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Detector-grade clean-room,
6 inches, class 10 and 100

—
. S
\ ~ z')

Publicly funded research
center

Silicon Photomultipliers account

for a significant portion of the

350 researches working detectors fabricated here.
In different fields
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=X outline

 NUV-HD SIPM technology

« SPTR of NUV SIPMs

» Cryogenic applications of NUV-HD
* VUV-HD SIPM technology

* NIR-HD SIPM technology
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=3 FBK SiPM technology roadmap

Original technology -5

Electric field
engineering | ’ @
RGB 2010
NUV | 2012
New cell border | N lL
(trenches)
RGB-HD | 2012
NUV-HD | 2015
ﬂ & Nﬁomg Developments
NUV-HD-LF VUV-HD RGB-UHD NIR
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Near-UV technology
NUV-HD
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- Near-UV technology: NUV-HD

Original technology -5

Electric field N @
engineering
RGB 2010
NUV | 2072
New cell border N iL
(trenches)
2012

NUV-HD | 2015

%W_HD_LF AN S,

VUV-HD RGB-UHD NIR
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_3( NUV-HD: technology

SPAD of SIPM

Metal Poly

resistor

High-field region Trench

<2 um

e p-on-n junction - higher Pt for UV light
 Narrow dead border region — Higher Fill Factor
« Trenches between cells — Lower Cross-Talk

« Make it simple: 9 lithographic steps

(C. Piemonte et. al., (2016) IEEE T. Electr. Dev., 10.1109/TED.2016.2516641)
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Signal: Photon Detection Efficiency

PDE = FF -QF - P;

N RN

Fill Factor Quantum Avalanche
Efficiency Triggering
Probability

May 8, 2018 Alberto Gola - FBK custom SiPM technologies - GSSI



.-,
BEAN NUV-HD: QE

Measured on a photodiode with same layers as SIPM

NUV-HD photodiode QE
100E
QO == === === == > 90%
80 |
X 70F Thickness of the
> 60F epitaxial layer
c  50F
) =
S 40F
i 30F
20F
10F
:I 1 1 I 11 1 1 I L1 1 1 I L1 1 1 | L1 1 1 | 1 1 1 1 I | I I | I | I I
300 400 500 600 700 800 900
Wavelength (nm)
—— Photodiode QE(A)
—— ARC Transmittance
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NUV-HD SPAD 10 ym PDEC@ 400 nm)
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QE*Pt

Fast increase with over-voltage:
—> avalanche is initiated by electrons

Measured on a SPAD

with 100% FF

SPAD size is
defined by metal
opening which is
within the high-field
region

Slower increase with over-voltage:
—> avalanche is initiated by holes
(and electrons)

Alberto Gola - FBK custom SiPM technologies - GSSI



-:(

\ /L\ i
ER

SPAD size

FF =

Aactive

active area

Atotal

Fill factor
©c o©o o o
B [¥p] [e)}) ~J

o
w

NUV-HD: Fill Factor

SiPM NUV-HD
» o
NUV
JARNNE
/ ’
0 10 20 30 40 50

SPAD pitch (um)

Fill Factor (%) 55

SPAD/mm?2 4444 2500 1600 1111 816 625
- —p
High Dynamic Range, Low correlated noise High PDE
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Photon detection efficiency

35um
_.-«=-3-=" cell pitch (FF=83%)

-.--"'.

25mm
cell pitch (FF=73%)

- o -390nm S35um
- o =420nm S35um
—e— 390nm S25um

——420nm S25um

9 11

May 8, 2018

Alberto Gola - FBK custom SiPM technologies - GSSI



:
F( INE
B SSLER

70

60

PDE [%]

V8]
o

20

10

May 8, 2018

=

280

Photon detection efficiency

35mm cell pitch

= ~65% !

