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WBS 1.4 Scope

* The physical and electronic systems providing the interface between new sensor and
calibration instrumentation and |CL/station infrastructure (power, communications for
control and readout, global timing). Deliverables include the physical cables and
structures to which new instruments are connected, the surface readout electronics,
software, and firmware, and the systems for connecting these readout electronics to the
station network and power system and the IceCube master clock. This category also
includes construction of a test system in the Northern Hemisphere for testing DAQ and
control software and firmware prior to deployment at Pole.

* Note: the surface readout electronics module (FieldHub) uses the Ice Comms Module to
provide underlying communications and synchronization functionality for the in-ice
devices. The ICM and its associated firmware are part of WBS 1.3 due to tight integration
with the DOM electronics. After review, it was decided to move the FieldHub software
systems to WBS 1.6. A CR updating the WBS Dictionary and clarifying this division of
responsibility is in process.
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WBS 1.4 Deliverables 143

FieldHub | |~eCube Lab (ICL

Surface
Breakout Cable Junction Boxes
Assembly (BCA)
Penetrator T 1.4.2 Surface
Cable Assembly Cable Assembly 1.4.4 CPT Central
Infrastructure
Main Cable
"y
1.4.1 Downhole 1.4.5
Cable Assembly Northern Test
System (NTS)
replacement
for1.4.2 IDF
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WBS 1.4 Organization

replacement
for1.4.2 IDF

\

Faculty
Tyce DeYoung | long-time lceCuber, L3 lead
MSU for AMANDA-IlceCube
L2 Lead Integration, HAWC lead for

online data systems

y

Brian Ferguson
MSU
L3: Downhole Cable

John Kelly
uw
L3: Surface Cable Ass’y

Karl-Heinz Sulanke
DESY
L3: FieldHub

Electrical Engineer
experience with
ATLAS trigger, DOD
satellites (Northrup
Grumman)
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Senior Scientist
lceCube Deputy
Detector Ops Mgr
CPT electronics lead for
lceCube/Icelop surface
scintillator array

Electronics Engineer
part of core lceCube
comms electronics
team, experience on
CTA, other astroparticle
experiments
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John Kelley
UW
L3: CPT Central
Infrastructure

Chris Ng
MSU
L3: N. Test Syst.

Mechanical Engineer
experience on
ATLAS, SNO, DEAP




WBS 1.4 Key Requirements

no changes
since last year

* Main cable bandwidth
* 1.5 Mbps (8b10b) per wire pair (baseline comms bandwidth available with lceCube quads)
* Verified with test quads, to be confirmed with first-article cable inspection

* Main cable crosstalk (soft requirement)

* 50 dB min. NEXT, 30 dB min. ELFEXT from 100 kHz to 2.0 MHz (baseline specification from IceCube, affects
bandwidth and RapCal timing)

 Verified with test quads, to be confirmed first-article cable inspection
* Synchronization to lceCube Master Clock
* 1 ns precision on global timing sync (required to be subdominant relative to RapCal DOM timing precision)
* To be verified at NTS
* Integration with lceCube DAQ
* Must operate under experiment control, global trigger, PnF data pipeline identically to IC
e To be verified at NTS/SPTS
* FieldHub comms
* Must communicate with/control all in-ice instruments (DOMs and calibration devices)
* To be verified at DOM assembly sites, Northern Test System (NTS)
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WBS 1.4 Schedule

Downhole Cable Assemblies

Main Cable Design Complete Main Cable Production Complete Main Cable Production Float

. . . . Main Cable
Main Cable Production Final Design Phase Design Float Producti

Production Readiness Review
| | 1| BCA Production Complete

Breakout Cable Assemblies

[ | [ [ [ BCA Float
Delivery to PTH
Surface Cable Assemblies _
Delivery to PTH
Surface Junction Boxes
FieldHub Design FieldHub FDR FieldHub Production Float

FieldHub Surface Electronics FAT Drivers Delivered FieldHubs Float

FieldHub A 'odution Completq] FieldHubs Installed

Control, Readout and Timing Firmware and Software

Production Version Installed at
NPX

[S—
ICL Cabling Float
o

Northern Test System | NTS Construction and Commissioning NTS Operations
ICECUBE
W ——
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CPT Electronics Float

