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THE UNIVERSITY of EDINBURGH Low Gain Avalanche Detector (LGAD)

 LGADs havea to enhance the E-field and promote impact
ionization, creating an avalanche

- =t «— Absorption
region
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THE UNIVERSITY of EDINBURGH Low Gain Avalanche Detector (LGAD)

* LGADs have a highly doped thin layer to enhance the E-field and promote impact
lonization, creating an avalanche

» Consist of 3 basic steps: Carrier generation, transportation/multiplication of
carriers through gain region, interaction with external circuit.

— AV u_lanche
region

- =t «— Absorption
region

Inﬂuencing the world since 1583



QR( THE UNIVERSITYof EDINBURGH Low Gain Avalanche Detector (LGAD)

* LGADs have a highly doped thin layer to enhance the E-field and promote impact

lonization, creating an avalanche

» Consist of 3 basic steps: Carrier generation, transportation/multiplication of
carriers through gain region, interaction with external circuit.

* Fasttiming (20 ps), small pitch (50um), low noise

— AV u_lanche
region

- - = «<— Absorption
region
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THE UNIVERSITY of EDINBURGH Low Gain Avalanche Detector (LGAD)

* LGADs have a highly doped thin layer to enhance the E-field and promote impact
ionization, creating an avalanche (controlled)

» Consist of 3 basic steps: Carrier generation, transportation/multiplication of
carriers through gain region, interaction with external circuit.

« Fasttiming (20 ps), small pitch (50um), low noise

* Diode is putin reverse bias to increase fields in depletion region and extend
the depletion region into the gain layer and throughout the entire device

= — AV u_lanche
region

- - = «<— Absorption
region
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LGADs have a highly doped thin layer to enhance the E-field and promote impact
ionization, creating an avalanche (controlled)

Consist of 3 basic steps: Carrier generation, transportation/multiplication of
carriers through gain region, interaction with external circuit.

Fast timing (20 ps), small pitch (50um), low noise

Diode is put in reverse bias to increase fields in depletion region and extend
the depletion region into the gain layer and throughout the entire device

«—— Avalanche
region

«— Absorption
region
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p THE UNIVERSITY of EDINBURGH Low Gain Avalanche Detector (LGAD)

* LGADs have a highly doped thin layer to enhance the E-field and promote impact
ionization, creating an avalanche (controlled)

» Consist of 3 basic steps: Carrier generation, transportation/multiplication of
carriers through gain region, interaction with external circuit.

« Fasttiming (20 ps), small pitch (50um), low noise

* Diode is putin reverse bias to increase fields in depletion region and extend
the depletion region into the gain layer and throughout the entire device

«—— Avalanche
region

«— Absorption
region
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Current-Voltage Measurements

IV
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Current-Voltage (IV) Measurements

Varying Voltage to see
the response of the

T I o "u
device Reverse-biased Diode ) o Elowont b 15 o
For diode, v
is determined essentially I=1Is [exp (
by Fermi-Dirac
Distribution
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UV
oh L4,
<, ’

Current-Voltage (IV) Measurements

Varying Voltage to see e
the response of the i

d eVi ce Reverse-biased Diode -biased Diode
For diode,

is determined essentially
by Fermi-Dirac
Distribution
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Current-Voltage (IV) Measurements

« Varying Voltage to see
the response of the L A ] e
. Reverse-hiased Diode D Forw: iLd biased Diode
device
 For diode,
should be constant (ls)

Diagrams by All About Circuits [4] Influencing the world since 1583



Current-Voltage (IV) Measurements
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e In . the ideal
current is simply 1,

* For PIN: reality shows
linear with V (shunt
resistance)
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§85 e unveRsITY o EDINBURGH Current-Voltage (IV) Measurements

In , the ideal
current is simply 1,

For PIN: reality shows
linear with V (shunt
resistance)