//

&=

330

380 430 480 530 580
Wavelenght [nm]
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T TTTTTTR————SSS.
'?( Dark Count Rate

T=20C
DCR vs PDE

25um 35um

20% 25% 30% 35% 40% 45% 50% 55% 60% 65%
PDE @ 400 nm
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- Optical Cross-Talk

Updated technology with optical

isolation inside trenchesis  _ T=20C
being tested by CTA @ INFN -1 Vs PDE
30%
Applications 25um 35um
such as CTA
e |
— 15%
@)
=) 10%
10% ============———————-
5%
0%

20% 25% 30% 35% 40% 45% 50% 55% 60% 65%
PDE @ 400 nm
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Single Photon Time Resolution
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-3 Single Photon Timing Resolution

Original technology -5

Electric field N @
engineering
B 2010
( NUV | 207
New cell border S
(trenches) AV

RGB-HD | 2072
NUV-HD | 2015

I N T

NUV-HD-LF VUV-HD RGB-UHD NIR
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=€ NUV SPAD — SPTR

0.90 1.00 1.10 1.20

O ______ | o | | ~ Time (ns) ;

40— ________ N -————— ————— ——_ ———————

- !

[ Gauss fit T T=<.
1 ] 1 ]

160 ' 1 ' 1 ' 10° ] e ey
: : : : : E excess bias=3.5V 3
| : : : : : B - - )\ - 425 nm
9 [ ]
140 e . 4
: = -
N N 8
2 120 . E 10_1:— -
. . . . N = 3
= | | | j I — - ]
T \ g I :
= 100f\ 5 | Gauss fit |
~ [ .oM ... 20umSPAD i & [ |
Q9 "‘- . uncovered edge 10'2:— —
:E. 80 E | -
o :
=
l§
-

20 :
0 1 2 3 4 5 6 7

Excess bias (V)

Worse charge collection at » Covering the SPAD edges
SPAD edges reduces the SPTR by 20 ps
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500

NUV SIPM — SPTR

500

Different
SiPM sizes  *°T

Timing jitter, FWHM (ps

I \\m 1 A=425nm

H 2
Ix1-mm-

50 ps FWHM!

1 2 3 4 5 6 7 8 9
excess bias (V)

Larger active are - larger SiPM capacitance - more LP filtering - smaller

signal

9

Bigger effect of the electronic noise on SPTR

May 8, 2018
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'=< NUV-HD for cryogenic applications:

NUV-HD-LF
Original technology -5
Electric field
engineering ’ @
RGB 2010
NUV | 2072
New cell border N @
(trenches)

RGB-HD | 2072
NUV-HD | 2015

I N T

NUV-HD-LF VUV-HD RGB-UHD NIR
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BEA Cryogenic Applications of SIPMs

BRUNO KESSLER

There is a growing interest in using SiPMs for the readout of liquid
scintillators at cryogenic temperatures.

~ 23t of UAr

TPB WLS:
emission at
400 — 450 nm

LAr TPC , ,

Q\ r N LSV 2 light readout planes: 15 m?2 SiPM tiles
.
)
DarkSide-50 DarkSide-20k
PMT-based TPC SiPM-based TPC
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=K Devices Under Test

(@room ) Std. field Low-field
Cell Size 25 um 25 um
Fill Factor 73% 73%
Breakdown Voltage 26.5V 32V
Max PDE 50% 50%
Peak PDE A 410 nm 410 nm
DCR (20°C) <150 kHz/mm? < 150 kHz/mm?
DICT 25% 25%
DeCT + AP 2% 2%

| J
J

SIPM characteristics o
tested form 300 K to 40 K Optimized for low

: : temperature operation
In collaboration with LNGS P P
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"3( Breakdown Voltage vs. Temperature

The mean free path of the carriers in the high-field region increases with
decreasing temperature.

