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Outline

= |ntroduction

= APIX: Geiger-mode avalanche pixel detectors
for lonizing particles

= Low Gain Avalanche Detectors
= 3D detectors

= PIXFEL: pixelated active-edge detector for
application at future XFEL facilities
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Semiconductor detectors

Tighter specification for silicon sensors in future
experiments (not only LHC!):

- Radiation tolerance: high dose — high fluence
- High spatial resolution

- High event rate/ frame rate

- Low power consumption

- Low material budget

- On-chip data processing

- Larger areas
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Processing technologies

Novel opportunities:

- Deep submicrometer processes (Moore’s law)
- 3D integration (more than Moore)

- MEMS technologies:
exploit silicon 3" dimension

1D/2D FETs :
Compute elements, !
register files,
cache (L1)

Al N LA A Bl
Dy & : ; 0

STT-MRAM
Cache (L2, L3),
main memory

Local ILVs

0
e
0
ft;

1D/2D FETs :
Compute elements, !
register files,
cache (L1)

H.-S. P. Wong, Nature
Nanotechnologies, 2015 /j
INFN
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3D: matching needs and possibilities

Synergies between research needs and technological
possibilities offered by 3D processing and integration are
still widely unexplored

Sony 13 Mpixel stacked image
sensor (2013)

image sensor

" ponding interface —

image processor

SEM cross-section of TSVs electroig.com /_)
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Why do we need a 4" dimension?

The research into 4D tracking is strongly
motivated by the HL-LHC experimental
conditions:

150-200 events/bunch crossing

CMS Simulation: HL-LHC beamspot - <N > =140
T T T T —

According to CMS simulations:

RMS = 153 ps -

-

 Time RMS between vertexes: 153 ps

* Average distance between two vertexes: 500 um

Per-event vertex density [ns]
N
&

« Fraction of overlapping vertexes: 10-20% 100f

Y% 04 02 0 02 04 0.6

tvmex[nsj
At HL-LHC: Timing is equivalent to additional luminosity

In other experiments (NA62, PADME, Mu3e): Timing Is key to

background rejection )
INFN
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The effect of timing information

The inclusion of track-timing in the event information
has the capability of changing radically how we design
experiments.

Timing can be available at different levels of the event
reconstruction.

1) Timing at each point along the track
2) Timing in the event reconstruction

3) Timing at the trigger level
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Timing at each point along the track

=>» Massive simplification of patter recognition, new
tracking algorithms will be faster even in very dense
environments

=>» Use only “time compatible points;’

++ + +4+
o+ g
+ + St 2
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Timing In the event reconstruction

y

Z

_

Longitudinal view

Timing layer

e

W
A%
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Outline

= APIX: Geiger-mode avalanche pixel detectors
for lonizing particles

|
|
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Gelger-mode avalanche detectors

a.k.a. Single-Photon Avalanche Diodes (SPADSs),
Silicon Photomultipliers

A 1 primary generated electron-hole pair:
Vout very large current pulse ~105 - 108
Veias > Vep electrons

SPAD
Vout

R = >

Q ¢ | t time
events
— )
INFN
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APIX particle detector concept

Quenching Particle

‘// detection

2

y Coincidence _

detector

A |
Dark counts

Avalanche detector h

% Discriminators
> ¥

= Two Geiger-mode avalanche detectors in coincidence:
DCR = DCR; x DCR,, x 2AT

= In-pixel coincidence: integrated electronics is needed:
CMOS avalanche detectors

V. Saveliev, US Patent. 8,269,181, 2012 N. D’Ascenzo et al., JINST 2014 | /h?
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CMOS SPAD arrays

Visible-NIR photon detection applications

lifetime (ns)

Fluorescence microscopy
M. Popleteeva, Opt. Expr, 2015

COLUMN DECODER

256x64 SPAD P ! ==
Pixels [t LAY ¥ - .4 ..\[O and Pow

Digital SiPMs for PET

L. Braga, IEEE J. Solid-State Circuits, 2014

EVENT-DRIVEN READOUT:

Time-of-Flight optical ranging
C. Niclass, Opt. Express, 2012 /j
INFN
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SPADs in 150nm CMOS process