For LGAD: knee shows
gain layer depletion (V)
Gain increases with
voltage as E-field
increases
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§85 e unveRsITY o EDINBURGH Current-Voltage (IV) Measurements

In , the ideal
current is simply 1,

For PIN: reality shows
linear with V (shunt
resistance)

For LGAD: knee shows
gain layer depletion (V)
Gain increases with
voltage as E-field
increases

Level-off is full depletion
Vip
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§85 e unveRsITY o EDINBURGH Current-Voltage (IV) Measurements

In , the ideal
current is simply 1,

For PIN: reality shows
linear with V (shunt
resistance)

For LGAD: knee shows
gain layer depletion (V)
Gain increases with
voltage as E-field
increases

Level-off is full depletion
VEp

Large increase is
breakdown Vgp
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Our Lab- IV Setup

Current-Voltage setup

Manipulator A Manipulator }—‘ HV-SMU

EEw Tl e
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Wentworth Probe Station Agilent Semiconductor

Analyzer B1500A ( 4 separate

probe power supplying +/-
100V for IV and CV [2point 1kHz Keithley 2470 (for high voltage IV (1100V)
to 5MHz]) measurements)

Inﬂuencing the world since 1583



THE UNIVERSITY of EDINBURGH O ur La b- IV G U I

4 IV Scan Controller - PIN Diode / LGAD Test System v1.1

CONNECTION IV — LGAD-001 [Keithley 2470]
Instrument:
VISA address:

Device labek

IV — Linear IV — Log [I|

SWEEP PARAMETERS
Start voltage (V)

Stop voltage (V)

Step size (V)
Compliance (A)

Step delay (s)

Settle time (5)

Ramp step (V)

NPLC

Quickrange: ~1=1V 0

' Show log |l panel

sV ouTPUT

Current (pA)
|Current] (pA)

iv_scan.csv

» Start Sweep

—0.25 0.00 0.25 0.50 0.75 100 -1.00 —0.75 -0.50 —0.25 0.00 0.25 0.50 0.75 100
Voltage (V) Voltage (V)

Graph by Oliver Waterman  Influencing the world since 1583




THE UNIVERSITY of EDINBURGH O ur La b- IV Re Su ltS

I-V Characterisation of Silicon, Sample: BD A 218 IV.csv

Full Depletion (~140V)
Gain Layer Depletion (~ 25V)
Region of Interest

VBD

<
—
=
c
@
-
=
=}
&

-100
Bias Volatge (/V)

Graph by Oliver Waterman  Influencing the world since 1583
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Capacitance-Voltage Measurements

CV
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‘ THE UNIVERSITYof EDINBURGH - Capacitance-Voltage (CV) Measurements

« Capacitance is related o dQ  dQdV
to current by a change dt  dV dt
in voltage

_dQ _dQdv _ dv

dt ~ dV dt  dt

Inﬂuencing the world since 1583



QEG. THEUNIVERSITYS EDINBURGH — Capacitance-Voltage (CV) Measurements

« Capacitance is related o dQ  dQdV
to current by a change dt  dV dt

in voltage ; g =

- Applying a known — % - %‘E -C—
alternating current —— -
function (charging and V(t) = Vbc + Vac sin(wt)
discharging) '

» Solve for capacitance

Inﬂuencing the world since 1583



QEG. THEUNIVERSITYS EDINBURGH — Capacitance-Voltage (CV) Measurements

Capacitance is related ol dQ dQdV
to current by a change dt  dv dt
in voltage

Applying a known
alternating current
function (charging and
discharging)

Solve for capacitance
Capacitance related to
depletion width (parallel
plate)

B dQ _ dQ dV e dV
T dt  dV dt dt

Inﬂuencing the world since 1583



s THE UNIVERSITY of EDINBURGH Capacitance—Voltage (CV) Measurements

« Capacitance related to
depletion width (parallel I() = dQ _dQdv _ dv | ;
plate)

