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History I_/I/L ’

* HKROC - an ASIC designed readout chip of the PMT signal

e HKROC was developed as PMT readout chip for Hyper-Kamiokande experiment,
however another solution was chosen for main PMT readout
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History I_/I/(L_ ’,

* HKROC - ASIC designed read out chip of the PMT signal

e HKROC was developed as PMT readout chip for Hyper Kamiokande experiment,
however other solution was chosen for main PMT readout

Same ASIC structure
Same ADC and TDC
Same readout

cMs, |

New preamplifier
New digital processing
Autotrigger mode

* Derived from the HGCROC chip originally designed for the CMS High Granularity
Calorimeter

* Designed for HK use chip has extremely high performance characteristics. It can be
adapted to different PMT experiments and optimised for different photodetectors
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Introduction

Modern PMT-based experiments physics program

4

() in brackets HK
requirements are written

Strong requirements on electronics

Physics constraint

Impact on electronics requirement

Detect synchronous or asynchronous events
(e.g. accelerator or solar neutrino)

Self triggering for each channel

No event loss
(e.g. crucial for SN neutrino)

High hit rate
(e.g. 1 MHz)

Low evergy events detection
(e.g. SN or solar neutrino)

Low charge threshold triggering
(e.g.<=1/6p.e.)

Charge reconstruction
from low to high energy physics

Large dynamic charge range (1 — 1300)
photoelectrons

Excellent charge reconstruction

High linearity (~1 %) and resolution (~1%)

Electronics time resolution <
PMT time resolution (1.3 ns)

High timing resolution (e.g. < 0.3 ns)

Low power consumption

~1 W/channel
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Physics constraint

Impact on electronics requirement

Detect synchronous or asynchronous events
(e.g. accelerator or solar neutrino)

Self triggering for each channel

No event loss
(e.g. crucial for SN neutrino)

High hit rate
(e.g. 1 MHz)

Low evergy events detection
(e.g. SN or solar. neutrino)

Low charge threshold triggering
(e.g.<=1/6 p.e.)

Charge reconstruction
from low to high energy physics

High dynamic charge range (1 — 1300)
photoelectrons

Excellent charge reconstruction

High linearity (~1 %) and resolution (~1%)

Electronics time resolution <
PMT time resolution (1.3 ns)

High timing resolution (e.g. < 0.3 ns)

Low power consumption

~1 W/channel




‘ Self triggering for each channel
High hit rate
(e.g. 1 MHz)

Impact on electronics requirement

Low charge threshold triggering
(e.g.<=1/6 p.e.)

The challenge

High dynamic charge range (1 — 1300)
photoelectrons

High linearity (~1 %) and resolution (~1%)

was taken up

‘ High timing resolution (e.g. < 0.3 ns)

~1 W/channel



OMEGA, AGH, LLR and CEA present




HKROC

OMEGA/AGH/CEA
YY/WW

Advanced ASIC chip for PMT readout



Part I: General description I_/I/L ’

= HKROC is a waveform digitizer: reconstructs the full shape of the charge-signal
waveform and provides extremely precise timing measurement.

! HKROC
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Part I: General description I_/I/L

= HKROC is a waveform digitizer: reconstructs the full shape of the charge-signal
waveform and provides extremely precise timing measurement.

HKROC

OMEGA/AGH/CEA
YY/WW
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Part I: General description

I
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* ASICin TSMC 130 nm node

* Low power: 10 mW per channel

* Large dynamic range with 3 gains (up to 2500 pC)
* Integrated timing measurements (25 ps binning)
* Readout with high speed links (1,28 Gb/s)

 HKROC is a waveform digitizer with auto-trigger

2pF —

PLL S SR Control signals
l fast cloJ;ks .
Clock and control path controls
(" 9chn DC I
B —|Latency 5|  Event —> 1| Readout /z:
b manager
—> % handler buffer I | g
S J
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Pl L T e
—|PA
L % handler ) buffer2 ||
Digital processing 1.28Gb/s
(" 9chn DO N
—| SH —|Latency| -] Event | > 5 Readout | | /Z:
—|PA manager
L »[TDCaron}— handler buffer3 ||
S Y
(" 9chn A
o [ gl e T e
—|PA
S % handler ) buffer4 [

DAC
Thresholds

Reference voltages
Tunings

W T Slow control path

Configuration port

-«
2C <>

1 HKROC = 36 channels =12 PMT

Carabadjac Denis (LLR/CEA)

