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Outline

3
o New iLGAD. Low Gain P on P Detector

1 v Position-Sensitive Detectors
o Technological Developments @ CNM v' Timing
on LGAD & iLGAD Detectors - T Do
v" Double-Sided LGAD
» Pad LGAD @ Back-side
5 » Ohmic Read Out @ Front-side
o PAD & microStrips LGAD o microStrip iLGAD Simulation
Characterization v/ Optimization
v IV, C-V » Technological
v Gain Measurements > Electrical
> Laser » Thinner Substrates for Timing
» Alpha Particles
¥ Gamma Irradiations o FirstiLGAD Mask Set

o FirstiLGAD Run @ CNM
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LGAD and iLGAD Fabrication Runs Status

o 2 Runs with Boron Multiplication Layer and 300 pm Substrate: Finished
v~ Run 7509
v~ Run 7859

o 1 Run with Boron Multiplication Layer and 200 pm Substrate: Finished
v" Run 7782. Implantation Done at IBS (France)

o 1 Run with Gallium Multiplication Layer and 300 pm Substrate: Finished
v" Run 7735. Implantation Done at IBS (France)

o 1 Run with Boron Multiplication Layer and 300 pm Substrate: Finished
v" Run 8622.LGAD. 3 Gallium Wafers

o 1 Run with Boron Multiplication Layer and 300 pm Substrate: On Going
v" Run 8533.iLGAD. 3 Gallium Wafers. 75 % Run Steps Done

o 1 Run with Boron Multiplication Layer and 6”-500 pm Substrate: On Going
v" Run 8373.LGAD. It will end during June

o New Run with Boron Multiplication Layer and 200 pm Substrate: Waiting
o New Run with Gallium Multiplication Layer and 300 pm Substrate: Waiting
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LGAD and iLGAD Fabrication Runs. At Glance

o LGAD Run Basic Information:
Cnm761 Mask Set

8 Mask Levels

70 Technological Steps
Single Side Process
Only Electron Collection

ANANANAYN

o ILGAD Run Basic Information:
Cnm809 Mask Set

12 Mask Levels

100 Technological Steps
Double Side Process
Only Hole Collection

ANANANAY

o Common Information:

Improve Surface Isolation (P-Stop. iLGAD @
Multiplication Side)

Different Terminations

Pad Detectors with Different Sizes

Strips and Pixel Detectors (iLGAD @ Front Side)
Detectors for Timing Applications

Test Structures to Measure the Multiplication Layer e

AN

NN NN
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LGAD. Boron Multiplication Layer. 300 um Substrate

o Yield Improved
Run 7509 Run 7859
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LGAD. Run 7859. I(V) and 1/C2(V)

10-6 Y T v T T T T T Y : 8x1022- 3 3 2 P'N
X5 mm |
3x3 mm? Pad LGAD

2 6x1 022_ f””"”‘ ------------
o 107 \ . \
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=
@ 10 <+———3x3 mm? Pad LGAD
)] r
S 72
4+
Q !
-

10° 4}

0 200 400 600 800 1000 100 150 200
Reverse Bias [V] Reverse Bias [V]

o Wafer 2. Multiplication Layer Dose 1.8e13 atm/cm?
o Low Leakage Current.10-30 nA @ 500V
o Multiplication Layer Depletion Voltage~ 30 V. Full Depletion Voltage ~ 80 V
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LGAD. Run 6474. Gain Calibration with o’s from Am(241)

Electric Field vs. Depth

2.0E-02

“Electron injection” with a’s from Am(241) or
with red laser illuminating the back side,
<——— range ~ few um’s, electron signal drifts and is

then amplified in high field, holes drift back.
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Pulse shapes for high-gain (red), low-gain
(blue) LGAD and no-gain sensor (yellow)

Large bias voltages reach.

2,000

Gain of 15, can be tuned within factor 2x
with bias voltage.
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1.2E-08

«W7-14 LGAD Total Charge
WT7-14 LGAD Initial Pulse Charge
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2/ W8-C8 LGAD Initial Pulse Charge
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o  Wafer 8. Multiplication Layer Dose 1.8e13 atm/cn;l/z36
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LGAD. Run 7859. TCT Measurements. IR. Back
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LGAD. Run 7859. TCT Measurements. Red. Back

LGAD 1.8 25 -
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LGAD. Run 7509. Charge Collection. Alpha. Back Illumination

Gain LGAD4 (Tri-Alpha 5MeV)

