble of detected Cherenkov light from a single high energy muon must not exceed 5 ns rms. The IceCube System Requirements will allocate a portion of this 5 ns rms to the DOM MB.  In the interim it is set to 4 ns rms for the DOM MB.
6.6.3 Time-Stamped Data

Each datum collected by the DOM MB shall be time-stamped by the DOM MB in a manner that permits time transformation to units defined by a surface master clock. 

6.6.3.1 This transformation shall permit global time correlations of data from an arbitrary ensemble of DOMs within the array, such that time-stamp error due to all effects within the DOM, excluding the PMT, shall not exceed 3 ns rms, including systematic error. The IceCube System Requirements will allocate a portion of this 3 ns rms to the DOM MB.  In the interim it is set to 2 ns rms

Note: The DOM time-stamp performance is defined as the averaged local time - global time transformation residuals found in rolling fits in this transformation process. 

6.6.4 Signal Path Recovery from Saturation

The DOM PMT analog/digitization signal path shall recover from signals that exceed the nominal maximum amplitude in not more than 25 ns after signals fall to a value smaller than the nominal maximum amplitude.

6.6.5 High Speed PMT Waveform Capture

PMT current waveforms shall be captured for a span of 128 samples, with a sampling rate of not less than 250 MSPS  (4ns/sample ( a capture interval of 512 ns). 

6.6.5.1 The capture rate shall be continuously variable up to 600 MSPS (1.66 ns/sample ( 215 ns). 

6.6.5.2 The waveform capture shall include the first photoelectron pulse, with signal shaping appropriate to the basic SPE current pulse; this signal shaping shall be such that the captured waveform of a fast step function (e.g., ~1 ns risetime) applied to DOM MB signal path input shall display a rise-time of not more than 6 ns, as digitized. 

6.6.6 Medium-Speed PMT Waveform Capture

PMT current waveforms shall be captured with a sampling rate of not less than 40 MHz for at least 4000 ns after the detection of the first photoelectron.
6.6.7 Instantaneous Dynamic Range

The DOM shall be capable of triggering on and recording PMT signals ranging from 0.2 <PE>/15 ns to not less than 200 <PE>/15 ns.

6.6.8 Integral Dynamic Range

The DAQ shall be capable of recording an integrated number of <PE> of not less than 2000, occurring over a time interval of 4 (s. 

6.6.9 Gain, Stability

6.6.9.1 The stability of gain calibration shall not exceed a deviation of 2% per week.

6.6.10 Linearity, and Calibration Accuracy 

The calibration of the PMT anode current versus ADC output shall be not more than 10% maximum deviation from best straight-line fit over the dynamic range specified. 

6.6.10.1 The accuracy of the calibration of the PMT anode current to ADC transfer function shall be not more than 5% maximum error. 

6.6.11 Analog Signal Path Signal/Noise Ratio

The signal/noise ratio, measured at the PMT signal path input to the DOM MB, shall be not less than 80 : 1

6.6.12 Discriminator Threshold Range and Resolution

The DOM MB analog signal path discriminator shall have a range from –0.5 <PE> to +2.0 <PE> settable with a  resolution of  < 0.005 <PE>/bit.

6.6.13 PMT Discriminator Threshold Stability

The discriminator threshold shall not drift more than 0.05 mean <PE> per week (to minimize systematic error in the supernova search, and to maintain gain calibration stability). 

6.6.14 Calibration Pulser

The DOM MB shall include the capability to introduce a variable amplitude pulse of constant shape at the input to the PMT analog signal path, which resembles the <PE> waveform within ~20% in rise- and fall-times.  

6.6.13.1 The instant of pulse production shall be synchronized to the local clock.

6.6.13.2 The instant of pulse production shall be programmable to occur once at a predetermined moment in local time or at repetitive intervals. 

6.6.13.3 The range of the amplitude shall be from ~0.2 <PE> to not less than ~10 <PE>. 

6.6.13.4 The pulse shall have a resolution of > 8 bits.  

6.6.13.5 When not in use, this feature shall have less than 1% effect on normal PMT waveform shape.

6.6.14 When not in use, noise introduction from the pulser circuitry shall not exceed the noise budget table allocation specified in the IceCube System Requirements  under any circumstances. 

6.6.15 PMT Noise Rate Measurement

For the supernova (SN) search, PMT count rates must be measured with a programmable dead-time, ranging from zero ms to one ms, in increments of ~10 (s. 

6.6.15.1 The rates must be reported with a time-stamp referred to global time, so that global sums may be formed for the entire array.  

