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of III-V Compound Semiconductors 

Naresh Chand* and R. F. Karlicek, Jr. 
AT&T Bell Laboratories, Murray Hill, New Jersey 07974 

ABSTRACT 

We report the use of optical interferometry for in situ real-time monitoring and analysis of chemical wet etching 
processes in A1GaAs/GaAs and InGaAsP/InP structures with or without masked regions. Interference between reflections 
from the etching surface and buried heterointerfaces in the wafer allows determination of the etch depth and any degrada- 
tion of surface quality, identification of heterointerfaces, and detection of changes in etch rate and end point in real-time. 
We have used a sensor consisting of a 0.95-~m light-emitting diode and four detectors enclosed in a 12.5-mm-diameter 
transparent Teflon tube which is kept in front of the substrate being etched. The etching process can be stopped as soon as 
the desired etched depth is achieved. The technique can be useful particularly in regrowth requiring etching of base 
epitaxial structures, fabrication of lasers, and many other devices, and development of an etching process. 

Chemical wet etching plays a prominent role in fabricat- 
ing III-V semiconductor devices. The success of a device 
manufacturing process depends critically on the high con- 
trollability, wafer uniformity, stability, and reproducibil- 
ity of the etching process. This demands a detailed knowl- 
edge of the etching properties of the various epi layers, both 
individually and in combination. Despite numerous excel- 
lent books and review articles on chemical wet etching, 
most chemical etches currently in use have been developed 
on an empirical basis and neither the formulation of chem- 
ical reaction equations nor the kinetics is well understood. 
The etch rates and the etching profiles can be sensitive to 
the nature and density of dopants, surface orientation, 
crystallographic defects, alloy composition, surface condi- 
tion, and the method of preparation of the material being 
etched. Often similar semiconductor films prepared by dif- 
ferent methods or even by the same method but  in different 
growth conditions etch at different rates. The etching be- 
havior also has a complex dependence on the composition, 
temperature, agitation, and aging of the etching solution. 
These factors make the etching process less controllable 
and less reproducible than is usually desired. An in situ 
real-time measurement technique for etch rate, etch 
depth and end point determination, and heterointerface 
identification therefore, would be a great asset in device 
fabrication. 

Principle and Experimental Details 
Here we report the use of interferometry for in situ real- 

time monitoring and end point detection of chemical wet 
etch process of III-V semiconductors. The technique is sim- 
ple to implement and interpret. While it provides no chem- 
ical information, it is a fast, accurate, and sensitive tech- 
nique for studying an etching process. The technique 
requires that the film has a smooth surfac.e and is at least 
partly transparent. It has been in use 1-5 for several years as 
an in situ process diagnostic for dry etching, deposition of 
materials, and many other commercial processes. However, 
we are not aware of its use in monitoring the chemical wet 
etch process. We have used a commercially available (Lux- 
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tron Corp.) end point controller, Model 2200, which is used 
primarily in the Si industry to monitor etching of metallic 
and dielectric layers and developing photoresist to elimi- 
nate process variations. ~ The equipment uses a sensor with 
a light-emitting diode (LED) emitting at 0.95 ~m and four 
photodetectors, two on each side of the LED, all contained 
in a transparent pen-like Teflon tube which is 1.25 cm in 
diameter and 15 cm long. The substrate can be placed hori- 
zontally or vertically parallel to the sensor head. When the 
sensor is in close proximity of the sample being etched, the 
light from the LED strikes the wafer surface and is re- 
flected back to the detectors. The light is reflected from the 
etching surface and from the buried AiGaAs/GaAs or 
InGaAsP/InP heterointerfaces or the polished rear surface 
of the wafer. The constructive and destructive interference 
between the two beams cause the intensity of the reflected 
light to oscillate between maximum and minimum levels, 
with a period (Ad) given by 2 

hd = k/2~]n~ - n~ sin 2 0i [1] 

where k is the wavelength, n1 and n2 are the refractive in- 
dexes of the etching solution and the etched material, re- 
spectively, and 0i is the angle of incidence with-respect to 
the normal. Equation 1 can be dervied using the laws of 
geometrical optics. Maximum depth resolution is obtained 
at normal incidence. The average intensity of the reflected 
beam depends on its polarization, the angle of incidence, 
the refractive index of the top layer, and most importantly 
on the quality of the etch surface. The amplitudes of oscil- 
lation depend on the light absorption, refractive indexes, 
and the interference condition from underlying layers. 
Thus, the technique also allows qualitative determination 
of the surface quality during etching. Experimentally, we 
find that if the etching process degrades the surface, aver- 
age reflected beam intensity goes down and the oscillations 
in reflected beam intensity are either not present or de- 
crease in amplitude continuously. Since we are not using a 
collimated beam, the light strikes the surface at various 
angles, and a composite reflected signal is detected which 
is sensitive to any change in reflectivity and the film thick- 
ness. At the inflection points, a 1% change in reflectivity 
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Fig. 1. An interferogram (k = 0.95 t~m) taken during etching of a 
1.55 ~m-AIo.~sGao.z~As/GaAs structure in 3NH~OH:IH=O~:50 H~O 
solution. 

