Secondary 1on mass spectrometry (SIMS) analysis
of-PIN and NIP structures grown on (113)-oriented diamond

Rémi Gillet, Estelle Loire, Francois Jomard, Ingrid Stenger, Christophe Arnold Julien Barjon and Marie-Amandine Pmault Thaur
(Université Paris-Saclay, UVSQ, CNRS, GEMaC, Versailles, France)

Rémi Mesples-Carrere, Jocelyn Achard, Riadh Issaoui (Université Sorbonne Paris Nord, LSPM-CNRS, Villetaneuse, France)

Karine Isoird, Florent Sevely (LAAS-CNRS, Universite de Toulouse, CNRS, UPS, Toulouse, France)

Christine Mer-Calfati (CEA-List LCIM, Saclay, France)

tremendous considered to be awaited to endure candidate of choice for
Diamond m  physical m) the ultimate semiconductor = high electric fields = high voltage and high temperature
properties for high power electronics with low leakage current power electronics
Lying in stable could allow IS"/ Boron doping GEMaC  Phosphorus doping
(113) = between growth 2 obtaining p* enlarged? free-standing n-type homoepilayers* with
orientation  (100) and orientation enlarged plates with quality lower compensation ratio than on (100)
(111) during CVD! crystals equivalent to (100)3 with higher electron mobility above 450°C
Precursors and MPCVD reactors SIMS analysis under diamond standard Cs*/M-conditions & high mass resolution?
- . pr= =
y SgHqary ' ) :
o ke [ e 7 fnelesimulaneousy ydrogen
: Tertlaryb.utyl- * Have low detection limit (DL) for
Diborane (B,H) - phosphine ohosphorus
ER: Cgrlgl?) '1°f¥"current \ * |dentify the phosphorus mass from
2 reactors Plassys Ip =60 nA molecular ions of similar masses
BJfSlSIO 3 . ' o 1BI2C-molecularion for boron
1 for low Home-made analvsis
HERSE ?JSISO phosphorus- metallic Y
reactor doping reactor I\/I >3 -
P ass
ayer CAMECA

| 1.0-1.4 1.3-3.5 4557
IMS 7f (at/ Cm3) x10*  x10%  x10Y
MPCVD: micro-wave plasma chemical vapor deposition

Pseudo-vertical structures

Optical

]
images
1E22 E 1E22 u 1E22 “ | SShes “ 1E22
osg 1E21 : - osg 1E21 B] L 1521 : - L 1E21
S 1E20 P @ & L 1E20F] s 1E20 | L 1E20
) M= & ) (113) p* ¢ =
— 1E19 AL 1E19 SI M S — 1E19 free- L1E19 L 1E19
O ~2.87 | ~360 | = ~4.92 _ 2 O ~0.55_| ~26.3 _p.standing ¢ ~0.8_|_ ~ 2.9 d oy |
*§ 1E18 Hm um um ‘5 E . *§ 1E184 pm um plate c1E18 4 pm um free-standing £ 1E18
= ~ S + ] r lat r
g 1E17 o p rOf| I es G 1E17 [ 1E17 T ey
L%) 1E16 1E16 § 1E16 [ 1E16 [ 1E16
| ] W B |' T i =
1E14 . - . - . ! - - . - 1E14 1E14 +——1—— 1E14 l ‘ 'H H ‘ ’ H” “ I 1E14
o) 3000 6000 9000 12000 0 3300 6600 9900 0 330 660 99023000 25300 27600 1000 2000 3000 4000 5000
Depth (nm) Depth (nm) Depth (nm) Depth (nm)
1E22; F 1622 r 1E22 1E22  1E22 1E22
211 1E21 L 1E21 ' 1E21 L 1E21 1E21
| o Zoom on the interface
1E20 + S mmmmmnf LE20 R _F1E20 _1E204_ ' r 1204, L pmmmmmg 1E20
E 1E19-% .,.’/"' 1E19 ~17.7 nm/dec//-/./ %1E19 mg 1E19~; .\'\_\ %1E19 \.\'\{\_\ 1E19
S 1E18 4 ~11.6 nm/dec 5 [ 1E18 - I L 1E18 P h h <:> o t ® e T 1E184 m ~12.9 nmidec L 1E18 . 1E18
- ] 4/ g te—p—E—p—n—E—E—H ~ 5 — 5 3 ~11 nm/dec
L. 1E17, f' F 1E17 F 1E17 OS p o ru S I n rl n S I C L. 1E17; '\ F 1E17 \-\ 1E17
1E16 _;l'.'.'./.\-’.“l’.‘l‘.'.'.'./7 _ 1E16 _ _ 1E16 1E16 _ \\\.\.\l—l _ 1E16 -\\\. n-E-ul -m 1E16
1E15'% /I 1E15 %‘1'515 I aye IS 1E15—% LT -'\ 1E15 v " 1E15
1E14- . . . . - 1E14 - . . . —L1F14 1E14 - . . . - 1E14 4 - . - . - F1E14
6100 6200 6300 4050 4125 500 600 700 700 800 900 1000
Depth (nm) Depth (nm) Depth (nm) Depth (nm)
1E22 1E22, - 1E22 1E22 - 1E22 - 1E22
lEZl—; N 1E21—; . ;-1521 1E21 - 1E21 - 1E21
120 1E20_; ;_1E20 B <:> ° t ° ° 1E20 - 1E20 - S _'_'_;- 1E20
Fa N : x : & e 5 : v :
E 1E19 \\\ ~26.7 nm/dec 1E19- \\ L 1E19 O ro n I n rl n S I C g 1E19 ~26.4 nm/dec_.” - 1E19 - /I. - 1E19
= S 5 .~ 20.6 nm/dec § = 7 ; E ~ 6.5 nm/dec i
& 1E18 1E184 - 1E18 & 1E18; - 1E18 ; / - 1E18
0, 1E17 1E17 117 Iaye rs 2. 1E17 c1E17 4, e \/ - 1E17
1E16 1E16  1E16 1E16 - 1E16 |  1E16
1E15 1E154 L 1E15 1E15 L 1E15 ' L 1E15
1E14 1 . . . . . [ 1E14- . - . L 1E14 1E14 | - | - 1E14 - - - - - - -1E14
2800 2900 3000 2200 2300 26900 27000 3700 3750 3800
Depth (nm) Depth (nm) Depth (nm) Depth (nm)

The consortium masters the homoepitaxy of (113) phosphorus- and boron-doped diamond
overa large range of content (10t - 10%° at/cm?3) with sharp interfaces and precise thicknesses.

In future work, the SIMS dopant profiles will-be used to simulated the electricalresponse of the
structures. The PIN and NIP structures will be also processed to realize and study diodes.
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