= Standard CMOS process — no modifications
= Avalanche diodes in deep nwell: isolated from substrate

pwell/niso
p+/nwell metal shield
metal shield — | —
poly-Si
I I
| s ST
p-sub p-sub
Type 1: Type2:
= Shallow step junction = Deep graded junction
= Active thickness ~ 1uym = Active thickness ~ 1.5um
L. Pancheri, D. Stoppa, ESSDERC 2011 /j

INFN
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Type 1: p+/nwell

40 ‘
i —VE=3V
v\\ —VE= 4V
= 30 | N 'A. VE=5V
S ,_,J\/J ‘. —VE=6V
E' 25 M \
5
8 20
o
} .
Q.
c 15 |7
0
i3]
g A
Q
o c M\
0
350 450 550 650 750

Wavelength [nm]

Shallower junction:

better NUV — Blue efficiency

Detection probability [%]

40

35

30

25 -

20

15

10

Photo-Detection Efficiency

Type 2: pwell/niso

—VE =3V
—VE =4V

VE =5V
—VE=6V

W

350

450 550 650
Wavelength [nm]

750

Wider depletion region:
Better red-IR efficiency

L. Pancheri et al., J. Selected Topics in Quantum Electron, 2015
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Z z Z
3 A 3
S ol p+/nwell SPAD 1 S 06 - 1
8 % =3 ; ™ pwell/n-iso SPAD
c Sim. pure electron in;. c 04 | u
CB) Sim. pure hole inj. % o m Sim. pure electron inj.
) A = 380nm g /4 Sim. pure hole inj.
g A=400nm e g 02 1l A=400nm e
m A =535nm m g A = 535nm

o L ‘ , , _ A=850nm = 0 , , ‘ ,  A=850nm =

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Excess bias, Vg Excess bias, Vg

IR light: uniform generation, Pb measured for a single photoelectron

Particles generate N primary electrons: Pby=1- (1-Pb)N

Example: single electron - Pb = 30%
10 electrons > Pb,; =97%
L. Pancheri et al., J. Selected Topics in Quantum Electron, 2015 /)
INFN

Istituto Nazionale

SNRI 2016, 24-28 ottobre 2016 20 (L e



Single-photon timing resolution

Measured on 10-um devices, with blue laser (470nm), 70ps FWHM

Type 1: 60ps FWHM Type 2: 170ps FWHM
100000 100000
FWHM = 92ps FWHM = 184pS
FW/(M/100) = 1060 ps FW(M/100) = 1170 ps
10000 - 10000 -
. 1000 - ., 1000 -
€ €
= =
o o
o o
100 - 100 -
10 - 10
1 I I 1 1
0 1 2 3 4 0 1 2 3 4
Time [ns] Time [ns] /)
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Proof-of-concept demonstrator

particle \

e\h Pixel electronics
e\h
Chip2 elh
g\ h |
Metal —
shields\ - S0older bump
. eth |
Chip1 2\ h

Avalanche detectar g\hh Pixel electronics

\

2-layer pixel cross section:

« Electronic readout on both layers

« Metal shielding from optical cross-talk

» Vertical interconnection by bump bonding

=
INFN
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Pixel architecture

bias
T ngfAD

A
\ } Overvoltage
SPAD /\ Comparator |V S R

A out

out
Quenching Vbq -I_ >
transistor '—HI: M1 Vref time

= High voltage V,spap applied at nwell

= Maximum voltage at node A: V,, = Vyspap — Viap

= Small capacitance at node A

» Passive quenching with constant current recharge
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Pixel architecture

V/bsPAD

Electrical test A
TEslT_c( - J\
A B &
L ;iylt Vref oo o \ ------- }1-8\/
Vbq
}—I]I: M1 \ Vref out
Clamping to 1.8V ) >
time

R/_JR/_J

3.3V transistors 1.8V transistors

* Front-end transistors: 3.3V - Maximum overvoltage 3.3V

= Digital circuitry: 1.8V compact — fast — low-power

)
INFN
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VbsPAD Output passes A
TESL{ if enabled J\
B
Vref ______L_._. \ _______
out

--db a

> time
Ena!ale = SPAD recharges
Register if enabled

Pixels can be individually disabled:
= M, disables recharge
= Qutput and gate blocks output pulses
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Pixel architecture: coincidence