CPT Central Infrastructure at NPX
ICL Cabling Upgrade

NTS Fully Operational

2019/20 On-Ice Activities 2020/21 On-Ice Activities 2021/22 On-Ice Activities 2022/23 On-Ice Activities




WBS 1.4 — Milestones and Key Activities

1.4.1.1 Main Cable Design Complete 10/30/20 5/29/20

1.4.1.1 First Article Main Cable Delivered for Evaluation 2/1/21 10/30/20 94
1.4.1.1 *Main Cable Production Readiness Review 4/2/21 12/4/20 122
1.4.1.1 *Main Cable Production Complete 9/16/21 4/30/21 139
1411 *Main Cable Shipping to PTH 9/30/21 5/14/21 139
1.4.1.2 Breakout Cable Assembly Design Review 2/1/21 1/4/21 28
1.4.1.2 Breakout Cable Assembly Production Complete 9/1/21 7/19/21 44
1.4.1.3 Penetrators Shipped to DOM Assembly Facilities 2/25/20 4/20/20 -56
1.4.2.1 *Surface Cable Assembly Delivery to PTH 9/16/21 5/31/21 108
1.4.2.2 *Surface Junction Box Delivery to PTH 9/16/21 5/31/21 108
1.4.2.3 ICL Upgrade Patch Cabling Installed 2/1/22 1/21/22 11
1.4.3.1 FAT Drivers Delivered 4/16/20 4/1/20 15
1.4.3.1 FieldHub Final Design Review 12/1/21 9/14/21 78
1.4.3.1 FieldHub Production Complete 7/1/22 4/1/22 91
1.4.4.2 Power Supply Final Design Review 8/2/21 4/2/21 122
1.45.4 Northern Test System Fully Operational 5/15/20 5/15/20 0

B *Late finish directly delays project schedule
ICECUBE y Geiays prol o
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WBS 1.4 NSF Supported Cost Estimate to L3

1.4 Communication, Power and Timing Project Year
WBS L3 Year1™ | yoar2 | Year3 | Year4 | Year5 | WBS Total
Actuals
1.4.0 Management $26,100( $27,940| $25,670| $27,778| $25,536| $106,925
Labor $21,585 $19,983| %$21,741| $22,167 $85,476
M&S $775 $694 $736 $732 $2,937
Travel $5,580 $4,994 $5,301 $2,637 $18,512
1.4.1 Downhole Cable Assembly $189,457| $461,528| $173,634 $6,037 $732 $641,931
CapEx $62,000 $0 $0 $0 $62,000
Labor $281,418| $140,085 $0 $0 $421,503
M&S $57,350 $6,243 $736 $732 $65,061
Travel $60,760 $27,306 $5,301 $0 $93,367
1.4.2 Surface Cables $6,510 $31,825( $343,013 $727 $0 $375,565
CapEx $0| $286,400 $0 $0| $286,400
Labor $29,510 $40,597 $0 $0 $70,107
M&S $2,315 $11,022 $727 $0 $14,064
Travel $0 $4,994 $0 $0 $4,994
1.4.4 CPT Central Infrastructure $26,708 $97,421 $46,385| $11,649 $0 $155,455
CapEx $12,484 $14,947 $0 $0 $27,431
Labor $78,664 $27,841 $9,178 $0 $115,683
M&S $765 $1,132 $727 $0 $2,624
Travel $5,508 $2,465 $1,744 $0 $9,717
1.4.5 Northern Test Systems $29,234 $39,525 $694 $736 $732 $41,687
Labor $31,620 $0 $0 $0 $31,620
M&S $7,905 $694 $736 $732 $10,067
Annual Total $278,009| $658,239| $589,396| $46,927| $27,001| $1,321,563
I B E |: l_l B E *-Year 1 is presented for infonn/ational p:grposis only/‘ | | .
LOMmMSs, Fower, IIming oystems yCce e ung
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WRBS Contributions in Kind

1.4.1 Downhole Cable Assembly Production main cables (MSU)
Penetrator cable assemblies for DEgg production (Chiba)
Penetrator cable assemblies for mDOM production (DESY)