8 v T v T v T v T
=20° i
4 T=20°C ——LGAD4 W1 B3 3 Run 6474
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B Run 7509 5
5+ e
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o Wafer 1. Multiplication Layer Dose 1.8e13 atm/cm?

o Wafer 3. Multiplication Layer Dose 2.0e13 atm/cm? 10/36
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Gamma Irradiated LGAD. Run 7859. Charge Collection. Alpha

Gain Irradiated LGAD4 (Tri-alpha 5MeV) Run 7859
r ' r

8 L] ] L] ] L) 1]
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7 —O—LGAD4_W2_A4 4 30Mrad -
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o Wafers1, 2. Multiplication Layer Dose 1.8e13 atm/cm?
o Wafers 3, 4. Multiplication Layer Dose 2.0e13 atm/cm?
. .. ... 60
o Gamma Irradiation with ~ Co > Los Alamos
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Gamma Irradiated LGAD. Run 7859. I(V)

Current (A)

IV LGAD vs fluence
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Current (A)

IV LGAD 100Mrad vs Nolrr

1E-5,

1E-6 -

{—c—- LGAD7_W2_C2_3 100Mrad
]--~LGAD7_W4_C2_3_100Mrad
{——LGAD4_W2_D7_1_100Mrad
1-+- LGAD5_W2_E8_2_Nolrr

——LGAD4_W4 _B3_3_100Mrad T=-20°C

|-+~ LGAD5 W2 H2 2 Nolrr

0 200

400 600 800

Reverse Bias (V)

Wafer 2. Multiplication Layer Dose 1.8e13 atm/cm?
Wafer 4. Multiplication Layer Dose 2.0e13 atm/cm?
Gamma Irradiation with *°Co
Leakage Current Moderate Increase. From 10 nA to 100 nA @ 800V

> Los Alamos
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Gamma Irradiated LGAD. Run 7859. I(V) and 1/C3(V)

IV LGAD vs fluence CV LGAD vs fluence
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Gamma Irradiation with *°Co

Leakage Current Moderate Increase. From 10 nA to 100 nA @ 800 V
Multiplication Layer Depletion Voltage ~ 30 V for All Fluences

Full Depletion Voltage Decreases if Fluence Increases - Los Alamos :
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Strip LGAD. Segmented Amplification

N on P microStrip PiN

o N on P microStrips. PiN vs LGAD

< B0 ym > P Stop
Passivation Aluminum TR AN
e N strlp
Pr)
P
\ N+ Cathode = .
P-Sto S T
P P-Multiplication ) 80 um .
» Strip W P Stop
F - ? ™ q
285 pm ] ~P- lmplant N strlp
. Player P(n) B3
10um =

N on P microStrip LGAD

m% Instituto de Microelectrénica de Barcelona%
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First Approach. Strip LGAD. Segmented Amplification

o Runs 7509 and 7859, with Optimized P-well Engineering
V" First prototypes characterization On Going

o Several Layouts with Different P-well Width and N-well Depth
o Constant Pixel Size

32.160.100.06.24 64.80.20.06.24 Strip outline

AC3

ACE

ACS

o Keylegend
v AA-BB-CC-DD-EE ¥ CC, Multiplication Width
v" AA, Channels V" DD, P-Stop Width
32160 112 06 12 64.80.32.06.12 /BB, Pixel Size v EE, P-Stop Position

§
|
4
i
§
§
i

M

s
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First Approach. Strip LGAD. SCIPP TCT Set Up

Ch.1 Ch.2 Ch.3

|||——\/\/\/\/\- '||_‘\/\/\/\/\' '||_‘\/\/\/\/\'

, 80 um " " 80 um S 4 80 um "
Stiip W 5 Stop pW Q,Stop Strip W é Stop
4 v 65} = w2 =
M Sialle - ale ~liale mtale S ——
85 um -implant N’ strip NS / -implant N’ strip \ /'P-lmplam N" strip
R P layer P(n) 3 P layor/ P(n) s P layer P(7) B
/P P il
HV All other Channels Floating

o Measurements done at SCIPP by Zachary Galloway, Giulio Pellegrini and Zhijun Liang 6
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First Approach. Strip LGAD. SCIPP TCT. X Scan vs Voltage
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o TCT Basic Information:

Run 7859. W4-E2. 50 V
Red Laser from Top

All 3 Channels Connected
DRS4 Circuit Amplifier
Strips Without Metal

No Signal in the Middle
of the Strip. No Gain
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First Approach. Strip LGAD. SCIPP TCT. X Scan vs Voltage
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o
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Reverse Bias =100V
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Signal Amplitude [mV/50Q)]

i
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Position (um)
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o TCT Basic Information:

