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Abstract

There has been a great demand for improved end getection techniques for advanced etching o¥/Itiernary multi
stack layers. Current etch rate and end point mong techniques are based on three methods. Wtadito use timed or
a blind etch as it is known, this offers no monitgrof the etch process. The second is to useagiission spectroscopy
(OES) which is a secondary measurement of the psoard requires a large open area, fast etchaiatea detectable
emission line from the etch products. The thirthier interferometry, a primary measurement, basekight interference
of reflected beams from several layers in the stack

Up to now the use of commercially available indeoinetric techniques has not permitted the measmenf etch rates
and end point the etch processes due to the almomt the wavelengths of light available in cuttrgmocess control
systems.

A new in-situ end point system utilizing a 905nradainterferometer will be described that allowe &bility to follow dry
etching of 1ll-V ternary multi stack layers. End ipb detection techniques on various,®@h 1, As with different
compositions (i.e. x=0.3 —0.92) and different tyfresor p- AlGaAs) are examined.
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1. Introduction

There is a great demand for improved endpoint dieteand process control systems for advanced irgtatf 111-V
multistack layers such as &a xAs on GaAs layers. A variety of techniques havenbesed including optical emission
spectroscopy (OES), reflectometr{f V.

Current monitoring approaches have focused on tvethoas. The first is optical emission spectroscogplgich
requires a relatively large wafer, fast etch ratd a detectable emission line from etch byprodulitss method is not a
primary measurement of the process but looks ainslry evidence in the etched product emissiontspac A second
method is based on light interference and refracindex of materials. An Infrared laser source basn employed
previously as an endpoint technique for IlI-V seomiductor etching because of its possible advantages the OES
method in terms of sample size and accuracy ofpretation®® The use of a conventional 670 nm laser source has
difficulty in producing distinguishable interferemcpatterns with either AGa.xAs (where x= ~0.3, transmitting
wavelength is 790 nm) or GaAs (where transmittiray@ength is 918 nm) layers due to absorptiomératerials. The
light from a 670 nm laser is strongly absorbed mA& and AiGa,.x As materials and heterostructure interferometry is
limited to optically thin (< 5000 A) layers.

For etch rate monitoring of thicker layers, eittsggrecific diffraction test patterns or longer wawgth must be
employed. For example, light from a 905 nm wavelkrigfrared laser exhibits some interference with@g, xAs, and no
interference with GaAs due to absorption, which wibduce a noticeable difference of signal pattdor etching of the
two materials. The transmission wavelengths of Gaikd A ,:Ga 75As are 918 and 790 nm, respectively, and 905 nm is
between the two wavelengths. In this case, we témreua 905 nm wavelength laser as a new sourcénfsitu end point
detection for AlGa,.xAs/GaAs etching.



2. GENERAL FORMALISM OF INTERFEROMETRY

Reflection of light at smooth interface betweerm tmedia with different refractive indices are déssd by the
Fresnel equations which can be derived using tlhedary conditions for the electromagnetic fiel.we define asi,the
complex refractive index of the ambient amchs the complex refractive index of a bare sulsstréte complex reflection
coefficient at normal incidence of a continuougymtial electromagnetic field is then describeddigition [ 2.1] :

Fras=Ma—ns)/(Na +ns) [2.1] with nae=mys —jkas
kasbeeing the extinction coefficient and srthe refractive index for respectively the ambi@nd the substrate.

If the system above is extended to a systemdimofya homogenous and isotropic film of thicknesardl optical
propertiesns = iy — j k¢ and by taking into account the multiple reflentimside the film , one can derive the complex
reflection coefficients of an electromagneticdiel

r=(lag+rs €P) /(L 4rars €F) [2.2]

Where B=2T1n:d;/ A, rys andrs are respectively the complex reflection coefficiehthe light at the interface ambient-
film and film-substrate. If we define@ as the absorption coefficient of the film and bp penetration depth of light :

a= 41 ki/ A

Lp = 1k

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

= (ras+ris€2°e ) [ (1 +ra5rs €2° €/ ) with 5=271tn /A

If di >> Lp, the probing light is completely absorbedtbg layer and I ~ra¢ . The interference effect will disappear.
For more convenience, we can define the penetrdipth as the maximum thickness which can be probed

Reference _Lpat 670 nm Lp at 905 nm
GaAs 0.315 pm 72 um
AlL,GayAs x=0.27/0.6 um >> 100 um
Al,GagAs x=0.5 | 53 um >> 100 um
AlGayAs x =0.92>> 100 um >>100 pum

Table 1 shows the penetration depth of light at twavelengths of our GaAs and,Ma xAs (i.e. x = 0.3 ~ 0.92)
samples.