1.4.3 FieldHub FieldHub electronics design (DESY)

FieldHub production (DESY)

FieldHub firmware (DESY)

FieldHub control software (UW) - moving to 1.6.1 via CR
1.4.5 Northern Test System NTS facility (MSU)

Comms, Power, Timing Systems — Tyce DeYoung




WBS 1.4 Risks and Mitigation

* Main cable electrical performance may be worse than anticipated

* Working with Hexatronic and partners to develop option based on
Gen’l-type twisted quads — nearly complete

* Otherwise, additional comms firmware engineering effort required to
accommodate higher levels of noise or cross talk

* Main cable production delays

. ressively pushing schedule for first-article main cable production by
fagﬁ%vvinter 2020 >

* Main cable production deadline of Sept 2021 based on pre-staging two
cables on ice over winter

* |ICM (DOM/FieldHub) firmware delays impacting DOM production schedule
* Scope clarified w.rt. WBS 1.3, 1.6, and Ops, additional F TEs committed

ICECUBE

\ J UPGRADE Comms, Power, Timing Systems — Tyce DeYoung 11




WBS 1.4 Technical Progress

e Penetrator cable assembly prototypes tested to
/00 bar by manufacturer and in DEggs

* Production now underway
with minor design tweaks

e Some coronavirus-related
delays but delivery
anticipated before planned
DEgg assembly date

JICECUBE
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Surface to DOM cable TEH 301 9110 \ﬁ
. Cable design
V\/ B 1 / i | e < : n | ( ;a P rO re SS - Conductor solid bare copper wire @ 0.9mm Subunit 3x Quad
n - Insulation_____. _.Solid PE Jacketed cable

...................... Quad - 2 pair

_______ PE-LLD (Quad number marked Q1 to Q21)
-Subunit............ _.3x Quad | —
- Water blocking.. _..Water swellable yarn
- Sub unit jacket, .| PE-LLD (marked Quad 01-03, 04-06,.. ie ) & _

__________________________ 7 subunits concentric stranded

* New main cable design from Hexatronic based g marba..... oundes arem yom eacn exeoso i

- Auxiliary pairs__-_._"" .1 Quad unjacketed,1 signal pair

O n t rl p | etS Of G e n /] _ty pe tW | Ste d q U a d S :‘éf:ig:g """"""""""" ZE;;JI;?tape thickness =0.1 mm 2 tapes 0,1x45mm spiral 25% overlap

- Drain wire______ Tinned stranded copper wire 2x 20 AWG (0.5mm2)
» Final assembly by partner company (possibly St 575,50 e aramid am 5050 il o cppste ey
combined with breakout connector installation) - Coneraldata
discussions moving forward productively Handing erp......... 4010 480 °C
e Short prototype cable in production, pull test Over prossure - asobar
planned in coming weeks O snu::m -
__________________ max 2.3 kg/m

h member__min 25 kN
lh member__min 25 kN

mber max 2.5 %

tic bend radius complete cable 400 mm
tic bend radius individual quad 80 mm

data

bistance min 5000 Mohm
nom 100 nF

. 145 +10 ohm
Hexatronic triplets : max 20 dB

min 50 dB

Y- MAZ min 30 dB
— . max 400 V DC

max 280 V AC
max 200 mA DC
max 140 mA AC

)ICECUBE
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WBS 1.4 Technical Progress

* Evaluation of bandwidth requirements and data budget:
 DOM Comms Bandwidth Worksheet

(https://uwprod.sharepoint.com/:x:/r/sites/icecubeupgrade/ layouts/15/Doc.aspx?sourcedoc=%/BEQ4F O91E-230E-4DC3-9943-
BBO03CBD0433%/D&file=DOM%20Comms%20Bandwidth%20Worksheet.xlsx&action=default&mobileredirect=true)

* Performance demonstrated on evaluation triplet — no observable crosstalk, 2 Mbit performance
demonstrated w/ no errors observed in /20 MB of transmitted data

e Currently predict 2/% bandwidth margin on busiest pairs (much more on typical pairs)
* Increase to 3 Mbit appears feasible, if needed, without extensive work