. Vertical
1 . .
interconnection

l TES'Il;i to top pixel

A % B EN » out2 3_out
: _ﬁ\ ou
v i —
bg
I—[”: M1 Vref Coincidence
EN detection
Ip Q——ﬂ[m
T —3 out1
out2
out
> 3
time
» Coincidence with top-layer pixel
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[ 1 I EN out1

|
»

Pixel architecture: coincidence

. Vertical
. interconnection
to top pixel

out2

e

— out1

Coincidence
detection

out2

wt (1)

s

P

Real coincidence

time

Accidental coincidence
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Pixel architecture: monostable

. Vertical
VbSPAD Monostable + interconnection
T for pulse to top pixel
TESLi shortening
PROG
A ';' B + out2
[ EN out
y — ) ‘ out1 D—
Ve _l_ Coincidence
1—”[ M1
Vet detection
EN
--qD Q A[HZMz
- __> _
—3 out1 |_|
out2 ] |_|
out ]
>
time

» Pulse shortening: reduces the rate of accidental coincidence

= Programmable pulse width: 750ps, 1.5ns, 10ns )
INFN
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Pixel architecture: storage

VbspAD
TESL{ 1 bit Memory
/\
PROG
A % B EN + out2 outli D Q
+ — out1 >
> L B
M1 MRES
Vref

1D Q_Eﬂﬂ[mz X
--— e _jiD Ql—--
—b

RES

Output Register
= Global shutter operation:

= Fast transfer from memory to output register
=  Simultaneous accumulation and data output

=
INFN
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2-level pixel schematic

Pixel in chip 2 (top)

. Detector +
TOp p|Xe|: SUbset front end ‘|> J_I_

of bottom pixel Pulse
______ D Q EN__. shrinking
> Enable register
. Vertical
Pixel in chip 1 (bottom) interconnection
Detector + :)_
front end | |
. Coincidence
Pulse shrinking detector
------ D Q=N | X
> —D Q Out
S D QF—
Enable register o N
1-bit Memory Output register

I
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Sensor architecture: row-wise OR

Pixel row

|
Detector + :)_ Row global OR
front end | | ! Dﬂ‘tOR
) .-

Pulse shrinking Cﬂgf;if:rce

— D Qf—=—----- HI X
N —D Q Out
S D Q
Enable register . I

1-bit Memory Output register

out1 M M
Test output outOR: out2 M M
combination of all the active ouN A

(enabled) pixels in the row
outOR M1 [ N —

=
INFN
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Row-wise coincidence circuit

Pixel row m

Detector + j_

front end | | T OutOR n
\
\

. Coincidence
Pulse shrinking detector
o o= | X
- —D Q Out Row coincidence
. > D Q detector
Enable register ” -
1-bit Memory Output register  ||[— }tCOINC
Pixel row n :

= Test coincidence in
ll‘:r)o:netnd ‘I>_|_|\ t D_

the sensor plane
ouwoRm = mand n can be

b a}+EN... " T arbitrarily selected
D Q _D’ Out

Coincidence
detector

~—LL-

Pulse shrinking

LIS —
L D Q
o>

Enable register

1-bit Memory Output register

=
INFN
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Sensor floorplan

Bottom chip Top chip
O o O O [] Pads for wire bonding
D o =] =] o D D =] o o o D
D o o o o D D o o o o D a PadS for bump bonding
— o o oo o | [
D o (=] o a D D o o [u] o D . . .
0 © o o o gl (@ °°°9° g Wire bonding pads on chip 2:
O s s 8 @ O |0 =000 O pre-integration test.
- c o o .- | ... =
D o o o o D D =] =] o o D
- s s oo - - .. =
O O O O
O O O O
Bonding
wires
_[\_. weeloe ﬂ Final assembly
Bottom chip

Package

=
INFN
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Pixel array

= 16 x 48 pixel array
= Pixel size: 50um x 75um Bump bonding pad
= Splittings in detector type and area

Pixels with different detector area Pixels with shielded

unshielded detectors
( ) A

SNRI 2016, 24-28 ottobre 2016 19 (L e e

sica



Sensor micrographs

Top chip

.
-

% . L TS
""-t*?‘hh";’O"O.O"i_‘ ;

LV
a:‘,

P W

.