34 | | ‘
-@-Low field oY A
®
32 | @ std. Field o®°
@
— o 3V
S 30 = o® 6.3
% ..'....
=28 . 0®®
>
; _p00@®* Y
3 26 ® C
Q
24 00 ©
o®
00
22 - 000°
00000 0
20
0 50 100 150 200 250 300

Temperature (K)
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"D( NUV-HD — Cryogenic DCR Measurements

1 E+06 Thermal generation
25 um -m-Std. field-OV=4V
” 1.E+05 -m-Std. field-OV=5V
ce @ Std. field - OV = 6 V
1.E+04 | e Lowfield-OV=4V
-@-Low field-OV =5V
—~1.E+03 - .o Low field-OV=6V > 7 orders of
£ magnitude !
£ 1.E+02
~
I .
= 1.E+01 Standard field
- P 1E+00
Tunneling
1.E-02
1.E-03

0.3 counts per day per ceII at 77 Kl >

A 10x10 cm? SIPI\/l array would have a total DCR < 100 cps!




DCR / mm? — Arrhenius plot

Thermal generation

1.E+06 I 1 1.E+05 T i
I
1.E+05 ov=4v | i ‘ 1.E+04 O ﬁ
1 Es0a - QV =5V -0V =5V ?
E+ - _
°o0V=6V g LEO3 ~ oov=6V g
= 1.E+03 i T 1.E+02 : }
- d E ™ i
__E 1.E+02 q, _E q
N : N 1.E+01 ; - \
£ £ Tunneling
p 1.E+01 08, pos g,
a 0e® B 1.E+00 ol
1.E+00 . s g g 80 o!
= S S - 25 -7 aH
1.E-01- P e —'—-ﬂ—lu*—-’-——L—. ———————— "— ————————————— l- E:m— ————————————————————————— -8-—"- —————————
I I
1.E-02 > 20X & 1.E-02 S EEEwE g !
————————————————————————————— e e e ———————8-- ——-!!JE-:.-,.:.E——-'-—— o e e e e o
1.E-03 ' 1.E-03 '
25 20 15 10 5 0 25 20 15 10 5 0
1000 / Temperature (K1) 1000 / Temperature (K?)

Standard field Low-field
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'=< DCR / mm? vs. Over-voltage

; 7.0E+04
Thermal generation T=293K
6.0E+04 ®T=273K °
1.E+05 - |
e0V=4V . 5.0E+04 -
1.E+04 | o QV =5V : E 4.0E+04 —
°©0V=6V g g
1.E+03 — = e
o OV=7V g = 3.0E+04
— ' ' y o
E 1.E+02 : : Q ! 2.0E+04
) )
E 1.E+01 g& . 1.0E+04 0@ ()
e . 0.0E+00
o .
Q 1.E+00 § 0 5 A 6 o
Over-voltage (V)
1.E-01 $ -
0 2.0E-02
1.E-0 : o ) @T=40K
8 VVVVV P L8E-02 oo ooy o
G 1.6E-02 ®©T=80K
1.E-03 1.4E-02 OT=100K
25 20 15 'fg
1000 / Temperature (K?) £ 1.28-02 ' ® g
N 1.0€-02 :
g 8.0E-03 &
© 6.0E-03 o 85
)
4.0E-03 - et
N UV' H D LOW-erld 2.0E-03 © v
0.0E+00 5 3 6 8
Over-voltage (V)
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"3( Microcell Recharge Time constant

The variation of the polysilicon .
quenching resistor with temperature POIYSIIICon
causes a variation of the recharge time. Resistor

NUV-HD Low-field

? 0V=3V g -®0V=3V
7 *0V=4V %i& «0V=4V
% o -eOV=5V 0 {!4 - 0V=5V
= °©0V=6V = 8g °©0V=6V
S 4 g 1 “q
= e b = &B
S * S B
v 4 s . @ E ial .1
E ') E Xponentia S;&%
= @ = s 3
o3 ey v : "&a
2 ) 01 With Temp. %8840
S5 O'S::-- | S RN s
& !B & \\\
1 004,
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)
Linear scale Log scale
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"3( DICT vs. Temp

The direct crosstalk probability has only minor variations with respect to
temperature.

