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Gentoo Penguin

A fast-swimming bird (and LINUX Variant)

World Wildlife Fund



Possible Extensions to IceCube

IceCube

T
High Energy Extension __ I ' il |

(HEX)
Low Energy Extension

(PINGU)

“PINGU” = Precision IceCube Next Generation Upgrade



DOM Deployment
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lceCube DOM Fabrication (3-sites)

Quality of Genl design was a major key to IceCube’s success

Records PMT Waveform of every “hit”

Timing synchronization between all DOMs <2ns
Data/Timing/power over 3.3 km copper pair
Power consumption ~3W

Withstand > 8000 PSI freeze-in pressure
Survive shock-vibration; ships, planes, sleds
Built-in gel cushioning for PMT & electronics
ESD proof

Penetrator

HV Divider

LED
Flasher
Board

DOM ;
Mainboard /

Mu-metal
grid

gel

Glass Pressure Housing 7



Gen2 DOM Design

Penetrator

PMT Base
HV Supply

LED Flasher
Main Board
Delay Board

Waist Band _____”__h____‘_.__—

= Pressure Sphere \‘\- — s
ressures \\!‘\_‘ )
u-metal cage =

— Silicone Gel \\‘

PMT Photocathode

DOM KEY: DOM

Component identical
Component eliminated
Component re-designed




lceCube DOM Main board (LBNL)

* High Reliability Components
 Thorough design verification

e ~5 (early) revisions then FROZEN

e DFM- Design for Manufacture

* Good vendor for PCB assembly

e |PC610 Class2 on Class3 line

* PCB: IPC Class3 w/no rework

e HASS screening (Temp & Vibration)
e Built in Self-Test




lceCube DOM Block Diagram
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Gen2 DOM Design Upgrades

Change:

PMT digitizer

Waveform
format

Local coincidence

DOMs per wire-
pair

IceCube Gen2 DOM

triggered
record

fixed length

hardwired

1 IIUII + 1 IITII
types

continuous

variable length

none

4 identical

Rationale

new technology allows high speed, low
power Analog-Digital Converters

digital discriminator detects waveform
duration (Time Over Threshold)

better hit compression; simpler cabling &
electronics

easier DOM manufacture; smaller cables



Significant Part Reduction Opportunity

e Gen2 DOM Design Eliminates:
— Delay Board
— Two ATWDs replaced by one fast ADC
— Most Gain Stages
— Analog Discriminators
— Local Coincidence (LC) Components

e Cable wiring simplification



Gen2 DOM Block Diagram
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Gen?2 Triggering and Buffering

e Pre-trigger buffer (e.g. (16) samples before trigger (replaces delay board)
e Post trigger buffer (e.g (16) samples after falling below threshold
 Waveform buffer (e.g. 16K samples, multi-hit, replaces LBM)

Threshold /" \ /k

ADC Data~ |
Waveform I ! 5 |
Buffer . Re-triggered | ':
Write — :
Pre_buffer Length Post_buffer_Length
Time Stamp
(4ns Binning)
TOT Flag | Ll |

(4ns Binning)



DOM Main Prototyping Sections

5| Custom “SOCKit” |- DIGITIZER
PMT Pulse | ADCEval.| HSMC FPGA UW PSU. TRIUME
Board(s) Eval. Kit DESY, ULB '
| Custom “SOCKit” | . COMMS/TIMING
Twisted Pair Comms HSMC FPGA ULB, DESY, UW, TRIUMF
H .
PCB Eval. Kit
Light SP|
HV Gen FPGA/laptop |—— HV
. | PSU, UW
PMT + Divider oscilloscope |
Custom >P| FPGA
_ TRIG — FLASHER
Light <— Flasher Or UW. UAla. UAIb
PCB 12C laptop ’ ’ ’

HSMC = High Speed Mezzanine Connector 15



DOM Electronic Subsystems

Total power consumption target: 1W-2W

1) Communications/Rapcal
2) Digitizer (with offset & shaping)
3) HV Supply (HVS)
4) PMT Divider (HVD)
5) Logic & Processor
6) Low Voltage Supply
7) Oscillator

8) Flasher

9) Sensor Interfaces

16



Remote Power, Communications and Timing
Everything happens over 3km long AWG#19 copper pairs

46mm Diameter RAPCAL
Downhole Cable Reciprocal Active Pulse CALibration

TCGP5=920331 763957523.8 nsec

Surface clock
igigigNgigNgigigigigig igNgRgNgigig R NgNgNgly Nyl

Power: 100V supplied at surface I
Comms: 1Mb/s, half duplex S re
Timing: <2ns across whole array T POM=3895887672942.2

