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New Fabrication Run
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New Fabrication Run

Top Distribution Back Metallization
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New Fabrication Run

IJS Ljubljana

o 9 LGAD Pad Detectors o | 1 Pixelated LGAD Detector (6 x 6 pixels)

v 3 (8 x 8 mm multiplication area) o | 1 Pixelated PiN Detector (6 x 6 pixels)
v" 6 (3 x 3 mm multiplication area)

o 9 PiN Detectors INFN Torino
Y 3(8x8mm active area) o | 3 LGAD for Timing Applications
v" 6 (3 x 3 mm active area) v 200 um to chip edge
o 4 LGAD pStrips Detectors v" 250 um to chip edge
v’ 32-160-50-06-24 v 800 um to chip edge
v' 32-160-62-06-12
v' 64-80-10-06-24 LAL Orsay

v' 64-80-22-06-12
o 2 PiN pStrips Detectors

v' 32-160-50-06-24
v 64-80-10-06-24 113 Structures

o 1 FEl4 compatible pStrip Detector ® 47 (10 x 10 mm, total area)

o | 1 Specific Test Structure (SPR,SIMS,XPS)

® 66 (5 x 5 mm, total area)
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New Fabrication Run: LGAD & PiN pad Detectors
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Field Plate Field Plate
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o LGAD & PiN Pad Detectors
v Multiplication Area

/

% 8x8 mm (Typel,?2,3)
% 3x3mm

» Termination: * P-Stop + N-Guard Ring (Type 3, 6, 9)

* P-Stop + N-Guard Ring with JTE (Type 2, 5, 8)

* JTE + P-Stop + N-Guard Ring with JTE (Type 1, 4, 7)

* Field Plate 10 um, O um (Type 7, 8, 9)

f

P-Well JTE P-Stop Corlzli?:;or C-Stop
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o 4 LGAD pStrips Detectors

v" AA, Number of channels
v BB,
v' CC,

EE,

v AA-BB-CC-DD-EE
v DD,

v' 32-160-50-06-24

v' 32-160-62-06-12

v' 64-80-10-06-24

v' 64-80-22-06-12
o 2 PiN pStrips Detectors

v' 32-160-50-06-24

v' 64-80-10-06-24
o Key Legend
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LGAD and PiN Pixelated Detectors

IJS Ljubljana
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o 1 Pixelated LGAD Detector (6 x 6 pixels)
o 1 Pixelated PiN Detector (6 x 6 pixels)
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LGAD for Timing Applications

SOSYSE

e

N

N

INFN Torino

o 3 LGAD for Timing Applications
v/ 200 um to chip edge
v 250 um to chip edge
v/ 800 um to chip edge
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Specific Test Structure. SRP, SIMS, XPS

LAL Orsay

L1 P-Stop, C-Stop Well

L2 P-Well (P Multiplication)
L3 JTE

L4 N-Well

L4 + L2 N-Well over P-Well

© O O O O O

L4 + L3 N-Well over JTE

Well Field Plate Field Plate
851 ¢ >

<+—>

Collector C-Stop

JTE P-Stop Ring
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Water mapping

CURRENT MAP AT:| 100 |V

1 2 3 4 5 6 7 8 9 10
A
0,92 |#nt (#uun | 0,24 | 0,19 | 0,24
H 0,26
B
5,64 | 0,26 | 0,27
0,26
C 6,11
st | H 0,23 | 0,30
0,72 |t | ettt | 0,59 |t |ttt
D 1,39 1,08 1,13
Errrs 0,18 | 0,18 | 0,18 | 0,29 | 0,19 | 0,17 | 0,79
0,47 0,72 |#iHHtt 0,55 | 0,22
E 3983,86 18698,90 | 27860,60
it 0,26 0,21 #H
0,48 0,29
F 4,79 9876,18 5061,10
#i 80,91
it 0,29
G 6,37 32691,70 | 29937,10 127,98 0,90 0,81
it | H 0,20 | 0,28
H
0,25
it | H 0,23 | 0,26
| 5,56 1000,00 1000,00
i HittH#
HEHH | HHHH | HEHHE | | |

1 2 3 4 5

Wafer 2- low p-doping
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Electrical characterization

