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%Dm Silicon carbide detectors u

IF(A

SiC sensors:
CNM SiC planar pad diodes P in N
Neutron-irradiated (ATl Vienna) July/Aug 2021

Samples (non metallized contact): Isolation dielectric  p+ implant Front metal Passivation
5024510, CVD contactpad | A Ti+Al+Ti+W Si0,+SiN,
i 50um

350um

- 1MW?2 (Non-irradiated)
- F2W1 (1el5 n_/cm?)

- K6W1 (4el4 neq/cmz)

N~ 1.5e14 /cm?

Backside metal
TisNitAu

<
4400 pm

Signal collection ring
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\/RD50 Experimental setup for TPA-TCT

Al NLC M

S
I \ 800nm S: Shutter
0

Al: Attenuator

\ NLY: Non linear crystal
M: Mirrors

2 A2: Attenuator

A
Ref.: Laser power reference
/ I 400nm P

Laser

L: focusing lens
DUT: Device under test

Ref. /
SPA
GaP \ s N Toamp.  S;(P,z)=S"4(P)+ 5/7A(P,2)
\ L Lg-i(P?:_: Z.I'_) == (}:'Pg' . 3(23)}_)3
L DUT

<
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ZRD50 Setup improvements (Run 1 - Run 2)

* Better stability:

S Al NLC M - Pumplnq module of the laser’s amplifier replaced.
I \ 800nm - Attenuation |-oro-cedure
Laser I \ - Energy monitoring

— BBO polarization coupling optimized.

M * Better resolution
_|< / 400nm — Coupling between the laser ray and the objective
Ref y4 enhanced.

SPA

GaP \

- Increment of the effective numerical aperture (more
sensitive to aberrations)

To amp.

* Better signal

- Measurements close to the conductive ring

/
~ ——
! —5

DUT _. Different TCT ampifier
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.RDSO Raw data corrections: Energy fluctuations
— Correlation bet the |
— Analysis of the variations on laser’s power emission. and %rées?glr?; Ctween the faser power
- Power variation done with a variable attenuator _, Power of tWo correlation — TPA

Laser power vs Charge log relation

— Linear fit, mp=1.96
* data

In(Charge (+15ns))

—-6.5 —6 -5.5 -5 -4.5
In(Laser power)
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\Z{RD50 Non irradiated detector: Transient currents
o | IF(A
- Analysis of the WF profiles and durations at different Vbias - Monotonically increasing of the maximum current
_. The duration of the pulses has decreased (20 um close to — Profile dependence with the bias voltage

the collecting ring)

Transient currents Vbias = -1kV 1IMW2(NI) Transient currents IMW2(NI)
3000 ]
' 2000 Vbias [V]
25001 Zscan full set 2500 Max. signals at — -1000
: : w— 750
different Vbias e
2000 T .
— -300
'S 1500 T i — 2200
= s,
& 1000 & 1000
500 500
04 o :
~500 -500
0 2 4 6 8 10 0 2 4 6 8 10
t [ns] t [ns]
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%RDBQ Z-scan charge profiles: non-irradiated diodes

— Characteristic behavior of diodes, except for drop in - Monotonically increasing of the depletion width (zdep) | F(A

charge due to spherical aberration - Depletion with saturation between -300 to -500 V
- Profile dependence with bias voltage
Charge profile 1IMW2(NI) Charge profile 1IMW2(NI)
25k 4 Vbias [V] Vhias [V]
— -1000 —-1000
_ — _750 _ —-750
5 20k+ ; — 500 = — 500
2] s o
S —-300 o —-300
A B i =W e
-;:\ 15k_ ":-‘ '200 ;..:\ '200
2 FH -100 2 -100
= -50 = -50
n.tr 10k .. ..... -20 \i_./ ..... 220
%, 3 T VY s 10 & | F EYINY 000 10
g 3
_5 Sk - ig::. _:- - ..... b _5 ..... 2
: ;- E .‘ ',‘ ..... 0 AL AN, 2 mE 0
U-um.e.'-fs"{:" "°--"-'.:’:':~'.:;s;.=.>:=., R TR
0 50 100 150 0 50 100 150
z [um] z [um]
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‘RD50 Z-scan charge profiles: theoretical fit

— The spherical aberration causes a drop in the charge — Correction with selection of date and theoretical fit | F(A

profile _ _ _. Depletion width correction
— Generation region gets elongated with depth — TPA*