Run 7859. W4-E2. 100 V
Red Laser from Top

All 3 Channels Connected
DRS4 Circuit Amplifier
Strips Without Metal
Low Signal in the Middle
of the Strip. Low Gain
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First Approach. Strip LGAD. SCIPP TCT. X Scan vs Voltage
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o TCT Basic Information:

AN NN N SN

Run 7859. W4-E2. 150 V
Red Laser from Top

All 3 Channels Connected
DRS4 Circuit Amplifier
Strips Without Metal
High Signal in the Middle
of the Strip. High Gain
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First Approach. Strip LGAD. SCIPP TCT. Signal Amp vs Bias
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o Measurementsdone at SCIPP by Zachary Galloway, Giulio Pellegrini and Zhijun Liang

Run 7859
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First Approach. Strip LGAD. IFCA TCT. PiN Strip

o See Next Presentation by Ilvan Vila (IFCA)

W2-G9 Strp.32,160,100,06,24,PiN

L T e e N A e B SN

o Comparing LGAD microStrips '~
microStrip PIN

o Red Laser, Bottom llluminatio
(Electron Injection)

Simulated PIN
(Ideal response)
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Gamma Irradiated LGAD. Run 7859. Inter-Strip Resistance

InterStrip Resistance (Irradiated vs No Irradiated)

1013 ' .
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X
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o Gamma Irradiation with *°Co
o Inter-Strip Resistance Reduction @ 100 Mrad,
for Every Reverse Bias and Sample » Los Alamos
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Second Approach. P on P Strip iLGAD: The "Inverse” LGAD

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

o NonPvsPonPLGAD microStrips Comparison

) 80 um R
Strip W

g TP -P Stop P* Strip P+ Strip P* Strip

A
285 pm. P |mplant N strlp s G
N Player P(r) X
AP
A 4 N+
N on P microStrip P on P microStrip
LGAD 1LGAD
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P on P Strip iLGAD: The “Inverse” LGAD

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

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

P+ Extraction P+ Extraction
Ring Ring

P’ Strips

JTE p-type (n) substrate

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

. 285 pm Detector o

25/36
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ILGAD. P on P MicroStrips. 2D Simulation

XII Meeting LC Spain Net. CIEMAT. January 25th, 2016

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

20um

20 ym thin detector

X

50 um thin detector

26/36
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ILGAD. P on P MicroStrips. 2D Simulation

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

Simulations IV

[A/um]
=)

=
w

Current/distance

—y

=
L
=

-“]-11

10712 *~ Detector 20um

107 “— Detector 50um

0 50 100 150 200 250 300
Voltage [V]
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iLGAD. P on P MicroStrips. 2D Simulation. MIP

o Charge Collection (MIP) @ 100V, 50 um Thick

| MIP_Edige

Ta0 120 a0 100

| MIP_InterStrip

m% Instituto de Microelectrénica de Barcelona%

MIP_Strip
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ILGAD. P on P MicroStrips. 2D Simulation. MIP. Strip Center

Trans(Melm) (50) (100V)_(120)_1_0000_cles Trans(Molm (50) (100V)_(120)_1_0001_cdes Trans(Molm (50)(100V)_(120)_1__0002_cles

o Hole Density (MIP Strip)
@ 100V, 50 um Thick

PA-7RS1V]
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ILGAD. P on P MicroStrips. 2D Simulation. MIP. Strip Edge

o Hole Density (MIP
Strip Edge) @ 100V,
50 um Thick

DU/ IV
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iLGAD. P on P MicroStrips. 2D Simulation. MIP. Inter-Strip

4

o Hole Density (MIP
Inter-Strip) @ 100V,
50 um Thick
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Strip LGAD vs iLGAD. MIP Simulation. Gain Evolution

o MStrip iLGAD Charge Collection is

Gain

More Efficient than uStrip LGAD

MIP1 MIP2 MIP3

MIPs Multiplication Side

) o]0 @ o A

Microstrips Side

14
12

10-

50 pm Strip iLGAD

—a— MIP Strip
—eo— MIP Edge
—A— MIP Interstrip

g

5 Ll M I

5 { 50 ym Strip LGAD /
1 4l

3 1 _acmip strip

j 3] —e—MIP Interstrip /

1 . ] —+ MIPEdge

50 100 150 200 250
Reverse Bias [V]
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300 0 100 200 300 400 500
Reverse Bias [V]