17



QAM16 Communications Development

e 15t prototype of Gen2 DOM Communications
e Uses Altera SOCKit Cyclone V FPGA Eval. kit
e Uses Commercial Terasic AD/DA Card

K. Hanson, E. Pinat Université Libre de Bruxelles 18



Comms Hardware Development

Communications Daughter Card (CDC)

+48V

SoCKit by terasIC

AT
. |_| ADC 1
C.‘ able I_\M_ ‘ % PREAMP serial out ¢4 J,;
Caon. ’_“_J 14 Bit
TT1-6-KEK81 ADA4950 AD9259
=
48V
J; DAC 8,
12 (8) Bit -
AD9T62

1 of 4 channels shown

At least 2 channels would allow to run a test loop

May be DSUB-9 for compatibility with existing ICECUE
cables / filter boxes

K.-H. Sulanke, DESY

H5MC
connector
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GEN2 High-Voltage Supply (HVS)

e Revl HVS design now finished at Penn State

e Designed using Altium schematic capture and layout tools
* Platform to investigate EMI, noise coupling

* Power consumption of 100mW vs. 300mW in Gen1 DOM
e Uses military night-vision module; >100k manufactured
 Resonant converter technology; rated -55C
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GEN2 High Voltage Divider (HVD)

“PMT-base” updated with surface-mount components

Same component values and performance

Better de-rating with improved manufacturability

Options for improved PMT attachment being explored
Evaluating new toroid design (Genl “H” cores now unavailable)
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New Toroid Design

Bench Testing and Simulation

IceCube transformer FT-87-W with twin-lead FT-87-W, 16T, Long Pulse -50C
18 turns, 15g, 10 x28 mm 16 turns, 10g, 9 x 25 mm gs
0.4
0.3
0.2
0.1
0
-0.1

-100 400 900 1400
Time - ns

B HPF A 0CORENESRE SRRMAS L Lo =3 D e
A e i gm0 e B oo 1 pmecil (e
S o 4 e O e [

FT-87-W, CAT5e twisted pair  FT-150-W, CAT5e twisted pair
20 turns, 10g, 9 x 25 mm 27 turns, 59g, 16 x 40 mm

Andrew Laundrie — UW-WIPAC 22



PMT Signal Path

8KHz-130MHz ~40MHz ~110MHz
Band-pass Low Pass Low Pass

Single Pole 5-7 Pole
HV \

-+

Pulse ‘{Q\i Anti-
U Alias

J: Shaping
1 HV Isolatlon
Toroid

R7081 PMT

+

14 bit ADC
250MSPS ADC

ADC

Range

& Divider
Possible
Passive
Compressor

100

Offset
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Gen2 Digitizer Prototyping Sequence
(DDC=Digitizer Daughter Card)

5 FPGA 5
ADC Eval. HSMC Eval Kit Verify concept: Continuous Digitizer
Board Establish: Interface, FW, noise, Pdiss
PMT DDC1 UsB Q4/2013 - Q2/2014
ADC Eval. HSMC EFPFI?t Verify continuous digitization
Board vai il Establish: Digital Interface, Firmware,
Study noise, power, layout
PMT USB
RN DDC2 S Q3/2014 - Q4/2014
ADC Eval HSMC FPGA
val. Eval Kit | Verify performance: Speed, Noise, etc.
Board Establish: AFE and PSU circuitry, layout
USB, Comms  Q2/2015 - Q4/2015
PMT

REVO

Verify performance: Speed, Noise, etc.

Establish: Specific components, layout
24
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tizer Daughter Card (DDC2)
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UW Fabricated QTY (10); 250 MSPS, <300mW, powered by FPGA kit
Single-ended and differential inputs

Jumper-selectable signal path, compression, and power supply configurations
Header for power/control of High Voltage Supply (HVS)

Designed using Altium schematic capture and layout tools .



Digitizer Readout Firmware

Processor

ADC

FIFO

Module

(AFM)
0

ADC
FIFO
Module
(AFM)

ADC-FPGA 1
Interface

(AFI) ADC
FIFO
Module
(AFM)

2

Digitizer
ADC

Processor
ADC Event

FIFO FIFO
Module Control
Local (Ag"“‘) PEF_CTRL

Time
Counter

Study: ADC noise, feature extraction, power dissipation, processing requirements
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DDC-2 Front End
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Front End Pulse Shaping (Simulations)
Goal= 4samples/SPE; ~ 15ns FWHM

