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Iridium buffer layers: a gift of nature

Structure improvement by textured growth

How to realize large area iridium layers on silicon
Current status and future challenges

Summary
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Fig. 1. Photograph of seed and as-grown unpolished CVD diamond and a
magnification of CVD-diamond corner. The (100} direction corresponds to the
four sides of the diamond cube.

Growth rate with N,: 150pum/h

Yan, Vohra, Mao, Hemley, Proc. Natl. Acad. Sci.

USA 99 (2002) 12523.

Companies:
Apollo Diamond (USA)

Element Six

WIRED (Sept. 2003)
Linares (Apollo).... the
company is producing
10-millimeter wafers but
predicts it will reach an
inch square by year's
end and 4 inches in five
years.
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Diamond on Pt(111)
SEM-image
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Microwave
plasma ball
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Microwave
Plasma Ball

Bombardment of the surface with
pos. ions of several 10 eV

Nucleation densities up to 10*cm-
(on Si, only partially oriented)

Epitaxy on different materials:
covalent bonding (Si) metals (Ir)
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facets

Cross section:
columnar growth

grain coarsening
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(values from {111} Pole figures
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by textured growth
Minimum value for Twist: ~ 3.9°

Up to now all epitaxial layers on
silicon remained polycrystalline
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Light platinum metals

Heavy Platinum metals

Atomic 44 45 46 76
number
Element Ru Rh Pd Os
MP. (O 2334 1964 1555 3033
Expansion 6.4 8.2 11.8 51
coefficient
(10°%K™Y
Density 12.1 12.4 12.0 22.59 2.33 3.17
(g/em)
Crystal | hexagonal| cubic cubic | hexagonalj cubic cubic cubic
system
Lattice | a=0.27058| 0.38032 0.38903 | ap=0.27341f 0.38392 0.54310 0.43596
(nm)
Misfit with 6.6 9.1 55.2 222
diamond
(&)
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Diamond on
Ir/SrTiO4(001)
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== ONe order of magnitude lower mosaicity
=P Tilt and Twist decrease with thickness
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TEM image in (c)

First single crystal
diamond films by
heteroepitaxy!

APL 78 (2001) 192
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Diamond ed. by J. E. Field
(Academic, London 1979)

Typical rocking curve widths for different
types of diamond crystals

Ref. S. Fuijii et al. Appl. Phys. A 61 (1995) 331

UYL AT ARG

Matthias Schreck NoRHDia05.ppt 14




Diamond/Ir/SrTiO 4 612 1368 I I I
tilt twist

Ref.: H. Amano and I. Akasaki: X-ray diffraction characterisation of GaN-based materials: triple axis diffractometry

In: Gallium Nitride and Related Semiconductors (emis Datareviews Series No. 23, 1999)

Matthias Schreck NoRHDia05.ppt 15

UYL AT ARG




#'$ % $# % &"$' "()**+

Matthias Schreck NoRHDia05.ppt 16

/@WW% bNr\ﬁ JEE ar
LSPAREAG S
%fcoc\"*\& /R/




1 Source Source

Gate
11 mm

FET Device-Parameters
L =0.2 pum

Wy =100 pm
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Results:

transconductance gmmax) = 97 mS/mm
high break down field strength
Operation at microwave frequencies
demonstrated

Properties approach values measured
for homoepitaxial layers!!

f.f_(MAG) (GHz)

40

f (GHz)

L, (mm)
I1 0|.5 . 0.|25 0|.2

35
30+
25-
20
15

10

1 —© f. .. (MAG) (HTHP substrate)

1 —4—f, (HTHP substrate)

—A—f_(quasi-substrate)

—eo—f (MAG) (quasi-substrate)

1/L_ (1/mm)

UYL AT ARG

Matthias Schreck NoRHDia05.ppt

18



- $* 5+ ", %
& $H % &'

Matthias Schreck NoRHDia05.ppt 19

TR
S
/:5 /3 %;3 N ..
S B /S - Tur
Ay SITAT A
G N <

Leonss¥




Matthias Schreck NoRHDia05.ppt 20

UYL AT ARG



YBa,Cu;0, 4

Deposition method: Deposition method:

Molecular beam epitaxy (MBE) Pulsed laser deposition (PLD)
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Pulsed laser deposition (PLD) setup

Laser pulse KrF excimer laser

- 25 ns pulses of 850 mJ

Yttria stabilized zirconia (YSZ) film deposition:

- no removal of the silicon oxide

- ablation target: (ZrO,) stabilized with Y,O,

- 5x102 Pa oxygen (First 600 pulses without oxygen)
- substrate temperature: 825°C

- thickness: 20 nm (40 nm)
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45 pum thick diamond film with

good adhesion to the substrate
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0.17° (Tilt) and 0.38° (Twist)

S. Gsell et al., Appl. Phys. Lett. 84
(2004) 4541.
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Current status:

4 inch wafers of Ir/YSZ/Si(001) have been realized
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reasonable good epitaxy and adhesion of the diamond

films in both cases
v technical issues (preparation, scalability, ultimate quality)

may determine which concept will make the race
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