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PROCESS FOR THE PREPARATION OF EPITAXIAL 
WAFERS FOR RESISTIVITY MEASUREMENTS 

BACKGROUND OF THE INVENTION 

PCT/US99/09786 

The present invention relates generally to a process 
5 for preparing epitaxial wafers for analysis and, more 

particularly, to a process for the preparation of a 
surface of a p-type or a n-type epitaxial semiconductor 
wafer for capacitance-voltage measurements. 

Semiconductor wafers suitable for the fabrication of 
10 integrated circuits are produced by slicing thin wafers 

from a single crystal silicon ingot. After slicing, the 
wafers undergo a lapping process to give them a somewhat 
uniform thickness. The wafers are then etched to remove 
damage and produce a smooth surface. The final step in a 

15 conventional wafer shaping process is a polishing step to 
produce a highly reflective and damage-free surface on at 
least one face of the wafer. It is upon this polished 
face that electrical device fabrication takes place. 

The performance of electrical devices fabricated 
20 from silicon wafers can be enhanced through epitaxial 

deposition. Epitaxial deposition is the process of 
growing a thin crystalline layer on a crystalline 
substrate. For example, a lightly doped silicon 
epitaxial layer can be grown over a heavily doped silicon 

25 substrate wafer. Such a structure allows for high device 
operating speeds at moderate currents. Other advantages 
of epitaxy include precise control of dopant 
concentration profiles and freedom from impurities. 

The epitaxial layer is deposited by placing a 
30 substrate wafer in an epitaxial reacto~ and then 

introducing into that reactor by means of a carrier gas, 
such as hydrogen, one of a number of silicon-based 
compounds, including SiC14 , SiHC13 , or SiH2Cl2 • Once the 
desired operating conditions are achieved, silicon 
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deposition occurs as the result of a. reaction between the 

silicon-based compound and the hydrogen carrier gas which 

produces hydrochloric acid and pure silicon. The silicon 

which is produced is then deposited on the substrate 

5 wafer surface. Deposition may continue until an 

epitaxial layer of the desired thickness has been grown. 
After epitaxial layer deposition is complete, 

typically certain characteristics of the wafer are 

evaluated at or near the intended device region of the 

10 wafer. Epitaxial layer characteristics such as dopant 
concentration profile, resistivity, slope, flat zone, 

etc. are indications of the quality of the layer. These 

epitaxial layer characteristics are most commonly 

measured by capacitance-voltage ("CV") techniques which 
15 involve first preparing a Schottky diode. 

Preparation of a Schottky diode involves forming an 

electrical circuit by means of two contact~ with the 

surface of the material to be tested. Typically, a 

Schottky diode comprises contacting the silicon wafer 

20 with a column of liquid mercury on the epitaxial layer 

side and with a metal plate, such as a steel plate, on 
the non-epitaxial side. These contacts may be formed 
using conventional instrumentation and methods, including 

the "front side down" method (see, e.g., MSI instrument, 

25 commercially available from MSI) and the 11 back side down" 
method (see, e.g., SSM instrument, commercially available 

from Solid State Measurement) . 
Capacitance-voltage measurements are performed by 

continuously changing the applied potential to the 

30 surface of the wafer. Experience has shown that the 

surface state of the wafer to be tested may strongly 

influence the properties of the Schottky diode used for 

the CV measurements. This influence is primarily due to 

the fact that majority carriers present in the wafer may 

35 flow through, or migrate across, the junction which is 

formed at the mercury-silicon interface of the diode. As 
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a result, the reliability of the measurement may be 

compromised. To prevent this migration from occurring, 

the junction must be maintained in a rectifying state. 

Typically,. this rectifying_state is achieved by 

5 chemically treating the wafer surf ace by means common in 

the art (see, e.g., ASTM Recommendation Fl392). 

The method of chemical treatment employed depends 

upon the type of wafer to be treated. For example, for a 

n-type wafer, chemical treatment typically involves 

10 forming, or growing, a thin oxide layer on the wafer 

surface. Oxide layer growth is typically achieved by 

immersing the wafer for several minutes in a solution 

containing an oxidizing.agent, such as nitric acid, hot 

hydrogen peroxide or ozonated water. The wafer is then 

15 rinsed in deionized water for about 10 minutes and spun 

dry in an atmosphere of nitrogen. 

