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Outline

« Cosmic-ray measurements for SMD design
Aim: SMD SiPM response to MIPs

Hamburg tile as a reference
SiIPM: side-surface mounted

Dimpled tiles produced in Uni-Mainz
SMD SiPM: bottom-surface mounted

¢ Summary and discussions
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HBU in SMD SIPM design

 Motivations

— Much easier to solder on HBU (feasible for mass
assembly)

* Uniformity in SMD design
— Scan in MPI Munich shows promising results

— Updated dimple design o
Suitable for various SiPM packages 53"

~ Updated Geant4-based simulation .
shows good uniformity 8¢
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Simulation: cosmic-ray response & uniformity (1)

* Scintilllator: BC408

« SiPM: KETEK PM1150NT
(1.2x1.2mm?2, 50um pixel pitch)

+  SiPM Vop: 15% overvoltage KETEK PM11 package
(1.0 mm inside dimple)

Relative deviation from global mean

Dev. from 72.8 p.e.:

Hitmap: Nr detected photons
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Mean 72.8 p.e. 99.0% area within 10% deviation
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Simulation: cosmic-ray response & uniformity (2)

« Scintilllator: Polystyrene (for NA62 MUV)

30 mm
« SiPM: MPPC S10931-50P - =
2 i i ———— S
(3x3mm?2, 50um pixel pitch) IH:2.4 - E'
*  SiPM Vop: 72.61V (suggested) ~___100mm

MPPC package
(full inside dimple)

Relative deviation from global mean
15 Dev. from 56.6 p.e.:

Hitmap: Nr detected photons

15

99.6% area: 70% uniformity
10 97.1% area: 80% uniformity
93.2% area: 90% uniformity
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Mean 56.6 p.e. 93.2% area within 10% deviation
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SIPM response to MIP

« SIPM response in uniformity scan in MPI, Munich

Low level: mean 11 p.e. Er e | 0
Cosmic-ray teststand in Uni-Mainz = ! P 1
Measure mean N(p.e.) for MIPs 1Zi
More scintillator options  (m— :
Polystyrene for NA62: easy to handle X i

BC408: ~1.6 times higher intrinsic light yield

Pre-cut foils from Uni-Hamburg (Courtesy of Erika, et al.)
Will be ready for next round of cosmic-ray measuremnt

Foils for this round

Pieces of 3x3cmz?: precisely cut by (mechanical engineer) Karl-
Heinz in Uni-Mainz
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Cosmic-ray setup
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Hamburg tile + KETEK PM1125

« Use Hamburg tile wrapped with
pre-cut foil as reference

« Latter SMD design can be directly
compared: less or more Npe?

Tile wrapped with precut foll
Courtesy of Uni-Hamburg

.

KETEK PM1125
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Cosmic-ray: Hamburg tile+KETEK 1.2x1.2mm?

Operational voltage: 31.0 V (~15% overvoltage)

Integrated Charge: dark counts
Number of P.E.s

700 hAllQde -
E Entries 5999 400 hNpe
600 Dark Counts  Mean o F — 5556
22 ndf 344.8/1 62 = Mean 29.16
| Gain=0.407 V*ns 2 0.02499 = Width 2_3071633_:)%
2400 313.3 8250 MP 23.66 = 0.11
s 0 0.4699 S 00E A 8149 = 93.5
Y3004 0y 200 GSigma 4618 £0451
] 0.877 150
200§ 0.06478 _
; B8 100 Landau+Gaussian
100 0.07287 50
% 05 R % 10 20 30 40 50 60 70 80
Charge in V*ns Npe.
« Side-surface design: mean 23.7 pe in cosmic ray
« Consistent with Uni-Hamburg measurement (reponse to MIP)
Ref: M. Ramilli et al, Tile test and production at Hamburg, AHCAL Meeting, Dec. 2013
19.03.2014 Yong Liu, CALICE Collabration Meeting, ANL 9




Design of dimpled tiles

« 2 scintilllator materials: BC408, Polystyrene for NA62
* Machined by mechanical engineer Karl-Heinz in Uni-Mainz

30 mm

/~ N\ [r=13mm

|5.0mm|

Small dimple for KETEK SiPMs:
1.2x1.2 mm?, 2.0x2.0 mm?2

-I H=2.4 mm

10.0 mm

Large dimple for
MPPC 3x3 mm?2
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PCB with SMD SiPM soldered on(1)

MPPC S10931-50P
Pixels: 3600

Pixel size: 50x50 um
Fill Factor: 61.5 %

MPPC 3x3 mm?
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PCB with SMD SiIPM soldered on (2)

KETEK PM1150NT: KETEK PM2250NT:
1.2x1.2 mm?2 2.0x2.0 mm?2

Iz

MPPC.S10931 KETEK PM22 KETEK PM1
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Setup: Dimpled tile with MPPC 3x3mm?

MPPC 3x3 mm?,
| -50um pixel pitch

Later on replaced by NAG62 tile
with the same dimple geometry
JG|u



Measurements: BC408 with MPPC 3x3mm?