LGAD small diodes 1/C? curves
LGAD diodes |-V curves

1E-3
6’00E+022 h -- - :;_:::::tziz ring
1E4 — 2 _zmall PiN
— = = W2Z_smallPiN_ring
—_ — 7 big LGAD
L 1ES5 - -~ W2_bigLGAD_ring
= — 2 _big P iN
& 4,00E+022 = ] — - = W2_tig PiN_ring
L\L S1ES 3 _small LGAD_ring
i o -7 == = W2_smallLBAD_ring
% 2
s B S
= ﬁ 1E7 —
—8— W2_small LGAD = B
2,00E+022 = —#— \W3_small LGAD 1E-8
1E-9
] T T T T T T T T T T
0 200 400 600 800 1000
0,00E+000 -f—a—mra_miy T T T T ” T ” T Run 7508 Reverse Bias [V]
0 40 80 120 160 200
Run 7509 Reverse Bias [V]

« Good isolation, ring current small.
« Uniform IV curves within the wafer.
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Alpha measurements
LGAD diodes GAIN

3,0 Alpha particles measurement
1 Top illumination
25 - R
— 2,04
)
< - Expected gain, 2-3.
c
T s Old run
(D , Sma” LGAD 44 LGAD Diode (W7_G11)
_ —e— Big LGAD :
1,0 - _
S—— Reference: PIN diode ; -
0 200 AA::I . ;f:ge Maéo 1000
0,5 e S L B e e e B . :”io‘}slfﬁc’; p)dﬁz‘j@:ﬁi?ff%:”:’w el e e 5
0 50 100 150 200 250 300 350 400 450 500
Run7309 Reverse Bias [V]

Wafer 2- low p-doping
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New Developments

0 Avoid possible no-uniform charge collected
in segmented detectors.

0 Move segmentation to the ohmic contact.

o Useful for large area detectors but not
radiation hard.
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P on P MicroStrips with Low Gain

o NonPvsPonPLGAD microStrips Comparison

80 um
‘ ’
B Strip W . g‘_.Stop

I T O e

........ ; B

285 um ~Peimplant  Ne sern
N P layer P(n) i
| .
P+ Strip P* Strip P+ Strip
B ' R | e
P Stop P Stop

P- Substrate

Nt
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P on P MicroStrips with Low Gain

o Pad Diodes LGAD with P microStrips at Back Plane

N+ Cathode

5 mm /
i}

P-type multiplication layer IJTE

P-type (n)substrate

_-—;_-T-_-—

P Stop

P+ Anode
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Pad Diodes with Low Gain

o Red Laser TCT Characterization. Bottom Injection

04 T T T T T T T T T T \/ Bias =1000 W 04— T T T T T T T T T VBias=1000V

V Bias =950 V i i i i i i i : : : VBias =950V
V Bias =900 V ; ; ; ; ; ; : ; ; : v Bias =900V

oz2| . . e e e e e - e e V Bias = 850 V 02p e T SRR Rt IS b s b o] v Bias =850V
V Bias = 800 V VBias =300V
V Bias =750 V : : : : : : : : : : VBias =750V
V Bias =700 V , : : ‘ ‘ =
V Bias = 650 V
V Bias = 600 V
o o o o S V Bias =550 V
: : : : : : ; V Bias = 500 V : : 1 ;
oo b bl oo5ns | Buemsesov 2 0 K
: : | 'E : : H : : : V Bias =400 V M
: : i I : : : : : : \ Bias = 350 V
V Bias = 300 V
V Bias = 250 V
V Bias = 200 V
V Bias = 150V

V Bias =700V
V Bias =650 V/
H H H V Bias =600V
B
V Bias =550 V/

V Bias =500V

Voltage

V Bias =450V
V Bias =400V
V Bias =350V

- L S YN T SR - V Bias =300V

VBias =250V
VBias =200V

] S P FPPIN VBias =150V

\ Bias =100V
\ Bias =50 V
VBias=0V

VBias=100V

VBias=50V

i i j s i i i i i i i _ i i i i i i i i i i _
320 76 3234 3287 3342 3398 345.3 3509 356.4 362.0 ! 3120 3176 3231 3287 3342 3398 3453 3509 356.4 3620 VBas=0v

Time (ns) Time (ns)

285 um

(P v
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P on P MicroStrips with Low Gain

o Three microStrips Simulation. Electric Field 2D Distribution. Maxim @ Junctions

Inverse detector Regular detector

Centro Nacional de Microelectronica
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P on P MicroStrips with Low Gain

o Three microStrips Simulation. I(V)

300um thick

Simulations IV

'g‘ —
'!-E:'m"“ | AC3: W=24 um
e F|AC6: W=48 um
& -
§ -
5107
5 —
© -
-”]-11

—— Regular detector AC3
—— Regular detector AC6
— Inverse detector AC3
—— Inverse detector AC6

1 n-‘IE

1 D-‘IE

0 100 200 300 400 500
Voltage [V]
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P on P MicroStrips with Low Gain

o MIP through the middle of the sensors (the central strip) @ 500 V

. . | 300um thick
Simulation MIP particle 500V

Y
=
m

— Regular detector AC3
—— Regular detector AC6
Inverse detector AC3
Inverse detector AC6

.