For a p-type wafer, chemical treatment typically 

involves either treating the wafer for about 30 seconds 

in a concentrated HF solution, or treating the wafer for 

20 about 5 minutes in a dilute HF solution (such as, for 

example, a solution of 1 part HF to 10 parts water). The 

wafer is then rinsed for about 10 minutes with deionized 

water and spun dry in an atmosphere of nitrogen. 

These current methods of preparing the surf ace of a 

25 n-type or p-type epitaxial wafer are problematic for a 
number of reasons. First, the use of highly acidic 

solutions poses safety hazards in a production· 

environment and the vapors which result from heating such 

solutions are harmful to surrounding equipment. Second, 

30 throughput is decreased because these methods are time 

consuming, primarily due to the fact that these are "wet 

bench" methods requiring wafer drying before further 

processing can be performed. Third, expensive equipment 

is required to handle solutions of this kind and to 
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obtain adequate surface preparation. ·. Lastly, in the case 

of p-type wafer preparation, large quantities of 

hydrofluoric acid are consumed which significantly adds 

to the expense of the process. 

5 In view of the foregoing, a need continues to exist 

for an efficient and cost-effective process by which to 

prepare the surface of a n-type or a p-type wafer, such 

that accurate and consistent CV measurements may be 

obtained. The ability to accurately and efficiently 

10 monitor the performance of epitaxial reactors in a 

continuous manner is critical to the production of 

epitaxial wafers because, if the wafers being produced 

have unacceptable dopant concentration profiles, the 

epitaxial reactor can be adjusted to prevent the further 

15 production of such unacceptable wafers. 

SUMMARY OF THE INVENTION 

Among the objects of the present invention, 

therefore, are the provision of an improved process for 

evaluating the characteristics of a silicon wafer having 

20 a n-type or a p-type epitaxial layer on the surface 

thereof; the provision of such a process wherein the 

wafer surface which is to be evaluated is not wetted; 

and, the provision of a process for preparing a n-type or 

a p-type epitaxial wafer for capacitance-voltage 

25 measurements which allows for increased safety, 

efficiency, and cost effectiveness. 

Briefly, therefore, the present invention is 

directed to a process for evaluating a silicon wafer 

having a n-type or a p-type epitaxial layer on the 

30 surface thereof. ·In a first embodiment, an oxide layer 

is formed on the surface of a n-type epitaxial wafer by 

exposing the wafer to·ultraviolet light while in the 

presence of oxygen. The wafer is then subjected to a 

capacitance-voltage measurement to evaluate the 

35 characteristics of the epitaxial layer. 

II 
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The present invention is further directed to a 

process for evaluating surface characteristics of a 

silicon wafer having a n-type epitaxial layer on the 

surface thereof. Ozone and atomic oxygen are formed by 

5 irradiating an oxygen-containing atmosphere with 

ultraviolet light, the ultraviolet light having 

wavelengths of about 185 nm and about 254 nm. A n-type 

epitaxial wafer is exposed to the ozone and atomic oxygen 

to form a silicon oxide layer on a surface of the wafer. 

10 The wafer is then subjected to a capacitance-voltage 

measurement to evaluate the characteristics of the 

epitaxial layer. 

The present invention is further directed to a 

process for evaluating surf ace characteristics of a 

15 silicon wafer having a n-type epitaxial layer on the 

surface thereof. The process comprises forming a silicon 

oxide layer on top of the epitaxial layer by exposing the 

wafer to ultraviolet light while in the presence of 

oxygen, the ultraviolet light having wavelengths of about 

20 185 nm and about 254 nm. The surface characteristics are 

then evaluated by preparing a Schottky diode, in which a 

first contact between the silicon oxide and mercury, and 

a second contact between a metal and a non-epitaxial side 

of the wafer are formed. 

25 The present invention is still further directed to a 
process, in a second embodiment, for evaluating a silicon 

wafer having a p-type epitaxial layer on the surface 

thereof. The process comprises placing the wafer in a 

treatment chamber. An inert carrier gas is bubbled 

30 through an acid trap containing an aqueous hydrofluoric 

acid solution to enrich the carrier gas with hydrofluoric 

acid vapors and form a gaseous mixture comprising the 

carrier gas and hydrofluoric acid. The gaseous mixture 

is transferred to the treatment chamber and allowed to 
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contact the wafer surface to·dissolve a silicon oxide 

layer. The wafer is then subjected to a capacitance­

voltage measurement to evaluate the epitaxial layer. 