Operational voltage: 72.61 V (suggested)

Integrated Charge over all runs Number of P.E.s

E i hAllQdc - . hNpe
soolw Dark Counts  man: 04058 SOE e Ry
C RMS 0:3144 - BZMSn . 12,95
2501 ﬁ 2 ndf 126.8/ 48 250 ot sees ot
C po 342.3 . MmP 79.43 + 0.21
C p1 0.08301 - Area 5767 + 135.9
0200 p2 0.01715 w200_— GSigma 6.963 £ 0.216
EF Ei 253.6 s F
> - 0.4901 Ir —
w150 p5 0.02854 L 190 o
= p6 19.22 :
100 p7 0.9062 100—
- p8 0.07709 -
50 Gain: 0.407 V*ns % Cosmic-ray
07 Ogl _I_J._I_JIL‘IIJLlII\I‘IIII—.lIIJ_I ) NI Y T Y N I N s I
0 02 04 06 08 1 12 14 16 18 2 o 1 20 30 4 S0 60 70 80 90 100
Charge in V*ns Npe.
» Saturation observed
« Too many p.e.s: SiPM pulse higher than output range of preamplifier
 Mean ~80 p.e., high enough reponse to MIP
« SMD MPPC package can be completely placed inside dimple
« Perfect for mass assembly
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Measurements: NAG62 tile with MPPC 3x3mm?2

Operational voltage: 71.8 V

Integrated Charge: dark counts Number of P.E.s
3501 D k 7 hAllQdc 100— N
= (1D Entries 5000 i pe
300— ar | u ntS Mean 0.2571 B Entries 3000
C RMS 0.151 80— Mean 58.04
250: ¥? I ndf 91.31/ 51 - RMS 20.51
= Efl) 550073 i x2 I ndf 262.4/ 184
C P2 0 02.264 60— Width 2.692 +0.188
£200— b3 " 330 £ MP 50.04 +0.40
150~ p5 0.02842 ol GSigma 11.92 £ 0.34
C p6 121.3
= p7 0.474
100— p8 0.03278
C 200 d +G .
50— - Gain = 0.215 V*ps andaut+(aussian
: Q o | -
) OF S IR I SN~ S el ey T A S (e : Lo
0 01 02 03 04 05 06 07 08 09 1 ¢ 20 40 60 80 100 120 140 160 180 200
Charge in V*ns p.e

» For less saturation with the given preamplifier
» Decrease operation voltage by 0.61V
« Change to scintillator with lower light yield

* Mean ~50 p.e., MIP response still high enough

« SMD MPPC package can be completely placed inside dimple
« Perfect for mass assembly
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Setup: BC408+KETEK PM11

30 mm

/—\! IH:1.3 mm o™
5.0 mm

KETEK PM11 package
(0.8 mm inside dimple)

« KETEK Package thickess: 1.8mm
« Too thick for 3mm thick tile

» Spacer (1mm thick) used to keep part

of SIPM package ouside dimple
* For better uniformity and higher
reponse, suggested by simulation

*  Window in foil cut by knife
«  Will be improved by better stamp tool

JG|U 19.03.2014

[ S S us———

BC408 dimpled tile

Reflective foil on spacer (1mm);
Spacer glued on PCB
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Results: BC408+KETEK PM1150NT

Operational Vop=30.0V (~6% overvoltage)

) Integrated Charge: dark counts Number of P.E.s
10
1 hAllQdc 140 hN
B iN= * Entries 8000 B pe
i Galn 034V ns Mean 0.4499 - Entries 3000
0.8l RMS 0.3032 1201 Mean 32.3
~L ¥? I ndf 713.3140 - RMS 14.85
- gg . 09;;2 100 %2 I ndf 91.6/90
» 0.6/— p2 0.01943 N Width 3.049 +0.144
£+ p3 "822.4 £ 80— MP 24.42 +0.19
L% = p4 0.4105 E - Area 3048 +57.0
o4 - p5 0.02951 60 GSigma 4.486 +0.240
Ar p6 283.4 il :
- g; LTT08 10 Landau+Gaussian
0.2
ﬂ J mrk CO ) ntS ”
OltLL\_A I T L1 BT NSNS N T ST NN 0_ = ||| v e by P by 1 T T .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 10 20 30 40 50 60 70 80 20 100

Charge in V*ns Noe

* For less saturation: only use ~6% overvoltage

 Mean 24.4 p.e. measured in cosmic ray
« ~33.5 p.e. can be foreseen at 15% overvoltage (based on KETEK PDE vs overvoltage)
» Side-surface design: 23.7 p.e.

« Similar scintillator and SiPM sensitive area
« SMD design yield higher reponse to MIP than side-surface design
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Summary

* Uniformity of SMD design
Measurements show promising uniformity

Geant4 simulation suggest great uniformity
At least 93% area within 10% deviation

* Responses of SMD design to cosmic ray
At least 50 p.e. when MPPC 3x3mm?Z is used

Higher reponse (>24.4 p.e.) to MIP than side-surface
design (23.7 p.e.)

