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Non Wetchemical Lift Off of Titanium Dry Etch Masks
by Hydride Formation
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D-6100 Darmstadt, FRG

A new non wetchemical method for removal of titanium dry etch
masks from InP surfaces has been developed., Lift off of
titanium Tayers on InP is easily achieved by a jet of air or
organic solvent, if the samples are heated in neutral H,-gas or
subject to an hydrogen ion beam of relatively low energy.

1, INTRODUCTION thus, Tead to Tift off. The strain
generated by a phase transition in the
system titanium=hydrogen is sufficient
to do that.

Titanium is a suitable etch mask
for ion beam etching of III-V semi-
conductor materials with the NZ/HZO
gas system. This new gas mixture for 2. EXPERIMENTAL PROCEDURES
deep groove ion beam etching of InP
and InGaAsP with titanium mask
material was presented at the

SSDM 90 conferencel). Thie mathicd evaporated by an e-gun in a turbomole-

cular pumped stainless steel chamber.

Titanium layers with thicknesses
in the range of 100 to 200 nm were

meanwhile has become a standard
2) Starting pressure prior to evaporation

was < 51077 Torr, the typical growth
rate 2 nm/s. Chemomechanical polished

process for laser fabrication

However, due to formation of
(100)=InP (n, p and s.i.) was used for

substrate material without further
cleaning steps. After evaporation some
wafers were stored under ambient
conditions, others were ion beam
etched with two different etch gas

TiO2 and TiN during the etch process,
which are responsible for the ex-
tremely low ion beam etch rate of
titanium, wet chemical removal of the
etch mask without attacking the semi-
conductor material is somewhat diffi-

T, combinations: Ar/Hzo and NZ/HZO' Typi-
Since there is no interfacial cal beam parameters were: 2
reaction between InP and e-gun evapo- Egean = 1000 eV, Jpoopm = 1 mA/cm®,
rated titanium up to 350'°C the the partial pressures amounted to
= = 410" =1.10"2
deliberate formation of strain at the  Pap - Py, = 4+10°7 Torr, py 4=1-10

interface can reduce the adhesion and, 1°fVe For laser processing an InP etch
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depth of approximately 2,5 /um is
desired, At least all 3 types of
samples were subject to two

different procedures.

1) Hydrogenation in a neutral gas
stream:
sisted of heating up the sample on
a graphit boat with 280°/min, hol-
ding it at a temperature level of
T = 330 °C for times t| up to
10 min and cooling it down to room
temperature with a rate of 140°/

min. Such a temperature-time be=-

The process sequence con-

haviour was accomplished by a
programmable temperature control-
ler. The surface state of the
titanium mask was monitored during
this process by measuring the re-
flected 1ight intensity of a

633 nm He=-Ne=Tlaser.

Beaming of the sample with hydro-=
gen ions generated by a Kaufmann=-

2)

type ion source, The working con=-
ditions were:

= 100 to 500 eV

Speam < 50 AuA/cmz

Ph, = 2+1=""7 Torr

typical processing time < 20 min,

EBeam

EXPERIMENTAL RESULTS

According to the Ti-H-phase
diagram3)’4), shown partly in Fig. 1,
titanium can, depending on tempera=

3.

ture and holding time, solve up to 8
at % hydrogen in its hexagonal a=-
phase. During cooling down the sample
from a point in the a-region the
phase boundary is crossed into a two
phase region: (a + v), where the y-
phase is of body centered cubic
lattice type with hydrogen solved in
the tetrahedral
Fig. 2 shows the blistery sur-
face of a titanium layer on InP after

interstices.
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such an hydrogenation and cooling
process. The sudden change of the
titanium surface from mirrorlike re-
flection to diffuse scattering allows
the exact determination of the
transition temperature with a photo-
meter (Fig. 3). Fig. 4 shows the re-
sulting transition temperatures pr
for different holding times for un-
etched and Ar/HZO etched samples at a
holding temperature of 330°C. The in-
crease of the transition temperature
with increasing holding time is a
consequence of the form of the
a/(a + y)=phase boundary.
Despite the saturation effect of

b for t, > 5 min there is no indi-
cation for a horizonta1(TL= const)
phase transition which should occur
for a prolonged loading time. Perhaps
the Ti-H phase diagram which was in-
vestigated on bulk material, is only
qualitatively applicable to the
case of thin films. The different be-
of unetched and Ar/HZO

is due to a different velo-
city of Hz-indiffusion. Despite the
fact of an approximately 50 % thicker
oxid layer in the etched samp1e5),
which should have a retarding effect
the indiffusion of H2 is much faster
due to the presence of lattice va-
cancies generated in the etch damaged
part of the layer. The behaviour of
N2/H2 ion etched samples prooved to
be completely different. They didn?t
become blistery across the surface
when treated with neutral hydrogen,
Obviously the oxinitride layer, pre-
sent on the titanium film acts as a
diffusion barrier for hydrogen. This
assumption is supported by the fact,
that samples cleaved after ion et-
ching show effects starting at the

haviour
samples



freshly opened titanium sidewall 400
areas (Fig. 5). o
To overcome this diffusion . ot~
barrier the samples must be beamed g 300 o a
with energetic ions of a Kaufmann- e |
. ~ e+ 7y
type ion source (EBeam 100 - 500 eV) - %
which leads to blistering surfaces as = |
in the preceding cases. Fig. 6 shows = |
a laser structure after N2/H20 ion 100 f— l 4

etching and hydrogen beaming, Fig. 7 Atom Per Cent Hydrogen
the same structure after blowing off Fig.1: Ti - H phase diagram

the 1ifted titanium Tayers, ( detail )

4, CONCLUSION

A new non wetchemical method to
remove titanium etch masks from InP
has been developed. As the processing
temperature can be held well below
350 °c (where InP starts to decompose
even in pure hydrogen atmosphere)
there is no detrimental influence of
the titanium on the underlying InP
material., Changes in the carrier con-
centration of n- or p-doped InP
substrate material due to hydrogen

ions can be cured by short time

] 0 Fig.2: Blistered titanium layer
annealing at temperatures < 350 “C. on InP substat
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of time during a hydrogenation
process
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Fig.3: Sample temperature T and reflec-
ted Taser intensity I as function
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Fig.4: Influence of hydrogen loading
time on the phase transition

of titanium Fig.5:

0 ion etched sample after

/H
hgdrggenation

Fig.6: Titanium masked N [Hp0 ion bean Fig.?:

etched Tlaser stru@tu e after
hydrogen ion beaming
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Structure of Fig.b after orga-
nic solvent jet treatment



