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Application: imaging calorimeter

* Requirements on the readout electronics
* Auto-triggered, fully integrated: Front-end + Digitization

— SiPM gain calibration for small pixel device
— Up to 150 MIPs (~4000 ph.)

— No active cooling
— 25 uW/Ch with power-pulsing
* Timing resolution better than 1ns

* KLauS: Kanale fiur die Ladungsauslese von Silizium-Photomultipliern
* Development started in 2010
e KLauS-4 : mixed-mode version with ADC, received on 2016.12, successful beam test
e KLausS-5 : full 36-channel, BGA package available, integrated on the HBU
e KLauS-6 : submitted in 2020.02
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KLauS-5: 36-channel SiPM readout ASIC — analog part
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* Two gain branches:

* High gain branch: SiPM gain calibration for small pixel device

Integrator Shaper
o N
A
Integrator Shaper L
Gain selection J]_\ HG/LG select
trigger J].\ Hit = L
v logic

* Low gain branch: Extend the input charge range

* ADC (channel-wise):
e 10-bit SAR: physics mode

* 12-bit Pipelined: SiPM gain calibration mode for small pixel device
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KLauS-5: 36-channel SiPM readout ASIC — digital part
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LVDS Serial
Data Output

3 levels data storage:
(LO) — for each ch 2 hits depth
(L1) — First level fifo buffer

3 groups of channels, 64 hits depth

(L2) - second level fifo buffer
w - for all channel groups, 128 hits depth
Total buffer size 330 hits

ADC test channel
Data Output
(LVDS serial link)

clk_ADC_test




Precise charge measurements

* Equivalent Noise Charge (ENC) : , i
* 6fC @ C;,< 100 pF, HG scale High gain branch

550

ADC Bin

o charge injection measurements SO0 . \ .................... .. .................... , .................... ,. .................... . ................

450 F—mr- S S— AR S— — S— — A—
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* Dynamic Range: : | | | | .
* Limited by the ADC range 350 ..... ...................
 Within +1% Full Scale Range Linearity | |
* ULG scale extends to 460pC
» Stable in working temperature range

B MG scale
B HG scale
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Precise charge measurements

* Equivalent Noise Charge (ENC) : _
* 6fC @ C;,< 100 pF, HG scale Low gain branch

550

500

ADC Bin

* Charge injection measurements

450

400

* Dynamic Range:
* Limited by the ADC range 350
* Within +£1% Full Scale Range Linearity
* ULG scale extends to 460pC
» Stable in working temperature range

lso—llllilllIillllillllillllillllillIliIIIIiIIIIiIIII

50 100 150 200 250 300 350 400 450
C, = 330 pF Qin [pC]
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Maximum event rate

1.2

* Limiting factors: g T
* Analog FE and ADC: % ! . -

— hold-delay, sychronization, and ADC conversion time §_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e M

— Event with time interval smaller than around to <

orevous hitmay miss 0B -

e minimum hold-delay .

* digital FIFOs throughput: two level FIFOs to increase
the averaged throughput

— L1-FIFO limiting: minimum time interval is 900ns _ ................ .................... H— — — — _
]

—=— maximum hold-delay -

— L2-FIFO limiting: depending on readout speed

Minimum time interval
Only Analog FE and ADC considered

BMBF Szintillator R&D Meetin KLauS ASIC development in Heidelber 7 i
%\/ﬁ & P g :



Single photon spectra

e Sensor illuminated by a pulsed laser at 25°C, spectra recorded in auto-trigger mode
* Pedestal and primary dark noise supressed

Hamamatsu S13360-1325CS
1.3x1.3mm?, 25 pm pixel size

Gain =7.0 x10°

»25000
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Power-pulsing functionality

* Power-pulsing scheme

* “Turn off " ASICs when no beam (aquisition-off)

e 25 uW/Ch (>=0.5% duty cycle)

* Key design points:

e Stable bias voltage at the SiPM input terminal

— Input stage works in sub-threshold region during

the acquisition-off state
— Changes smaller than 10mV max.
* Front-end fast setup
— Dedicated switching procedure

— Stable 20us after acquisition-on (+0.5% error)

ILC bunch structure

H_J

~3k Bunches
1ms 200ms

Chip ON  Chip OFF

Lalroy

FE output * S EBPLBETN [OIOMIIL. TRETTTN SRy
B Ly TR

PP siqnal é: ON
: OFF

Front-end
output
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Power-pulsing functionality

ILC bunch structure
ASICs when no beam (acquisition-off) " i
e 25 uW/Ch (>=0.5% duty cycle) N !

