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iLGAD Basics

o Implementing a Small Signal Gain in Pad, microStrip and Pixelated Sensors
can reduce the Thickness of the sensors without reducing the Signal
Amplitude, keeping the same signal to noise ratio (SNR) ™ Timing
Applications

o Our Target: A relatively Small Signal Gain (5-10) needed to allow the use of
standard readout front-end without Signal Saturation
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iLGAD Basics. Low Gain Detector

: Junction Edge Termination
»
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o Core Region
v Uniform electric field, high enough to activate mechanism of impact ionization
(multiplication)
o Termination
v" High electric field confined in the core region
o Periphery
v Dead region. Charges should not be collected. Reduction of the leakage currents

> VBDlTermination > VBDlCentral
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First Approach. Strip LGAD. Segmented Amplification

N on P microStrip PiN

o N on P microStrips. PiN vs LGAD 80 um P Stop
: - - — @ —
Passivation  Aluminum T stipw
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N on P microStrip LGAD
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First Approach. Strip LGAD. Segmented Amplification

o Several layouts with different p-well width and n-well depth were fabricated
o Most of them had low breakdown voltage and high inverse current

o Two new runs with optimized p-well engineering just fabricated (7509, 7859)
V" First prototypes characterization on going

Strip outline

AC3

ACE

N _

o Key Legend
v" AA-BB-CC-DD-EE v CC, Multiplication Width
v AA, Channels v" DD, P-Stop Width
v" BB, Pixel Size v EE, P-Stop Position
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Second Approach. P on P Strip iLGAD: The “Inverted” LGAD

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

o NonPvsPonPLGAD microStrips Comparison

) 80 um R
Strip W
< 4 P St°p P* Strip P* Strip P* Strip
285 um P |mplant
b.” N strlp P- Substrate
Player P(n) X
P
N+
N on P microStrip P on P microStrip

1LGAD
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Second Approach. P on P Strip iLGAD: The "Inverted” LGAD

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

o First Design and Run. Include Pads, microStrips and pixelated iLGADs

P+ Extraction P+ Ext_raction
Ring P+ Strip P+ Strip P+ Strip P+ Strip Ring
—Z ] L ] L ] L ] L ] 5“'
P Stop P Stop

P-type (nt)substrate

JTE

P-type multiplication layer

300 pm

i >
/ 5mm -
N+ Cathode LLGAD
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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 [ (11
Webb : [45]

4,129,878
Dec. 12, 1978

[54] MULTI-ELEMENT AVALANCHE

PHOTODIODE HAVING REDUCED ‘OTHER PUBLICATIONS

//IO

ELECTRICAL NOISE Kanbe et al,, LE.E.E. Transactions on Electron Devices, ‘
_ vol. Ed. 23, No. 12, Dec. 1976, pp. 1337-1343. 14 14 1|
[75] Inventor: Paul P. Webb, Quebec, Canada Primary Examiner—Martin H. Edlow 14 YA 4 / 28
A Attorney, Agent, or Firm—H. Christoffersen; Birgit E. 24 { (. \ \ \ 26
[73] Assignee: RCA Limited, Ste. Anne de Bellevue, Morris \ > J >
© [57] ABSTRACT 22/ NN \\\\ DRI 22

