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Abstract
There has been a great demand for improved end point detection techniques for advanced etching of III-V ternary multi
stack layers. Current etch rate and end point monitoring techniques are based on three methods. The first is to use timed or
a blind etch as it is known, this offers no monitoring of the etch process. The second is to use optical emission spectroscopy
(OES) which is a secondary measurement of the process and requires a large open area, fast etch rate, and a detectable
emission line from the etch products. The third is laser interferometry, a primary measurement, based on light interference
of reflected beams from several layers in the stack.
Up to now the use of commercially available interferometric techniques has not permitted the measurement of etch rates
and end point the etch processes due to the absorption of the wavelengths of light available in current process control
systems.
A new in-situ end point system utilizing a 905nm laser interferometer will be described that allows the ability to follow dry
etching of III-V ternary multi stack layers. End point detection techniques on various AlxGa 1-x As with different
compositions (i.e. x=0.3 –0.92) and different types (n- or p- AlGaAs) are examined.
Keywords: III-V Materials, Etch Rate Measurement, Laser interferometry, End Point Control, Process Control
Instrumentation, Wafer Fabrication Equipment

1. Introduction

There is a great demand for improved endpoint detection and process control systems for advanced etching of III-V
multistack layers such as AlXGa1-XAs on GaAs layers. A variety of techniques have been used including optical emission
spectroscopy (OES)(1-8), reflectometry(6-11) .
Current monitoring approaches have focused on two methods. The first is optical emission spectroscopy, which
requires a relatively large wafer, fast etch rate and a detectable emission line from etch byproducts. This method is not a
primary measurement of the process but looks at secondary evidence in the etched product emission spectrum. A second
method is based on light interference and refractive index of materials. An Infrared laser source has been employed
previously as an endpoint technique for III-V semiconductor etching because of its possible advantages over the OES
method in terms of sample size and accuracy of interpretation..(1-3) The use of a conventional 670 nm laser source has
difficulty in producing distinguishable interference patterns with either AlXGa1-XAs (where x= ~0.3, transmitting
wavelength is 790 nm) or GaAs (where transmitting wavelength is 918 nm) layers due to absorption in the materials. The
light from a 670 nm laser is strongly absorbed in GaAs and AlXGa1-X As materials and heterostructure interferometry is
limited to optically thin (< 5000 Å) layers.
For etch rate monitoring of thicker layers, either specific diffraction test patterns or longer wavelength must be
employed. For example, light from a 905 nm wavelength infrared laser exhibits some interference with AlXGa1-XAs, and no
interference with GaAs due to absorption, which will produce a noticeable difference of signal patterns for etching of the
two materials. The transmission wavelengths of GaAs and Al0.27Ga0.73As are 918 and 790 nm, respectively, and 905 nm is
between the two wavelengths. In this case, we can utilize a 905 nm wavelength laser as a new source for in-situ end point
detection for AlXGa1-XAs/GaAs etching.

2.

GENERAL FORMALISM OF INTERFEROMETRY

Reflection of light at smooth interface between two media with different refractive indices are described by the
Fresnel equations which can be derived using the boundary conditions for the electromagnetic field. If we define as na the
complex refractive index of the ambient and ns as the complex refractive index of a bare substrate, the complex reflection
coefficient at normal incidence of a continuous tangential electromagnetic field is then described by relation [ 2.1] :
r a,s = (na – ns ) / (na + ns ) [2.1]

with n a,s = na,s – j ka,s

ka,s beeing the extinction coefficient and na,s the refractive index for respectively the ambient and the substrate.
If the system above is extended to a system including a homogenous and isotropic film of thickness df and optical
properties nf = nf – j kf and by taking into account the multiple reflection inside the film , one can derive the complex
reflection coefficients of an electromagnetic field :
r = ( ra,f + rf,s e-j2β ) / ( 1 + ra,f rf,s e-j2β ) [ 2.2]
Where β = 2 π nf df / λ , ra,f and rf,s are respectively the complex reflection coefficient of the light at the interface ambientfilm and film-substrate. If we define α as the absorption coefficient of the film and Lp the penetration depth of light :
α = 4 π kf / λ
Lp = 1/α

The complex reflection coefficient of light which can be derived from [2.2] :

r = ( ra,f + rf,s e-j2δ e-df / Lp ) / ( 1 + ra,f rf,s e-j2δ e-df / Lp ) with δ = 2 π nf df / λ
If df >> Lp, the probing light is completely absorbed by the layer and r ~ ra,f . The interference effect will disappear.
For more convenience, we can define the penetration depth as the maximum thickness which can be probed.

Reference

Lp at 670 nm

Lp at 905 nm

GaAs

0.315 µm

72 µm

AlxGa(1-x)As x = 0.27 0.6 µm

>> 100 µm

AlxGa(1-x)As x = 0.5

>> 100 µm

53 µm

AlxGa(1-x)As x = 0.92 >> 100 µm

>> 100 µm

Table 1 shows the penetration depth of light at two wavelengths of our GaAs and AlXGa1-XAs (i.e. x = 0.3 ~ 0.92)
samples.

3.

