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1.          PURPOSE


This document contains the Interface Requirements to be met by the specifications and plans relating to the development, construction, operation, and support of the DOM Main Board and DOM HUB   . 

2. SCOPE 
This IceCube Project Engineering document specifies the interface requirements of the DOM Main Board and DOM HUB Hardware. 

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 Hardware Requirements Document. Electrical and mechanical  description.

3.3 9000-xxxx, DOM MB Software Requirements Document.

3.4 9000-xxxx, DOM HUB Hardware Requirements Document. Electrical and mechanical  description

3.5 9000-xxxx, DOM HUB Software Requirements 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 

6.1.1
Functional Description

The Digital Optical Module (DOM) consists of a main board (DOM MB) and physics detector (photomultiplier tube)  integrated within the same housing, a 13” diameter by half inch wall thickness glass sphere.  The DOM MB within the sphere receives DC power and carries on bi-directional communications over a pair of wires connected to the DOM HUB.  This dual purpose power and communications circuit shall be called the main circuit.  

The DOM MB further carries on bi-directional communications over a pair of wires with each of its two neighbor DOM MBs in other spheres.  This circuit shall be called the neighbor circuit.

The DOM HUB consists of a collection of  communications interfaces connected to a computer.  The DOM HUB carries on communications with DOMs  through its many main circuit ports, and with data processing computers through ethernet.  The DOM HUB further supplies all necessary power to all DOMs connected to it from an internal 100 Volt (nominal) power supply.

.

6.1.2
Identification of External Interfaces

Neighbor Circuit Interface. – connections between DOM MBs for local coincidence

Main Circuit Interface – the connection from DOM MB to DOM HUB

6.1.3
Allocated System Level Requirements 

Additional functionality may be allocated to the DOM Main Board to DOM HUB Interface 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 
6.21   Mechanical – none
6.2.2  Electrical Connections – all connections to/from DOM MB from HUB are twisted pair  

DOM to quad pair via DOM penetrator

Hub to quad pair via connector, patchpanel and surface cable 

6.3   Environmental Requirements 
6.3.1 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 MB  to 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.

6.4  Basic Electrical Interface Requirements 

6.4.1 DC Power

Hub will provide 96Vdc to pairs of Doms – see HUB requirements doc for details

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

Major features are:
Quad twisted pairs

Octopus cable split to individual DOMS

Two DOMS per pair

100 ohm nominal impedance

transition to internal twisted pair via DOM penetrator

6.5 Reliability , Maintainability and Safety Requirements

6.5.1
 Failure Propagation 

A failure in a given interface shall not induce failures in other optical modules or interfaces.

6.5.2    Safety

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

6.6   Performance Requirements

6.6.1 Neighbor Circuit Interface

This interface specification imposes requirements on the design of cable assemblies interconnecting the DOMs with the main signal cable, and with their neighboring DOMs. 

6.6.1.1 Requirement: cable type

Each DOM communicates with adjacent DOMs through twisted pair cable of known impedance (100 ohms nominal)

Justification

The communications signals are wide band digital pulses.  Impedance matching will be required to minimize reflections in the system.  Any impedance could be matched but the interim requirement is for 100 ohms.

6.6.1.2   Requirement: Cable polarity shall be maintained between modules by means of polarized and/or keyed connectors.

Justification

Proper decoding of signaling on the neighbor circuit depends on maintaining the correct polarity from end to end.

6.6.1.3  Requirement: cable length

The electrical length of neighbor cables will be equal throughout the ensemble of deep in ice optical modules +/- 2 feet.  If more than one length is required, e.g. in case of unequal spacing of top-most and bottom-most DOMs, then those cables shall all be equal in electrical length +/- 2 feet..

Justification

Important event timing information is carried through the neighbor circuits.  This information is processed by firmware in the DOM.  Each different neighbor cable length imposes upon the experiment a unique firmware requirement. Limiting the number of cable lengths to the absolute minimum will simplify firmware management and distribution, thus avoiding possible configuration errors.

6.6.1.4 Requirement: dummy plugs

Unused neighbor cable sockets at the top and bottom of the deployment string shall be  connected to dummy plugs which contain internal termination resistors.

Justification

Unterminated cables will reflect energy back to the DOM that originated the signal.  This reflected energy could be recognized as a valid signal where none is expected.  Since the neighbor circuits everywhere in the experiment may be enabled,  precautions to prevent spurious signals are warranted. 

6.6.2  Main Circuit Interface

This interface specification imposes requirements on the design of cable assemblies interconnecting the DOMs with the main signal cable, and with their neighboring DOMs.

6.6.2.1  Requirement

The cable, connectors, and any encapsulated splices must be able to withstand the (nominal) 100 Volt operating voltage delivered into the cable by the DOM HUB.

Justification

The cable, connectors, and splices must be robust against leakage currents that might cause long term failure, and against catastrophic voltage breakdown.  

6.6.2.2  Requirement

The impedance of each twisted pair shall be within 5% of the average nominal impedance chosen for the experiment.

Justification

Telecommunications  signal integrity depends upon controlling signal reflections from devices connected to the ends of segments of cable.  Timing measurements are particularly sensitive to termination quality.

6.6.2.3   Requirement (deep in ice, not IceTop)

Each utilized signal pair in the main cable shall interface to the two DOMs it serves in a manner that provides low DC power losses to each DOM,  while providing low signal distortion (especially for timing measurements), and reasonably low losses in the communications signal band.  A quantitative requirement will be established after R&D determines termination and splitting methods.

