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Juno Detector Introduction
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Jiangmen Underground Neutrino Observatory
e 20kton Liquid Scintillator in an acrylic sphere
with a stainless steel structure
* Detector is in a water filled cavity with ca 720m
overburden (1900m w.e.)
* Including: 18,000 20 “ and 36,000 3” PMT
 100m Cable attached to data concentrators
(BEC) on top of the detector
* The receiver electronics are attached to the
PMT underwater for:
* Lower data bandwidth on the cable
* Programmable signal threshold modes
* Local data storage (RAM) for supernova
events
* Programmable digital signal pre-processing
to further reduce data bandwidth
* Intelligent PMT developed together with
several groups in Asia and Europe
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PMT

Receiver Electronics

Recelver Chain Detalils

"'100m
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BackEnd Electronics (BEC): UNIVERSITE
Université Libre de Bruxelles ME'EBSEUXELLES

* Connection between ca 32 receivers to the DAQ and Trigger system
* Highspeed data transfer

* Reference clocks

* Power over Ethernet to supply the PCU

Cables:
Institute of High Energy Physics Q
* 100m CATS5 Ethernet cable CeseEs

Power Control Unit (PCU):

RWTH Aachen Experimentalphysik Il %;ngggnms
* Supplying all local electronics

* Separating the clock from the powerfeed

Trigger system:
Tsinghua University
* Global trigger generation

Christian Grewing NNN'16 3
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Receiver Electronics

PMT

Receiver Chain Details cont’d

GCU

ADU

HV
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General Control Unit (GCU): )

Instituto Nazionale di Fisica Nucleare, Universita di Padova ’NFN ; Tikii b5

e Connection to the BEC and control of the HV and ADU

e LVDS signal interface to the ADU

* Dedicated fast memory (2GB) for local signal storage (supernova)

* Configurable digital processing of the signal and signal over threshold
generation

Analog to Digital conversion Unit (ADU), Vulcan System on Chip:

Forschungszentrum Jilich, ZEA-2 g JULICH
* Highly linear, low noise receiver

* 3 -8bit, 1Gb/s Flash ADC with programmable characteristics

* Programmable data reduction and low jitter clock generation

* Configurable trigger schemes, overshoot compensation

* All integrated regulators w/o external capacitors for all internal supplies

High Voltage Unit (HV)
Joint Institute For Nuclear Research
e 2kV Bias Voltage for the bias circuitry of the PMT
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Receiver Electronics

PMT

System Architecture of Vulcan SoC

|ADU|
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Approx. 80dB linearity by
using 3 signal chains for 3
different signal ranges
Control loop to suppress DC
variations for increased
dynamic range and reduced
noise

On chip clock generation from
reference clock

No analog delay line,
reducing noise and distortions
Flexible solution for different
applications

Overshoot compensation

No external components
needed
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SoC is named after Vulcan, the son of Juno in
ancient Greek mythology
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Small Signal Mode

VULCAN
T"_W_Em_
1 ‘ HV
/ —H— | — K ADC2 &
B . Cu C
T U
C | B
T @
Lt |
-
. : . ADCout o 4 ADC High Gain ADC Medium Gain ADC Low Gain
Two signal chains with n A g
programmable gains 5
and parallel TIA inputs, 1h=0.06p-¢ 1b=0.4p.e.
combined input )
resistance R = 5() <
1 2 4 8 16 31 64 128 256 512 1024 2048 C=harge

[photo electron; p.e.]
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Large Signal Mode
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VULCAN I:
£¥

ADC3

()

cu C

>||I_

DC out

With larger input currents >20mA !
the TIA inputs saturate, the ESD
diodes open with a combined
resistance R = 5(), The voltage
over the diodes is measured with
the third signal chain -
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Concept Verification by FE-Prototype

Hamamatsu R12860, dark box, HV Demonstrator board containing
and function generator provided by two TIAs, voltage buffer, ADC and
Physics Institute Ill B, RWTH Aachen diodes attached to Aachen base
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FE-Prototype:
Output Signals @ Low Occupancy

Utilities Help 19 Dec 2015 12:11 AM

File Control Setup Trigger Measure Analyze

- Best result by high
gain amplifier
( )

- Low gain amplifier
(blue) and buffer
( ) provide
similar signals at
low amplitudes

Tt T &E @DD Bl L||_JUr 2304300 n
thﬁte Haml G el Th [I;clauq Edge (1)
88 ns
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FE-Prototype:
Output Signals @ High Occupancy

File Control Setup Trigger Measure Analyze Utilities Help 19 Dec 2015 12:10 AM

- High gain amplifier | g Feem—
( ) and low b - B

gain amplifier
(blue) clip

- Buffer ( ) still
provides useful
output signal
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Noise Requirements < JuLICH

From the Conceptual Design Report (CDR):
- Noise level should be below 0.1 pe for single photoelectron detection.

Vulcan: 8 bit for 16 pe — equivalent input noise of the TIA is much
smaller than one LSB: I,,,;5. << LSB.

Resolution
[1/pe]

8 16 0.0625
7,33 16 0.1

7 16 0.125
7 14 0.109
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Time Resolution Requirements < JuLicH

From the Conceptual Design Report (CDR):

- Waveform sampling should be available over the whole energy range with a sampling
rate of 1 GS/s.

- Arrival time resolution, e.g. by fitting of the signal leading edge, should be o; = 100 ps.