Maximume-rate pair bandwidth

Net data bandwidth 1,552 | kb/s
mDOM data rate 529.8 |kb/s
DEgg data rate 157.5 | kb/s
Total data rate 1,217 | kb/s Highest data rate is for pairs with 2 mDOMs plus one DEgg

ICECUBE
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https://uwprod.sharepoint.com/:x:/r/sites/icecubeupgrade/_layouts/15/Doc.aspx?sourcedoc=%7BE94F091E-230E-4DC3-9943-6B003C6D0433%7D&file=DOM%20Comms%20Bandwidth%20Worksheet.xlsx&action=default&mobileredirect=true

WBS 1.4 Technical Progress

* |DF replaced by surface cables and
junction boxes (installation 21/22)

* Design and installation plan being
finalized based on 19/20 recon w/ ASC

e Plan to procure surface cables from
Hexatronic following Gen1 design

Cables in tower

JICECUBE

/ UPGRADE

Accessing side panels

\\-_j; -v- ' =gy, =
D '
Jn Dy

."‘ J/ \\\ Q
| B035/944 e e N
I 177.413m] ‘

For SCALE ‘J«'i\’ . 1263.4 666.710
' N ¢7.deey [34.631m] _ #6:deep [16.934m}
L?ff f,’o,;’] 93 no regifculation
‘ Ll
787.4in 236
[20.00m] 896
* A oF O - R
1968.5 #1'5'5"7”” 55 ! /5 [34.922m
[50.00m]
© #2 shallow /| o #5:deep
Z . £ so 088 ¥ 91 »83
[ /fe308'ss7 \ 80
. [58.637m] f‘%“
856Q0.781 :
[15.260m] 8 . 90
© #3:deep S #4:shallo
o} 1334.241
[33.890m]

789.578 ., Ll

SES

Cables entering the ICL




WBS 1.4 Technical Progress

e First surface readout electronics
modules (“mini-FieldHubs”)
produced

» Distributed to DOM production sites
and firmware developers

e |CM-related firmware development
lags behind aggressive DOM
production schedule

* No current impact on overall project
schedule

* Detailed replanning just completed
with clarification of responsibilities
betw. 1.3, 1.4, 1.6 and additional
resources brought to bear (CR in
process)

JICECUBE
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WBS 1.4 Previous and Future Reviews

* 0872019 Penetrator cable assembly PDR
*12/2019 Penetrator cable assembly FDR/PRR report
* spring 2020 Main cable PDR

* late spring 2020 Power supply and distribution PDR
* summer 2020 Main cable FDR

* fall 2020 Timing infrastructure FDR

* fall 2020 FieldHub PDR

e fall 2020 Surface cable and junction box FDR
e winter 2020 Breakout cable PDR

* Nov/Dec 2020 Main cable PRR

* spring 2021 Breakout cable FDR

* spring 2021 Power supply and distribution FDR

e winter 2021 FieldHub FDR

ICECUBE
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https://uwprod.sharepoint.com/:w:/r/sites/icecubeupgrade/Review%20Meetings/Penetrator%20Design%20Review%20Dec%202019/Notes-Report.docx?d=w9f1647790d03425585c8e8bfaa2bdb7c&csf=1&e=QpzTkz

WBS 1.4 Remaining Issues and Challenges

* New Hexatronic main cable design

* Mechanical validation of cable next month, then finalize breakout
connector design and procurement

* First-article production in fall/winter 2020, remaining strings in 2021 - six
months of schedule float but delays would have major impact

* Rapid design/review schedule for surface cables and junction boxes

* |CL cable tower reconnaissance completed in 19/20, no issues
identitied —awaiting GPR confirmation of cable routing plan

* |[CM/FieldHub comms firmware development is lagging
e Scope at the boundary of 1.3, 1.4 and 1.6 — distributed efforts
* Detailed replanning will accelerate progress

ICECUBE
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WBS 1.4 Summary

Shift away from SPOT provided important schedule margin for main cable development

. Nhew design from Hexatronic under evaluation: electrical tests excellent, mechanical test
tnis spring

e On track for RFP and contract in late spring / early summer
Penetrator cables in production, SCA and BCA design beginning
FieldHub hardware on track, firmware development plan clarified

