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» Depletion width vs fluence.
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. Forward biasing of irradiated diodes.
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Silicon carbide detectors

SiC sensors:

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

Samples (non metallized contact): Isolation dielectric ~ p+implant Front metal Passivation
5024510, CVD contact pad | A Ti+AHTI+HW Si0,+Si,N,

— 1MW2 (Non-irradiated)
— F2W1 (1e15 neq/cmz)

— K6W1 (5e14 n_ fcm?) /

N = 1.5e14 /cm?3

Backsjdg metal
< Ti+Ni+Au >
4400 um

Signal collection ring
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Experimental setup for TPA-TCT

S: Shutter
Al: Attenuator
NLC: Non linear crystal

S Al NL M
I I CI \\  800n
Lase (0 N\
I' M A2
_|< ) / I 400n
/ m
Ref.
SPA \ 4
Silicon \ :-—N To amp
diode A
M L DUT

- M: Mirrors

AZ2: Attenuator

Ref.. Laser power reference
L: focusing lens

DUT: Device under test

Si(P,z) = S7PA(P) + STPA(P, 2)

Si(Pi, zi) = aP; + B(z;) P?
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Readout for TPA-TCT (Laser) & TRIBIC (lons)

e Sample: IMW?2 (Non irradiated): Not metalized

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

* Beam size: 5x5 um?

e T_.~200Hz

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

e Oscilloscope: TeledyneLecroy HDO9404, 4 GHz,
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

dband Diamond Amplifi

Detector
Fast oscilloscope h
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Charge (+14ns) [fC]
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TPA: Z-scan charge profiles: non-irradiated diodes

» As expected, the depletion width increases with the bias voltage.
» Full depletion between 300-500 V.

1MW?2 (fresh) 1MW?2 (fresh)

—

Norm. Charge (+14ns)
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TPA-TCT: Depletion width estimation

« Asymmetric z-scan charge profile for the larger depletion widths due to spherical aberration.
« Estimation of the depletion width using the FWHM of the z-scan profiles

Charge drop induced by

Charge (+14ns) [fC]

1MW2 (fresh) spherical aberration Charge profile theoretical fit Theoretical
- : : : : : : bias [V] prOfIIe
180 v R “{— 1000 1 . - All data
160f == o sel
- : — fit
.| — 300 _
140 ; 200 5 0.8
120 |~ 100 S
. |—50 . .
100 |—20 =~ 061 M. Wiehe
80F {—10 2 M er
- |—5 S CERN THESIS-2021-225
60 - : ; : ; ; ) — 0 : _ X 041
- é : . AV VO _— e - @
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zdep [um]

TPA-TCT: Depletion width vs bias / non-irradiated

» Diode fully depleted between 400-500 volts.
« Capacitance value matches the electrical capacitance measurements.
» Effective doping of the bulk from CV equal to the the nominal doping value.

Depletion width (fit) for NI DUT

Capacitance vs. Vbias

50 ho - —3
* 90p |
454
80p 1 .
401 Capacitance
35 70p] calculated from the
30/ = o0 depletion width
oy U 50p-
20 40p
15 30p 1
10 20p
6 2(I)0 460 S(IJO BEI)O 1600 260 400 6(I)0 B{IJO 1600
vbias [-V] Vhias [-V]
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Effective doping study

5x10%!

4x107

3x107!

2x10%! -

1x10%

— fit
* Linear sel.

Nef = 1.3 £ 0.2 101 /cm3

200
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TPA-TCT Z-scan charge profiles: irradiated diodes

— Collected charge and depletion width reduced by irradiation
— Collected charge does not plateau as bias voltage increases

K6W1 (5.0e14 neg/cm2)

. bias [V]
. |[— 1000

.| — 750

- |— 500

.| — 300
: 200
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i |— 50
L|—20
|—10

Charge (+14ns) [fC]

Front side Back side

Charge (+14ns) [fC]
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F2W1 (1.0e15 neq/cm2)
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Norm. Charge (+15ns)

TPA-TCT: Depletion width vs bias - irradiated

Depletion width vs bias

~/

a5

4
IF(A

K6W1 (5.0e14 neg/cm?2)

depletion width [um]

DUT:
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IBIC angular scans: Depletion width

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?2 105
[rate ~ 200 Hz . — . =

20°
40°|-
50°
60°
—70°|.
75°
_800
85°|

0

0 10 20 30 40 50 60
Target Depth (um)

Accuracy: 1°

Proton beam in SiC

(&)

IS

Stopping power (eV/um)
N w
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IBIC vs TPA: depletion width

1MW?2 (non irradiated)
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Charge of the average SPA waveform [fC]

TPA and SPA: relative signal strength

« SPA average waveform signal obtained when the laser focus is outside the
active volume of the diode

« TPA Signal /SPA Signal ratio determined at different z integrating the
waveforms of the SPA and TPA signals at that z position.

