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iLGAD Motivation

o Define the LGAD Doping Profile in order to reproduce the electrical
performance of the device

o Take advantage of our well stablished LGAD process technology to fabricate
position-sensitive detectors with a uniform electric field along the device &

small gain (5-10).

o Tracking or timing detectors for high energy physics, medical applications,
low material budget.
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Optimization of LGAD Simulation.

o 15T Step: we compare the Doping profile obtained with process technology
simulation with the experimental SIMs values. A new Doping profile for

electrical simulation is then obtained.
Doping Profile: N+ on Pwell

70 FA Phosphorus — 1 Simulated Boron Profile
F g, —O— Simulated Phosphorus Profile
e 0 | o ——— SIM Boron Profile
L:‘:", 5.0 \ﬁl’% —— SIM Phosphorus Profile
'..8 4.0 D-[I' ’G’?% Boron
= el
2 =4 %,_& /
| =4 ‘f,‘ -FL“‘a.
S 20 e B
\
1.0 \ ‘ :
4 '\_' |‘ S
0.0 5.0 ‘ 100 ua%h?s.o 20,0
Depth (a.u)

V.Gkougkousis, LGAD and irradiated doping Profiles, 27th RD50 Workshop, CERN, December 2015
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Optimization of LGAD Simulation.

o 2" Step: The new doping profile is validated by C(V) simulation and
experimental data (measured at the CNM Radiation Lab).

LGAD CV Curve
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Optimization of LGAD Simulation.

o 3" Step: We compare the Gain Simulation with the experimental Gain
(measured at the CNM Radiation Lab with a tri-alfa source), as well as with the
experimental MIP data (measured at CERN).

Gain Simulation
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Segmentation. Two approaches

o Single-side approach : N on P microstrips with a P-type multiplication layer
below the segmented N* implant.

o Double-side approach: P on P LGAD with pad-like multiplication structure in the
back-side and ohmic read out strips, or pixels, in the front-side

o NonPvsPonP LGAD microStrips Comparison

) 80 um .
Strip W
< . P St°p P* Strip P* Strip P* Strip
285 um P lmplant
N N St"p 8 P- Substrate
Player P(r) >
N+
LGAD N on P microStrip P on P microStrip 1LGAD
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Second Approach. P on P Strip iLGAD: The “"inverse” LGAD

o JTE to ensure high voltage capability of the structure
o P+ Extraction Ring to collect the peripheral leakage current
o First Batch Including Pad, microStrip and pixel iLGAD layouts

P+ Extraction P+ Extraction
Ring P+ Strip P+ Strip P+ Strip P+ Strip Ring

e - v

P-type (n)substrate

JTE

P-type multiplication layer

300 pum T
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/ 5mm X
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2D Simulation. Electrical Performance (300um thickness)

o Five microStrips. Electric Field Distribution. Maximum value @ P-N Junctions.

STRIP iLGAD
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2D Simulation. Electrical Performance (300um thickness)

o Electric Field Cutlines @ 2000V.

o ILGAD shows uniform electric field along each strip.
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2D Simulation. Electrical Performance (300um thickness)

o Large voltage capability.
o Higher Leakage current for iLGAD.
I(V) Simulation
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2D Simulation. MIP (300 um Thickness)

o MIP through the middle of a strip (the central strip)
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2D Simulation. MIP (300 um Thickness)

o MIP through the edge of the strip

Gain
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2D Simulation. MIP (50 um Thickness)

o MIP Simulation for different substrate thickness.

iLGAD MIP Simulation @ 300V
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ILGAD. First Mask Set Description. Integrated Devices

o 176 Chips o 113 LGAD Pad Detectors o
v' 44 (10 x 10 mm, total area) :: 12 (8 x 8 mm mult area) 1 LGAD
49 (3 x 3 mm mult area)
v" 56 (5 x5 mm, total area) /52 (1x1mm multarea)
v" 76 (3.3 x 3.3 mm, total area) o 17 PiN Detectors

v" 2 (8 x 8 mm active area)
v" 5(3 x 3 mm active area)

- | ) SR v" 10 (1 x 1 mm active area)
..“:J Te ,,;2 g-“;ﬁj‘ ;‘2 7 : o 8 iLGAD pStrips Detectors
”7 2[oislelelglalofoiainlo|s]ol0(n 77 V' 4 (45 Channels)
"35*"' ol e 242 : v 4 (90 Channels)
_____ — e = b