Charge profile IMW2(NI) Artifact Charge profile theoretical fit Difference
25k Vbias [V] 14 - All data
—-1000 * sel
— — 750 _ — fit
i; 20Kk :: —_500 g 0.8
5 — 2300 =
S skl = —-200 2 o6
0 : -100 ]
= =
— -50 Developmentofa Tw
owk{ 0 E 2 1\Y .. 20 o-Photon Absorption < 0.4
W -TCT systemand St~ &
%3 '''' -10 udy of Radiation Da =
- I 7T N W W U U — 5 mage in Silicon Dete &
U - ctors O 0.24
..... 0 _
500, Wiehe, Moritz Oliver
B - CERN-THESIS- 04 Teviviyieios
L . . . 2021‘225 T T T T
0 50 100 150 0 50 100 150
z [um] z [um]
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\VIRD50 Depletion width vs bias: non irradiated
_, Diode behavior - Capacitance value matches the direct
— Diode fully depleted between 400-500 volts. capacitance measurements
—. Homogeneity in the sensor depletion - Effective doping of the bulk over the real

doping value: SiC vs Si at room temperature

Depletion width (fit) for NI DUT Capacitance vs. Vbias Effective doping study
504 I T —3
. 90p 1 5x107
45+ [
80p 1
404 4x10% 4 I t i
70p 1
— 351
E —  60p 21
2 304 P © 310
z © sop - — fit
R 2 2x10%'
40p ] * Linear sel.
20 Depleted
30p 7 x107!
15 P yS 1x10
10- 20p A
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
vbias [-V] Vbias [-V] Vhias [-V]
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‘>RD50 Irradiated detector: Transient currents

Transient currents KEW1(5e14) Transient currents F2W1(1el5)

1000 - 2000

800 1500 4

600 -

1000 -

I[/P? [a.u.]
I/P?[a.u.]

400
500

200+
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Tgﬁgmo Z-scan charge profiles: irradiated diodes

- Same effect in both detectors

- The diode behavior partially lost.
— Charge collection drops with irradiation

— Capacitor-like charge collection
— No charge collection saturation with bias

Charge profile KEW1(5e14) Charge profile F2W1(1el5)

18K A

200G Vbias [V] Vbias [V]
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IRD50 Depletion width vs bias: irradiated

- The depletion width is different if we compare irradiated

— Both figures show that the depletion width and non-irradiated detectors, but also between the
slightly increases with Vbias, but there is no irradiated ones.
saturation. —. The higher the fluence the smaller the depletion width

- Bad SNR at 0 and very low Vbias

Depleti idth bias d d
Charge profile K6W1(5e14) epletion wi ias dependence

50-
—
¥ Vbias [V] 5 ] i
[ \ —-1000 451
— 081 ' =il |
3 — 500 40 — IMW2 (NI)
E — 300 = 5 — K6W1 (5e14)
= 0.6 — 200 = — F2W1 (lel5)
2 -100 (=
S -50 g 301
¥ 044 3
o |
Eﬂ 25
U 0‘2 1 2[] N
A
Z e W
0 pp= AT o 151
0 20 40 60 80 100 120 140 0 260 460 600 350 10'00
z [um] vbias [-V]
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\VYRD50 Forward biasing (most irradiated detector)
- Pulse duration and shape do not depend on - Charge collection increases with forward biasing
the bias voltage - The depletion width increases with Vbias.

- Very low amplitude at low Vbias compared
with high Vbias.

Transient currents F2W1 (1e15) - direct polarization Charge profile F2W1 (1e15) - direct polarization
0"“‘1‘.5:{51-- i 0
-500
— 20k
~1000 =
< -1500- 2 a0k
E A
& —2000- A
A = -60k
= E
™ 2500 W
5 -80k -
~3000- 5
~3500 100k 1
4000 — : : : : : :
0 5 10 15 20 0 50 100 150
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- FWHMs of the zscan charge profiles
- Different behavior at different Vbias

11/30/22

Forward biasing — Depletion width

zdep

- The depletion width is higher than the depletion
with at the same absolute voltage for reverse bias

Zdep bias dependence direct polarization

42

40+

381

361

341

324

30+

28

— F2W1 (lel5)

200 400 600 800 1000
vbias [V]
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\»IRD50 Forward vs Reverse biasing
- Comparison between two zscans at same - The total collected charge is significantly greater in
Vbias but opposite polarization. forward biasing.
- Different pulse duration and profile — The profiles are different, including the depletion width.
Transient currents Vbias = -1kV F2W1(1el5) Charge profiles Vbias = -1kV F2W1(1el5)
1 — forward 20k 1
=—lTEVEISE
0
El
2]
— 20k
3 <
NE ‘@ 40k
E g — forward
- Y _60k- — reverse
Z
O
—80k
—100k |
—I50 [] 5.[] 100

Z [ns]
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5% Time-Resolved lon Beam Induced Charge (TRIBIC) i’rﬁ

Sample 1MW?2 (Non irradiated): Not metalized

* PIBs: 7 MeV He**. Range=26 um;

* Beam size: 5x5 pm?