* Low-level hardware tests of ICM and cable indicate sufficient bandwidth available based
on DOM performance measurements

CPT power, timing infrastructure development proceeding well

NTS ready to begin operations as components are delivered
* DAQ servers installed on private network connection to SPTS
* GPS clock installed, mini-FieldHub en route from DESY, Hexatronic quad available
* Dark boxes under construction for first DOMs (DEggs) to arrive

ICECUBE
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Backup
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Upgrade Scope:

1450m  2100m  2150m
2450m 2450m 2425m
Instrumented Depth
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Gogte IceCube DeepCore Upgrade

iceCube/
DeepCore

Upgrade Objectives:

1. Neutrino Properties
2. Recalibration and Reanalysis of lceCube Data
3. lceCube-Gen? Research and Development (not directly funded)

ICECUBE
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Project Office and Level 2 Organization

UW Leadership Team

Chancellor: Rebecca Blank
VCRGE/Vice Chancellor: Norman Drinkwater

National Science Foundation

Project Leadership

Principal Investigator
Kael Hanson (UW—Madison)

Project Manager

7

.

Project Advisory Panel
Albert Lazzarini (Caltech)
David Nygren (UT Arlington)
lohn Jacobsen (NPX Designs)

\

7

Farshid Feyzi (UW—Madison)
]

I IceCube Upgrade Project Office : ) ]
| Technical Coordinator 1
I . Michael DuVernois 1
| Quality and Safety i ——— I
| Michael Zernick

f | - T Project Engineer :
I Perry Sandstrom 1
I Project Controls 1
1 Catherine Vakhnina Production and Logistics :
I Marek Rogal James Haugen 1
IL-----------------------------------------I

Change Control Board

Upgrade Technical Board

1.2
Drill

Tom Hutchings

(UW —PSL)

Sensors

1.3 1.4 1.5
Coms, Power, Timing

(MSU)

Calibration
Dawn Williams
(U of Alabama)

1.6

Data Systems
Erik Blaufuss.
(U of Maryland)

U UBE

_l||3E|
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Level 3 Organization

IceCube Upgrade

1.1 1.2 1.3 1.4 1.5 1.6
Project Office Gen2 Enhanced Deep lce Sensor Comms, Power, and Characterization & M&O Data Systems
(UW — Feyzi) Hot Water Drill Modules Timing (CPT) Calibration Integ.
(UW — Hutchings) {DESY - Karg) (MSU - deYoung) {UA - Williams) (UMD - Blaufuss)
) Drill Management Multi-PMT Digital
Project ) Downhole Cable Module )
— — & Systems — Optical Module — ) — — Online Software
Management Engineering (MDOM) Assemblies Calibration
Project Controls Surface Junction Calibration )
(EVMS) Thermal Plant D-Egg Boxes Assemblies Offline Software
Quality and : ) .
| Safety - ;ﬁ';fer Operations [ PDOM L FieldHub L Aray Calibration - g?ﬂﬂif"
Management
| Polar Operations | Computing and | Ice Comms | CPT Ceniral | Calibration | Computing
P Control System Module Infrastructure Management Infrastructure
) Electrical Generation
Project T . . Northern Test
— o — and Distribution — Special Devices —
Engineering System System (NTS)
| Water Handling
Systems
— Support Equipment
| Drill Field
Seasons
— String Installation
L
JICECUBE N N
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Surface Plan

Loy |

e Very close holes compared to e N
lceCube Gen

* |Integration with lceCube holes
and cables need close attention

| Grid North

* Logistics and cable
management planning starting
this year

* Integration with ICL, assess how
we could do this. Is there a clear
path

duth Pole Station
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Surface Cable Route into ICL

* Tower modifications planned for 20-21 season, detailed discussion
of plans with ASC on March 5

T i T 1B

D H
D H
N D

T D

g1 | I
NN A7

\—ENCLOSE) CONFINED SPACE ENCLOSED CONFINED SPACE—/ ________________ A
(SEE CONFINED SPACE PROCEDURE (SEE CONFINED SPACE PROCEDURE 3
FOR ACCESS INSTRUCTIONS) FOR ACCESS INSTRUCTIONS)