can be measured and corresponds to the removal of roughly 
5 A material. To use Eq. 1, accurate values of n~, n2, and O~ 
are required, which can be determined for a given system 
from the oscillations while etching to a known depth. The 
desired information, particularly the end point, can be de- 
termined without the knowledge of these parameters, as is 
demonstrated here. 

We have used a LED at 0.95 p~m, but a shorter wave- 
length can be used to enhance the resolution for studying 
optically thin layers, or a longer wavelength to minimize 
absorption. The 0.95-~m radiation was partly absorbed in 
both GaAs and InP which prevented reflections from the 
rear surface-of wafers. When the reflectance is monitored 
over a region of the wafer containing both etched and un-  
etched areas (photoresist, oxide, or any other mask), the 
results can be affected by lateral interference, which is the 
interference between the light reflected from the different 
surface regions. Heimann's study 7 shows that the lateral 
interference has only a minor effect when less than 30 % of 
the surface area being monitored is covered by an etch-re- 
sistant layer, which is usually the case when etching mesas 
for laser diodes. Indeed, we observe no noticeable effect of 
7-t~m wide oxide stripes on 250-l~m centers on the meas- 
ured interferogram. Serious distortions can occur, how- 
ever, when a larger fraction of the region is covered by the 
mask. Furthermore, when the light is incident on and re- 
flected from a multilayered structure with multiple reflec- 
tions, the waveform can be complicated and a full under-  
standing of the wave shape and how it changes with 
thickness may require computer simulation. 

Results and Discussion 
Figure 1 shows an interferogram obtained during etching 

of the 1.55-1~m A1o.2BGa0.72As on a GaAs substrate in 
3NH4OH:lH2Q:50 H20 solution. Interference occurred be- 
tween the light reflected from the eroding surface and 
A1GaAs/GaAs heterointerface. Figure 2 shows an interfer- 

Fig. 3. An interferogram (~. = 0.95 i~m) taken during etching of an 
AIGaAs/GaAs/strained Ino.2Gao.sAs quantum well laser structure in 
3NH4OH: 1H202:15H20. 

ogram obtained during etching of a 0.4-~m-A10.3Ga0..TAs/ 
0.35-~m-GaAs/70 A In0.2Ga0.sAs/1.55-t~m-GaAs/A1As/ 
4.24-~m GaAs/A1As/GaAs heterostructures in 3NH4OH: 
1H202:50 H20. In the inset, we show an enlarged view of the 
interferogram obtained during the first two minutes of 
etching to illustrate the sensitivity of the technique to de- 
tect /~lGaAs/GaAs and InGaAs/GaAs heterointerfaces. 
The interferogram in Fig. 3 was obtained during etching of 
a 0.98-p~m triple In8.2Ga0.sAs strained quantum wells (QWs) 
graded index separate confinement (GRINSCH) laser 
structure in 3NH4OH:lH202:15H20. In this structure, 
InGaAs QWs were separated from each other and from 
A1GaAs GRIN regions by 100 ,~-thick GaAs spacer layers. 
Furthermore, between the GaAs buffer and n*-A1GaAs 
cladding layers, 10 periods 100/k GaAs/200 A A10.6Ga0.6As 
superlattices were used. The thicknesses of p-A1GaAs and 
n-A1GaAs cladding layers were 1.79 ~m and 1.85 t~m, re- 
spectively. In Fig. 4, we show the interferogram obtained 
while etching an InGaAsP/InP buried double heterostruc- 
ture base structure. 

The signal-to-noise ratio in all cases is so high that all the 
features of the structures are clearly discernible. They can 
be seen in Fig. 1-4 by changes in slope, period, amplitude, 
and average intensity of oscillations. Figures 1 through 3 
deal with GaAs/A1GaAs/strained InGaAs QW heterosys- 
terns. Due to the lower refractive index of AlAs and hence 
of A1GaAs as compared to that of GaAs, the average light 
intensity is significantly lower during the etching of 
A1GaAs layers in all cases. In Fig. 1, the oscillations are 
observed during the etching of A1GaAs layer and a plateau 
is reached as soon as the A1GaAs is etched away because 
there is no other buried heterointerface to cause reflection. 
Thus, the method can be employed to etch the top A1GaAs 
layer in a device structure like the emitter in A1GaAs/GaAs 
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Fig. 2. An interferogram (;~ = 0.95 I~m) taken during etching 
of a 0.4-~m AIo.3Gao.TAs/0.35-1~m GaAs/70A In0.2Gao.sAs/ 
1.55-1~m-GaAs/AIAs/4.25-1~m GaAs/AIAs/GaAs heterastructure in 
3NH4OH: 1H202:50 H20 solution. 