* Depletion width is
related to N

ges NA
C=A—"——
V 2(Vei + Vi)

dt  dV dt

Inﬂuencing the world since 1583



(%4 THE UNIVERSITY of EDINBURGH

Capacitance-Voltage (CV) Measurements

Capacitance related to
depletion width (parallel I(8) = dQ _dQdv _ dv | ;
plate) 'Tdt  dV dt
Depletion width is
related to N4 (from
slope of 1/C*2)

I\
C = A4l L
v 2(Vei + Vr)

2 |d(1/c?)|

ges A? dVp

Negr =

Inﬂuencing the world since 1583
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‘ THE UNIVERSITYof EDINBURGH - Capacitance-Voltage (CV) Measurements

Capacitance related to . dQ dQdV  _dV
depletion width (parallel V=@ “awva “a
plate)

Depletion width is
related to N (from —
slope of 1/C2) VASVD 1 2 |d(1/C?)
Varying the voltage, T ge A% | dVp
varies the width and

scans N4 through

device (only for abrupt

junction)

Can easily solve for

lower concentration

1

Inﬂuencing the world since 1583



THE UNIVERSITY of EDINBURGH Capacitance—Voltage (CV) Measurements

Capacitance related to . dQ dQdV  _dV
depletion width (parallel V=@ “awva “a
plate)

Depletion width is NT AT S—
related to N (from [ o= —ATD L2 |4(1/c®)
slope of 1/C"2) T qeA? | dVp
Varying the voltage,
varies the width and
scans N_¢ through
device (only for abrupt
junction)

Can easily solve for
lower concentration

1
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THE UNIVERSITY of EDINBURGH Capacitance—Voltage (CV) Measurements

Capacitance related to . dQ dQdV  _dV
depletion width (parallel V=@ “awva “a
plate)

Depletion width is NT AT S—
related to N (from [ o= —ATD L2 |4(1/c®)
slope of 1/C"2) © qe A% dVp
Varying the voltage,
varies the width and
scans N_¢ through
device (only for abrupt
junction)

Can easily solve for
lower concentration

1
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THE UNIVERSITY of EDINBURGH Capacitance—Voltage (CV) Measurements

Capacitance related to . 4Q _dQdv _ av

depletion width (parallel V=% “ava "t
plate)

Depletion width is NT AT S—
related to N (from it = D L2 |4(1/c®)
slope of 1/C"2) © qe A% dVp
Varying the voltage,
varies the width and
scans N_¢ through
device (only for abrupt
junction)

Can easily solve for
lower concentration

1
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‘ THE UNIVERSITYof EDINBURGH - Capacitance-Voltage (CV) Measurements

* Diode current response [T US4
’ dt dV dt

can be approximated as
a resistor and capacitor c(t) = wCV; cos(wt)
in series

R _.
Ip(t) = E“ sin(wt)

Inﬂuencing the world since 1583



QEG. THEUNIVERSITYS EDINBURGH — Capacitance-Voltage (CV) Measurements

* Diode current response [T US4
’ dt dV dt

can be approximated as
a resistor and capacitor c(t) = wCV, cos(wt)
in series

 Differentiating V gives a
90 degree phase
change for the capacitor
portion

Io(t) = wCVysin(wt + 90°)

R _.
Ip(t) = E“ sin(wt)

Inﬂuencing the world since 1583
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J THE UNIVERSITY of EDINBURGH Capacitance—Voltage (CV) Measurements

* Diode current response [T US4
’ dt dV dt

can be approximated as
a resistor and capacitor c(t) = wCV, cos(wt)
in series

 Differentiating V gives a
90 degree phase
change for the capacitor
portion

Io(t) = wCVysin(wt + 90°)

o 1"'?] e
-0 degree-resistor Ir(t) = 5 sin(wt)