Other objects and features of this invention will be 

5 in part apparent·. and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the change in the contact 

angle versus treatment time for different n-type 

epitaxial silicon wafers, on the surfaces of which were 

10 grown oxide layers as describe in Example 1. 

FIG. 2 depicts the frequency dispersion curves for 

three different p-type epitaxial silicon wafers, as 

described in Example 2. 

FIG. 3 is a graph showing the Schottky diode 

15 breakdown voltage results for two different p-type 

epitaxial silicon wafers, as described in Example 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the process of the present 

invention, n-type and p-type epitaxial single crystal 

20 silicon wafers are prepared for evaluation of epitaxial 

layer characteristics by capacitance-voltage (CV) 

measurements. It is to be understood that, as used 

herein, the term 11 p-type 11 refers to a semiconductor in 

which holes are the dominant carriers. Similarly, the 

25 term 11 n-type" is to be understood to represent a 

semiconductor in which electrons are the dominant 

carriers. 
Epitaxial layer characteristics generally include 

dopant concentration profile, resistivity, slope, and 

30 flat zone, all of which.are indications of the quality of 

the layer. These epitaxial layer characteristics are 

most commonly measured by capacitance-voltage ("CV"} 

techniques in which a Schottky diode is prepared. In a 

first embodiment of the present invention, a n-type 

II 
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epitaxial wafer is prepared for evaluation by growing an 

oxide layer on the wafer surface. In a second embodiment 

of the present invention, a p-type epitaxial wafer is 

prepared for evaluation by_dissolving an oxide layer from 

5 the wafer surface. 

In the first embodiment, a n-type epitaxial wafer is 

prepared for capacitance-voltage (CV) measurements by 

exposing the wafer to ultraviolet (UV) light in the 

presence of an oxygen-containing atmosphere to oxidize a 

10 surface of the wafer. Without being held to any 

particular theory, it is believed that, upon being 

exposed to UV light, oxygen (02 ) reacts to form ozone (03 } 

and atomic oxygen (0) by absorbing UV light having a 

wavelength of about 185 nm. Once formed, the ozone may 

15 undergo further decomposition to form additional atomic 

oxygen by absorbing UV light having a wavelength of about 

254 nm. The atomic oxygen which is generated acts as a 

particularly strong oxidizing agent. Both the atomic 

oxygen and the ozone may react with the silicon on the 

20 wafer surface to form an oxide layer. 

The rate at which the oxide layer is formed on the 

surface of the n-type wafer is, at least in part, a 

function of the distance between the wafer surface and 

the UV source, the rate increasing as the distance 

25 decreases. Without being held to any particular theory, 
it is believed this is primarily due to the initial 

formation of an oxygen radical, which is far more 

reactive as compared to atomic oxygen or ozone. If the 

distance between the UV source and the wafer surface is 

30 minimal, the electrons of the radical may remain at an 

excited energy level for a time sufficient to react with 

the wafer surface, as opposed to reacting to form ozone 

or relaxing to a lower energy level to form atomic 



W09916061S PCT/US99/09786 

8 

oxygen. As a result, the surface of the wafer will 

typically be placed at·. a distance from the UV source 

ranging from about 1 mm to about 10 mm, and preferably 
from about 2 mm to about 5 nun. 

5 As noted, atomic oxygen is a particularly good 

oxidizing agent for the silicon wafer. As a result, the 

UV source will typically be adjusted to emit light at the 

requisite wavelengths in a proportion which optimizes 

atomic oxygen production. Typically, therefore, the UV 

10 source will emit about 50 percent of its UV energy at 

about 185 nm, and about 50 percent of its UV energy at 

about 254 nm. Preferably, however, about 65 percent of 

the UV energy emitted will be at a wavelength of about 

185 nm, while about 35 percent of the UV energy emitted 

15 will be at a wavelength of about 254 nm. 

Upon UV irradiation of the oxygen-containing 

atmosphere, the n-type epitaxial wafer will typically be 

exposed to the atomic oxygen and ozone that are formed 

for about 30 seconds to about 60 seconds. Preferably, 

20 however, the wafer will be exposed only for a duration 

which is sufficient to produce an oxide layer that is 

acceptable for obtaining accurate and consistent CV 

measurements. It is to be noted in this regard that the 

wafer may be exposed-for a much longer period of time. 