Slightly lower gain and triggering
probability at the same overvoltage.

30% 30% |
%o
25% 0® 60°° o OO e o 25%
o .g ©
06° Tl AT T T
>20% %o o 000 o - ®e. o  >20% |
E 0o .g@® © L PY g ¢
g Py e ORC] g -g o
o 15% - 6 % 00 g0 o o o 15% _
o o’ Ceog ? A o °®
0 10% & 0. o o, 0 * ® .o .0 0 10% oo ¢
*ee bR *0V=3V
o
- _ -0V =4V 59 o
o QV=5V
e 0OV=6V
0% : 0%
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)

Standard field Low-field
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e ———————
'9( Afterpulsing Probability vs. Temp

The increase of the microcell recharge time constant helps reducing the
afterpulsing at low temperature.

35% I 35%
e -0QV=3V - 0V=3V
®
30% Y. *0V=4V 30% *0V=4V
e0V=5V o-0QV=5V
> o >
= 25% .‘..".c‘) eQOV=6V = 25% eQOV=6V
o - S .
m 4 (1]
o 2
S 20% o® o’ © 20%
g Tre e g
£ el | ® £
% 15% ___‘—---4-7--"‘30 --------------- e e %—L% --------- pigingy
8 0o AN e = 2 100 9 _ 040
E 10/0 L . ® ... .. ) 2 ° E 10/3 O. :. o @ °
5% . ""o".-—‘-f.‘.-:i‘-o @ 5% o Ao-.-"'.” ®. T 0 ee
0..'.2 L (2 ®ee .3 ; 08
0% ‘,..,..,-.‘:'jjj;::o,._.__.‘.“_o*___;__._‘:_o 0% oo88e 8 Q.0 Oa e0®
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Temperature (K) Temperature (K)

Cell size =25um, Rg=10MQ at 77 K

Standard field Low-field
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"D( Divergence of the correlated noise

Afterpulsing probability depends on Cell gain and, thus, overvoltage.
PAP(OV ) ) Ptrap ) Ptrigger(OV: Ttrap)

Number of carriers passing through
the junction during an avalanche

¥

P,p(OV) = OV - Cspap - a(OV;Ttrap)

¥

For every SiIPM technology, there is a value of over-voltage such as the
probability of having a correlated noise event approaches one.

Crosstalk and afterpulsing effect are interacting:
- Combined correlated noise probability determines divergence

May 8, 2018 Alberto Gola - FBK custom SiPM technologies - GSSI



Divergence of the correlated noise

The number of avalanches generated by a primary event, either dark count
or photon detection, can be expressed by:
1
ECF =

1-Pcy  1-phyn(0V) Gain(0V) Geometric series
approximation

Excess Charge Factor

Above a certain over-voltage the number of dark counts and, thus, the
reverse current diverge.

Divergence of

Breakdown LE02 .
voltage correlated noise
\ 1.E-04

\ SiPM cannot be

Useful operating region operated here

!
0 2 4 6 8 10 12 14 16 18 20 22
OverVoltage [V]
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Increase of AP at cryogenic temperatures

The increase of AP at cryogenic temperatures causes a substantial reduction
of the useful operating range of the SiPM.

Potential — " m _
Instability? ooling reduces the maximum over-
oo voltage form 16 Vto 4 V —
1.E-02
1.E-03
1.E-04
<
— 1.E-05
5
£ 1606 PDE loss because of
© low OV
1.E-07 ¥
1E08 1r Dotted lines at 77K
' :',," Solid Line at 300K
1609 W
0o 2 4 6 8 10 12 14 16 18 20 22

30 um cell
S

tandard Field — "low" Rq

Normalized OverVoltage [V]
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New process for reduced AP

We identified one process split that can significantly reduce afterpulsing
probability at cryogenic temperatures.