Charge collection [au]
L
n

35_ AC3: W=24 um
2.5:— AC6: W=48 um

2F-
1.53—

1=
D.sf—

E. L1 xio®
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P on P LGAD MicroStrips. Thin Detectors

MicroStrips Simulation. Electrostatic Potential 2D Distribution @ V,

20um

20 um thin detector
Y =

X

50um

50 um thin detector

VR —
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G. Pellegrini TREDI 2015 Trento, 17-19 February 2015

P on P LGAD MicroStrips. Thin Detectors

TicroStrips Simulation. Electric Field 2D Distribution @ V

20um

20 um thin detector

0
Y
20 4
1.950e+05
1

N -
0 100 X 200
50 um thin detector
Y »
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P on P LGAD MicroStrips. Thin Detectors

MicroStrips Simulation. I(V)

Simulations IV

[A/um]
=)

Current/distance
o
o

—

=
L
L]

-“]-11

1012 *~ Detector 20um

1073 *— Detector 50um

0 50 100 150 200 250 Vol [%rlilﬂ
. . . oltage
Breakdown performances limited by thickness °
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P on P LGAD MicroStrips. Thin Detectors

MIP through the middle of the sensors (the central strip) @ 100 V

Simulation MIP particle 100V

x107°

2

oo

=2

I

Charge collection [au]

—®— Detector 50um 100V

ha

—®— Detector 50um no gain 100V

—

0.8

0.6

0.4

0.2

0.5 1 1.5 2 2.5 3
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G. Pellegrini

Planar pixels in 6” waters (and LGAD).

0 °
o Il] e ® J :
o [ J o o ® I '
W D ® ° ® ]
[ J o ® ® ® @ 3
o Ilj ¢ ° ® () [
- ° ® ® ® ®
s ° . ® ® ® ® @
. ° ® ® ® ®
I ) [ ) ® [ ]
: [ J ® [ J

First pin diodes fabricated in 6” wafers.

200um thick wafers (SOI).
n-on-p technology.

Atlas and CMS pixels included.
Velopix (55x55um?).

Pin diodes.
UBM will be done at CNM. Under test for 6”.

Instituto de Microelectrénica de Barcelon
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Conclusions

O Optimization of the LGAD peripheral region is crucial for the detector
performance

®» Edge termination techniques confine the high electric field into the
multiplication area and give voltage capability to the detector

® Structures within the peripheral region avoid high leakage currents and
degradation

d Deep N-diffusion termination technique has proved good performance
d Improved yield compared to previous fabrication.

O Good repeatability, stable technology.

d New production run at the IMB-CNM

d LGAD with Gallium (p+ implant), run finished, measurements will start
next week.

d LGAD run in thin substrates, 200um thick, due in March.
d LGAD 6” wafers run, Mask designed. Run will start in March.
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PhysDetLc Project. P on P MicroStrips with Low Gain

o N on P microStrips. PiN vs LGAD

Passivation

P-Stop

A 10um

CAM

Aluminum

P-Multiplication

80 um R P Stop
T ostipw e o
N strip
NS
P(n) ©
~ 80 um -
Strip W ~ P‘..Stop
285 um P, _~"P-implant N* strib
P layer P(n)
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Critical aspects of the LGAD design

I Junction Edge Termination

N’ Electrode
300 pm /
P-Type multiplication layer (P-Well)
| |
: : Electric Field @ 400 V
I P-Type (p) Substrate I
| P" Electrode
i %
| |
d IIA IL LII
e | k! L] L L
PERIPHERY ! CORE REGION ! .
21E+05
1.7E+05
* . . . . . 1.3E+05
Core Region - Uniform electric field, high — saec4
enough to activate mechanism of impact ionization Xoml | 1008
(multiplication)

® Termination > High electric field confined in the

core region \>
g VBD |Term1natlon

> Vp|
® Periphery - (Dead region) Charges should not BDlCentral

be collected. Reduction of the leakage currents
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P on P LGAD MicroStrips. Thin Detectors

o Three microStrips Simulation. Doping Concentration 2D Distribution

o 20 um thin detector
Y 0
0 100 X 200
50 um thin detector
Y »
1] 50 100 X 150 200 250
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