~3k Bunches
1ms 200ms

Chip ON Chip OFF

* Single photon spectra at different time
* No changes in the SiPM gain
* Small pedestal displacement at 10 ~20 pus 1000

5000

Il Time=1.3ms
"7 —— Time = 20us

3000

2000

* Power consumption:

* 20 uW/Ch for analog domian
— 2.5mW/Ch X 0.5% + 7.6uW/Ch
* Power-pulsing for digital parts will be implemented in next version

1000

E[TTTT[TTTT [ ITTT[TTTT[TTITT

-

150 200
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Timing resolution

* Front-end jitter ~ 60ps(sigma) * Front-end jitter ~ 80ps(sigma)
* Charge injection * With MPPC S13360-1325PE, laser
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Automatic calibration test

 ASIC calibration procedure to deliver uniform SPS gain and threshold (2h per chip)
* Config parameters: SiPM bias DAC, threshold DAC, hold-delay DAC
20 chips tested: SPS gain within +/-1.5%, 94% channels in target threshold level
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New AHCAL HBU with KLauS ASIC

* The KLauS-HBU with KLauS-5 (BGA package):
All HBU hardware and labview software are re-designed and prepared by DESY/FEB

USB readout scheme for the first debuging step

New SiPM sensor with smaller pitch, Hamamatsu $14160-1315PS
Scintillator tiles partially assemled, cosmic moun test on-going
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DAQ data integrity

* One HBU, External-trigger model, 1000 cycles, 14 evts/cycle, 8us time interval
e Data integrity confirmed!
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Development of the KLauS-6

* Main modifications:
* Channel-wise PLL-based TDC with bin-size downto 200ps
* Power-gating in the digital part to fullfil the power constraint

e Status:

* First submission on 2019.07 but with failure

— Misconduct the fabrication process from the Mixed-mode/RF
process to the BCD process, no NMOS in the analog parts.

— By the manufacturer
* Re-submitted on 2020.02, except on 2020.07 (next week?)
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Other activities (slides from Wei Shen)

 TAO — Taishan antineutrino observatory, Reference Detector for JUNO neutrino
experiment

* Main goal is determining neutrino mass hierarchy by precisely measuring the energy
spectrum of reactor electron antineutrinos at a distanceof ~53 km from the reactors.

ACU(from DYB)

* SiPMs readout at -50 degrees, ~2m vertion ok Filing port
diameter liquid scintillator sphere Lead 10
Support of Y
SiPM (copper .’
shell) s 617908 \

Target vessel

(1D of copper shellh@1866

SS tank

19
(0D of copper shellN@1886 | I._-
Heat insulation legs

Heat insulation cylinder

Exhausting port(@38mm)
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SiPM test

T Hamamastu vuv4 array test, 2x 6mm x 6mm, with chl
e Over voltage: 1V
* Temperature: ~-50 C
* Hold delay: 6-0
 Threshold: 7-5

10000

T ntemp
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14000 — htemp Mean 7691

o Entries 100100 [~
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10000 :— 1 pe 6000 }—
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Conclusion and future plan

* Current 36-channel KLauS5 ASIC

* Working well and fulfilling the design requirements

* High dynamic range up to 460pC(LG branch) and low ENC of 6fC(HG branch)
Single pixel spectra for SiPM down to 10um pixel size, or large area device
Good timing resolution under low power consumption

BGA packaged KLauS5 ASIC ready

* Next submission for KLauSe6:

* Power-gating for the digital parts
* New 36-channel ASIC with TDC binsize down to 200ps

e



Back up
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Application: imaging calorimeter

* Analog Hadronic CALorimeter( ) (ILC, CALICE collaboration)

« 8M channels for AHCAL barrel

f Dimple
N /s
¥ Scintilator tile |

SiPM T
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ADC performance

differential/integral non-linearity for the region of interest
: ENOB ~ 9.2bit
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™) =
3 b
- = min/max: -0.07/+0.25
8 o2

01—

l'

