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More
than 140 polytypes

Chemical
Inertness

3C-, 4H-, 6H- ...

Silicon Carbide

High Saturated
electron velocity

High Breakdown
Electric Field

High Frequency,
High Power,
Radiation Hard
device material

(2 -- 3) MV/icm (2-2.7) cmlc

High Thermal

Wide Bandgap Conductivity

(2.3--3.2) eV (3 - 5) Wiem*K)

SiC technology: 1) Modified Lely method — substrates (up to 3” in diameter);
2) CVD method — epitaxy.




Donor and acceptor impurities in SIC

Impurity Type E, mV Structure
N shallow 50 -- 150 Nc (in-center)
donor
Al shallow 240 Alg; (in-center)
acceptor
B shallow 300 B, (off-center)
acceptor
Al deep 500 - 600 Alg + V¢
acceptor
B deep 600 — 700 B + Ve
acceptor

 No ESR-spectra of Al atoms in 3C-SiC were observed,;
* No experimental data on the relaxation of the magnetic moment of the Al acceptor;
* No acceptor centers related to a B atom at the C cite were found.



SR in SiC --modelling Als; and B, substitutional impurities

by muonic atoms Al and /B

Goals: 1) Detect the B, acceptor

2) Study the relaxation and ionization processes of Al and , B

Formation of a muonic atom

Slowing down of u” implanted into matter

!

Atomic captureof ™ : w +Z--> (u + 2)*

!

De-excitation of the muonic atom
(Auger and radiative transitions of u” to the 1S-state)

<10°s

S(Z+uw)=1/2
PZ+w ) =P()~17%

SiC:

lLLAI (760 ns) uB (2030 ns)




y-triggered p SR-experiment

Polyetilene

S, F — muon and electron counters

G —Nal(Tl) 2"x 2" y-detectors

Start (Si+C) = S(-F)

==> wSR-spectrum

Start (Si) = SG(-F) ==> y-trig. wSR-spectrum
Stop = F(-S)
E, (2P->1S) | Att. length | Transmission | Overall y (Si)
in lron in 2mm Iron | efficiency
keV mm % %
Si 400 13 85 ~10
C 75 2 37




Sample:

4H-SIC (4x 20x20x0.38 mm?3)
n -type (impurity N)
resistivity <0.025 Ohm*cm

C(2p -1s) o
1.0F A~ ___u'Si(2p-1s)
75 kev 400 keV

max

|

4« 'Cu (3d -2p)
~330 keV

|

0.5F

N/N

200 600 800 1000
E (keV)

0 200
Experimental conditions:
TF, H=1kG, one y- detector

Effective solid angle of the y- detector ~
Suppression of C-component in spectrum --



Fit:

¢, rad

w,(SIC) ~ w,(C) (7-10%)

w(SIC) = w (C)
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1) Si, C(RT): wg(Si) =84.90(2) rad/us, wc(C) =85.102(8) rad/us
2) SIC (coinc.): Ag;=0
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hvdrogen like atom: Sy, = 1/2

high field limit: wy, = gyupH/A ~ 2800 MHz > Q
() — frequency of the hyperfine interaction;

wp — free muon-spin frequency:.
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dt
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Thermal ionization of xAl acceptor

V= i;l\r\; a ’Uth e i/ kT

N, — the density of states in the valence band;

o — the cross section for hole capture
by a negatively charged acceptor;

v, — the thermal velocity of holes;
E; — the acceptor ionization energy.
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[1] V.N. Abakumov et.al, Sov.Phys.Semicond. 12, 1 (1978)
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At /27 = 500 MHz
v = 0.22 = 0.01
Troox = (6.5 +3.4)-1071 cm?
Ei = (8+£7) meV Al - acceptor:

E; ~ 240 meV



lonization of y4Al by electron capture

/= 'i’?..(«-_ o] ?J'th

ne — concentration of electrons in the conduction band;
o — cross section for electron capture

by a neutral ,Al acceptor;
vy, — thermal velocity of electrons.
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Ny — concentration of donor impurities;
N, — density of states in the conduction band;
E4 — donor ionization energy.

N, =~ 3.25-10% T2
v ~ 1.1-10° T2

v =44.1013 (o NI/?) T5/4 o= Ea/2hpT
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a = 0.2240.01

o N;* = (59429)- 1075 cm!/?, at /27 =500 MHz

Eq = (1154 13) meV

N-donor: E4 = (50 — 150) meV
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