-90 degree-capacitor
-0<¢$<90- R (parasitic)+C

Inﬂuencing the world since 1583
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{Eg). THEUNIVERSITY(f EDINBURGH — Canacitance-Voltage (CV) Measurements

e Similar to the IV, the CV
shape can indicate
important values

« The knee indicates gain
layer depletion voltage

(Val)
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QE(). THEUNIVERSITYo/ EDINBURGH  Capacitance-Voltage (CV) Measurements

e Similar to the IV, the CV
shape can indicate
important values

« The knee indicates gain
layer depletion voltage
(Vo)

* The levelling off
indicates full depletion

(Vep)
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Manipulator Manipulator

A_G Signal

T T T W
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THE UNIVERSITY of EDINBURGH O ur La b- CV ReS u ltS

1e—11 C-V Characterisation of Silicon, Sample: A_123_CV_100V_BF.csv 1823 1/C? vs Reverse-Bias Voltage, Sample : A_123_CV_100V_BF.csv

Gain Layer Depletion

w
L)
)
2
[y
o
(=1
]
L

Gain Layer Depletion

60 40 80
Blas woltage (V)

a0 40
Bias voltage (V)

Graph by Oliver Waterman  Influencing the world since 1583
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Transient Current Technique

TCT
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Transient Current Technique

Pulsed laser injecting
photons into silicon
creates electron hole
pairs

Trigger

i Sensor
Vbias

Inﬂuencing the world since 1583
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pE( THE uNIVERSITY o EDINBURGH Transient Current Technique

* Pulsed laser injecting
photons into silicon
creates electron hole
pairs

« Moving charge induces
current on the contact

* Dictated by Ramo-

Shockley T | semsor
Vbias

Trigger

| q _ d
\t) — — _E-n. g(t); "’fu..v 1

Va

Inﬂuencing the world since 1583



DR(: THE UNIVERSITY o EDINBURGH Transient Current Technique

» Pulsed laser injecting

photons into silicon Trigger
creates electron hole
pairs

« Moving charge induces
current on the contact

* Dictated by Ramo-

Shockley

Weighting Field

i Sensor
Vbias I

Inﬂuencing the world since 1583



DR(: THE UNIVERSITY o EDINBURGH Transient Current Technique

» Pulsed laser injecting
photons into silicon
creates electron hole
pairs

« Moving charge induces
current on the contact

* Dictated by Ramo-

Weighting Field Vbias
m | | Velocity of charge

Inﬂuencing the world since 1583
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DR(: THE UNIVERSITY o EDINBURGH Transient Current Technique

» Pulsed laser injecting
photons into silicon
creates electron hole
pairs

Trigger

i Sensor
\"/

bias

Welghtlng Field

m | | Velocity of charge

Inﬂuencing the world since 1583



DR(: THE UNIVERSITY o EDINBURGH Transient Current Technique

» Pulsed laser injecting
photons into silicon
creates electron hole
pairs

* Current is amplified

Trigger

i Sensor
\"/

bias

Welghtlng Field

m | | Velocity of charge

Inﬂuencing the world since 1583



DR(: THE UNIVERSITY o EDINBURGH Transient Current Technique

» Pulsed laser injecting
photons into silicon
creates electron hole
pairs

* Current is amplified

« Current is collected by
DAQ

Trigger

i Sensor
\"/

bias

Welghtlng Field

m | | Velocity of charge

Inﬂuencing the world since 1583
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4 THE UNIVERSITY of EDINBURGH Transient Current Technique

« Take a normal diode
biased to depletion

Oscilloscope

. Electric field [V/
Time [HS] ectric field [V/m]

Diagrams by Daniel Hynds Influencing the world since 1583



THE UNIVERSITY of EDINBURGH Transient Current Techn |q ue

« Take a normal diode
biased to depletion

» Charge is injected via a
deeply penetrating laser
wavelength (1064nm)

Oscilloscope

Time [HS] Electric field [V/m]

Diagrams by Daniel Hynds Influencing the world since 1583



THE UNIVERSITY of EDINBURGH Transient Current Techn |q ue

« Take a normal diode < Holes’ velocity is slower Oscilloscope
biased to depletion