[21] Appl. No.: 843,041 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

[22] Filed: Oct. 17, 1977

[30] Foreign Application Priority Data

e

Sep. 21, 1977 [CA] Canada .......ocovimenrecnersennnns 287176 of the avalanche photodiode. Occupying the area at the
’ “first surface of the substrate not occupied by the spaced
[51] Imt. Cl2 ......neeee HO1L 29/90; HOI'L 27/14 regions and extending into the substrate is a discontinu-
[52] us.q. 357/13; 335577//39% ous layer of the same conductivity type as the spaced - |6
regions but of a conductivity concentration much lower
[58] Field of Search ...........cocovuirnesrens 357/13,30,90  than the conductivity concentration of the spaced re- 50 { \ / 32
: gions. On the first surface of the substrate covering the = 34
[56) References Cited discontinuous layer and slightly overlapping the spaced 20
U.S. PATENT DOCUMENTS regi(:nsfi:h a patterned passivaﬁon lat);ler. The imp.ro;l;- I 3
. ment of the present invention over the prior art is the
g-g;:g;? 135:318 I';mh """ e Bigﬁg addition of the discontinuous layer which reduces the
3886579 5/1975  Ohuchi ef al. .o 357/13  Clectrical noise in the output signal of the avalanche
3,959,646 5/1976 de Cremoux .. 25072113  photodiode.
3,978,511  8/1976 DIBOY .ccvververmmssssssmsrssarnersesann 357/30
4,083,062 4/1978 8 Claims, 2 Drawing Figures

Ohuchi et al. ....cc.ovvveerrenrrenns 357/13

CNAM:

”
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P on P Silicon Detectors. Background

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

United States Patent n9
Lightstone et al.

(111 Patent Number: 4,654,678
[45] Date of Patent: Mar. 31, 1987

[54] AVALANCHE PHOTODIODE
[75] Inventors: Alexander W. Lightstone; Paul P,

Webb; Robert J, MclIntyre, all of
Quebec, Canada
[73] Assignee: RCA, Inc,, Ste-Anne-de-Bellevue,
Canada
[21] Appl. No.: 771,356
[22] Filed: Aug. 30, 1985
[51] Int.Cl4 HO1L 29/90
[52] US. QL. 357/13; 357/30;
357/55
[58] Field of Search ............... 357/13, 13 PT, 13 LM,
357/13 U, 20, 52, 90, 55, 30
[56] References Cited

U.S. PATENT DOCUMENTS

3,403,306 9/1958 Haitz et al. ..
3,714,491 1/1973 Mclntyre et
4,129,878 12/1978 Webb

357/13 X
... 313/96
.. 357/13

4,383.267 5/1983 Webb oooooooroossosose “357/13 X
4,586,066 471986 MCINLYTE oo 357/56 X
4,586,067 471986 WEDD oveoosorserrr 357/13 X

enmlEY )

OTHER PUBLICATIONS

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

Primary Examiner—Martin H. Edlow
Assistant Examiner—Sara W. Crane
Artorney, Agent, or Firm—B. E. Morris; W. J. Burke

[57) ABSTRACT

The invention is an improved avalanche photodiode
having reduced electrical noise arising from spurious
surface generation of charge carriers. The avalanche
photodiode includes active and neighboring regions
adjacent a first surface of a semiconductor body with a
gap region therebetween and a channel extending a
distance into the semiconductor body from a portion of
the second opposed surface opposite the gap region. A
P-N junction is formed between regions of opposite
conductivity type including a portion thereof over the
channel. Since the dopant concentration at the junction
is less over the channel, the local avalanche gain over
the channel is less, thereby reducing the noise contribu-
tion from carriers generated in the gap region.

5 Claims, 2 Drawing Figures
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Second Approach. P on P Strip iLGAD: The "Inverted” LGAD

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

o First Prototype. Pads, microStrips and pixelated LGADs

P+ Extraction P+ Ext_raction
Ring P+ Strip P+ Strip P+ Strip P+ Strip Ring
—Z ] L ] L ] L ] L ] 5“'
P Stop P Stop

P-type (nt)substrate

JTE

P-type multiplication layer

300 pm

i >
/ 5mm -
N+ Cathode LLGAD
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iLGAD. P on P MicroStrips. 2D Simulation

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

STRIP iLGAD

. — ~ .