ADC Time Response With Various Low Pass Fjlters

___ Input Pulse ___ Single Pole - 23 MHz Single Pole - 9 MHz
A Max=8.43 FWHM=4.00 Max=4.19 FWHM=12.32 Max=2.41 FWHM=20.18
8 ___ Single Pole - 80 MHz ___ Single Pole - 16 MHz Single Pole - 8 MHz H
1 Max=6.75 FWHM=8.40 Max=3.42 FWHM=14.80 Max=2.14 FWHM=22.08
___ Single Pole - 32 MHz Single Pole - 12 MHz
Max=4.94 FWHM=10.52 Max=2.90 FWHM=17.30
||Ju puts
> : o :
£  This shaping gives ~4 samples in SPE
]
© 4 /
S /
(o]
- \
\\..
2 1 \\\
Al
0
0 50 100 150 200

Time (ns)

Kyle Jero, UW Madison -



Code Occurrence (%)

40

32
28
24

16
12

Initial Tests: DDC2 Noise Baseline

(Noise from: Power supplies, Input Amplifier, DC Offset Circuitry, EMI)

OUTPUT HISTOGRAM WITH INPUTS SHORTED
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DDC2 Low amplitude pulses vs noise;
100ns wide, 18 MHz Rolloff
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Large pulses w/o compression

Uncompressed (amp clipping)
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PMT Pulses with DDC2
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Thank You!




Subsystem Requirements Draft

e Gen2 DOM requirements Draft:

https://drive.google.com/open?id=0Bxm9S-
Ib8bhxbFFPUHZ6ekJSMOE&authuser=0



Proposed PINGU String Architecture

-

IceCube Detail

Adjustable
Link Chain

MainCable

Lifting Ring
1.5m Harness

1.75 m Link
Lifting Ring
1.75 m Link

Lifting Ring
1.5m Harness

5m PDOM
Spacing Shown

PINGU String

Wire
Rope —
Link

Breakout
Cable
Assembly

(BCA)

Lifting ,
Ring '

PDOM
Harness

PDOM
Connecto
(0-3)

To Quad
Breakout

J

PINGU Detail



Continuous Digitization in Gen2 DOM

Main functional departure from Gen1l DOM
— Genl discriminator only detects waveform onset
— Gen2 Digitizer always sampling when DOM is active
— Establish digitizer baseline continuously
Uses digital discriminator for “storage” trigger
— Eliminate analog comparators and signal chain
— Can easily implement multiple threshold levels
Variable-length waveform record
— Built-in data reduction (vs. fixed-length record)

Facilitates further data compression
— TOT flag enables near-real-time SPE detection
— Get relative pulse length without analyzing waveform



SUPPLEMENTAL SLIDES



Drilling and Deployment Leap-Frog

i

B = AR




Main FPGA and OS Candidates

Requirements: Low Power, Stable, Non-Brickable

e FPGAsS

— Cyclone 5 FPGA w/ HPS ARM9 hard processor

— Cyclone 5 FPGA w/ NIOS2 soft processor

— Igloo2

— lgloo2+ARM (“Smartfusion”)

— MAX10 (New Altera FPGA w/ Built-in config flash)
 Operating Systems

— None (“baremetal”)

— RTOS (e.g. freeRTOS)

— Linux



Potential Gen2 DOM Interfaces

(Platform for Power, Timing and Communications)

* Interface provided on Mainboard
— Camera (development ongoing)
— Magnetometer? (orientation, geophysics)
— Inclinometer? (need better accelerometer)
— Other? (e.g. TOA Signals)

 Adapt mainboard circuitry for:
— Multi-PMT “M-DOM” Interface
— Dual-PMT “WOM” Interface



General System Requirements
Requirement ____|lceCube |PINGU _ [HEX

Timing

LSB

Range (bits)
Calibration Circuitry
Production Calibration
Hole Ice quality
Sensors-String/quad
PMT

Wired Coincidence
Hole Spacing
Vertical Spacing
Hub

Drill Design

<3ns
~0.13mv
16

IC flasher
Minimal
Bubbles
60/4
Standard
Yes

125m
17m

ICL
SES-based

Same as IC
~0.08mv

14 compressed?
Better Flasher
Maybe Every Unit
Clearer than IC
60/8

Hi QE

No

~30m

5m

ICL

Transitional

Same as IC
~0.08mv

14 compressed?
~Brighter Flasher
Maybe Sampled
Clearer than IC
80/8

Hi QE? (doubleS)
No

~300m

17m

Top of hole
Modular



Prototyping Goal: Gen2 DAQ System

High Voltage

. Toroid
Drw?}efr‘}gj:ard Transfomer

LED & Fiber
—

RG-180/U
Signal
Cable —

High Voltage
Supply Board -
(HVS)

IDC
Ribbon—
Cable

Dark Box

Tyler Anderson - Penn State 44
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lceCube Gen1l Seasonal Construction
Strings Deployed:

Season Strings Total
2004-05 1 1
2005-06 8 9
2006-07 13 22
2007-08 18 40

2008-09 19 59 i
2009-10 20 79 N
2010-11 7 86 il
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