01
— ons,: L1 L PR | P | 1 L1 P | 1 1 1 1
g o.«t;—
= “E min/max: -0.19/+0.26
g 02
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Cosmic ray test

* On-chip coincidence logic in KLauS ASIC
* External validation
 Internal validation: 12 channels in same group

240

E 220 ;_ .............................................
I;: 200 ;_ . ........
e Cosmic ray test with scintillator + SiPM setup 80— ‘ ............................................................ i}ate: ~ 0,1:Hz
160:— ................................................................................................ : :
. . . . 140 f_ ................ | ,.,.\.. ........
» Coincidence enable, window ~ 75ns, internal b (il MG, 10bitaDC
* Old AHCAL detector setup 100 E_ ............ 1 I % ........
. 3)(3 sz Scinti"ator 80;— .................................. , e e e e
o Large noise from the old Sensor 605_. ............................................. . | TR JEEURSUSRUAUTRUS SURUERUERURRUREUEL EURURDRERTIRUS. SRCURIREURUUNRES SUERNREUROIRU n
e 1 T T, TR S S
20 ;‘- ...................... . . .................. ............................................... . ...............................................................
O o0 B0 200 220 240 260 280 300 320340
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Timing resolution

* Front-end jitter ~ 60ps(sigma)
 CTR Measurements (T=15°C):

e Scintillator: LYSO:Ce, 3.1%3.1x15mm?3 £ r _ CTS_thh=75 _
= OO SO OOTUOSIOE SOOI S R o] ntries 1 ,
+ SiPM: Hamamatsu MPPC $12643-050CN(X) =™ T ean 1518
. Std Dev 232.8
* Energy resolution: ~11.5% SO IR SN SN SO O 5 S S x*/ nd 179.9/126 |
¢ CTR(FWHM) = 387ps @ 2.5mW/Ch Constant  239.1+43
Mean 0.5995 + 2.3417
* TDC binsize 200ps for next version 150 Feis i b LT 1643218 |

SiPM  Scintillator 22Na, Scintillator SiPM 100
4

KLauS5 50

ime, Energy

- —2000 -1500 -1000 -500 0 500 1000 1500 2000

DAQ System Time Difference [ps]
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Application: imaging calorimeter

e Analog Hadronic CALorimeter(AHCAL) (ILC, CALICE collaboration)

* Sandwich structure: steal absorber, scintillator + SiPM readout
 8M channels for AHCAL barrel

Reflector fol Dimple

¥ /
| lsemunrun|
* Requirements on the readout electronics s |

* Auto-triggered, fully integrated: Front-end + Digitization

* Low noise & high dynamic range charge measurement

— SiPM gain calibration for small pixel device
— Up to 150 MIPs (~4000 ph.)
* Low power consumption
— No active cooling
— 25 uW/Ch with power-pulsing
* Timing resolution better than 1ns
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ADC full range non-linearity

min/max:-0.10/+0.20

0.2

DNL [LSB]
o
@«

T

e
&

—m-
a—

" " " s ' ' L L L " " " s s s 1
0 200 400 600 800 1000

Experimental setup is not optimized.

min/max:-0.66/+0.47

Expect smaller INL

o
a
I III|III

INL [LSB]

0.2

1

o

a
III|III|III|I

| 1 1 ' | L L L | L L L | 1 1 1 |
200 400 600 800 1000

10-bit ADC Code
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Full-chain @ different temperature
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* Charge injection tests under different Temp. 16500 ve. Tomporature
* Changes smaller than 1% FSR range 5 ik
* Possible sources for the changes: .
* Hold delay =
* peak time =
* Front-end output amplitude T etre togre]
7 120¢ : c 902 : _
= = —&— T=10 =} -&-T=10
% "55 o é 900 :‘:Izg
3 110 o To40
S 1op
= 105 .
100; 896 o \A‘.A
o5F .,
C 894 l.
90 .I
= 892 .
85: n
s0® 10 170 890t T s 10
gDAC*16+fDAC Delay[ns]




Power consumptions

* Measurements for the power of acquisition-off state

* Setup calibrated: resistor, gain, offset

* Exclude power from other active components

* Results:

e Same for results under acquisition-on state l
(VA3.3 2> 0.93,VA1.8 > 1.53)
* New results for acquisition-off state Lo