25 However, a longer period of exposure is believed to be 

unnecessary and may simply act to reduce the process 

throughput. 
Any UV source common to the art which is capable of 

emitting UV light at the requisite wavelengths, uniformly 

30 across the entire surface of the wafer, may be used for 

the present process. Preferably, however, a low pressure 

mercury vapor grid lamp, having an output of about 20,000 

microwatts/cm2 , will be used (commercially available from 

the Jelight Company, Inc.). 
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The process of the present invention may be carried 
out at any temperature which allows for the formation of 
an acceptable oxide layer by means of UV irradiation of 
an oxygen-containing atmosphere. Preferably, however, 

5 the process will be carried out at room temperature, 
ranging from about 20°c to about 25°C. 

Preferably, the first embodiment of the present 
invention is performed using an ultraviolet oxidation 
machine ("UVO machine"), which is commercially available 

10 from the Jelight Company, Inc. (located in Irvine, CA; 
model # 144A) . The UVO machine is preferred because it 
may generally be used with little modification to form an 
oxide layer on the surface of a n-type silicon wafer, and 
it offers a number of features which are favorable to 

15 this first embodiment. For example, two interlocks, one 
at the initial wafer inlet and a second at the UV 
irradiation chamber, act to prevent operator exposure to 
UV energy during wafer treatment. In addition, the 
machine uses air as a process gas and, therefore, the 

20 only facilities necessary for operation are electrical 
power and an exhaust, which allows for ozone to be purged 
from the reaction chamber before the wafer is removed. 
Finally, although the machine is typically configured for 
processing only one wafer, the throughput can be 

25 increased using convention methods of modification to 
enable the machine to process multiple wafers at one 
time. 

In a second embodiment of the present process, the 
preparation of a p-type epitaxial wafer for capacitance 

30 voltage (CV) measurements is achieved by dissolving an 
oxide layer from a surf ace of the wafer by exposing the 
wafer to a carrier gas which has been enriched with 
hydrofluoric acid (HF) vapors. It is to be noted in this 
regard that, in theory, an oxide layer should not be 

35 present on the surface of a p-type wafer after it exits 
the epitaxial reactor. If the p-type wafer is not 
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immediately subjected to CV measurements, however, a 

native oxide layer may form (i.e., an oxide layer which 

forms as a result of the wafer being exposed only to the 

oxygen present in the air after exiting the epitaxial 

5 chamber) . Furthermore, it has been found that even if 

the wafer is tested immediately after removal from the 

reactor, it may not be possible to determine some or all 

of the characteristics of the wafer. Under these 

circumstances, treating the wafer in accordance with the 

10 present invention is preferred to improve the accuracy 

and reliability of the CV measurements. 

According to this second embodiment, the p-type 

epitaxial wafer is placed in a treatment chamber having a 

controlled environment and prepared of a material 

15 suitable for exposure to HF vapors. Preferably, the 

chamber is first purged with an inert, non-oxidizing gas, 

such as nitrogen, to remove any oxidizing agents which 

may be present. Typically, the chamber will be purged 

using nitrogen gas having a flow rate ranging from about 

20 SO to about 150 standard cubing feet per hour (SCFH) . 

Preferably, the flow rate will range from about 90 to 

about 110 SCFH. The duration of the nitrogen purge may 

vary with the size of the chamber and the number of cubic 

feet to be purged. Typically, the purge will continue 

25 for about 5 to about 10 seconds. Preferably, however, 

the purge will only be performed for a duration which is 

sufficient to remove any oxidizing agents and other 

impurities which are present. 

A carrier gas, typically nitrogen, is enriched with 

30 HF vapors by passing, or "bubbling," the nitrogen through 

an acid trap containing an aqueous solution of HF. As 

the gas bubbles through the acidic solution, HF vapors 

become entrained in the gas stream, forming a gaseous 

mixture comprising HF and the carrier gas. The HF vapors 

35 are thus transported by the gas into the treatment 

chamber. 

II 
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Typically, the carrier gas flow rate through the 

trap will range from about 50 to about 150 SCFH. 

Preferably, the flow rate will range from about 90 to 

about 110 SCFH. It is to be noted in this regard that, 

5 if the flow rate becomes too great, HF vapors may 

condense and droplets of HF may form on the interior of 

the treatment chamber. This may be harmful to the 

equipment as well as to the overall process if these 

droplets contact the surface of the wafer, and should 

10 therefore be avoided. 