SYSTEM DESCRIPTION

The new infrared interferometric camera is manufactured by the Thin Film Group of Instruments SA / Horiba. The
system is based on the use of a 905nm laser diode as a probing beam for making interferometric measurements of III-V
materials. The system is composed of the 905nm laser diode, a silicon photodiode for signal acquisition, a CCD chip for
producing a video image of the wafer surface, an illumination source for the CCD, and a set of objective lenses for
focusing the illumination source and the laser onto the wafer surface and then collecting the reflected light from the wafer.

Fig 1. Optical diagram of IR interferometric Camera

The light emitted by the laser diode is focused by a set of objective lenses and is focused onto the wafer surface
through the chamber window. The reflected beam is then collected back through the same objective lens set and follows
the exact path back through the system until it impacts a beam splitter where a portion of the light passes through and is
detected by a silicon photodiode.
In the back of the camera there is a CCD chip and halogen light source for illuminating the wafer for the video
image. The CCD chip optical axis is in a direct line to the wafer surface. A white light illumination source is projected
through a focusing lens and turning mirror in a manner that allows projection of the illumination light onto the wafer
surface and collection of the image back to the CCD chip.
The camera is mounted on either a manual or motorized X-Y translation stage. The manual translation stage
allows positioning of the beam by using the video image of the wafer surface as a reference. The manual X-Y stage has
16mm of travel in each direction.
The CCD sensitivity is good to just above 1um thus allowing a visual image of the laser spot on the wafer surface.
The system can also use a motorized X-Y translation stage with 25mm of travel in each direction. The motorized stage is

typically used with a pattern recognition software program and the video image to allow automatic positioning of the laser
beam on user defined locations.

The system was mounted on A Plasma-Therm load-locked SLR 770 Inductively Coupled Plasma (ICP) etcher utilizing a
2MHz rf frequency for etching the materials. The process chemistry employed 20 standard cubic centimeter per minute
(sccm) BCl3 , 5mTorr chamber pressure, 100W rf chuck power and 800 W ICP source power. Etch depths were measured
with Tencor profilometry after etching. 0.2-2.0 um thick AlxGa 1-x As (x=0.3-0.92) layers were grown on bulk GaAs wafers
and were used in the evaluation of the system.

4.

RESULTS AND DISCUSSION

In Fig 2 Are displayed in-situ monitoring results during etching of Al0.28Ga0.82As/GaAs heterostructure with a
conventional 670 nm laser module. Due to the small penetration depth of light in the layer, no distinguishable interference
pattern was obtained. In all case, all of 670 nm wavelength laser beam was absorbed in the materials.
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Fig 2. Interferometric trace of Al0.27Ga0.73As/GaAs etch using 670 nm laser based interferometric camera

Figure 3 depicts monitored results with a 905 nm laser for etching of a heterostructure. Note that there was a clear
interference pattern for AlGaAs etching and it disappeared for GaAs etching.
High Al composition increased the magnitude of interference intensity for AlGaAs etching (Figure 4). Note also
that the interference wavelength of the laser with both a 50 % and 92 % Al composition in AlGaAs during etching was
significant, however the difference was minimal for etching with compositions containing 28 % and 50 % Al in AlGaAs
(refer Figure 3 and Figure 4 (top)).
Monitoring results of n+ and p+ type AlGaAs etching are shown in Figure 6 and 7 respectively. Total etch depths
of p+AlGaAs/GaAs, n+AlGaAs/GaAs were measured as 2000 Å, 5936 Å, respectively, after etching. Use of the 905 nm
laser produced excellent interference patterns with both n and p-type AlGaAs etching even for relatively thin layers (p-type
case).
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Fig 3. Interferometric trace of Al0.27Ga0.73As/GaAs etch using 905 nm laser based interferometric camera
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Fig 4. Interferometric trace of Al0.5Ga0.5As/GaAs etch using 905 nm laser based interferometric camera
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Fig 5. Interferometric trace of Al0.92Ga0.08As/GaAs etch using 905 nm laser based interferometric camera
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Fig 6. Interferometric trace of p+Al0.27Ga0.73As /GaAs etch using 905 nm laser based interferometric camera
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Fig 7. Interferometric trace of n+Al0.27Ga0.73As /GaAs etch using 905 nm laser based interferometric camera

SUMMARY AND CONCLUSION
A new Endpoint camera sensor for dry etching of AlXGa1-XAs/GaAs layers has been described . As compared to
other interferometric techniques, this new sensor camera takes advantages of the use of a 905 nm laser diode combined with
imaging capabilities. A successful demonstration of its capability as an in-situ end point detector is described. Combined
with the well known ISA – Jobin Yvon – Sofie multisensor , the MULTISEM 550 platform, we have today a complete
solution for a total control of etch processes in the field of III-V based devices .
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Table 1 shows band gap energy and wavelength of prepared GaAs and

GaAs
Al0.27Ga0.73As
Al0.5Ga0.5As
Al0.92Ga0.08As

Band Gap energy at
room temp. (eV)
1.35
1.57
1.76
2.10

Wavelength
(nm)
918
790
707
592

AlXGa1-XAs (i.e. x = 0.3 ~ 0.92).

refractive index
( λ = 905 nm)
3.54
3.36
2.93
2.64

refractive index
( λ = 670 nm)
3.78
3.55
3.20
2.70