* Mainz group will proceed to design and build
prototype of HBU with SMD SIPMs
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Discussions

« HBU in SMD design

Dependent on SiPM package size

KETEK

Too thick (1.8mm); not possible to be placed in the dimple
made for 3mm thick tile

Need to discuss packaging with KETEK
Hamammatsu
Thin enough to be soldered on HBU and placed inside dimple
* What N(p.e.) should we design for?

1.2x1.2mm?2 SIPM: 24.4 p.e. at 6% ov
(35.5 p.e. estimated at 15% ov)

3x3mm2 SiPM: ~80 p.e.
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Analysis of SIPM waveform in osciloscope

tpeak
=0.05
o B
o _L T1:: T, _*,M__‘
01_!'?._ s Threshold for integration: 0 mV
> - - F
=~ 005 -
8 - . T, = 60 ns
S 01 s /
- :‘J
-015— 3| §
SR F;
N
02— # Same integration critiria for cosmic & dark counts
_III|III|III|III|III|III|III|III|III|III|I
0 20 40 60 80 100 120 140 160 180 200

_ time_calib
Time / ns

A typical cosmic-ray response of KETEK SiPM (PM1125)
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Temperature fluctuations

« Within 1 degree during 24 hours
Several percent flucturation in SIPM gain

A B
02/06/14 02/06/14 02/07/14 02/07/14 02/07/14 02/07/14
5:00'00 0:00'00 4:00"00 8:00"00 10070

12:00'00

--------
||||
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Status: Hamburg tile with KETEK PM1125

Dimpled tile with KETEK PM1125
Vop=31.0 V (~15% overvoltage)

Breakdown voltage: ~27V
Amplification Rf=5.1k Ohm

DS0-} 41044, MY53390473: Fri Feb 21 16:58:56 2014

Dark counts

1p.e.:~-25mV

A few saturated pulses in cosmic-ray




Status: BC408 with MPPC 3x3mm

Dimpled tile with MPPC S10931 30 mm
Vop=72.61V (suggested) - — =
Breakdown voltage: not yet tested ““'I'H - £

=Z.4mMmm ™

Amplification Rf=5.1k Ohm

10.0 mm

Dark counts 1 p.e.;~30 mV

2014-02-25 19:47:48




Status: NAG62 tile with MPPC 3x3mm

JG6lu

Dimpled tile with MPPC S10931

Vop=71.8V (0.81V lower than suggested)
Breakdown voltage: not yet tested

Amplification Rf=5.1k Ohm

Driller Diameter:

Dark counts 1p.e:~15m

19.03.2014 Yong Liu, CALICE Collabration Meeting, ANL
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Status: BC408 + KETEK PM1150NT

30 mm

Dimpled tile with KETEK PM1150 = -
Operational Vop=30.0V (6% overvoltage) | EI
Breakdown voltage: Vbr = ~28.3 V /—\ I H=1.3 mm ™
Amplification Rf=2.4k Ohm (modified) 5.0 mm

2014

DSO-X 41044, MYE3390473: Sat Mar
20.00ns/

r
Ve gAMbz el i o)

l|lll‘»'"‘-.l {

) !
Vet bt

Cosmic-ray response

18 2074-00

Dark counts 1 p.e. ~40mV
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Detalls on Simulation (1)

« Simulation: scintillator tile, dimple and surface
o f\ BC408: Sgintjllation
é‘ - - light spectrum Optical boundary model:
£ \\ polished in UNIFIED Model
o A
P s S|

Wavelongth, nm Measured curve:
2 == ESR reflectivity vs wavelength

Thin window (top), assumed glass, n=1.52

100

Geometry for
SiPM package

.CRESST experiment .

reflectivity [%]

—#— non-scintillating side VM2000
- —o—scintillating side VM2000
Al

. Hole cut in the foil T T . . T 1 .
Ceramic package (bottom) 325 350 375 400 425 450 475 500

wavelength [nm] P|ot courtesy of
| Frank Simon

R
£ setup_dimple_dome_d1 5mm_a3.0mm_siP

BE
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Detalls

on Simulation (2)

 Simul

PDE vs wavelength, overvoltage

ation of SIPM PDE

Absolute PDE vs Overvoltage

701
60 -
C r_/rl/*_'w{./—.(
= 50F e
° N —
= /
s 4of
: 60
2 30f
- Black: linear interpolation
20 . : : 50
- Red line: cubic spline
5 10 15 20 25 40
Overvoltage / %
Relative PDE vs wavelength E_e
100F w 30
= a
90F- o
80;—/ 20
- 70;—/
g 60F
%; 50; \ 10
5 a0
= Black: linear interpolation *.
20 : : :
b Red line: cubic spline T
Sos 5800040500 540600 650700
Wavelength / nm
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KETEK PM1150NT
SMD: 1.2x1.2 mm?
Pixel size: 50x50 pm?2
576 pixels (24x24)

PDE vs Wavelength at different OVs

Relative Overvoltages (OV)
OoV:3.4%
—— OV:55%
— OV: 7.7 %
oV:99%
oV:12.0%
QV: 14.2 %
OV: 16.3 %
0OV:18.5%

- oV: 20.7 %
— 0V:22.8%

-.-_!:I|I\II|\III

T
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