IRN meeting - June 20, 2023



Part I: General description
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R; ; LOW GAIN

* ASICin TSMC 130 nm node

* Low power: 10 mW per channel

* Large dynamic range with 3 gains (up to 2500 pC)
* Integrated timing measurements (25 ps binning)
* Readout with high speed links (1,28 Gb/s)

 HKROC is a waveform digitizer with auto-trigger
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W T Slow control path

Configuration port

-«
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1 HKROC = 36 channels =12 PMT

Details on charge and timing performance
see on the next slides
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Part I: General description

Operating principle

After preamplification signal follows two paths:
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Part I: General description

Operating principle 12
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Part I: General description

Operating principle

After preamplification signal follows two paths:

e A fast path with a discriminator connected to the
TDC for time measurement (dead time 30 ns)

)

TDC
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Part I: General description s PAsigngy
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Part I: General description dheipa
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Operating principle

After preamplification signal follows two paths:

* A fast path with a discriminator connected to the 5 2_55_ E
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Part Il: Trigger efficiency
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One channel injection

Multichannel injection

Normal mode

1200 kHz

415 kHz

SN mode
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950 kHz

 The HKROC digitizer saturation naturally appears when the chip
internal memory is full.
* The chip has one independent memory for each read-out link
at 1.28 Gb/s, which gathers 3 PMTs.
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Part lll: Charge reconstruction

Reconstruction method

Calibrate each channel of the digitizer

with one charge — build a reference 40 :_ —:
waveform - .
x*(q) 30 -
[2) i i
S 20F ]
@) = _
O _ i
(D) i i
< °F E
O _—- 0= A 4 ——‘
- Reference waveform N .
10k e Digitised 2 p.e. waveform R N

- ] | ] ] | | | I T T I I T T T I T I T T T I ] ] | ] ] | | |

-20 0) 20 40 60 80 100 120

Time [ns]
Carabadjac Denis (LLR/CEA) IRN meeting - June 20, 2023 11



Part lll: Charge reconstruction

Reconstruction method
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Part lll: Charge reconstruction

Charge linearity [%]
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Part IV: Timing performance

225 n
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TDC characterization with 1/6 p.e. threshold

TDC resolution:

200 psstd @ 1 p.e

<60ps std @ >10 p.e (intrinsic resolution 25 ps)
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Part IV: Timing performance
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Part IV: Timing performance
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Part IV: Timing performance

! !

: qvl’ LEDYN ROY
[ Esvrr?\‘ytvsg:clcoo&‘
!

225 u

n[ps],
~ o
(63} o
[ [
| |

Secondary peak

—
(o)
o
|
|

—
N
(6]}
|
|

TOA resolution [

100~ .

| | | | | | P 1
2.5 5.0 7.5 10.0 125 15.0.7175 20.0
charge [p.e.]

H H Wi,
saturation because of generator jitter * p * - = = =
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Carabadjac Denis (LLR/CEA) IRN meeting - June 20t", 2023 13



Part V: Cross-talk

Cross-talk induced by high charge 850 p.e.

(Pure) Negative Diffuse cross-talk matrix
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Part V: Cross-talk

A
L/I/k /y
POLYTECHNIQUE

Cross-talk induced by high charge 850 p.e.

(Pure) Negative Diffuse cross-talk matrix
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There is a “diffuse” XT bettween all channels

Positive amplitude level of XT is about 0.07 p.e. of
injected charge

Very small, but even next version reduce it by factor of 3
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Part V: Cross-talk
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Conclusion

HKROC is an extremely precise digitizer:
e Autotrigger mode
e Charge linearity: ~ + 1% from 1 to 1250 p.e
* Charge resolution: < 0.1 p.e @ < 10 p.e and ~1% for charges > 10 p.e.
* Time resolution: 200 ps @1 p.e. and < 60 ps for charges > 10 p. e.
* Hitrate: 950 kHz in SN mode

e Dead-time: 30 ns

HKROC-based electronics will provide a
versatile, accurate, and fully integrated
solution for PMT-based experiments
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BackUp L/I/(L—

Close XT
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BackUp I_/I/L

40 Close (+ diffuse) cross-talk signal

Close XT depending on charge
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BackUp

ECOLE
POLYTECHNIQUE

Noise trigger rate (acq_time = 10.0s)
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ECOLE
POLYTECHNIQUE
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