INFN
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Experimental results - summary

Characterization of single-layer sensors:
 Core supply current (at 1.8V): 8mA

* Breakdown voltage uniformity

« Dark count rate

 In-plane coincidence

« Timing resolution

Vertical integration of two-layer sensors with
bump bonding (IZM) almost completed
Expected delivery date: next week

SNRI 2016, 24-28 ottobre 2016 21 L/ ltituto Nazionale
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Breakdown voltage uniformity

Type 1 Type 2
150 T yp T 150 T yp T T T
[ chip 1
[ chip 1 B Chip 2
B Chip 2 1 I chip 3
B chip 3 B chip 4
I I chip 4 ] I [__Jchips| |
100 I ) 100
> [_Jchips >
[ [
@ QL
= =
o o
o o
LL LL
50 50
D Il J .L 1 1 1 1 D 1 1 1 ‘L 1 1
17.4 17.6 17.8 18 18.2 18.4 18.6 18.8 21.2 214 21.6 21.8 22 22.2 22.4 226
Vgp V] Vgp [V

= Measurements on
5 sample chips x 2 types x 196 devices per chip

= Very good uniformity on-chip (o < 20mV)

= Large difference (1V) between different chips for type 1

)
INFN
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DCR temperature dependence

Trap-assisted tunneling: E, < Eg/2

10° - : - 10° - : : -
L ——EA =1.06eV X ——EA, =0.97eV
0 AL -~ EA,=0.09eV N -~ EA,=0.12eV
T B

10%F © ~ ——EA=0.61eV | 104k ~ ——EA=0.57eV |
T ——EA=0.38eV ——EA=0.50eV

-
0
D
102} 102} .
O o- o
10’ ‘ : : : ‘ 10’ ‘ : : : ‘
3 3.2 3.4 3.6 3.8 4 4.2 3 3.2 3.4 3.6 3.8 4 4.2
1T [1/K] %103 1T [1/K] %103

= Devices with 43um x 45um active area, but different DCR
= Measurements from -30°C to 50°C with 10°C steps

= Overvoltage: Vg, = 3.3V )
INFN
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DCR temperature dependence

SRH generation E, ~ E5/2

Type 1 Type 2
10° L 10° L - -
—EA1 =0.97 eV
—E."x2 =0.12eV
104. 104- . —EA=0.5T eV
—EA=0.50eV

3 3.2 34 3.6 3.8 4 42 3 3.2 34 3.6 3.8 4 42
1/T [1/K] %1073 1/T [1/K] %1073

A
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DCR temperature dependence

Type 1 Type 2
105 Ll Ll L 105 Ll Ll L
——EA =1.06eV ——EA, =0.97eV
5 -~ EA,=0.09eV -~ EA,=0.12eV
104 o — EA=061eV |- 104k _ —  EA=0.57eV
—  EA=0.38eV N —  EA=0.50eV

2L 2L
10 8 10 . o i
101 . N . N / 101 N N N N N
3 3.4 36 3.8 42 3 3.2 3.4 36 3.8 4 42
1T [1/K] %107 1T [1/K] %1073

Injection from neutral regions: E, ~ Eg

)
INFN
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DCR temperature dependence

Type 1 Type 2
105 Ll Ll L 105 Ll Ll L
——EA =1.06eV ——EA, =0.97eV
5 -~ EA,=0.09eV -~ EA,=0.12eV
104 o — EA=061eV |- 104k _ —  EA=0.57eV
—  EA=0.38eV N —  EA=0.50eV

3 32 34 36 38 4 2 : 4.2
1T [1/K] x107 x107

Band —to — band tunneling: E, 2 0

)
INFN
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Coincidence detection

Count rate in coincidence between
two pixels in the same column

Normalized rate: CRpyeqs

LITTITIE]

EEEEEEEES
w
d1rmirrm+

LLET T T PO

Type 1
8 :
—— Vex 1V —8—\ex 1V
@ [ —B— Vex 3V ] @ —B— Vex 3V| ]
w© w
o 6l o
o
55 3z
g 2
S 4t Cross-talk S
O o
e =]
o 3r aQ
o N
I / I
£y =
o] T ]
Z 4 —= -— o — — 8 — 1§ = & = : |
0 0
1 s 3 4 5 5] 7 1 2 3 4 5 6 7
Pixel n® Pixel n°®
g !
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Timing resolution