STRIP LGAD

0 1 —

1

100
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iLGAD. P on P MicroStrips. 2D Simulation

o Three microStrips. I(V)

Simulations IV

AC3: W=24 um
AC6: W=48 um

-
Qe
©w

I IIIIII|

Current/distance [A/um]
Q

10" =
v —— Regular detector AC3
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iLGAD. P on P MicroStrips. 2D Simulation

o MIP through the middle of the sensors (the central strip). AC6 Inverse Detector

Simulation iLGAD -> Gain/No GAIN

X

a

o
&

— 50V

Charge [au]
FS

— 100V

Dashed line: no gain< — 200V

— 300V
400V

— 500V

AC6: W=48 pm
300 um thick
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iLGAD. P on P MicroStrips. 2D Simulation

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

Simulation MIP particle 500V

. x10°®
3 45 —— Regular detector AC3
€ F —— Regular detector AC6
S 85 Inverse detector AC3
S 35 Inverse detector AC6
s —
© E AC3: W=24 pm
25 AC6: W=48 pm
2 300 um thick
150
1=
05
0; 1 N Lo oaixa 0'9
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iLGAD. P on P MicroStrips. 2D Simulation

o MicroStrips Simulation. Electric Field 2D Distribution @ V,

20um

20 20 pym thin detector

X

50um

50 um thin detector
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iLGAD. P on P MicroStrips. 2D Simulation

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

Simulation MIP particle 100V
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iLGAD. P on P MicroStrips. 2D Simulation

o MicroStrips I(V). Breakdown performances limited by Thickness

Simulations IV
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iLGAD. First Mask Set Description. Integrated Devices

o 176 Chips o 113 LGAD Pad Detectors °
v 44 (10 x 10 mm, total area) “; 12 (88 mm mult area) 1 LGAD
49 (3 x 3 mm mult area)
v" 56 (5 x 5 mm, total area) /' 52 (1x 1 mm mult area)
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 x3 mm active area)
QE0OAQ0000A0n v" 10 (1 x 1 mm active area)
@_g“jgﬁ ,@“,2 '@“_;,gj ,Z_ o 8 iLGAD pStrips Detectors
%Ié A’ A’ j ﬁ ;é-’";i j %|§ v" 4(90 Channels)
7 / = % e T 7 o 2 PiN pStrips Detectors
__ Ui\ | | | | Z v" 1 (45 Channels)
viimg i i i i i | v~ 1(90 Channels)

o 6 Pixelated iLGAD Detector (6 x 6 pixels)
o 4 Pixelated iLGAD MediPix Detector (145 x 145
pixels)

o 6iLGAD for Timing Applications
V" 3(720 um to cut line)
v" 3(370 um to cut line)

= o 4 Specific Test Structure (SPR,SIMS,XPS)
SICIOICE : o 16 CNM Test Structures (Microsection, CBR, Kelvin,
Capacitors, Diodes)

Instituto de Microelectronica de Barcelona %g




New iLGAD Detector Development at CNM 26th RD50 Workshop. Santander. 23th June, 2015

iILGAD. First Mask Set Description. LGAD, PiN Pad
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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)
v" 5(3 x 3 mm active area)
v" 10 (1 x 1 mm active area)
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ILGAD. First Mask Set Description. iLGAD, PiN uStrips
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iLGAD. First Mask Set Description. iLGAD Pixels
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iILGAD. First Mask Set Description. iLGAD Timing
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o 6 iLGAD for Timing Applications
v" 3(720 um 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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iLGAD. First Fabrication Process

o Double Side Technological Process o More Critical Step

o 12 Photolithographic Levels v" Multiplication Layer Formation

o 100 Process Steps » Boron Implantation 100 keV @

o 4-5 Months 1.8, 1.9 and 2.0E13 atoms/cm?
» Drive-in

1 - Field Oxide 2 - P Channel + P Stop 3 - Junction Termination Extension

| N N N N o | S S N S 1 e m AN N AN B O — —

=

[ si p+ E: Aluminum
: Oxidel]: Si n* E3: passivation
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Conclusions

o First Technological Developments @ CNM

o ILGAD. Low Gain P on P Detector
v" Position-Sensitive

v Timing o First Mask Set
o Double-Sided LGAD Y microStrips
v Pad LGAD @ Back-side v Pixels
v Ohmic Read Out @ Front-side o First iLGAD Prototypes
o Simulation v' 12 Mask
v 100 Steps

v Optimization
» Technological
» Electrical
» Thinner Substrates for Timing

v" 4-5 Months
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Thank you for your attention !!!!
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