» Charge is injected via a
deeply penetrating laser
wavelength (1064nm)

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



THE UNIVERSITY of EDINBURGH Transient Current Techn |q ue

Oscilloscope

« Take a normal diode <+ Holes’ velocity is slower
biased to depletion

» Charge is injected via a
deeply penetrating laser
wavelength (1064nm)

a
B,
-
-
2
3
@]

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



QE{) THE UNIVERSITYof EDINBURGH Transient Current Technique

 Take a normal diode <+ Holes’ velocity is slower Oscilloscope
biased to depletion « Charge carriers drift until
« Charge is injected viaa they are collected on the
deeply penetrating laser contacts
wavelength (1064nm)

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



= THE UNIVERSITY of EDINBURGH

Transient Current Technique

Take a normal diode -
biased to depletion .
Charge is injected via a
deeply penetrating laser
wavelength (1064nm)

Holes’ velocity is slower
Charge carriers drift until
they are collected on the
contacts

Time [ns]

Oscilloscope

Diagrams by Daniel Hynds

lnﬂuencing the world since 1583



QE{) THE UNIVERSITYof EDINBURGH Transient Current Technique

Oscilloscope

 Take a normal diode <+ Holes’ velocity is slower
biased to depletion « Charge carriers drift until

« Charge is injected viaa they are collected on the
deeply penetrating laser contacts

wavelength (1064nm) < Other carriers keep
drifting

Current [arb.]

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



QE{) THE UNIVERSITYof EDINBURGH Transient Current Technique

Oscilloscope

 Take a normal diode <+ Holes’ velocity is slower
biased to depletion « Charge carriers drift until

« Charge is injected viaa they are collected on the
deeply penetrating laser contacts

wavelength (1064nm) < Other carriers keep
drifting

Current [arb.]

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



QE{) THE UNIVERSITYof EDINBURGH Transient Current Technique

 Take a normal diode <+ Holes’ velocity is slower Oscilloscope
biased to depletion « Charge carriers drift until
« Charge is injected viaa they are collected on the
deeply penetrating laser contacts
wavelength (1064nm) < Other carriers keep
drifting (until collected)

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



QE{) THE UNIVERSITYof EDINBURGH Transient Current Technique

Oscilloscope

 Take a normal diode <+ Holes’ velocity is slower
biased to depletion « Charge carriers drift until

« Charge is injected viaa they are collected on the
deeply penetrating laser contacts

wavelength (1064nm) < Other carriers keep
drifting (until collected)

—
0
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S,
—
c
o
=
&)

Time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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QE4. THE UNIVERSITY of EDINBURGH Transient Current Technique
« Take an at full Oscilloscope
depletion

Diagrams by Daniel Hynds Influencing the world since 1583



{ THE UNIVERSITY of EDINBURGH Transient Current Technique

 Take an at full
depletion

* [lluminated from the
backside with shallow
penetrating laser
wavelength (rec 660nm)

Diagrams by Daniel Hynds Influencing the world since 1583
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- Take an atfull  Can identify Vg,
depletion

* [lluminated from the
backside with shallow
penetrating laser
wavelength (rec 660nm)

Vep

=
E
S
£
]
s
©
[=
2
o

30
time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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(g THE UNIVERSITY of EDINBURGH Transient Current Technique

.
L 2

- Take an atfull  Can identify Vg,
depletion optimal running voltage,
* [lluminated from the and drift velocities
backside with shallow
penetrating laser
wavelength (rec 660nm)

?