Type 1
IR laser (780nm) 12000 | |
50ps FWHM _ Vex =1V
10000
8000 [
S 6000 |
O > 208ps FWHM
4000 [
v .
/ \ Diffuser 2000 | |
v % 5 10 15 20 25
E _ Time [ns]
Sensor Row coinc. o _ :
output Timing histogram between laser trigger
and sensor coincidence output
2 pixels enabled N.B. Design not optimized for timing )
INFN
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Crosstalk characterization

= Crosstalk coefficient
. 5 CRm = DCRe - DCRd - 2AT + K- ( DCRe + DCRa4)
I
_— 1
|
+ —
2 2
= Emitter O -2.5%’
(fixed) ! . E
v <
(scan) 6F %03
45
5 10 15 20
Column Pixel
Crosstalk map — Type 1, 25um thickness A
INFN
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10'1 IE- p+inwell ‘ 280 Km
E metal shield . 50 um
[ + 25 um
= | o
8102F o
O : T
5 | = =
S i e :&_‘_
x 103k = et
el e
% - ’g%m
S Tl R
10 E T e
A e
| | | | |
0 0.2 0.4 0.6 0.8 1 1.2
Distance [mm]
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Vertically-integrated assembly

particle \
e\h
e\h

Chip2 elh
£

DCRCO|NC — DCRl X DCR2 X ZAT Chip1 h ej"h dl ||i|-|ﬁ
Avalanche detector g\r;] Pixel electronics
\
6 Distribution comparison - Type 2
10 I T T T T T T T T
——DCRC1 -
- ==DCRC2 T=
10 ns
—1.5ns
10% [ ——075ms | .
_ T
E .
2 10°F .
o
3
S AT =1.5ns
=)
& 400 -
g AT = 10ns
o
10 AT =0.75ns -
— 2
DCRcone = 27 counts/s mm
10.4 | | | | | | | | |
20 40 60 80 100 120 140 160 180
Pixel
ININ
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ﬁ-SOU rce measurements

ASr B source — 37kBq at 2mm distance from sensor

107 F I T T T T T T T
| —No Source
[| — Source VEX =2V T2 B0 At =0.75ns
N
L.
o)
T
o
@
O
c
&
S
o
&
[s)
&
Avalanche detector e:\hhh Pixel electronics
10 ! 1 ! 1 ! |
20 40 60 80 100 120 140 160 180
Pixel
Count rate ~0.5 counts/s mm? ~)

INFN
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APIX - Summary

Strengths:

- Can be thinned to a few microns: low material budget
Timing resolution

Low power consumption

Early signal digitization

Weaknesses:

- Radiation tolerance (still to be assessed)

- Efficiency: guard ring and in-pixel electronics

- Cost and availablility of 3D integration technologies
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Current - future work

= Current prototype:
— Test beam data analysis (in progress)
— Radiation hardness studies

= Design of new prototype:
— Improved fill factor
— Larger array
— Optimized timing

SNRI 2016, 24-28 ottobre 2016 49 (-/ Istituto Nazionale
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Outline

= |ntroduction

= APIX: Geiger-mode avalanche pixel detectors
for ionizing particles

= Low Gain Avalanche Detectors
= 3D detectors

= PIXFEL: a pixelated detector for application at
future XFEL facllities

I
SNRI 2016, 24-28 ottobre 2016 SR s



omparator

e,
|in Cd 4 1 .._‘_.-" .

Sensor Pre-Amplifier Time measuring circuit

Time is set when the signal crosses the comparator threshold

The timing capabilities are determined by the characteristics of the signal
at the output of the pre-Amplifier and by the TDC binning.

Strong interplay between sensor and electronics )
INFN
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2 Important effects: Time walk and Time jitter

Time walk: the voltage value V,, Jitter: the noise is summed to the
IS reached at different times by signal, causing amplitude
signals of different amplitude variations
et v, U ;_ N
StTW:‘er th st_?
& S Ghs ¢

threshold

discriminator signal for A

discriminator signal for B
4

Due to the physics of signal Mostly due to electronic
formation noise
Time walk and jitter ~ 1/(S/t,) - 1/(dV/dt) )
INFN
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Time resolution

o, = N + (Landau Shape)* + TDC
dV/dt x

Usual “Jitter” term Time walk: time correction circuitry
Here enters everything that is Shape variations: non homogeneous energy
“Noise” and the steepness of deposition
. = _1045
the signal § N total current
© 2 /
15f electron current
'k hole current
t 05k
e
Time [s]
a, — 10°
Oy = d; % 165
|_| s .0\ total current
dt 3