T VDD

S

Name | Simulation | Measurement o oo Kashes
33VVA | 378 3.18 o
1.8V VA 3.63 4.41 S oo
* Power-consumption under 0.5% power-pulsing duty-cycle: 3]

Estimated Current [uA]

200 A

o]
o
1

1.8V Analog Power

A Calibration Data
J —— Fitted Data
® KLauS Data

1.8VA Power = 4.41 uW/Ch

40

60

80 100 120
3.3V Analog Power

A Calibration Data
—— Fitted Data

3.3VA Power = 3.18 uW/Ch
Exclude 5.35 uW/Ch by other componentg

(for analog power only)
— 5 uW/Ch budget left for TDC and digital parts (challenging) 4 50 60 70 80 9 100 110 120

Measured Voltage [mV]

[=2]
o
1
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Power-pulsing

* Pedestal stable 20us after power-on(error<+0.5%), 0.5% duty cycle reserved

Analog Power supplies
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E 0.5_ T
=t Power
5 L e
= A . ki
o . v -': - atln
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-0.5—
— -
r CWALBY
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L B MEAN_CHO T ——————
- == \EAN_CH7 |
e B MEAN_CH14 VA 3.3V
~r = MEAN_CH21
Ll B MEAN_CH28 current
+ == \MEAN_CH35
2 e b b b by b b b b
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SDEV_CHO ® 5000 — :
o = :
o 1 = — :
£ C === SDEV_CHO e 4500 — b "
o 0.95 E == SDEV_CH7 S = - Time = 13us
g oo = * o ' S =
E el === SDEV_CH28 = " Time = 1.3ms
~E === SDEV_CH35 L ] e T U Y | S [ 35 55 Siea eea ame Semeh baE BaG B3 Ga3 mad ad
0.85 e 3000 =
0.8 = 2500 =
0.75 1~ 2000 =
0.7 ;— 1500 =
0.65 ;— 1000 =
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~0 20 40 60 80 100 120 140 160 180 200

Power-ON time [us]
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Design details

T 3.3v 1.8V

V,
DDLIII M, Inc Cascode mirror

Input

L

Base-line holder

Cs

- C. R: —c;
= L L

Passive Active shaper
integrator

=

T ¢ From input stage
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Design details

Hm
I
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«——opipe_sample

:
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I
I
I
I
4
I
I
I
I

I ! pipe _des

4
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in(p)eo

comp _des
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Energy spectrum of 2?Na source

s
g

2000
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7000
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Auto-gain selection

HG & LG ADC data, gain selection flag Combination of HG and LG data
Pedestal substracted

Combine data from HG and LG branches

— 1050 =
. R . v : 1 "
« HG: small dynamic range, high resolution = : —— G5, #G) 1 10*F 3
. : ; 1000 | GS,(LG) | ; LG
» LG: large dynamic range, lower resolution A : pad g oo i R : ]
Q 950" | HG 1 & i
_ _ ) e _ |9 10°E
Merge using gain selection flag & ADC data 900" k
Analysis not inferring linearity : : -
850._ __ 102:
INL deviations << 1% FSR 800 ] : - HG " — combinea
T e e, ¢ 10¢. e T ¢
.................... LG N - [ Global minimization :
700F = 3 [ Scaling uncertaintites (thresh.) -
Ll l L1 1 l Ll l l Ll 1 1 Ll 1l l l l l: 1 L llllJI ' L L Jlll 1 1 llllll 1 Ll Jllll
uq:)' 1_0.: :- ................................................ ..— '@ 200_‘_ 3
wn [ ] o) 0: 1 20 gt ————
o 05 . € S el 3
Y| TV P P PR FURTE PR | T BTV WTSTETVYY WY § -
0 5 10 15 20 25 30 1
10 1 10 0?
QIpC] QIpC]
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Power consumption

VA1P38

VA3P3

1.53 mW/Ch

VA3P3

VA1lP8
(2.5mW/Chx0.5%+7.6 pW/Ch)
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PLL-based TDC for next version

analog ¢ digital

'Dataprocessingl—f— ¢ Stable, Zoops binSize

trigger Trigger
Logic

* Power consumption:
I F O S — SO * VCO: 2.3mA
e g COUE eebereerh. § Mgrcouner [} goarsecounts | Buffers: 3.6mA