A e 9
B DUT: : : S
12— | —F— IMW2 (0.0e15 neq) i o
- |—3— Kew1 (0.5e15 neq) ; : =
10— 13— F2W1 (1.0e15 neq)[ = <
= ! (&)
8_.. P - N
- E
- : =~
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- : =
21— e
o . _i_ N N - .
0 200 400 600 800 1000

vbias [V]
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TPA-TCT: Relative charge collection vs fluence

» Relative charge collection obtained from the ratio of the charge integral of the
z-scan profiles with subtracted SPA contribution

* Normalized to the charge integral of the z-scan profile of the fully depleted
non-irradiated

DUT:
—F— 1MW2 (0.0e15 neq]
—J— K6W1 (0.5e15 neq)
—J— F2W1 (1.0e15 neq)

Relative charge collection

L 1 Il | L L 1 I 1 1 1 | L L 1 | L L L I 1
0 200 400 600 800 1000
vbias [V]
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Norm. voltage

TPA-TCT: Forward biasing of Irradiated diodes

+ Comparison between two z-scans at same HV bias but opposite polarization.
+ The signal amplitude is significantly greater in forward biasing than reverse biasing.

» Large increase of the depletion width.

F2W1 (1.0e15 neq/cm2) Transient zscan currents (1kV)
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Charge (+15ns)

Forward biasing — Depletion width

 When forward biased, the depletion region is at the back side of the diode. IF(A
* Non monotonous dependence of depletion width on bias (forward) voltage.

F2W1 (1.0e15 neg/cm2) Forward-Reverse comparison F2W1 (1.0e15 neg/cm?2) Forward-Reverse comparison
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an

. . . a
Relative charge collection vs fluence (forward biasing) *-7
IF(A

* Normalized to the charge integral of the z-scan profile of the fully depleted non-irradiated diode

3.5

S S A AN

— DUT: : ; :
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I e s ----------------------- ------------ Almost a X10 increase
S = B i A N of the signal for 1e15 n,,/cm?

b T """""" /
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Conclusions

. Arelative charge collection of 50% (5e14) and 35% (1e15) is achieved.

« After neutron irradiation, SiC pn diodes non fully depleted for a HV bias up to 1000V.
. Forward biased diode, irradiated up to 1e15, is just depleted at the back-side.
« Depletion width in forward biasing is twice the depletion width in reverse biasing.

- Relative charge collection in forward biasing is increased by factor of 10 with

respect to the reverse biasing.
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Spherical aberration and numerical aperture
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Depletion width

Depletion interfaces - F2W1 (1.0e15 neg/cm?2)
70
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voltage [V]

log. Charge (+14ns) [C]

SPA signal contamination
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voltage [V]

Transient current comparisons

1MW?2 (0.0e15 neq) Transient zscan currents (1kV)

0.5F

0.4; —— 1MW2 (0.0e15 neq)

03 }. , ............ 14 T T ........... ’ K6W1 (05915 neq) TranSient zscan Cl.lrrentS (1kv)
B : : i : :

1 . S e s > 0,25 [t
- % o —— KB6W1 (0.5e15 neq)

0. Al YA 5 &2}5
C = E o :

0 : 0.15[—
0= A [N [ [ 0.1

F2W1 (1.0e15 neq) Transient zscan currents (1kV)

March 3, 2023 TREDI 18th - C. Quintana, 1. Vila

10 12 14
time [ns]

23



Norm. Charge (+15ns)
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Setup improvements (Run 1 — Run 2)

. Better stability:

— Pumping module of the laser’s amplifier replaced.

Al NLC

M
— Attenuation procedure
. 800nm P

| ()

Laser \ — Energy monitoring

— BBO polarization coupling optimized.

. Better resolution

— Coupling between the laser ray and the objective enhanced.

Ref.
SPA

GaP \ I N To amp. . Better signal
L

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

— Measurements close to the conductive ring

DUT — Different TCT ampifier
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Non irradiated detector: Transient currents

— 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 IMW2(NI) Transient currents IMW2(NI)
3000 .
3000 Vbias [V]
2500 Zscan full set 2500- Max. signals at e
2000 2000 different Vbias — 500
— -300
T 15001 3 1500 —
& &
& 1000 & 1000
500 500
04 0fome’ :
5001 =500
0 2 4 6 8 10 0 2 4 6 8 10
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Irradiated detector: Transient currents

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

10004 2000

800 - 1500

600 -

E) F)
S &, 1000
-3 =
=~ 400 ~
500+
200+
0 -
0 p
0 2 4 6 8 10 0 2 4 6 8 10
t [ns] t [ns]
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The waveform shapes change as we approach to
the center of the detector
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&
=
<
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Homogeneity of the charge map

1MW2 ' ' ' '
051 —-100 pumi7
Close to the edge of the detector the 7 MeV Hett —0 um
waveforms are faster. However, close to the 045} V.. =-200V ——100 um |
center, the waveform becomes slower bias™ _288 /‘-2
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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