6.6.16 DOM MB Operation in Master/Slave Mode

The DOMs shall always operate as a slave to the surface DAQ. Every response is the result of a request.

6.6.17 One or Two DOMs per Twisted Pair

The DOM MB shall be operable either as one DOM per twisted pair for ICE-TOP, or in a configuration of two DOMs per twisted pair for In-Ice. 

6.6.18 DOM MB Data Transmission for In-Ice Devices

The DOM MB shall be capable of transmitting data, as requested, at a rate of not less than 20 kbytes/s, with a bit error rate not more than 1 x 10-9.

6.6.17.1 This requirement shall be met for all cable lengths of the In-Ice detector 

6.6.18 DOM MB Data Transmission for Ice-Top 

The DOM MB shall be capable of transmitting data, as requested, at a rate of not less than 100 kbytes/s, with a bit error rate not more than 1 x 10-9.

6.6.18.1 This requirement shall be met for all cable lengths of the Ice-Top detector.

6.6.19 Data Compression/Feature Extraction for In-Ice Devices

Waveforms shall be processed within the DOM MB to extract needed information to meet a data compression performance of 20 bytes/event, average. 

6.6.19.1 Data with negligible information content, such as extended baseline segments of simple SPE-like waveforms shall not be transmitted. 

6.6.19.2 This requirement applies to both ATWD and FADC data streams, such that the algorithm treats both data streams in an  identical manner. 

6.6.19.3 The data compression/feature extraction algorithm must be capable of processing all continuous waveforms such that results are free of arithmetic anomalies, invalid results, or operational glitches. 

6.6.19.4 For diagnostic purposes it shall also be possible, under programmatic control, to transmit random waveforms without feature extraction. 

6.6.20 Data Compression/Feature Extraction for Ice-Top

The DOM MB FPGA shall process waveforms to determine into which of three categories a signal falls: 1) Single Muons; 2) Soft Component;  3) Complex Waveform.  

6.6.20.1 The DOM MB FPGA shall be capable of processing waveforms at a rate of not less than 3 kHz. 

6.6.20.2 The ATWD timing channel, as well as the three PMT signal channels, shall be made available to the Feature Extraction Process. 

6.6.21 Robust Bootstrap Scenario
Recovery from any crash or illegal state must always be possible by power-cycling. 

6.6.22 Simultaneous DATA Acquire/Transmit

The three primary DOM MB processes of 1) acquiring data; 2) reception of DAQ system commands; and 3) transmission of data to surface DAQ shall not interfere <with one another?>. 

6.6.23 Induced noise from any process on the integrity of the analog signals shall meet the allocation specified in the DOM MB Noise Budget Table <reference the location of the noise budget table>.  

6.6.24 Local Clock Short-Term Stability

The DOM MB local clock shall demonstrate short-term stability of (f/f < 5 x 10-10 over an interval of 10 seconds.

6.6.25 Cable Length Measurement by RAP

The RAP method
 requires that the DOM MB shall be capable of capturing a special timing pulse with a FADC such that the record of the single shot pulse leading edge and an appropriate interval of pre-pulse baseline shall be reconstructable with ~2 ns resolution. <RAP requires that the MB not only receives a defined trigger pulse with TBD time accuracy, but also that it be able to generate a return pulse using essentially identical electronics.>

6.6.26 Maximum Sustainable Rate

The DOM shall be capable of operating normally at a threshold of 0.2 <PE>, at a rate of 3 kHz with a cable length of not less than 600 m. 

6.6.27 Pressure Sensor

The DOM MB shall incorporate a pressure sensor, capable of measuring ambient pressure inside the DOM.  

6.6.27.1 The range shall extend from one atmosphere down to 0.05 atmosphere. 

6.6.27.2 The precision of measurement shall be 12 bits.

6.6.27.3 <Should there be a stated accuracy for the measurements?>

6.6.28 Temperature Sensor 
The DOM MB shall incorporate a temperature sensor, capable of measuring ambient temperature inside the DOM with an absolute temperature calibration accuracy of (1(C in the range of –20( to -40(C. <Is this temperature range adequate for Ice-Top?> 

6.6.28.1 The operating range shall extend from +80( C to -50( C. 

6.6.28.2 The precision of measurement shall be 12 bits.

7. RECORDS
Records of review and approval of this document, and design changes shall be maintained according to established processes.
















� The Reciprocal Active Pulsing (RAP) method is described in an internal note written by Bob Stokstad, LBNL-43200.