The acidic solution will typically have a HF 

concentration of at least about 40 percent by weight. 

Preferably, the HF concentration will range from about 40 

percent to about 50 percent by weight. Most preferably, 

15 the HF solution will be as concentrated as safety 

concerns and equipment designs and materials will allow. 

However, it is to be noted that the process may be 

successfully performed using a solution having a HF 

concentration which is less than about 40 percent by 

20 weight. However, as the solution becomes more dilute, 

the rate at which the oxide layer is dissolved from the 

wafer surface may decrease and therefore longer exposure 

times may be required. In addition, the solution may 

become so dilute that HF vapors cannot efficiently be 

25 obtained. 
The duration over which the p-type epitaxial wafer 

will typically be exposed to the HF enriched gas is a 

function both of the concentration of the HF solution 

being used, as well as the thickness of the oxide layer 

30 to be removed. Typically, for a solution having a HF 

concentration between about 40 percent and about 50 

percent by weight and a native oxide layer ranging in 

thickness from about 2 angstroms to about 50 angstroms, 

the exposure time will be about 20 to about 25 seconds. 

35 However, as the solution becomes more or less 

concentrated, the exposure time may decrease or increase, 
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respectively. In addition, for a solution of a given 

concentration, as the oxide layer increases or decreases 

in thickness, the exposure duration may also increase or 
decrease, respectively. 

5 After the HF enriched gas enters the treatment 

chamber and passes over the wafer surface, it may exit 

the chamber through an exhaust tube. When the wafer has 

been exposed to the gas for the desired length of time, 

the treatment chamber is preferably purged with the inert 
10 carrier gas. This final purge step preferably lasts 

about 20 to about 30 seconds and is performed as a safety 
precaution to prevent an operator from coming into 

contact with any HF vapors or residue which may have been 

left behind. As a result, it is to be noted that as the 
15 size, or volume, of the treatment chamber increases, the 

purge time may also increase. 

It is to be noted that as the exposure time 
increases, the HF vapors may become 11 spent;" that is, the 
vapors may be fully consumed by the reaction with the 

20 oxide layer on the wafer surface. Thus, in a preferred 
embodiment, if the wafer is to be exposed for more than 

about 25 seconds, the treatment chamber will be purged 

for a short period of time to remove the spent HF vapors. 

In this way, fresh HF vapors will be introduced to the 

25 chamber and increased efficiency of the process will 
result. This intermediate purge preferably lasts about 
10 seconds and is performed after every 25 seconds of HF 

exposure. Thus, depending on the duration of the HF 

exposure, more·than one intermediate purge step may be 

30 necessary. For example, if the HF treatment lasts for 

about SO seconds, an intermediate purge step is performed 

after about 25 seconds, and a final purge step is 

performed when the HF treatment is complete. 

It is to be noted ·that the process of the second 

35 embodiment has the option that, if desired, only the 

front side, i.e. the epitaxial side, of the wafer may be 
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treated. This process is advantageous over conventional 

techniques, wherein the wafer is immersed in a solution, 
because process time is reduced. If, however, only one 

side of the wafer is treated, the "back side down" method 

5 of CV measurement is preferably used because, due to the 

size of the metal contact, the method is less sensitive 

to the presence of an oxide layer on the back side of the 

wafer. As a result, problems such as parasitic 
capacitance and serial resistance will not adversely 

10 affect the CV measurements. 

Preferably, the process of the second embodiment 

will be carried out using the FUMER dry HF machine, which 

is commercially available from SEZ (located in Villach, 

Austria) . The FUMER is preferred because it may 
15 generally be used with little modification, under the 

standard operating conditions specified by the 
manufacturer, to dissolve an oxide layer from the surface 

of a p-type epitaxial wafer. 

The process of the second embodiment may be 

20 performed on multiple wafers at one time to increase 

process throughput. The exact number of wafers to be 

processed is a function of the size of wafer holder and 

the treatment chamber, as well as the diameter of the 

wafers being treated. 