ICECUBE

UPGRADE Comms, Power, Timing Systems — Tyce DeYoung




ICM / mini-FieldHub Comms Status

* Firmware Rev. 019 Tekprevu | i _
« 2MBd data rate NS RETE R R PP '
* Data bytes on the wire are 8b10b encoded (different to gen1)

-

» Data bits are ASK encoded (1° = bipolar pulse, ‘O = quiet line)

» AFE-friendly trapezoidal waveform, e.g. 001010101
sequence

* Point to point connection, mini_ Fieldhub buffer <-> xDOM buffer

« Transparent replacement of the local xDOM USB connection by the — Eesiesiioii o s

mini_ Fieldhub USB demonstrated successfully s e 20% ] Rt A

 Full hardware flow control between the mini_ Fieldhub and the MCU
* No communications parameter adjustment required (different to gen1)
* Works with cable lengths between 1m to 3000m

ICECUBE
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ICM / mini-FieldHub Comms Status

Tek Prevu | [ =i ]

e Current packet format is point-to-point (no
addressing, packet size info, etc....)

* Half-duplex, ICMs exchange idle tokens 1 -
* No retransmission, mini-FH re-initiates ‘*‘;,”' L DR | DA D | AR
communication after 40 us timeout 3 || L | RSO O

mDOT ICM

"‘i‘“m :‘::ir:%;

* Planned final data format has Tekstop | (g I

1-3% packet overhead (dep. N A A A A R | p— L R L

] > O O 0 L 1 1 L) J ldle exchanhges
on packet size) SR O | s

_________________________ Tx through
o 2800 m of
D . aee ||1 Hexatronic
L 152ps ' .
triplet

hl cable delay f'

preamble

RX

JICECUBE o TR e TR R R B T

_ 50.0mvVQ 24 Jan 2020 27
UPGRADE [6.800 % 15:12:23




Final Comms Format (Preliminary)

Control Packet Format — used as acknowledge, data read request, DOM power enable, etc.

8b10b code | # of bytes |remark
Preamble D21.5 1 B“1010101010“ for baseline flattening and decoder teach-in
Start of Frame K28.0 1 more robust than a single start bit (genl)
DOM address 1 DOM address and sequence number, used for retransmits
& _sequence
Function Code 1 Up to 256 functions
CRC_32 4
End of Frame K28.7 1 Unique pattern in a 8b10b encoded data stream

Data Packet Format

8b10b code | # of bytes |remark
Preamble D21.5 1 B“1010101010“ for baseline flattening and decoder teach-in
Start of Frame K28.0 1 Comma operator, more robust than a single start bit (genl)
DOM address 1 DOM address and sequence number, used for retransmits
&_sequence nr.
Packet Length 2 1...2048, 16bit words always
Data Bytes Dxx.y 210 4096 | 2 to 4096 bytes
CRC _32 4 Like Genl
End of Frame K28.7 1 Unique pattern in a 8b10b encoded data stream

ICECUBE
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Maximume-rate pair bandwidth

Raw bit rate 2.0 Mbps
Byte transmission time 5.0 VES 8b10b encoding, 10 bits transmitted per byte
Planned data packet format
Preamble 1 bytes B“1010101010“ for baseline flattening and decoder teach-in
Start of frame 1 bytes Comma operator, more robust than a single start bit (genl)
DOM address & sequence 1 bytes DOM address and sequence number, used for retransmits
Packet length 2 bytes 1...2048, 16 bit words always
Data bytes 4096 bytes from 2 to 4096 bytes per packet
CRC_32 4 bytes asin genl
End of frame 1 bytes Unique pattern in a 8b10b encoded data stream
Total data packet size 4106 bytes
Communications overhead Calculated for maximum packet size (i.e. minimum overhead)
Packet + frame transmit time 20,530 |pus
Cable delay 16 VES
Turnaround cycle 4 us quiet time between Rx and Tx
Acknowledgement packet 45 Us 9 bytes
Total time per packet 20,615 |ps
Net data bandwidth 1,552 kb/s
mDOM data rate 529.8 kb/s
DEgg data rate 157.5 kb/s
) I E E |: l_l B E Total data rate 1217 kb/s Highest data rate is for pairs with 2 mDOMSs plus one DEgg