; _ : 5 o 2 PiN pStrips Detectors
. a i a 5| v 1 (45 Channels)

Z 7 i e v 1(90 Channels)

' ' o 6 Pixelated iLGAD Detector (6 x 6 pixels)

o 4 Pixelated iLGAD MediPix Detector (145 x 145

pixels)
2 Ll 2k o 6iLGAD for Timing Applications
] 3 | 4 v'3(720 um to cut line)
== ; v" 3(370 um to cut line)
| o 4 Specific Test Structure (SPR,SIMS,XPS)
e o 16 CNM Test Structures (Microsection, CBR, Kelvin,
(REAs

Capacitors, Diodes)
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LGAD and iLGAD Fabrication Runs. At Glance

o LGAD Run Basic Information:

v Cnm761 Mask Set .
v" 8 Mask Levels - JD
v" 70 Technological Steps ’ :
v Single Side Process C
eeloe e R
v" Electron Collection DDO 0
o ILGAD Run Basic Information: =
v €nm809 Mask Set ofel00 00
v" 12 Mask Levels e Q q D Q

v 100 Technological Steps
v" Double Side Process
v" Hole Collection

44/5/;44

o Common Information:
v P-Stop to Improve Surface Isolation ( iLGAD @
Multiplication Side)
v Junction Termination Extension
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ILGAD. First Fabrication Process

o More Critical Step
v Multiplication Layer Formation

» Boron Implantation 100 keV @ 1.8, 1.9 and 2.0E13 atoms/cm?
> Drive-in

1 - Field Oxide 2 - P Channel + P Stop 3 - Junction Termination Extension
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iLGAD. First Fabrication Process

Microstrips
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iLGAD. First Measurements

IV Characteristic of iLGAD Diodes Capacitance Characteristic of iLGAD Diodes
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Conclusions

o iLGAD designed, optimized and fabricated @ CNM

o iLGAD advantages
v More uniform charge amplification
v Based on a well stablished technology

o iLGAD disadvantages
v" More complex processing (double-sided, 12 mask levels)
V" Collection current dominated by Holes

o Future work

Initial electrical and technological characterization on wafer
Charge collection measurements

Timing measurements

Radiation Hardness

Simplification of the technological process

AR NANEN
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Thank you for your attention !!!!
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ILGAD. First Mask Set Description. LGAD, PiN Pad

o 113 LGAD Pad Detectors
v" 12 (8 x 8 mm mult area)
v" 49 (3 x 3 mm mult area)
v" 52 (1 x 1 mm mult area)
o 17 PiN Detectors
. _ : V" 2(8 x 8 mm active area)
ﬁ%&m v" 5(3 x 3 mm active area)
e — S —— - " v" 10 (1 x 1 mm active area)

i1 Centro Nacional del Microelectronica -22- Instituto de Microelectrénica de Barcelon




wn
S
©n 5 m
.
S Bozm vz B
7 L 22 oee B
u. QO c cDO ¢ ¢ t
' @© T w»n © (@© %
N & C € O c cC
L nwoou -ouo g
Q @ nho £ no o
A28 Q
N A £
D G44N11 .m
— -~ O
< =N N 2NN ko
U © T~ g
.
O
.’l_ O O s
n (O)
©
n (@]
-o 5
~ =
b~ S
wn
S

ILGAD. First Mask Set Descrip

=
P
)
)
©
C
o
S
(1)
O
=
e}
L
_
o
)
(®}
(O}
)
()
@)
(@)
<
U]
—
)
()]
=
L




First iLGAD Detector Fabrication at CNM 11th Trento Workshop.Paris. 24th February, 2016

ILGAD. First Mask Set Description. iLGAD Pixels

R Sa
o 6 Pixelated iLGAD Detector
(6 x 6 pixels)
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First iLGAD Detector Fabrication at CNM
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ILGAD. First Mask Set Description. iLGAD Timing

R
I
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4 B
3 [«
E g P e = x. '{.H.H:.H.H.H.H{"
x] [ " = ){l o
i ' bl e ] e &
R ‘
i §} ] o
) } B B o} P . i x
B N NN NN NN,
o 6 iLGAD for Timing Applications
v" 3 (720 pum to cut line)

v" 3 (370 um to cut line)
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ILGAD. First Mask Set Description. Test Structures
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P on P Silicon Detectors. Background

o 1978 United States Patent. Paul P. Webb. RCA Inc. “Multi-element avalanche

photodiode having reduced electrical noise”