25 It is to be noted that, for a p-type epitaxial 
wafer with an epitaxial layer having a resistivity of 

less than about 3 ohm-cm, the p-type wafer may be treated 

with UV for about 2 to about 5 seconds. This it done to 

improve the accuracy of the measurement. Without being 

30 held to any particular theory, it is believed that this 

thin oxide layer is helpful in removing organic residues 
and other contaminants present on the surf ace of the 

wafer. When an oxide layer is grown, it is preferred 

that the wafer will be treated in accordance with the 

35 process of the first embodiment of the present invention. 

Preferably, therefore, the p-type wafer is placed below a 
. .. -~ 
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UV lamp in the presence of an oxygen-containing 

atmosphere and the surface is oxidized by exposing it to 

the resulting ozone and atomic oxygen that is generated 

for between about 2 and about 5 seconds. 

Wafers prepared in accordance with the first 

embodiment may be evaluated by conventional means to 

determine the presence of an oxide layer on the wafer 

surface. For example, contact angle measurements are 

often used to detect the presence of an oxide layer and 

10 are based on the principle that the oxygen terminated 

surface of the wafer is hydrophilic. Contact angle 

measurements involve measuring the angle a drop of water 

produces when it contacts the wafer surface. As an oxide 

layer is grown on the wafer surface, the surface becomes 

15 less hydrophobic and thus the contact angle decreases. 

The embodiments of the present invention provide the 

means by which to obtain accurate CV measurements by 

enabling an improved process for preparing th.e surface of 

n-type and p-type epitaxial wafers in such a way that, 

20 upon the formation of a Schottky diode, a junction may be 

maintained in a rectifying state. The present invention 

allows for wafer surface preparation to be carried out in 

a dry environment which, as compared to conventional wet 

bench methods, is more efficient and results in a more 

25 cost-effective process to manufacture and evaluate 

epitaxial wafers. As disclosed in the examples that 

follow, wafers prepared in accordance with the present 

invention were evaluated using .conventional "back side 

down" and "front side down" CV measurement methods and 

30 instrumentation (see, e.g., SSM instrument and MSI 

instrument, respectively), and found to be of a quality 

generally better than that of wafers prepared by a 

standard "wet bench 11 method. 

: Ji 
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The present invention is illustrated by the 

following examples which are merely for the purpose of 

illustration and are not to be regarded as limiting the 

scope of the invention or manner in which it may be 

5 practiced. 

EXAMPLE 1 

UV Oxidation of n-type Epitaxial Wafers 

The process of the first embodiment of the present 

invention was performed on three sets of n-type epitaxial 

10 single crystal silicon wafers, each having a hydrophobic 

surface. Each set of was prepared in a different way; 

that is, the epitaxial layer was grown on each set of 

wafers in a different way. The first set of n-type 

epitaxial wafers were prepared using an Applied Material 

15 epitaxial reactor. The second of wafers were prepared 

using an ASM epitaxial reactor. Finally, the third set 

of wafers were prepared using an Applied Materials 

reactor, but after the wafers were removed from the 

reactor, they were treated with hydrofluoric acid to 

20 dissolve any oxide layer present and ensure complete 

hydrogen termination of the surfaces (i.e., the wafer 

surfaces were free of any native oxide layer) . 

Using a conventional UVO machine, (available from 

Jelight Company, model# 144A), a wafer from each set was 

25 positioned in the wafer holder such that the distance 

between the UV lamp and the surface of the wafer was 

about 10 mm. Power was supplied to the UV lamp within 

the UVO machine to generate UV light at wavelengths of 

about 185 nm and 254 nm, in a proportion of 65 percent to 

30 35 percent, respectively. Ambient air was utilized as 

the oxygen-containing atmosphere. 

The duration of exposure was increased from one 

wafer to the next in each set to examine the formation of 

an oxide layer as a function of exposure time. These 

35 wafers were then analyzed by ellipsometer, to evaluate 
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the change in wafer thickness, and by contact angle, to 

evaluate the hydrophilicity of the wafer surface. 

Referring now to Figure 1, the contact angle was then 

plotted as a function of the exposure time. As can be 

5 seen from Figure 1, the contact angle decreases as the 

exposure time increases, indicating that an oxide layer 

is being grown. It is to be noted that each data point 

given for the contact angle was determined after 

averaging the results of 9 measurements taken at 

10 different positions on the surface of each wafer. This 

was done to ensure the results were representative of the 

entire wafer surface. 