UPGRADE
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mDOM Data Rate Estimator

Base Data

Dark rate per PMT 500 s-1 enter the dark rate per PMT in your module

Frequency of DOM clock 40 MHz local clock in DOM

Full time stamp 48 bit Assume we will use an 81-day clock rollover for byte-aligned timestamps (as Gen1)
Delta t between full time stamps | 1.0E+06 | ns change this value until the data rate is minimal

SPE pulse time resolution 0.7 ns enter time resolution of pulse templates used for unfolding - same as Genl
Number of PMTs 24 enter the number of PMTs in your module

Group Header group defined by consecutive sampling bins with amp. > threshold (0.25 pe)
DOM # on wire pair 0 bit not needed as probably each module has its own channel

PMT # 5 bit automatically calculated

Delta t relative to full time stamp | 21 bit automatically calculated

Feature extraction 1 bit 0 = not feature extracted; 1 = feature extracted

Complex Pulse Sampling

Samples for baseline 3 samples prior to waveform start for baseline determination

Waveform sampling rate 100 MSPS

Waveform length 200 ns average length of a complex waveform

Amplitude resolution 12 bit resolution of ADC

Feature extraction

Amplitude resolution 12 bit enter resolution of feature-extracted amplitude

Data Rates per DOM

Complex waveform rate 2 s-1 Rate of complex multi-PE waveforms per PMT

Complex waveform size 303 bit

Waveform data rate per PMT 0.59 kb/s

Waveform data rate for all PMTs | 14.2 kb/s

Extracted SPE size 39 bit Assuming pulses which look like scaled SPE templates will be extracted in FPGA
Byte-aligned SPE size 40 bit Assume we will avoid bit-packing, so SPE data will use whole bytes

SPE data rate per PMT 19.5 kb/s

SPE date rate for all PMTs 468.8 kb/s

Absolute time stamp data rate 46.9 kb/s

Total data rate per module 529.8 kb/s this is the required data bandwidth per module after feature extraction assuming that ALL pulses are (scaled) single PE

pulses (distribution of amplitudes needs to be checked in measurements)
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DEgg Data Rate Estimator

Base Data

Dark rate per PMT 1300 s-1 enter the dark rate per PMT in your module

Frequency of DOM clock 40 MHz local clock in DOM

Full time stamp 48 bit Assume we will use an 81-day clock rollover for byte-aligned timestamps (as Genl)
Delta t between full time stamps | 1.0E+06 | ns change this value until the data rate is minimal

SPE pulse time resolution 0.7 ns enter time resolution of pulse templates used for unfolding - same as Genl
Number of PMTs 2 enter the number of PMTs in your module

Group Header group defined by consecutive sampling bins with amp. > threshold (0.25 pe)
DOM # on wire pair 0 bit not needed as probably each module has its own channel

PMT # 1 bit automatically calculated

Delta t relative to full time stamp | 21 bit automatically calculated

Feature extraction 1 bit 0 = not feature extracted; 1 = feature extracted

Complex Pulse Sampling

Samples for baseline 3 samples prior to waveform start for baseline determination

Waveform sampling rate 240 MSPS

Waveform length 300 ns average length of a complex waveform

Amplitude resolution 12 bit resolution of ADC

Feature extraction

Amplitude resolution 12 bit enter resolution of feature-extracted amplitude

Data Rates per DOM

Complex waveform rate 5 s-1 Rate of complex multi-PE waveforms per PMT

Complex waveform size 923 bit

Waveform data rate per PMT 45 kb/s

Waveform data rate for all PMTs | 9.0 kb/s

Extracted SPE size 35 bit Assuming pulses which look like scaled SPE templates will be extracted in FPGA
Byte-aligned SPE size 40 bit Assume we will avoid bit-packing, so SPE data will use whole bytes

SPE data rate per PMT 50.8 kb/s

SPE date rate for all PMTs 101.6 kb/s

Absolute time stamp data rate 46.9 kb/s

Total data rate per module 157.5 kb/s this is the required data bandwidth per module after feature extraction assuming that ALL pulses are (scaled) single PE

pulses (distribution of amplitudes needs to be checked in measurements)