=
E
S
£
]
s
©
[=
2
o

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



: : THE UNIVERSITY of EDINBURGH Transient Current Technique

 Holes are collected
immediately

Oscilloscope

signal voltage [mV]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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Holes are collected
immediately

Electrons drift towards
gain layer

Oscilloscope

=
E
@
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!
g
®
c
p-4
7]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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Holes are collected
immediately

Electrons drift towards
gain layer

Oscilloscope
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!
g
®
c
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7]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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» Holes are collected
immediately

» Electrons drift towards
gain layer

* Avalanche occurs at gain

layer and electrons are
collected

Oscilloscope

=
E
@
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!
g
®
c
p-4
7]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



= ,7 <
B8

{PEq). THE UNIVERSITY of EDINBURGH Transient Current Technique
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« Holes are collected + Holes drift to back Oeciloscope
immediately contact

» Electrons drift towards
gain layer

* Avalanche occurs at gain
layer and electrons are
collected
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c
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7]

time [ns]
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{PEq). THE UNIVERSITY of EDINBURGH Transient Current Technique

.
L 2

« Holes are collected + Holes drift to back Oeciloscope
immediately contact

» Electrons drift towards
gain layer

* Avalanche occurs at gain
layer and electrons are
collected

=
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@
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®
c
p-4
7]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583
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{PEq). THE UNIVERSITY of EDINBURGH Transient Current Technique

« Holes are collected + Holes drift to back Qscilosscpe
immediately contact

« Electrons drift towards ¢ Holes are collected on
gain layer back contact

* Avalanche occurs at gain
layer and electrons are
collected
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©
c
p-4
7]

time [ns]

Diagrams by Daniel Hynds Influencing the world since 1583



Our Lab -TCT Setup (External)

Tektronix MDO4104C Oscilloscope (1GHz,
9GS/s

Keithley 2470 (1100V max, 10fA resolution) DUT
Bias GPIB controlled, but need Particulars to
write driver

TTi QL355TP 15V 5A max PS Amplifier pwr and
Peltier pwr (only up to 75W/120W) Beckman
Industrial Battery Powered Multimeter for PT100
resistance measurements (used with PT100 R
v.s. T chart)

Huber Mini Chiller 600 (40C to -20C)

Particulars TCT Setup

Inﬂuencing the world since 1583



O8q): THE UNIVERSITY of EDINBURGH

Our Lab -TCT Setup (Internal)

Translation stage

IR (1064 nm) laser usb controlled-
pulsed

Red (660 nm) laser usb controlled
(used also for alignment)
Antifreeze/D| Water 50/50 mixture in
tubes (maybe need to isolate with
waterproof foam or something)
Open slot for dry air input

Y ' T
<  m— :
A L 3
= . |
— : = L. : : /
= e 74 = = . 3
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THE UNIVERSITY of EDINBURGH LGAD A 1.11 from Micron Wafer

Guard Rings

Run-3455 produced by Micron Semiconducm
—  Wafer production based on increasing
gain layer doping
Active thickness = 250um
Pad area = 1x1 mm?
Devices:
« A: 1x1 LGADs with JTE
* B:1x1 LGADs with JTE + Trench
* C:1x1PIN (no gain)
« D: 1x1 LGADs with Trench
« E: 1x2 Pixels, isolated with Trench

Medipix Arrays:
« 55 pm pitch
* 110 um pitch

Opening in metal and Acti
. . N ctive area
oxide for illumination Tama

Inﬂuencing the world since 1583
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2D integrated charge scan of LGAD surface
Front-side illumination 1064 nm

Settings
HVPS: 135V (reverse bias)

Oscilloscope:

Acquire mode:: average 64 waveforms
record length: 1000 points

Fast Aqu: OFF

CH1: Amplifier output

CH2: Trigger from laser output

Amplifier PS:
15V/.189A

Peltier PS

15V/5A

PT100 Multimeter: ON

Laser:
ON
8mm aperture

(on computer)

Laser driver control
Pulse width=84%
Pulse frequency= 1KHz

Xllab Native software:
Stages max speed 10mm/s

Wavelorm from Scan Center

Charge Collection Map (X-Y plane)
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%¢ THE UNIVERSITY of EDINBURGH E 4.11R (Wafer 3455-6) Integrated Charge vs Bias scan
“ Front-side illumination 1064 nm