—> correlated noise divergence at 77 K is significantly delayed

Current [A]

30 um cell

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06

1.E-07

1.E-08 |

At 77 K, operating range is
increased more than 4 times

At room temperature
The improvement is smaller

,————

LowAP - split A
LowAP - split B

Dotted lines at 77K
Solid Line at 300K

4 6 8 10 12 14 16 18
Normalized OverVoltage [V]

20 22

May 8, 2018
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New polysilicon resistor

Thanks to the lower Aftrerpulsing probability, we can reduce the microcell
recharge time constant in LN

- We developed a new polysilicon resistor with reduced temperature
variations.

R, vs Temperature
- 5.5
G Std. process
245 e :
- A LowAP - split B
3X max 235 RO
. . - T X N
variation ks Tal
a0 2.5 'Q’.:_-.“
'_g . - .:.
- =15 Recharge time \
: ~
In previous 9« constant ~ 400 ns
technology, the 50 70 90 110 130 150 170 190 210 230 250 270 290 310
resistor changes were Temperature [K]

almost 10 time larger..
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'3( Low Afterpulsing at 77 K
Standard field

60 14%
@ Std. process ]_ . OV 4y
i o
< 50 | LowAP - split B - 12% T OV =6V
.‘:;: 40 : E 10% /-I\ ; SEE OV =8V
2 : : : = . [ [*T R : ®-0V=10V
8 3 I Reduce AP ~ 10 times in 8 8% “a
5 I same conditions ® 6% of htre
2 20 ! Z 33 w8 e
= I a 4% o |88,
8 10 : o 2 °X e ®
g NP YRPTC Gl L S B < oy . 'Ir
= O .......... s
0
0%
2 3 4 5 6 7 8 9 10 11 0 50 100 150 200 250 300

Over-voltage [V] : Temperature (K)
Cell size =30 um, Rq=5MQ
Std. vs. LowAP LOwWAP vs. Temp.

With lower afterpusing probability, we can reduce the value of quenching resistor at
77 K and increase the single cell response speed! _ _
- Reduced integration of the electronic noise.. Low Filed — Low AP is

being tested in DarkSide..
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'9( Photon counting at 77 K
Viias Designed at LNGS

TIA TIA TIA TIA

summing

e 4 transimpedance amplifier: each TIA reads 6cm?

e Hybrid configuration for SiPMs: 4x2s3p

¢ Further cold amplification before transmission outside
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=>< Photon counting at 77 K

See DarkSide presentation for improved

Good gain uniformity .- performance with LF - LowAP

of ~4 M SPADs

i - \N i Gain: 21.0
2000— f
B { I O,: 1.52
- ! I ﬂ SNR: 13.8
1500— . 1 ]
- Total Area = 24 cm?
1000 — N |
- t R 1 readout channel
| 1 .. "_I i e
500/— Pl Lo
| |l 1 1k rj ‘._:1
B \j;' ‘LJ Vo
0_ ] | ol 4J| u | | J'rl | | | | | ] | | ] | ] ] |
=50 0 50 100 150 200 250
Amplitude [Arb.Units
25um cells, 5 V over-voltage daricECR
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=2 NUV-HD technology for VUV

Original technology -5

Electric field N @
engineering
RGB 2010
NUV | 2072
New cell border N @
(trenches)

RGB-HD | 2072
NUV-HD | 2015

%W_HD_LF N S,

VUV-HD RGB-UHD NIR
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=X VUV-HD

We are modifying the NUV-HD to enhance efficiency in the VUV.

FIRST PRELIMINARY measurement performed at Stanford.