/

electron current

hole current

107

L
0 1 2 3 4 5
Time [s]

PuwwW vacvnas
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Not all geometries are good

Signal shape is determined by Ramo’s Theorem:
1 QvE

Drift velocity /

Weighting field

The key to good timing is the uniformity of signals:
Drift velocity and Weighting field need to be as uniform as possible

Basic rule: parallel plate geometry: strip implant ~ strip pitch >>
thickness -

Everything else does not work
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The R&D program

4-Dimensional High Precision Tracking

Large, Uniform Signals

Noise minimization

AN

/

\p\ Noise
St

S - 10 micron
/7

/
dV/dt
N

—

Segmentation
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Thick detectors have longer signals, not higher signals

Best result : NA62, 150 ps on a 300 x 300 micron pixels
How can we do better? )
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Q @ p-l--l- g"_p.p.{. ‘\ " n_|_+
v 4
Traditional Silicon Detector Ultra-Fast Silicon Detector

Highly doped p-implant near the p-n junction:
High electric field that accelerates the electrons enough to start multiplication.
Same principle of reach-through APDs, but with much lower gain.

Gain changes very smoothly with bias voltage.

!

Easy to set the value of gain requested.
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Low Gain Avalanche Detectors (LGADS)

« LGAD sensors: high field near the surface
« First produced at CNM, Barcelona
« E ~ 300 kV/cm, close to breakdown voltage

Cathode
& Ring

Avalanche N

E 10" 1 e T Region
g T — Phosphorus ' 8@ )
S Beros Oh Gain layer
= Depletion L
z e Regi
: High field caen
Q
o
c
g
8 T
o 2 4 & 8 10
Depth (um) __::::::__.—_&'__.—.—__—
1
4'“_- Anode
Ring /‘)
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Design of the gain layer

* The Gain Layer doping profile has been finely tuned to reach the target Gain and high

Breakdown Voltage
Vgp Vs Doping Gain vs Doping
1600 40 ]
'-5' o
E 1200 30 “
8 1000 25 3
<] = ] : -
; 300 j" 20 _' Gain Layer Dose =1.08
g 600 15 1
= ,
o 400 10 1
S j004 Veeo o - cainayerbose 108
0 Y v 0 . - r - : - - -
Normalized Implanted boron dose [cm-2]
Bias Voltage (Volts)
Both the Gain and the Breakdown Voltage are very
sensitive to the doping level of the gain layer!
INFN
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Trento UFSD technology

p-bulk
contact

Edge termination

Goal: design an edge termination
structure able to support Vg > 1000V High-field region

after irradiation!

<

* 12 rings Guard-ring structure
supporting n-deep and p-stop rings

Frame of 11
guard ring

* Radiation damage is taken into
account (N, = 1e12) in simulations

Simulated Breakdown = 1270
Volts After nradiation!

INFN
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Detector segmentation

3 different approaches:

1. N-side segmentation: both n+and the

gain layers are segmented (some

concerns about E field uniformity)
L. = = &

2. P-side segmentation: the p layer opposite to
the gain layer is segmented (the signal from
holesis read ->worse timing)

3. AC coupling: The signalis frozen on the
resistive sheet, and it’s AC coupled to the

N | e
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First UFSD production at FBK

o e Characteristics:

‘ Thickness 300um;

- 13 Wafers produced;

- 5 Splits of gain in 2% steps;

- Multiple structures (single
pad, multi-pad, array,
strip);

- n-side segmentation;

- p-side segmentation;

Hls s s s EEEEE s e s e e BN E

Pad array AC

R e Goals of this production:
— "~ GESH{POIIE " . .
= * Investigate the gain layer
Wafer Layout for the 300um production * Demonstrator of LGAD
technology at FBK

)
INFN
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- 3000 -
I-V curves Gain Spiit 3
2500 Gain Spiit 1
70 <
T Mot ::!'n::-le'tel',l = 00
60 - depletion of the E
= guard ring junction E
£50 3 1500
g 1% |___
1 o I Gain Spilit2
g | !
10 ) E— — NoGain
lf_'ll [
’ 10 _ J'zuo 400 600 800 1000
Voltage (V) Voltage (V)
l The Breakdown Voltage decreases
The foot at low voltage

i dicates the indicates the by increasing the gain layer doping
depletion of the gain layer.
P gaIn 1aye Simulated BD:
Split 1: 1100 Volts
Split 2: 880 Volts
Split 3: 500 Volts ’
INFN
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UFSD characterization: gain