United States Patent [
Webb

[11] 4,129,878
[45] Dec. 12, 1978

[54] MULTI-ELEMENT AVALANCHE
PHOTODIODE HAVING REDUCED
ELECTRICAL NOISE

[75] Inventor: Paul P. Webb, Quebec, Canada

RCA Limited, Su;.. Anne de Bellevue,
Canada

[73] Assignee:

[21] Appl. No.: 843,041
[22] Filed:
[30] Foreign Application Priority Data

 Oct. 17, 1977

Sep. 21, 1977 [CA]  Canada ..o.cvcvvsrermrrrrrcreee 287176
[51] Int. Cl? ... HOIL 29/90; HOIL 27/14
(521 US. QL 357/13; 357/30;

357/90
[58] Field of Search .......oommsmmsssens 357/13, 30, 90
[56] References Cited
U.S. PATENT DOCUMENTS

3,514,846  6/1970 e 297572

3,534,231 10/1970

3,886,579  5/1975

3,959,646 5/1976

3,978,511 8/1976

4,083,062 4/1978

Centro Nacional del Microelectronica

‘OTHER PUBLICATIONS

Kanbe et al,, I E.E.E. Transactions on Electron Devices,
vol. Ed. 23, No. 12, Dec. 1976, pp. 1337-1343.

Primary Examiner—Martin H. Edlow
Attorney, Agent, or Firm—H. Christoffersen; Birgit E.
Morris

[571 ABSTRACT

Avalanche photodiodes include a substrate of a high
resistivity material having at least a first surface. The
substrate is of a particular conductivity type. In the
substrate and at the first surface are a plurality of spaced
apart regions of the same conductivity type as the sub-
strate and defining the individual photodiode elements
of the avalanche photodiode. Occupying the area at the

“first surface of the substrate not occupied by the spaced

regions and extending into the substrate is a discontinu-
ous layer of the same conductivity type as the spaced
regions but of a conductivity concentration much lower
than the conductivity concentration of the spaced re-
gions. On the first surface of the substrate covering the
discontinuous layer and slightly overlapping the spaced
regions is a patterned passivation layer. The improve-
ment of the present invention over the prior art is the
addition of the discontinuous layer which reduces the
electrical noise in the output signal of the avalanche
photodiode.

8 Claims, 2 Drawing Figures
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P on P Silicon Detectors. Background

o 1987 United States Patent. Paul P. Webb et al. RCA Inc. “Avalanche photodiode”

Patent Number: 4,654,678
Date of Patent: Mar. 31, 1987

United States Patent n9
Lightstone et al.

[11]
[45]

[54] AVALANCHE PHOTODIODE

[75] Inventors: Alexander W, Lightstone; Paul P,
Webb; Robert J, MclIntyre, all of

OTHER PUBLICATIONS

Kennedy et al,, IRE Transactions on Electron Devices,
ED-9 478 (1962).

\ 34 26 ) 43% '.Bh2426 180 32094 32 30 o

Quebec, Canada Prim : _ -
ary Examiner-—Martin H. Edlow Sy P
[73] Assignee: RCA, Inc., Ste-Anne-de-Bellevue, Assistant Examiner—Sara W. Crane |4 —17 . -
Canada Attorney, Agent, or Firm—B. E. Morris; W, J. Burke 20 22 22 22
[21] Appl No.: 771,356 57 ABSTRACT - 19—t 44 44
. The invention is an improved avalanche photodiode
[22] Filed:  Aug. 30, 1985 having reduced electrical noise arising from spurious [ 4{6 l'
[51] Tnt. CL4 HOIL 29/90  surface gencration of charge carriers. The avalanche 50—
(521 U.S. Cl. wooooooreeoscremmrmeeene 357/13; 357/30;  photodiode includes active and neighboring regions N ™ ™ )
357/55 aci]wenl a first surface of a semiconductor body with a { ™ N Y e
[58] Field of Search ............ 357/13, 13 PT, 131LM,  gap region therebetween and a channel extending a 6 v i ] ]
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the channel is less, thereby reducing the noise contribu-
tion from carriers generated in the gap region.
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