25 T T T | . T
: : K VUY-HD
\/ ~ \ FBK RGE-HD il

10 oo o

PDE [%]
—1—
—— :
_—T
——

% =175 nm
T = -104C (LXe)

overvoltage [V]
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=>¢ NIR SIPM
FONDAZIONE I S
BRUNO KESSLER

Original technology -5

Electric field N @
engineering
RGB 2010
NUV | 2072
New cell border N @
(trenches)

RGB-HD | 2072
NUV-HD | 2015

N S,

NUV-HD-LF VUV-HD RGB-UHD NIR
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_3( NIR-HD: technology

SPAD of SiPM

1
:<
1
1

Metal

1
1
1
1
Poly |
resistor |

Trench

<2 um

* n-on-p junction = higher Pt for NIR light (absorbed at high depth)
« Based on epitaxial layer: sensitive layer

 Narrow dead border region — Higher Fill Factor

« Trenches between cells — Lower Cross-Talk

« Make it simple: 9 lithographic steps
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"3( Light attenuation length in Si

1.00E+03

1.00E+02

1.00E+01

absorption depth (um)

1.00E+00

a | 8 &8 B B _ 8 B N & B &8 _§ |
o

1.00E-01

400 450 500 550 600 650 700 750 800 900 950 1000

wavelength (nm)

At 850nm > the silicon absorption depth is about 18um.
—> important to extend the collection depth (with respect to std. SiPMs)

@

We need to use a thicker epitaxial layer!
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->{  Design: thicker epitaxial layer

Theoretical QE top

- ) ot
Epi thickness: oxide resistor metal

100%
90%
80%

—]

—

3

12

70%

top neutral

6% region
n\o N
= 5% ‘ ammw - T S B T o T o T TR TR T TR T T T Tl
w \,
N 1
S a0 \i - epHlaye
EEEEEEEREEEEEEEEEEEEEEgEEEENEEEEEENE L nEy p-epl-layel"
20% - — .
10% . p**-Substraté>
0% : \
350 400 450 500 550 600 650 700 750 @800 850 900 950 1000 Increased
Wavelength [nm] trench depth

We use a thick epitaxial layer

- Theoretical QE at 850 nm: about 35%
- Trench depth increased to: > 8um

Other factors affect PDE:

- Triggering probability (Pt) increase with over-voltage
- Effective geometric fill-factor (FF)
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The “Border effect”

Nom | n a| active-area I : 25um cell (breakdown voltage)

Electiic Field (V/om)

3.34e405
292eH15

Only half cell 2 Eets

represented 209e+05 Depleted

for simplicity = region
=— 5.350+04 Si/trench
— 4.17c+04 interface
= |

0 2 4 6 8 10 12
X [pm]

« Effective high-field region is smaller than the nominal one
+ Lateral depletion below the high field region = lateral drift

Both these phenomena cause a “border effect” - reduction of effective FF
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XL ﬁ[ O\!t ‘
LER

@ breakdown voltage

El=ctic Field (Wem)

3.34e+05
2.92eH15
2.5e+H15

2.09e+05
1.67e+05
1.25e+05
8.35e+04
4.1 Fe=+04
1]

€ /trench
irn‘erface

2 4 6 s 10 12

Std. SIPM

NIR-HD SiIPMs: the challenge

TCAD Simulation: Electric Field

25um cell Thicker epitaxial layer
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Charge collection loss at the edges:'
—> Increases with thickness of epi layer
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=5 NIR-HD - I-V curve and Breakdown voltage
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=5 NIR-HD PDE: thin vs. thick epi layer

55%

35 um cell
Triggering 0%
probability: 15% , - Excess bias:
slower risein . e 8V
thick epi 40% ’
LAY

35%
LAY
© 30%
w
EE 25%
20% Thick-epi: higher PDE !
»+ Compensation of the
15% higher border effect
10% Solid.: thick epi a?d slower Pt rise
s% FF included Dashed: thin epi
0%
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Wavelength [nm]

Only minor improvements!

1. Lower triggering probability: slower rise in thick epi = wider epi-layer
depletion

2. Border effect: in thick epi it is larger
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-3( PDE comparison: same trig. prob. |
IDAZIONE Different
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Comparison at the same triggering probability !

