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Today

2018 2019 2020 2021 2022 2023

Downhole Cable Assemblies

Final Design PhaseMain Cable Production

Breakout Cable Assemblies

Penetrator Cable Assembly

Surface Cable Assemblies

Surface Junction Boxes

FieldHub Design

FieldHub Surface Electronics

Control, Readout and Timing Firmware and Software

CPT Central Infrastructure

Northern Test System NTS Operations

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

Main Cable Design Complete Main Cable Production Complete

BCA Production Complete

Delivery to PTH

FAT Drivers Delivered

FieldHub FDR

FieldHub Production Complete FieldHubs Installed

Production Version Installed at 
NPX

CPT Infrastructure Installed at NPX

NTS Fully Operational

Delivery to PTH

Main Cable 
Design Float

Production Readiness Review

Main Cable Production Float

BCA Float

SJB Float

FieldHubs Float

FieldHub Production Float

CPT Electronics Float

ICL Cabling Upgrade ICL Cabling Float

ICL Upgrade Cabling Installed

Production

NTS Construction and Commissioning



WBS Milestone or Activity Scheduled Finish Date Forecast Date
(Actual if Finished)

Margin 
(Days)

1.4.1.1 Main Cable Design Complete 10/30/20 5/29/20 154

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

1.4.1.1 *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

1.4.5.4 Northern Test System Fully Operational 5/15/20 5/15/20 0

8

*Late finish directly delays project schedule
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Maximum-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

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


•

•

•



•

•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

•

•

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

Upgrade Objectives:

Upgrade Scope:







Surface Plan
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TX

RX

turn 

around 

cycle

preamble

mDOT ICM

Mini_Fieldhub

15.2 µs

cable delay



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 (gen1)

DOM address 

&_sequence nr.

1 DOM address and sequence number, used for retransmits

Packet Length 2 1…2048, 16bit words always

Data Bytes Dxx.y 2 to 4096 2 to 4096 bytes

CRC_32 4 Like Gen1

End of Frame K28.7 1 Unique pattern in a 8b10b encoded data stream

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 (gen1)

DOM address 

&_sequence

1 DOM address and sequence number, used for retransmits

Function Code 1 Up to 256 functions

CRC_32 4

End of Frame K28.7 1 Unique pattern in a 8b10b encoded data stream



Maximum-rate pair bandwidth

Raw bit rate 2.0 Mbps

Byte transmission time 5.0 µs 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 (gen1)

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 as in gen1

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 µs

Cable delay 16 µs

Turnaround cycle 4 µs quiet time between Rx and Tx

Acknowledgement packet 45 µs 9 bytes

Total time per packet 20,615 µs

Net data bandwidth 1,552 kb/s

mDOM data rate 529.8 kb/s

DEgg data rate 157.5 kb/s

Total data rate 1217 kb/s Highest data rate is for pairs with 2 mDOMs plus one DEgg



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 Gen1

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)



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 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 Gen1

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 4.5 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)


