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IceCube (Gen1) – Upgrade – Gen2

• Existing IceCube experiment, focused on astrophysics, with in-fill 
(DeepCore) focused on oscillations

• IceCube Upgrade is fully funded, would have installed this year at 
Pole, but three lost field seasons due to COVID, denser still, looking at 
oscillations, plus precision calibration of the ice (and some R&D for 
Gen2)

• IceCube Gen2 is a proposed, second generation, astrophysics
instrument focused on higher energies, and on neutrino sources







Optical Modules
• Gen1 IceCube used single 10” Hamamatsu PMT with base using 

custom EMCO HV supply, divider network, inductively coupled output
• IceCube Digital Optical Modules (DOMs) aim for spacecraft level

reliability, only a handful of the >5000 modules have failed in the 10-
14 years they have been deployed
• Upgrade has mix of D-Eggs (Chiba, Japan, 2x 8” HQE PMTs) and 

mDOMs (DESY-Zeuthen, 24x 3” HQE PMTs)
• These >10,000 PMT assemblies were built with custom active bases

inside the Hamamatsu factory, a manufacturing approach we were 
very excited to explore
• Gen2 looking at going further into the integrated photodetector space 

with custom PMTs and bases (>100,000 units) with onboard 
digitization
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IceCube Upgrade





Base & production techniques





WIPAC MicroBase Summary, Background
• Cockcroft-Walton HV Base
• Resonant Generator Input Circuit
• Inspired by COUPP PMT Base (FNAL) à CHIPS à IceCube

• On-board Microcontroller
• Optimized for Low Power, Noise, Cost, Compactness, mDOM Geometry
• Versions Developed for Hamamatsu R12199, HZC XP82B2F
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CHIPS MicroDAQ + CW-HV boards,
rewired for HZC 3.5” (Daan Van Eijk)

MicroBase V1.1 with
HZC XP82B20D

MicroBase V2.0 with
Hamamatsu R12199



WIPAC MicroBase Summary, Background
• Cockcroft-Walton HV Base
• Resonant Generator Input Circuit

• Resonant operation inspired by COUPP PMT Base (FNAL) à CHIPS à IceCube

• MicroBase uses matching network instead of transformer to drive resonance

• On-board Microcontroller
• Optimized for Low Power, Noise, Cost, Compactness, mDOM Geometry
• Development for Hamamatsu R12199 from Feb. 2019 (V2.0) to Jan. 2020
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MicroBase V2.4
December 2019



We have shared these modules with a number of neutrino, CR, and gamma ray groups.





Adding digitization, towards Gen2



Recall PMT analog BW

SN DAQ
Plus lookback

Though right now
FPGAs cannot be had
For love or money



For Gen2, longer term, will make an ASIC for this





Bunch of little bits

• We do our own HALT testing for these board designs

• Vendor does the HASS for them

• Conformal coating is applied

• Design rules are employed for <1/2 atmosphere pressure over the HV

• Yield of bases at Hamamatsu was >99%

• Inexpensive cabling has been conceptually part of the design
• Micro base uses CAT5e for power, comms, and signal
• Wu base uses CAT6 for power, comms, and data



Gen2 DOMs











And Friends…









4ns leading edge

Maybe a touch slower than desired

Undershoot with grounded cathode looks okay

Peak to valley okay



Thanks!
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Schematic Diagram



Design – HV Generation
• Microcontroller produces square wave with 

adjustable frequency ~100kHz, duty cycle 0%-50%

• Impedance matching network used between 

square wave driver and LC resonator

• Minimize reactive current; load appears mostly resistive

• Component values tuned in LTSpice simulation exercise 
and refined using bench tests on prototype boards

• LC resonator components chosen for low power 

loss at 100V – 150V (P-P) sine wave output

• Ferrite beads and capacitor inserted to reduce 

remaining switching transient noise on sine wave 

• Cockcroft Walton multiplier generates voltages 

proportional to amplitude of ~100kHz sine wave

• RC filter network reduces ripple at dynodes
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Cockcroft-Walton Output vs Dy10 Voltage
MicroBase only looks at Dy10 voltage to regulate output
Other dynodes and cathode are at multiples of Dy10
• This is due to the same sine wave propagating through 

the capacitor chain and driving each stage DC value

• Small parasitic capacitances in the diodes, as well as 

other losses, cause the sine wave amplitude to be 

slightly lower towards the cathode end

à not exactly 1:1:1:1:1:1:1:1:1:1:3 ratios

• IceCube plans to calibrate gain against Dy10 

voltage, rather than actual cathode voltage

• Lab measurements show the ratio of cathode 

voltage to Dy10 voltage is typically 12.2 
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HV Control Parameters

Resonance curve gives maximum voltage achievable vs. frequency
• We choose square wave frequency to the left of resonance peak, 

and where resonance curve is at least 5 volts above the targeted 

output voltage, e.g. “Upwmfreq 107000”

• Periodic adjustment to chosen frequency may be necessary if 

conditions change (especially temperature)

At fixed frequency, feedback controller varies duty cycle as needed
• LC resonator responds mainly to lowest sine wave component in 

Fourier decomposition of square wave, given by:

Vout=Vmax cos(πΔ/T)

• The feedback algorithm monitors Dy10 voltage and adjusts Δ to 

maintain output at the target value, e.g. “Uvoltage 100”
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Design – HV Control Loop
• Voltage at Dy10 (first C-W stage output) is measured at 10SPS
• Feedback controller (software) adjusts square wave to maintain set voltage
• Voltages at other dynodes constrained by Cockcroft Walton design
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Output voltage range

• Output from 500V-1900V by setting Dy10 at 40 – 150V
• Voltage measured with 10GΩ series resistor, DMM with 

11.1MΩ input impedance
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Power Consumption
• On-board input current monitor

• Jumper selects option to combine 

supplies and measure sum

• µC power measured with 

C-W generator turned off

• Increase measured when 

C-W generator is turned on
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• Microcontroller 4mW @ 1.8V or 7mW @ 3.3V
• Running at 26MHz, power scales with clock rate up to 80MHz

• Using CPU light sleep mode between events (saves factor two)

• Cockcroft-Walton Generator 5mW-12mW depending on HV