TCT Measurement @ T=+293 C

e 200um,1.3E+13,n0
oxide cap on trench

* LGAD pixelsisolated
with trench

e i i iy S
;___L_._ | PP R ISR
10 20 3

0 40

Charge vs. Voltage @ T=+293 C
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E 4.11R (Wafer 3455-6) Integrated Charge vs Bias scan
Front-side illumination 1064 nm

TCT Measurement @ T=+293 C ] e b E lect ro n S CO l lected

Charge vs. Voltage @ T=+293 C
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§¢ THE UNIVERSITY of EDINBURGH E 4.11R (Wafer 3455-6) Integrated Charge vs Bias scan
“ Front-side illumination 1064 nm

TCT Measurement @ T=+293 C 3 b Elect ronS CO“eCted
* Holesdrift

I
L
i
|
o

H

Charge vs. Voltage @ T=+293 C
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§¢ THE UNIVERSITY of EDINBURGH E 4.11R (Wafer 3455-6) Integrated Charge vs Bias scan
“ Front-side illumination 1064 nm

TCT Measurement @ T=+293 C 3 b Elect ronS CO“eCted
* Holesdrift

* Holes collected

Charge vs. Voltage @ T=+293 C
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§¢ THE UNIVERSITY of EDINBURGH E 4.11R (Wafer 3455-6) Integrated Charge vs Bias scan
“ Front-side illumination 1064 nm

TCT Measurement @ T=+293 C 3 b Elect ronS CO“eCted
* Holesdrift

* Holes collected
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Gain of B4.11 and E 4.11 (Wafer 3455-6 -- 200
um, 1.3 E+13, No oxide cap on trench) vs Bias

LGAD Gain vs Bias @ (x=0, y=0, z=0) | Q=Int. charge, t=[0, 80] ns

[ ——— B-type (LGAD: JTE + trench)
—_—- E-type Left (LGAD: trench iso)
—_— E-type Right (LGAD: trench iso)

= \QLGAD\ / \QPN| (unitless)

Gain

E-type Left (LGAD: tranch isa): ¢
E-typa Right (LGAD: trench isa). d‘“_'
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Gain of B4.11 and E 4.11 (Wafer 3455-6 -- 200
um, 1.3 E+13, No oxide cap on trench) vs Bias

LGAD Gain vs Bias @ (x=0, y=0, z=0) | Q=Int. charge, t=[0, 80] ns

[ ——— B-type (LGAD: JTE + trench)
—_—- E-type Left (LGAD: trench iso)
—_— E-type Right (LGAD: trench iso)

= \QLGAD\ / \QPN| (unitless)

Gain

E-type Left (LGAD: tranch isa): ¢
E-typa Right (LGAD: trench isa). d‘“_'

lnﬂuencing the world since 1583




() THE UNIVERSITY of EDINBURGH Time Resolution Measurements Setup

= FC/PC mating

A = Attenuator TM105REF1B

a

Beam Expander

“

\ 30m cable

MP2LF1

<<=
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' THE UNIVERSITY of EDINBURGH Time Resolution Measurements Setup

b
H
i
55
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Early results - Time resolution

Y THE UNIVERSITY of EDINBURGH SUIS .
: (No calibration for optics)

 Codetakes 1000 o = 224.30 ps, y2/ndof = 0.28
waveforms at full
bandwidth

* Both pulses are
attenuated to same
amplitude

 CFD used for
timestamp

* Delta-T plotted

* Need calibration for
MM fibre

%]
=)
c
=
=
L]

0
146.75 147.00 147.25 147.50 147.75 148.00 148.25 148.50

AT (ns)
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{p#¢ THE UNIVERSITY of EDINBURGH

LGAD v TI-LGAD

Trench Isolation (TI)
uses a physical trench
to isolate pixels

Tl allows for expansion
of active area (increased
fill-factor)