Vulcan: ADC Sampling Clock 500 MHz using both edges

Integration after sub- < N ¢ &
ranging with respect to

4 voltage references wef. / \ ;{E Ej : Ij
SO E I
Vsignal / \\ / :s//%_ ) o« [ %
et i)
SV POk 20 c i (mm

T
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Concept Verification by Test-Chip: PLL

Initial jitter requirement: ¢; < 100fs

Requirement (sim. results) PN spectrum (test-chip)
40_
35_ -75.0
@ %-100.0 &
an -125.0 1
251 | I .
z W e e @
§ 20+, T . . .
ii 1 5 i tte1ro(ps) 50 100
% — without thermal noise with thermal nolse RMS ]ITTER ~ 058pS

2-Nov-16 Christian Grewing NNN'16 13



Mitglied der Helmholtz-Gemeinschaft

Overshoot Compensation

IsiGNAL lovershoot

The signal is distorted by the AC

coupling at the PMT, causing inter
symbol interferences and reducing

the signal to noise ratio (Signal
Overshoot). N

IsiGnNAL

Vulcan features an integrated

compensation for the Signal

Overshoot:

* Sensing the voltage over the bias
resistor

-
<

ISIGNAL lovershoot

* Compensation current is
generated on a copy of the bias
resistor N\ " P

« Needs additional coupling A
capacitance at the bias resistor

t

IsiGNAL

<
<

(patented)
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OSC Implementation VULCAN

Low gain voltage buffer Medium and high gain TIA Overshoot compensation buffer

W W
T I B oo I

] a | |
Package and bonding IR T FTTTTTTT
HIHHRI R
model ﬁi;i il il il i
P Dl ]
E% : Test signal generation
CREET e
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Features of the Digital Part (CU) < 1ULICH

- Start-Up Controller (HAL) GCU — ADU
Ccu AU
- ADC Regulator (ADC_REF) > registers oot oc |RX
. Digital PLL Controller (DIG_PLL) | t Sel
. — ; Test ADC
- Build-In Self Test (BIST) o :
A ction H ead of BIAS
- ADC Encoder (ADC_ENC) Grou | | Asssigned
- Main Data Processing (PAM) Q contoller] | Lispities oc |
. Trigger Generation (DSP) 7 Aomase] |15 oogamaie | | § P
, Z < A daptiv 517
. LVDS Multiplexer (LVDS) g ﬂ wenoy | 8| [ [ ans |
A DC ADC_ Toc |RX
P ass REF erence
T hrough regulation
TRG<2:0> | ADC
C D igital Die | 3
. g_ ital
’ IS; Irgoncaelssing PLL ccl)r?trol BIAS
VDD_3V3
PCU PLL_ «
REFCLK »» Controller s PLL
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Configurable Approach: Signal over Threshhold J JULICH

Input signal and ADC output

-0.01 T T T T r
T insignal H 0000
adcoutp u
4 ooo1
-0.014F i
integral
M
trigger 4 oo10
-0.014 d o1z
= :
v analogtrigger 4 0100 —
% 0014 - — — - - =
° —_ _ 4 o101
> digital trigger
-0.0X < 0110
4 o111
-0.02
< 1000
-0.02 7
0 1 2 3 4 5 6 7 x10
time [s]

3 LVDS trigger lines are available one for each of the 3 ADC
Configurable trigger modes:
 Analog voltage comparator for fastest trigger
* Digital threshold value
* Integrating the last 8/16/32 values and compare with digital threshold

2-Nov-16 Christian Grewing NNN'16 18
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Main Data Processing (PAM)

Port src/dest: [digital lanalog [lconfig

PAM
- Purpose: [ 2sn

- Select ADC gain mode and buffer data

> ENABLE

- Generate meta information (timing, modes, etc.) b ADC 1 (31:0)

. . . . . . > ADC_2 (31:0)
- Minimize output data by selecting relevant information e .
> ADC_2_BUBBLE_ERROR (3:0)

Bas i C PAM Stru Ctu re : > ADC_3_BUBBLE_ERROR (3:0)

> ADC_ASSIGN (7:0)

b NOISE_LEVEL (7:0)
_ b UPPER_THRESHOLD_HG (7:0)
ADC Analyzer "] Ring Buffer .| Readout LVDS b LOWER_THRESHOLD_HG (7:0)
. b UPPER_THRESHOLD_MG (7:0)
(RB) logic b LOWER_THRESHOLD_ MG (7:0)

> HYSTERESIS_LATENCY (7:0)
A > HYST._LAT._OVERFLOW (7:0)

ﬂ

ADC

A 4

Header gen.

signal PAM_OUTPUT (31:0) p|

threshold HG -> MG

noise level \
8 \
]
E E . "
E time
3 4 3 2 3 3.2 2[4
O]
. RST 28 31 7 2 33 186 RST 64 71 RST 210 94 36 8 4 50 8 23 5 2 3 RST
N LVDS 3 5 a4 > a A o s 5 4 3 3
[=}
E data 2 4 6 4 HDR 42 18 4 18 97 HDR 89 30 HDR 165 74 21 7 6 182 47 11 4 6 HDR 4 6 ! >
3 4 5 5 8 5 5 6 2
g - DN % \ /
ks noise HG mode MG mode HG mode noise
j=2)
g
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Chip Layout and Photo < JuLicH

Area =4.5mm * 4.5mm
Technology = 65nm TSMC
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Current Work and Outlook

Application Engineering
Definition of measurements
and verification support

Examination of redesign
potential / future circuitry

Review of measurement and
application boards

Model preparation of digital
part to be used in firmware
development

Silicon Back estimated mid of November
By Roger Heil

Prove of concept measurements (Receiver chain (Forschungszentrum
and PMT) in Q1 2017 Jilich GmbH, ZEA-2)
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