Discussion 

This requirement may be modified as further R&D influences the selection of termination method and method of splitting.  

Justification

By fiat, every utilized signal pair in the main cable will supply communications and power to two DOMs in a manner that minimizes DC power losses without adversely affecting telecommunications.

6.6.2.4  Requirement

Any interconnecting cable between the main deployment cable and the DOMs themselves shall be of the same nominal impedance and tolerance as a typical main circuit signal pair in the cable.

Justification

Matching cable impedances minimizes signal reflections where segments of different cable interconnect with each other.  Signal reflections degrade communications margin, and timing measurement quality.

6.6.2.5   Requirement

Cable polarity shall be maintained from the DOM, through all interconnecting cables, all the way to the DOM HUB.  Polarized and/or keyed connectors shall be used wherever necessary.

Justification

Telecommunications signaling and timing pulse measurement depend upon proper reception of signaling.

7   Additional remarks and recommendations:
7.1    Item:

Make all deployment cables identical in length, and of sufficient length to deploy down a bore hole, but too short to reach the counting house. Then splice the deployment cable to a surface cable to the counting house. Make the splice in a chamber which will be buried under the snow near the bore hole.  The chamber shall be of sufficient size to allow future maintenance, should maintenance be necessary.

Remarks

Cables will be easier to specify and track, since they all be identical in length.  

7.2    Item:

The deployment cable is manufactured with water block. The surface cable should be manufactured without water block.

Remarks:

Water block is necessary for the cable deployed into water, however, water block is very sticky, and messy to work with, so should be avoided on the surface.  The surface cable will terminate in the counting house.

7.3   Item:
There are advantages associated with having a cable transition panel in the counting house.  The transition panel would be mounted on the wall where cables enter the counting house.  DOM Hubs would connect by to the transition panel through cables more suited to the counting house environment.  

Remarks:
Having a transition panel in the counting house allows the decoupling of the installation of the DOM Hub racks from the installation of surface cables.  Terminating the surface cables at the transition panel avoids potential congestion and inconvenience associated with terminating the cables at individual DOM Hub racks.

7.4    Item:

Cable from the transition panel to the DOM Hubs should be stranded twisted pair wire of the same impedance of pairs in the quad surface cable.

Remarks: 

The surface cable conductors are likely to be hard-drawn copper.  Hard drawn copper is quite stiff, and therefore hard to work with, and prone to breakage after relatively few cycles of bending when compared to stranded wire.

7.5    Item:

DOM Hubs should be removable as a complete unit from their position in the rack to allow for rapid restoration of a string to service.    Removal should entail removal and replacement of a minimum number of connectors.  Therefore, it is suggested that the all DOM signal cables for a given hub connect to the DOM Hub through one, or at most two,  multi-pair connectors.  

Remarks:
The connection of DOM cables to DOM Hubs seems to stimulate the expression of strong feelings on the part of those who support the idea, and those who think the idea is wasteful, or over-kill.  I wish to point out that the winter-over crew will be small, and pressed for time, so conveniences to facilitate rapid, easy maintenance will improve the up-time, and minimize dead-time for the experiment.  

7.5    Item:

IceTop modules are likely to be brought into the counting house in the same surface cable that brings in signals from deployment cables.  IceTop modules will be routed to dedicated IceTop  DOM Hubs. The transition panel will facilitate the routing of IceTop DOMs to IceTop DOM Hubs.

7.6    Item:
Dom Hubs each require a reference clock signal, and time synchronization signal from a clock distribution unit in the counting house.  The reference clock shall deliver phased matched reference clock output signals.  All DOM Hubs should, likewise, receive reference clock signals in-phase.  Connecting the DOM Hubs to the reference clock unit with cables of identical electrical length should be sufficient to achieve the necessary timing precision.

Remarks:
The clock synchronization unit produced for AMANDA String 18 uses a combination of component choice, and PC board layout to deliver in-phase reference clock signals to all outputs.

7.7    Item:
The counting house transition panel need not be located on the same floor of the counting house as the racks of DOM Hubs.    

7.8    Item:
Each DOM Hub should be remotely rebootable. In like manner, remote power-down for each DOM hub should be implemented.

Remarks:
Karl-Heinz Sulanke brought forward the idea of building a CAN-Bus/PCI card into each DOM Hub, and by extension of the system, into each computer in the counting house racks.  The CAN-Bus module would be used to monitor chassis power, and temperature, at a minimum.  The module would also have facilities for manipulating the signals to the power on/off pins in the chassis, as well as the reboot pins in the chassis.  The CAN-Bus would terminate in a control/monitor computer where the condition of all computers could be monitored and diagnosed.

7.9    Item:
The DOM Hub should be fabricated in a way that will allow it to be mounted on a cable spool for use during deployment.  

7.10    Item:
The DOM Hub on the cable reel should communicate to the ethernet network either through pairs in the slip-rings on the cable reel, or through wireless ethernet equipment (802.11 equipment).

Remarks:
The jacket of typical PVC jacketed ethernet cable shatters in –20 degree temperatures, resulting in a ‘polution’ problem if deployed into the snow.  802.11 hardware works reliably, and has the range necessary to trunk  DOM Hub signals from the cable reel to the deployment building.  802.11 hardware with high gain antennas can be used to put the deployment building on the south pole station network.  The equipment is relatively inexpensive, and already deployed in various areas of the south-pole station.

