As previously stated, as an oxide layers forms on 

the surface of a wafer (i.e., as the surface becomes more 

15 hydrophilic), the contact angle decreases. As can be 

seen from the above plot, the contact angle of the wafers 

subjected to the present process decreased greatly over 

the first 60 seconds of exposure. 

It is to be noted that the contact angle obtained 

20 after about 30 seconds of exposure is about equal to that 

obtained using conventional, "wet bench, 11 methods. In 

this regard it is to be further noted that such wet bench 

methods typically take 3 minutes or more to form such an 

oxide layer, and then require additional time to rinse 

25 and dry the wafer before CV measurements can be taken. 

As a result, process time is greatly reduced by the 

present invention. 

EXAMPLE 2 

Dissolution of Oxide Layer using HF Vapors 

30 A p-type epitaxial silicon wafer was ·positioned 

inside the FUMER dry HF machine, commercially available 

from SEZ (located in Villach, Austria) . The treatment 

chamber was first purged for about 5 seconds with 

nitrogen gas at a flow rate of about 100 SCFH. 
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A strearri·of nitrogen gas was ttl'~fi passed, or 
"bubbled," through an aqueous solution having about a 40 
percent by weight concentration of hydrofluoric acid (HF) 
at a flow rate of about 100 SCFH. The nitrogen gas was 

5 enriched with HF vapors, and then this HF enriched stream 
of gas was directed to the treatment chamber and passed 
over the surface of the wafer. 

The wafer was exposed to the HF enriched gas for 
about 20 seconds, during which time the HF vapors acted 

10 to dissolve the native oxide layer present on the surface 
of the wafer. After the treatment was complete, a stream 
of nitrogen gas was passed through the chamber for about 
20 seconds to purge the chamber of any HF vapors which 
remained. 

15 Using the surf ace charge option of a conventional 
SPV.tool, commercially available from SDI {model # 
CMS4020), the frequency dispersion and the barrier height 
of the treated wafer were determined and compared to 
another p-type epitaxial silicon wafer which had been 

20 surface treated by a standard "wet bench" HF solution 
method. 

Frequency dispersion is the curve obtained by 
measuring the surf ace charge when a laser chopping 
frequency is changed ih the range of 10 to 40000 Hz. The 

25 shape of this curve is used to evaluate the presence of 
contaminants on the surface of the wafer, and can also be 
used to evaluate the quality of the epitaxial layer on 
the wafer surface. 

The curve typically comprises two different parts, 
30 or sections. The first part is usually flat up to the 

medium frequency range (i.e., the range of about 10 to 
about 50 Hz), and then it begins to decrease. The second 
part is usually a curve that decreases with a high slope, 
the slope being higher than for the latter portion of the 

35 curve (i.e., the portion of the curve beginning at about 
500 Hz) . The presence of a high slope in this latter 
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portion of the curve, which typically ranges from about 

500 to about 5000 Hz or more, is typically associated 

with the existence of a "slow state,." which is an 

indication that the surface of the wafer is unacceptable. 

Referring now to Figure 2, the frequency dispersion 

curves obtained on the two surface treated wafers, as 

well as a third untreated wafer, are depicted. 

From these results it can be seen that initially the 

HF vapor treatment is similar to the wet bench HF method. 

10 However, the wafer prepared by the wet bench process 

clearly has a slope which is much more significant in the 

latter portion of the curve (i.e., the portion ranging 

from about 2000 to about 40000 Hz), as compared to the 

wafer subjected to the present process. Thus, the 

15 surface of the wafer prepared by the present process is 

of a higher quality. 

Referring now to Figure 3, the two surface treated 

wafers were also repeatedly evaluated for breakdown 

voltage of a Schottky diode. It is known in the art that 

20 a higher value corresponds to a higher quality rectifying 

junction and, therefore, a higher quality in the.surface 

of the wafer. 

As can be seen from Figure 3, the breakdown voltage 

for the wafer treated using HF vapors is noticeably 

25 higher than for the wafer treated using conventional wet 

bench methods. It can also be seen that the measurement 

for the wafer treated by the present process is 

significantly more reproducible as compared to the 

measurement for the conventionally treated wafer. 