* Improvement: from ~16% to ~19% at 850nm
« Still border-effect higher in thick epi
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=5{ PDE without border effects: masked SPAD

Masked SPAD PDE

Slower Pt
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Without border effect, thicker epitaxial
Masked” SPAD layer provides a significant increase of
Single SPAD (circular) PDE at long wavelengths

with covered edges

Limit of the technology »PDE: from 20% to ~ 30% at 850nm
(without changing epi layer) from ~12% to ~18% at 900nm
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NIR-HD run @ FBK
End of 2017

Functional characterization
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PDE (850nm)
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"3( PDE vs. Over-voltage at 905 nm
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=14 Statistics on DCR @ Vex=5V
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» Extrapolated from the hist. of reverse I-V curve - converted in primary DCR (DCR are for 1mm2)
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-5{ Correlated noise, Gain and recharge time

Gain Direct Crosstalk
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_
"( Direct Crosstalk vs. PDE
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NIR-HD — new developments
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'3< Ongoing Developments: new border

TCAD Simulation: Electric Field ) i .
25um cell @ breakdown voltage Thicker epltaXIaI |ayer
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Charge collection loss at the edges: Optimization done

—> Increases with thickness of epi layer In this region
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25um new structure

25um std
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Wavelength [nm]

almost all the spectrum
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With new border, PDE is significantly improved in
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Thank you!

Thanks also to all the members of
the team working on custom SiPM
technology at FBK:

Fabio Acerbi
Massimo Capasso
Gabriele Faes
Nicola Furlan
Marco Marcante
Alberto Mazzi
Stefano Merzi
Claudio Piemonte
Veronica Regazzoni
Nicola Zorzi
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Backup slides

May 8, 2018 Alberto Gola - FBK custom SiPM technologies - GSSI



'D( Ultra high-density technology
RGB-UHD
Original technology -5
Electric field
engineering ’ @
RGB 2010
NUV | 20712
New cell border N @
(trenches)

RGB-HD | 2072
NUV-HD | 2015

N
NUV-HD-LF /VUV-HD <E}§L>ﬁ NIR
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->{  HD and UHD technologies
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Poly strip
resistor HD technology

Poly strip
resistor UHD technology

Metal

High-field region High-field region

p** Substrate p** Substrate

&>

<2um Trench <lum NARROW

Trench

We reduced as much as possible the dead region around the cell

« Smaller cells
— Gain reduction - Afterpulsing and CT reduction.
— Faster cell recharge
— Higher Dynamic Range

e Butwealsoneed HIGH FF = HIGH PDE |
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-5 UHD technology: produced SIPMs
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\ Optimization of UHD-SIPM __—
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-5 Fast cell recharge — short signals
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PDE @545nm (%)

Detection efficiency
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=X | inearly-Graded SiPM — LG-SiPM

Original technology -5

Electric field
engineering 4 @
RGB 2010
NUV | 2072 LG-SiM is a new
New cell border y iL S|PM t_ype
(trenches) built in
RGB-HD | 20712 RGB-HD
technology
NUV-HD | 2015

AU N T

NUV-HD-LF

VUV-HD

RGB-UHD NIR

May 8, 2018

Alberto Gola - FBK custom SiPM technologies - GSSI



LG-SIPM

Position sensitive SIPM with four readout pads. From the combination of
the four signals we can get:

Position T Lﬁ-R
000000000000000
L-R T-B 000000000000000
X= y= 000000000000000
L+R T+B 000000000000000
000000000000000
000000000000000
Energy 000000000000000
000000000000000
000000000000000
E=L+R+T+B 000000000000000
000000000000000
000000000000000
Position sensitivity theoretically :::::::::::::::
down to the single microcell level XX X XXX XXX XXXXX)
B
- _ Basic idea of the LG-SiPM.
Limited by electronic
noise and DCR. Typical die size: 8x8 mm?
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LG-SIPM - implementation
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Row 1 Single-photon
o Imaging should
be possible with 4
readout channels.
Row 2
bis
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