Decrease in interpixel
distance

Pixel-1

Gain Layer

]
\

Pixel-2
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LGAD v TI-LGAD

Waveform from Left Pixel Center
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THE UNIVERSITY of EDINBURGH L G A D V T I = I_ G A D

Trench

Waveform from Left Pixel Center

Charge Collection Map

Inﬂuencing the world since 1583



UV
Wil L4,
%, " -~y

By scanning across
trench, CC profile can
be obtained

From charge collection
profile inter-pixel
distance (IPD) is
determined

=
©
—
)
©
=
L~
-
=
<

TI-LGAD 7 pm

220
Position [um]
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¢ THE UNIVERSITY of EDINBURGH U S| N g TCT to TeSt I P D

* By scanning across
trench, CC profile can
be obtained

« From charge collection
profile inter-pixel
distance (IPD) is
determined

* Ideally :

IPD+y gap<IPD cap

L |
=
©
—
)
©
S
x
=
=
<

200 220
Position [um]
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y8q): THE UNIVERSITY of EDINBURGH N eXt Ste p S I
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Increase CV range capabilities
Calibrate TCT timing

Measure photon injection of TCT
Measure more devices IV/CV/TCT
Measure |IPD for Trenched Devices
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https://commons.wikimedia.org/wiki/File:Pn-junction-equilibrium-graph.svg
https://www.allaboutcircuits.com/technical-articles/understanding-i-v-curves-of-non-linear-devices/
https://www.allaboutcircuits.com/technical-articles/understanding-i-v-curves-of-non-linear-devices/

' THE UNIVERSITY of EDINBURGH

BACKUP
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Q&Y. THEUNIVERSITYS EDINBURGH — Gjljcon Detectors- Working Principle

« This is a hybrid pixel
detector (readout
decoupled from sensor)

High Voltage

Collection

*  Working principle the diode

same for all silicon
detectors:

-charge generation

Readout chip

Diagrams by Daniel Hynds Influencing the world since 1583



B4 THEUNIVERSITYo/ EDINBURGH  Gjljcon Detectors- Working Principle

« This is a hybrid pixel
detector (readout
decoupled from sensor)

High Voltage

Collection

*  Working principle the diode

same for all silicon
detectors:

-charge generation

-charge movement
Readout chip

Diagrams by Daniel Hynds Influencing the world since 1583



B4 THEUNIVERSITYo/ EDINBURGH  Gjljcon Detectors- Working Principle

« This is a hybrid pixel
detector (readout
decoupled from sensor)

High Voltage

Collection

*  Working principle the diode

same for all silicon
detectors:

-charge generation
-charge movement
-charge collection Readout chip

Diagrams by Daniel Hynds Influencing the world since 1583
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« The P-N junction is the
simplest silicon detector
geometry

has ‘too few electrons’

Diagrams by Wikimedia Commons [1] Influencing the world since 1583
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« The P-N junction is the
simplest silicon detector
geometry

has ‘too few electrons’
has ‘too many electrons’

Diagrams by Wikimedia Commons [1] Influencing the world since 1583



| THE UNIVERSITY of EDINBURGH P_ N J un Ct| on

« The P-N junction is the
simplest silicon detector
geometry

has ‘too few electrons’
has ‘too many electrons’

« When a junction is created,
diffusion occurs creating a
built-in potential and a
depletion region

Diagrams by Wikimedia Commons [1] Influencing the world since 1583



| THE UNIVERSITY of EDINBURGH P-N Jun Ct| on

« The P-N junction is the
simplest silicon detector
geometry

has ‘too few electrons’
has ‘too many electrons’

« When a junction is created,
diffusion occurs creating a
built-in potential and a
depletion region

* Depletion region (no charge
carriers)

Diagrams by Wikimedia Commons [1] Influencing the world since 1583



) THE UNIVERSITY of EDINBURGH PT100 Validation Test
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