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The bistable behavior of a Boron Containing Donor (BCD) related to acceptor removal
(AR) effect observed in high resistivity PAD and LGAD samples'2

Possible assignments of BCD:

1)B.O; formed via the reactions -3 «  after 10 min ambiental light exposure 293K e Q;I

B, +Si,— B,; B+0, — B0, 1 ©  7hlater Aydﬂ .,sm”ssee..

2) B.Si. formed via the reaction 4> 4 Oooooofffff°g

B, + Si. — B.Si. =
3 BCDAOM) .

both are deactivating the acceptor dopant (Boron| <€ e

substitutional) % Hateky |2 ‘3

Configuration A- the ground state in eq. conditions, with a| © A U &

donor level at E_ - 0.28 eV, contributing with positive charge to \ %%M-m

N ¢ - maximizing the AR effect W s

Configuration B- the ground state in non-eq. conditions 70 80 90 100 110 120

(excess of carriers), not electrically active and is indirectly | T?mper‘?t“re ('K) |
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observed via the variations in the A configuration —minimize AR

BCD” trapping parameters:
E, = 0.28eV -6E(F);5, = 1.05x10"** cm?; o, = 2.5x10%° cm?
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High resistivity PAD and LGAD samples
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Reversible switch between the two charge configurations of BCD

As seen in CV measurementsl?

12 kohm-cm PAD and LGAD irradiated with 10** 1MeVn/cm?, long time annealed at 80 °C
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- by keeping the sample in the dark
Vyep returns back to its equilibrium value



Reversible switch between the two charge configurations of BCD

As seen in TSC measurements®? - possible only via monitoring the concentration of BCD*

TSC signal (pA)

12 kohm-cm PAD and LGAD irradiated with 101* 1MeVn/cm?
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The changes from A — B is due to the excess of charge carriers. This excess of charge carriers can be stimulated
- Thermal treatments (at T<80°C)

through different methods:

- FW current injection
- Light exposure




BCD defect kinetics, as seen in high resistivity samples?
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- slow returning process, enhancing the
AR effect (maximize the AR effect)
N - below 273 K the B state frozen

fast process, diminishing the AR effect
(recovers part of the removed acceptors)

It is possible to tune the defects configurations for minimizing the AR effect by switching the
defect from BCD”* to BCDg — diminishing the contribution of A state which is accounted
twice in g;!




* Does BCD’s bistability manifest also in
samples of lower resistivity ?

Samples of different resistivity (annealed 120min@60°C)
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Results on the samples of different resistivity
(50 Q-cm, 250 Q-cm and 12 k Q-cm), ¢ = 1E14 n/cm?
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For 12k QQ-cm :

A to B:

AV, ~ 6.3 V — acceptor reactivation of 3.3x10% cm

For 250 Q-cm : AV, ~ 2.3 V — acceptor reactivation of 1.2x10%* cm™
For 50 Q-cm : AV, =0, no reactivation of acceptors

B to A (after removing the Fw injection):
- Happen very slowly for T> 253K
- At 253K, the B state remain frozen !
(the acceptor removal effect remains reduced to its
minimum)

The efficiency of switching the defect’ charge configuration is increasing with the sample’ resistivity




* Why can be reactivated more acceptors in high resistivity than in
low resistivity samples after the same small Fw current injection ?
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The volume in which the density of free electrons is larger than that of holes increases with
resistivity — the change of the BCD configuration from A to B (with some recovery of
acceptors) after small Fw current injection is observed in high resistivity diodes.



* Are other bistable effects that may overlap to that of BCD ?

- yes, we know that the cluster related hole traps, responsible for the magnitude of reverse
annealing in n-type Silicon, show a bistable behavior after high irradiation levels
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Bistability of H(116 K), H(140 K), and H(152 K) defects and corresponding change in V,,,, of a 300 um thick STFZ diode irradiated with 27MeV electrons,
@=10" cm™ (type inverted) and annealed for 3960 min at 80 C: (a) TSC spectra; (b) C-V curves measured with a frequency of 10 kHz and 0.5V small ac signal;

As acceptors in the lower part of the gap the impact of H116K, H140K and H152K clusters
on N in p-type Silicon is opposite to that of BCD (donors in the upper part of the gap)



Annealing studies on 12 k€Xxxm PAD samples

We know that: - BCD defect dissociates in (160° C - 200° C) the temperature interval*
- H116K, H140K and H152K continue forming

in eq. conditions, no injection (BCD in state A) after small Fw current injection
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- During annealing, V,,, increases both, in eq. conditions and after small Fw injection
- While after annealing at 180° C an increase of ¥ 10 V in V., is measured , only a 6.3 V can be
attributed to the dissociation of BCD, the rest is due to the H116K, H140K and H152K defects



Annealing studies on 12 k€Xm PAD samples

TSC experiments
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- before the annealing the observed bistability is mainly due to BCD (AVy,, ~ 6.3 V)
- after annealing at 180°C (where BCD signal vanishes) the amount of H-type cluster defects

increases twice becoming the main source for the observed bistabilities (AVy,, ~ 4 V)



Conclusions

 The acceptor removal effect can be minimized by switching the BCD from its
stable, positively charged configuration A, to the neutral one B. Such a process is
very efficient in high resistivity p-type Silicon.

* The more favorable B state can be achieved by small injection of carriers. The B
state froze-in at 253K.

* |sochronal annealing at temperatures below 200 °C reveals that also the cluster
defects, acceptors in the lower part of the gap, manifest bistability — small Fw
injections increase the negative charge stored on these defects and so, their
bistability can also be used to minimize the acceptor removal effect.

* The study on H116K, H140K and H152K clusters just started and will continue for
establishing the kinetics behind bistability and whether the more favourable
configuration with respect to AR effect can be frozen-in



Thank you for your attention!