30 In view of the above, it will be seen that the 

several objects of the invention are achieved. As 

various changes could be made in the above processes 

without departing from the scope of the invention, it is 

intended that all matter contained in the above 

35 description be interpreted as illustrative and not in a 

limiting sense. 
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What is claim~a·;is: 

1. A process for evaluating a silicon wafer having 
a n-type epitaxial layer on the surface thereof, the 
process comprising: 

oxidizing the surface of the wafer by exposing the 
5 wafer to ultraviolet light in an oxygen-containing 

atmosphere; and 

subjecting the oxidized wafer to a capacitance­
voltage measurement to evaluate the n-type epitaxial 
layer. 

2. The process as set forth in claim 1 wherein 
ozone and atomic oxygen are formed by irradiation of the 
oxygen-containing atmosphere by the ultraviolet light. 

3. The process as set forth in claim 2 wherein the 
ultraviolet light has wavelengths of about 185 nm and 
about 254 nm. 

4. The process as set forth in claim 1 wherein the 
wafer is subjected to said capacitance-voltage 
measurement to evaluate characteristics of the n-type 
epitaxial layer selected from the group consisting 

5 essentially of resistivity, dopant concentration, slope, 
and flat zone. 

5. The process as set forth in claim 1 wherein the 
wafer is exposed to the ozone and atomic oxygen by 
positioning the wafer from about 2 mm to about 5 mm from 
an ultraviolet light source. 

6. The process as set forth in claim 1 wherein the 
ultraviolet light source emits about 65 percent of its 
energy at about 185 nm, and about 35 percent of its 
energy at about 254 nm. 

111111111111111111111111111111 
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7. A process for evaluating surface characteristics 

of a n-type epitaxial silicon wafer by capacitance­

voltage measurements, the wafer having an epitaxial side 

and a non-epitaxial side, . the process comprising: 

5 forming an oxide layer on the epitaxial side of the 

wafer by exposing the wafer to ultraviolet light while in 

the presence of oxygen; and, 

preparing a Schottky diode by forming a first 

contact between the oxide layer and a mercury column, and 

10 a second contact between a metal and the non-epitaxial 

side of the wafer. 

B. The process as set forth in claim 7 wherein 

ozone and atomic oxygen are formed by irradiation of the 

oxygen-containing atmosphere by the ultraviolet light. 

9. The process as set forth in claim 7 wherein the 

wafer is subjected to said capacitance~voltage 

measurement to evaluate characteristics of the n-type 

epitaxial layer selected from the group consisting 

5 essentially of resistivity, dopant concentration, slope, 

and flat zone. 

10. The process as set forth in claim 7 wherein the 

wafer is exposed to the ozone and atomic oxygen by 

positioning the wafer from about 2 mm· to about 5 mm from 

the ultraviolet light source. 

11. The process as set forth in claim 7 wherein the 

ultraviolet light source emits about 65 percent of its 

energy at about 185 nm, and about 35 percent of its 

energy at about 254 nm. 
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12. A p±'dbes~ for evaluating ~\.:~llicon wafer having 
a p-type epitaxial layer on the surface thereof, the 
wafer having an epitaxial side and a non-epitaxial side, 
the process comprising: 

placing the wafer in a treatment chamber; 
bubbling an inert carrier gas through an acid trap 

containing an aqueous hydrofluoric acid solution to 
enrich the carrier gas with hydrofluoric_ acid vapors and 
form a gaseous mixture comprising the carrier gas and 

10 hydrofluoric acid; 
transferring the gaseous mixture to the treatment 

chamber and exposing the wafer to the mixture, the 
hydrofluoric acid acting to dissolve an oxide layer 
present on a surface of the wafer; and 

15 subjecting the exposed wafer to a capacitance-
voltage measurement to evaluate the p-type epitaxial 
layer. 

13. The process as set forth in claim 12 wherein 
the wafer is subjected to said capacitance-voltage 
measurement to evaluate characteristics of the p-type 
epitaxial wafer selected from the group consisting 

5 essentially of resistivity, dopant concentration, slope, 
and flat zone. 

14. The process as set forth in claim 12 wherein 
only the oxide layer present on the surface of the 
epitaxial side of the wafer is dissolved. 

15. The process as set forth in claim 12 wherein 
the wafer is exposed to the gaseous mixture for about 20 
to about 30 seconds. 
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16. The process as set forth, in claim 12 wherein 
the p-type epitaxial wafer has a resistivity of less than 
about 3 ohm*cm, and wherein after the oxide layer is 
dissolved from the wafer surface, the surface is re-

s oxidized prior to subjecting the wafer to a capacitance­

vol tage measurement. 
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