A A A 5 Latches: no DC power

Others: 0.6mA

\4> . . ; C;unter ;ounter Tota|: 65mA
T4 eee T4 12 =2 :
_ _ [ * 0.35mW/Ch

40MHz : Power-gating and

reset logic e < ZuW/Ch (O.S%PP)

Loop Filter Charge Pump PFD

clock

BMBF Szintillator R&D Meetin KLauS ASIC development in Heidelber 35 Al
%\/ﬁ & P g



PLL-based TDC for next version

analog digital

‘ | z
: Data processin 2
. P g I_'_ ©
H v
H -
trigger Trigger :
Logic :
femeereaetemee e etemes e eroores T e | S
E Fine Counter ; i Mid-Counter | i!  CoarseCounter |
5 Counter counter
N e e b e oo e
T4 eee T4 22 - : ] )
160MHz !
40MHz § Power-gating and g l I I I l I I
H reset lodic I N T T AN T T ST T T T T T S T T T T S T Y A
Loop Filter Charge Pump PFD Roh a : g 50 100 150 200 250 300 350
clock E Number of Cycles [@160MHz]
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Experiment set-up

.'.

.'.

Low temperature box

charge injection board: 33pF+50Q

Working region: -120 Cto 150 C
From room-T to -50 C, ~¥10 min

v
S

J 7l

ﬁ " ASIC board

/{ P Raspberry pi

Interface board

ot
lli—n
VR | | \]B\
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Experiment set-up

Configuration:

e Pi3B: root_v5.34 and the same local network with PC are required
e PC: Ubuntu 18.04 with root_v6

Vbias + Low
voltage source

Privuel Ny g
et s

LED + I BGA board |— Interface board
Decay fjber

Oscilloscope

SiPM
GPIO

RaspberryPi 3B

Network
Cable

PC Linux system




Board performance

_I_

Current (A)

Working current
* Temperature: 30 Cto-50C

o
~

o
(o)}

0,5

0,4

0,3

0,2

0,1

30

20

10

-40 -50

Temperature

-60
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Charge injection test

_I_

Several channels work abnormal, T: -50 C, HG model

1. Ch17: forget welding HV filter resistor
2. Other: baseline w/o signal

Code

Illlllllllllllll'lll.YllllIIlllllllllllllll

¢ mean of 36 channel

‘e 0.‘...’0‘ e % 0...00.. .« ., groupO,
group 1,
group 1,

7/~channel f1/~ 51| 25 [a] &1 .

channel 4;
channel 2;
channel 3;

[group 1,

channeIS;]

. group 1,

lllll A lllllllllllljlllllllllll groupz’

i P T "
5 10 15 20 25 30 35 group 2,
1.5pC @50 mV, 30pF channel ID

channel 9;
channel 6;
channel 8;
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Charge injection test

t  Several channels work abnormal, T: -50 C
e Left: 1.5pC input, HG model
e Right: 15pC input, MHG model

T Baseline drifts with T

U) — 0) —
= - . B
51000 [~ . 51000 - u
2 r R [ate s4diads daed Gdedi seifiaiadil
€ goofats addidis dumd dbduii dbadiadunind < 300
600 600 -
B = 20deg 50 (mV) - = 20deg 500 (mV)
400 - . n20deg 50 (mV) 400 - + n20deg 500 (mV)
- n50deg 50 (mV) - n50deg 500 (mV)
200 200~
) T O 0 0 s 0 s
0O 5 10 15 20 25 30 35

channel ID channel ID




SiPM test

Hamamastu vuv4 array test
e Pedestal

730 1.8
o
1.7
720 ® Ix6mmx6mm
1.6
® 2X6mmxémm
15
710 -
= 14
o o
A 700 o 213
<< =
8
o 1.2
@
690
1.1
1
680 ®
0.5
670 0.8
30 20 10 0 10 -20 30 40 50 60 30

T[C]

20

10

-10

T[C]

-20

-30

® 1x6mmx6mm

® 2x6mmx6émm
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SiPM test

Hamamastu vuv4 array test, 2x 6mm x 6mm, with chl

_’tﬁiﬂ'.ﬂl‘l—.— | w"i‘i\"!fll /f M IMII e !.»ﬂ'fl‘llﬂ“"!‘ﬂllﬂf NM

Ii@l‘mns ’ (2.50G7% , @ 7 12.0mv
W+v—6.000000ns) | 10k | 273.432KHz

A
£ (18387