. - 7 . Bl
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iLGAD. P on P MicroStrips. 2D Simulation. Timing

o MIP through the middle of the sensors (central strip) @ 500V and 300 V (50 pum)

. — 300
Collected Charge iLGAD  Sooum
—— 50um
s
G
o
1I6 1I8 2I0

Time (ns)
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iLGAD. P on P MicroStrips. 2D Simulation. Timing

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

Charge collection [au]

2

oo

=2

I

1.2

0.8

0.6

0.4

0.2

Simulation MIP particle 100V

x107°

STANDARD

50 uym thick substrate

—®— Detector 50um 100V

—®— Detector 50um no gain 100V

iILGAD
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Conclusions

Technological Developments @ CNM on

LGAD & iLGAD Detectors

PAD LGAD Shows
v' Gain: 3.7 - 8.4, Dose: 1.8e13
v' Gain: 8.3 — 44, Dose: 2.0e13
v" Good Homogeneity
microStrips LGAD Shows
v" Low Gain: 2.0 @ 200 V
v Charge Collection. Center of
Multiplication Area
New iLGAD. Low Gain P on P Detector
v Position-Sensitive Detectors
» Thin Detectors
» Fine Pitch
v" Timing
» Thin Detectors
Double-Sided LGAD
v" Pad LGAD @ Back-side
v" Ohmic Read Out @ Front-side

Centro Nacional del Microelectrdnica

o microStrip iLGAD Simulation
v" Optimization
» Technological
» Electrical
» Thinner Substrates for
Timing
v Detectors Shown Good
Performances
v uStrip iLGAD charge collection
is better than uStrip LGAD
o First Mask Set
v microStrips
v Pixels
o FirstiLGAD Prototypes
v' 12 Mask
v 100 Steps
v" 5-6 Months
o FirstiLGAD Run Already Started

@ CNM
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Thank you for your attention !!!!
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LGAD. Gallium Multiplication Layer. 300 um Substrate

o |-V, C-V on Wafer (Implantation @ IBS)

Small LGAD diode 4, 5,6 vs. small PiN 4, 5, 6

2
Small LGAD diode 4 vs. small PiN 4 I-V curves 1/C"-V curves
1E-5 - , -
E """ 6.0x1 0)2 - !—-‘&*&—?-' “"
T 1E-6+
o ——— W10_D7-1 - LGAD design 4 §. —&— W10_D7-1-LGAD design 4
‘g ....... W10_D7-1ring - —— W10_D7-2 - LGAD design 5
SRS e W10 DB4 - PIN design 4 —»—\W10_D8-1 - LGAD design 6
& E S W10_D84 ring 5 —c=— \W10_D7-3 - PiN design 4
2 = —&=\W10_D7-4 - PiN design 5
g . — ' — W10_D8-3 - PiN design 6
1E-8o ..ot
1E-9 : bl L] . ] . L] . L] - L] T T T T T 1
0 200 400 600 800 1000 60 80 100 120 140 160
Reverse Bias [V] Reverse Bias [V]

o LGAD Devices with Gallium Multiplication Layer have Similar I-V and C-V
Characteristics than PiN Detectors. We do not Observe the Multiplication

Layer Depletion 37/36

Centro Nacional del Microelectronica Instituto de Microelectronica de Barcelon



CNM developments on LGAD and iLGAD Detectors for LC XII Meeting LC Spain Net. CIEMAT. January 25th, 2016

LGAD. Boron Multiplication Layer. 200 um Substrate

. Run7782_CV_LGAD4_W1aW2
o |-V, C-V on Wafer (Implantation @ IBS) Ty, i
Run7782 IV LGAD W1&W2 il LGADA_W1_D7_1
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1E-4 [ | LGAD4_W1_D8_2 HIOE S0
& LGAD1_W2_C5 e ,
— 1E-5} | ¢ LGAD4_W2 D7_1
..‘5 s LGAD4_W2_D8_2 Reverse Bias (V)
<= 1E-6 Run7782_IV_WAFER6_PIN
c 1E-5 :
<
S 1E-7 1E-6}
1E-8 z 17|
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1E-9 g 1E8} ey
=/—PIN5_W6_B8_4
1E-10 © R
0 1E-9 | s
s
Voltage (V) A 20 500 750 1000
Voltage (V)
O

LGAD devices with 200 um substrate have Low Breakdown Voltage Characteristicsthan
300 pum substrate Equivalent LGAD Detectors

Doping Level of the Boron Multiplication Layeris Higher than Expected by Simulations

Neutron Irradiation at JSI Ljubljana to Reduce Boron Peak Concentration 38/36
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