Fig. 4. An interferogram (~. = 0.95 I~m) taken during chemical wet 
etching of an InGaAsP/InP laser base structure. 
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heterojunction bipolar transistors. Futhrermore in Fig. 1, 
the average intensity and the amplitude of oscillations in- 
crease due to reduced light absorption as the A1GaAs 
thickness decreases. Interestingly, the decrease of the pe- 
riod of oscillation toward the substrate suggests the in- 
crease of etch rate with time. From the total thickness and 
the etched time, the average etch rate is 0.465 ~m/min. The 
distance between the two consecutive maxima is 0.14 ~m. 
From this, we determine the value of ~]n~- n~ sin 2 0i as 
3.3712. 

The structure in Fig. 2 was grown for growth calibration 
proposes. Except for the top A1GaAs layer which was 
etched in the first 20 s, the entire structure is mostly GaAs 
with very thin InGaAs and AlAs layers used as marker 
layers. These thin marker layers have worked as good re- 
flecting planes, and their positions are well revealed during 
the etching process. As soon as the top A1GaAs layer is 
etched away, the average light intensity increases signifi- 
cantly due to the higher refractive index of GaAs. Remark- 
ably, the average intensity remains constant throughout 
the 13-min etching of GaAs suggesting no change in the 
surface quality of GaAs throughout the etching process. 
The variations in the amplitude of oscillations in GaAs are 
again due to light absorption. In GaAs, when the reflection 
is from a shallow InGaAs/GaAs heterointerface, the ampli- 
tude is higher. As soon as the InGaAs is etched away, there 
is a change of slope which is clearly visible in the inset of 
Fig. 2. During the etching of the AlAs marker layer, the 
oscillations amplitude goes down. After the etching of 
AlAs, the oscillations disappear because the other reflect- 
ing A1As/GaAs heterointerface is 4.25-~m away from the 
surface and there is a total absorption of the weak reflect- 
ing signal. As the etching proceeds towards the A1As/GaAs 
heterointerface, the oscillations reappear with increasing 
amplitude due to decreasing light absorption. These results 
suggest that thin layers of differing refractive indices can 
be used as the marker layers in device structures to monitor 
the etching process and determine the end points in real- 
time. These thin reflecting marker layers do not require any 
selective etch and are thus conceptually different from the 
so called "sacrificial stop etch" layers. When a selective 
etching is used, the overetching, which is usually a prob- 
lem, now can be prevented using the above technique. 

In Fig. 3, the oscillations from each region of the laser 
structure are distinguished clearly. Since the active region 
consists of GaAs/InGaAs QWs which have higher refrac- 
tive indexes as compared to A1GaAs cladding layers, there 
is a marked increase in the peak intensity during etching of 
this region. A similar interferogram was obtained during 
etching of A1GaAs/GaAs QW laser structures. For the fab- 
rication of ridge wavequide lasers or for the etching of 
cladding layers in laser base structures for regrowth pur- 
poses, the technique can be used to detect the end point. 

The interferogram in Fig. 4 is almost identical to that 
obtained by Hayes and co-workers 2 using a 1.15-~m laser 
source during the reactive ion etching of a similar laser 
structure. The difference is . that  with a 1.15-~m source, 
these workers were able to see reflection from the rear face 
of the wafer. In our case, however, the 0.95-~m radiations 
are absorbed in the n+-InP substrate and the oscillating 
signal is detected during the etching of the epi-structure 
alone. The weak oscillations in the n- InP cladding layer in 
Fig. 4 are due to reflections from the n-InP (buffer)/n-InP 
(substrate) interface due to Ga contamination of the buffer 
layer. The peak intensity is higher when etching through 
the InGaAsP active quaternary layer due to the higher re- 
fractive index of InGaAsP. A change in slope occurs at the 
InGaAsP (cap layer)/p-InP interface. By using a longer 
wavelengjth source, we expect to observe reflection from 
the rear surface of the substrate and hence the oscillations 
during the etching of the n- InP substrate as well. 

Conclusion 
We have shown that the optical interference in the in- 

frared is a powerful tool for controlling a chemical wet 
etching process. Both etch depth monitoring and end point 
detection can be performed with a high degree of precision. 
While we have used the method for A1GaAs/GaAs and 
tnGaAsP/InP heterostructures, the technique is applicable 
for any combination of semiconductor materials with 
smooth surfaces. 
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