70 Gain vs Bias Voltage for
detectors with different gain
60 []
50 A -
GainSplit3 =
< 40
[t
30 .
n
20 _ Gain Split 2
L J
L . "
10 7 e o * * Gain Split 1
A A A A A A A A A A A A4
':I I T T T T T T T 1
0 100 200 300 400 500 600 700 800 G900
Voltage (V)

CIVIDEC amiplifier
(Current amglifier)

Detector

Thickness = I00m

HV filter

Rohde B Schwary
Lows Voltage

S HMP2030
Caen Hight Voltage
DT1471ET

ene

Good agreement between
simulated and measured Gain.

SNRI 2016, 24-28 ottobre 2016

Gain measured with

a laboratory

setup by using a laser at 1064 nm

30 -

20 -

10 4
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UFSD characterization vs. Temperature

Gain Split 1
ER » decreasing of the leakage
' . o
0+ C.urrent vs Bias Voltage at 25°C current in the sensor (thermal
]| different temperatures :
20°C . noise)
204 ‘“4-_“.-04"""
a | ﬁ#ﬂfﬂ¢ﬂ’“**‘ww 15 GC
1 P gt . .Hﬁtﬂ"‘-‘“{
- ._._-4"" M I-ﬂ.ﬂmﬁuﬁlﬂﬂﬂ‘
B M#M = 10 °C
-
10 4
] Gain Split 1
) Gain versus Voltage - Wafer 3
il 100 200 300 400 500 £ % 16 =
= T a . . .
Bias Voltage ] | Gain vs Bias Voltage at different

o
temperatures 15°C

The impact ionization rates vary
greatly with temperature leading
to anincrease of the gain

36".‘ . .yl\ 5'50 6l.:l"_‘l ?l’_."ll‘l E"_I‘ﬂ
Bias {hltage Vvl
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UFSD characterization: timing

Gain Splitl: o(@800V ) = 300ps
Gain Split2: o (@800V ) = 90ps

Gain Sphit3: o (@S50V ) = 55ps

I Gain Split 2 |

Time Resolution
vs Bias voltage

- Time Resolution
700 GainSpiitl | vs Bias voltage
__600 ‘
2
g 500 N
% 400 Gain Split 3 & A
2 . ¢ A A,
E 300 A
F G
200 . . Gain Split2
100 [ | ., i
B T T Q
0 100 200 300 400 500 600 F00 200 S00 %(5) GE
Voltage (V)
= 15°C
. . ,-? () 4
Very good timing performance a
obtained with the two splits with 2™
- . . . et
higher gain (considering a 300pum ag 2001
o
thick substrate!) E 10
=
i} T
0 1060

2000

300 400 500 600

Bias Voltage (Volts)
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Next activities

The slew rate:

Simulated slew rate as measured by a 50 €2 Brodband

. . 140 7 lifier, Cdet =
* Increases with gain - amplifier, Cdet =2 pf
- L = b i =
* Increases ~ 1/thickness s Gain = 20
E | Gain =15
A o (Gain - o -&-Gain = 10
""""""""""" 1 1 2 %0 A *Gain=5
K A - Gain = 1
“* 60 A
it) medium 40 - e H
| e — v
/\E\ 20 - @---0-----F TN
f ilz ta 1 > o ) i )
0] 100 200 300

Thickness [um]

Improvements in timing resolution
requires thinner detectors!

N. Cartiglia presented at AIDA 2020 annual meeting, Hamburg 2016

)
INFN
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Next activities

A new production batch on 60um thick substrates will start soon in FBK

T

High-resistivity silicon wafer

Low-resistivity handle wafer

570 um

» 60 pm active thickness
» Single side process
» N+ segmentation
» Single pads, pixel arrays and strips
/‘)
INFN
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LGAD - summary

 First production run in FBK:
devices are fully functional and perform according to

simulations.

« Main features:
« Breakdown voltage: 500V - >1000V
(depending on split)
« Gain: 5-40
« Excellent timing resolution (for 300 um)

» The production of a 60-um thickness production run
will start soon: improved timing resolution expected
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