3. SYSTEM DESCRIPTION

The new infrared interferometric camera is manuwfiaact by the Thin Film Group of Instruments SA / Har The
system is based on the use of a 905nm laser @di®@eprobing beam for making interferometric measants of I11-V
materials. The system is composed of the 905nnt t@iede, a silicon photodiode for signal acquisitioa CCD chip for
producing a video image of the wafer surface, Amihation source for the CCD, and a set of olbjectenses for
focusing the illumination source and the laser dhtowafer surface and then collecting the refidtght from the wafer.
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Fig 1. Optical diagram of IR interferometric Camera

The light emitted by the laser diode is focusedabset of objective lenses and is focused orgonéifer surface
through the chamber window. The reflected bearhés tcollected back through the same objective $ehand follows
the exact path back through the system until itdotp a beam splitter where a portion of the lgdsses through and is
detected by a silicon photodiode.

In the back of the camera there is a CCD chip addgen light source for illuminating the wafer fitve video
image. The CCD chip optical axis is in a direcklito the wafer surface. A white light illuminatisource is projected
through a focusing lens and turning mirror in a mamthat allows projection of the illumination lighnto the wafer
surface and collection of the image back to the CBIp.

The camera is mounted on either a manual or nzetdriX-Y translation stage. The manual translati@yes
allows positioning of the beam by using the videage of the wafer surface as a reference. The rhanMastage has
16mm of travel in each direction.

The CCD sensitivity is good to just above 1um tallewing a visual image of the laser spot on théewaurface.
The system can also use a motorized X-Y translatage with 25mm of travel in each direction. Theteorized stage is



typically used with a pattern recognition softwaregram and the video image to allow automatictpmsng of the laser
beam on user defined locations.

The system was mounted on A Plasma-Therm load-tb&teR 770 Inductively Coupled Plasma (ICP) etchdizing a
2MHz rf frequency for etching the materials. The@qass chemistry employed 20 standard cubic cerdgimpeir minute
(sccm) BC}, 5mTorr chamber pressure, 100W rf chuck power&@W ICP source power. Etch depths were measured
with Tencor profilometry after etching. 0.2-2.0 ginick Al,Ga 1, As (x=0.3-0.92) layers were grown on bulk GaAseavaf
and were used in the evaluation of the system.

4. RESULTSAND DISCUSSION

In Fig 2 Are displayed in-situ monitoring resuttaring etching of AJ,Ga gAs/GaAs heterostructure with a
conventional 670 nm laser module. Due to the spelietration depth of light in the layer, no digtirshable interference
pattern was obtained. In all case, all of 670 nmedength laser beam was absorbed in the materials.
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Fig 2. Interferometric trace of Alg,;Gag7sAGaAsetch using 670 nm laser based interferometric camera

Figure 3 depicts monitored results with a 905 neetdor etching of a heterostructure. Note thatethveas a clear
interference pattern for AlIGaAs etching and it giz@ared for GaAs etching.

High Al composition increased the magnitude ofrifeience intensity for AlGaAs etching (Figure 4ptH also
that the interference wavelength of the laser Wwith a 50 % and 92 % Al composition in AlGaAs dgretching was
significant, however the difference was minimal étching with compositions containing 28 % andd@®l in AlGaAs
(refer Figure 3 and Figure 4 (top)).

Monitoring results of n+ and p+ type AlGaAs etcharg shown in Figure 6 and 7 respectively. Totzeth elepths
of p'AIGaAs/GaAs, fiAIGaAs/GaAs were measured as 2000 A, 5936 A, reispéy; after etching. Use of the 905 nm
laser produced excellent interference patterns dth n and p-type AlGaAs etching even for reldsithin layers (p-type
case).
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Fig 3. Interferometric trace of Alg,;Gag7sAGaAs etch using 905 nm laser based interferometric camera
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Fig 4. Interferometric trace of AlysGaysASGaAs etch using 905 nm laser based interferometric camera
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Fig 5. Interferometric trace of Alpg,GayeesASGaAs etch using 905 nm laser based interferometric camera
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Fig 6. Interferometric trace of p*Alg»/Gag7sAs/GaAs etch using 905 nm laser based interferometric camera
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Fig 7. Interferometric trace of n*Alg»,Gag7sAs/GaAs etch using 905 nm laser based interferometric camera



SUMMARY AND CONCLUSION

A new Endpoint camera sensor for dry etching gfGe,_xAs/GaAs layers has been described . As compared to

other interferometric techniques, this new senaanera takes advantages of the use of a 905 nmdiaskr combined with

imaging capabilities. A successful demonstrationitsf capability as an in-situ end point detectodeéscribed. Combined
with the well known ISA — Jobin Yvon — Sofie mudissor , the MULTISEM 550 platform, we have todagomplete

solution for a total control of etch processeshmmfield of IlI-V based devices .
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Table 1 shows band gap energy and wavelengthepiped GaAs and Lba xAs (i.e. x=0.3 ~0.92).

Band Gap energy at Wavelength | refractive index| refractive index
room temp. (eV) (nm) (A =905 nm) (A =670 nm)
GaAs 1.35 918 3.54 3.78
Al /Gay 79AS 1.57 790 3.36 3.55
Al sGay sAs 1.76 707 2.93 3.20
Alg.oGay 0AS 2.10 592 2.64 2.70