* [~ 200 Hz

* Amplifier: CIVIDEC C2, 2 GHz, 40 dB. Wideband current

* Oscilloscope: TeledynelLecroy HD0O9404, 4 GHz, f ampllfrlerr |
40 Gsa/s

» Self trigger: all signals are corrected so that
they have t = 0 at 30% of the maximum signal
* Averaging to improve SNR

Detector

Fast oscilloscope %
11/30/22 RD50 - C. Quintana - SiC Characterization 17



I The waveform shapes change as we approach to

b

ZRDSO the center of the detector

1MW2 o 7 MeV He** —om”|
045 | Vbiasz'zoo V __;88 ﬁ’ﬂ _

300 um ||

200 400 600 Center

Amplitude (V)

Bi00 300 500 700

400 pm

—600 um
700 pum

—300 pum ||

—Center ||

Time window: [0,100] ns

40

60 80

Time (ns)
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%%350 Homogeneity of the charge map

1MW?2 ‘ ' ’ ' ‘ £
05/ —a00,.m[| |F(A
Close to the edge of the detector the 7 MeV Het* —0 um
waveforms are faster. However, close to the 0.45+ V.. =-200V ——100 pm |-
center, the waveform becomes slower bias™ —200 um

300 pm ||

decreasing the signal amplitude.
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The mean charge maps are homogeneous
even though the TRIBIC signals change with
position. Time (ns)
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L The depletion width can be estimated using the IBIC
'RD50 measurements at different angles (0°-85°)

To modify the ion beam deposition depth we have carried out
experiments by tilting the detector.

PIBs: 3 MeV H*. Range=61.8 um;
Beam size: 5x5 um?2 o5
lrate ~ 200 Hz 6 R =

Proton beam in SiC —20°

40°|
_500
_600

700
_750
_800
_850 |

{0

0 SCRg

0 10 20 30 40 50 60
Target Depth (zm)
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% IBIC depletion widths
RD50

1MW?2 (non irradiated) K6W1 (4x10'* n/cm?) F2W1 (1x10' n/cm?)
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3 MeV H* D e 3 MeV H*

20022 . . 1000 b . . . . . 400 . . . .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Nominal angle (°) Nominal angle (°) Nominal angle (°)

Reverse cv IBIC TPA

bias (V) | Depletio | depletio | depletio Reverse IBIC TPA

bias (V) | Depletio | depletio | depletio

Reverse IBIC TPA
bias (V) Depletio | depletio | depletio

n (um) n (um) n (pm)

n(um) | n(pm) [ n(pm) n (pm) n (um) n (um)

-100 23 22 26

-300 45 11 20
-200 32 32 35

-800 46 21 25 -400 44 21 20
-337 39 40 41
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\RD50 Conclusions:

* The new TPA-TCT run confirms the previous results and
clarifies the dependence between the bias voltage and the
depletion width in irradiated sensors.

* TRIBIC measurements are compatible and confirm TPA-
TCT results.

* BIG SURPRISE! Very large increase of the signal
amplitude and depletion width for irradiated forward-
biased diodes.
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Thanks for your attention
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"RD50 Spherical aberration and numerical aperture .
IF(A

20221107_1707_M1W2_400nm_zscan 7EIV_baseline_substratad.lvm 20221107 _1726_MAW2_a00nm_zscan T30V _ins_posi_bassline_substrated
4 . . ' 4 . T T '
20=0.0022 mm | z0=0.0033 mm
74 d=0.04B mm | 3+ |:|-IIZI.I:'I243E1rnm i . .
z-2 B33 Tiz=2.
e R Spherical aberration
gy ] 5 24 1
32 £
O &
14 4 14 4
0 4 0 4
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
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. T . ~ T . T . T - T - T
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e 4.0.048 mm (s ;?E-Dﬁgézmr:nm
Ziz=2. 779 e
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e e
& a
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