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Abstract 

A selective sloped silicon dioxide etching method has 

been studied using a temperature controlled diode-type 

reactive ion-etch system with CHCI3, C2F6, H2 and N2 gases. 

The Si02 was covered by a polyimide mask with vertical 

sidewalls and window openings from 1.25-4 microns. Control 

of the sidewall slope in Si02 is possible through varying 

the ratios of CHCI3 and C2F^. High percentages (95-100%) 

of CHCI3 resulted in low etch rates of 420 angst'roms/min. 

Large slopes of up to 65 degrees are possible. With C2^6 

above 5%, larger etch rates close to 2000 angstroms/min. 

occur and etching beeomes vertical with purely anisotropic 

profiles at 10% C2F5. 

In a simulation study, Si02 sidewall slope was found 

to be controlled by the isotropic deposition rate as well 

as the anisotropic etch rate. Optical Multichannel Analysis 

of the discharge showed an increase in silicon dioxide 

removal when the percentage of C2F5 was increased. It is 

thus believed that: 1) CHCI3 is producing a polymer which 

deposits on the sidewall; and 2) the amount of C2F$ in the 

discharge, controls the anisotropic etch rate of SiC>2- The 

combination of anisotropic etch rate to isotropic 

deposition level is postulated as controlling the SiC>2 

sidewall angle. 

ix 



Chapter 1 

INTRODUCTION 

Plasma-assisted etching (the use of plasmas in the 

form of low-pressure gaseous discharges) has made possible 

anisotropic etching of semiconductor materials. With the 

ability to etch in one direction rather than isotropically 

(in all directions), the integration of very large scale 

circuits through smaller devices becomes viable. 

Several forms of plasma-assisted etching are in use 

today; physical sputtering, chemical etching with low 

energy ions, and a mechanism where both chemical reactions 

and physical ion bombardment result in etching. A reactive 

ion etch (RIE) process can be utilized to etch small 

geometrical patterns through a Si02 layer. For an etch 

like this, usually an etch depth of 1 micron or less in the 

Si02 is required. Several microns to sub-micron square or 

circular patterns on the mask make up the Si02 etch window. 

The sidewall profile of the etch is a critical 

characteristic since the success of subsequent processing 

steps depend on this profile. Methods of controlling the 

profile of the sidewall are presented in this thesis. 

1 
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1.1 Applications 

Etching through a thin dielectric isolation or 

protective layer to the underlying surface is called via 

etching. A via can have a lateral cross-section that is a 

circle or rectangle. A via is typically etched through a 

SiC>2 layer of 0.5 - 1.5 microns. Plasma etching of these 

contact vias is now used extensively because anisotropic 

etching avoids undercutting or lateral etching of Si02 thus 

allowing very small vias [1] . Lateral dimensions can range 

from several microns to sub-microns. Unfortunately, 

the vertical slope in the etched feature can create 

subsequent process problems. Such is the case when a 

thin film is deposited onto the surface with vertical 

etched geometries. Consider the application of sputter 

deposition of a common contact material such as aluminum on 

a wafer with vias etched through a dielectric layer of 

SiC>2. This process is now described in detail [2] . 

The basic procedure begins by thermally growing oxide 

or by CVD (chemical vapor deposition) of oxide over the 

entire wafer surface. A mask is then developed on the 

oxide with the desired patterns. This mask may be 

photoresist which can be used to achieve a line width 

dimension as little as 0.7 microns. The mask and window are 

shown in Fig. 1-1. The oxide will be etched to the under-



Via Window 

Mask 

Silicon dioxide 

Figure 1.1 Cross section of polyiraide masked 
dioxide for via etch. 

silicon 
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lying surface, in this case, silicon. Conventional wet 

etching with hydrofluoric acid will result in the profile 

in Fig. l-2a. A reactive ion etch profile with a typical 

halo-carbon gas (CF4, C2F6, etc.) will result in a vertical 

anisotropic etch as shown in Fig. l-2b. The dry etch has 

avoided etching laterally for the same size window 

opening. 

Figs. 1.3 a and b illustrate the aluminum step 

coverage for the isotropic and directional plasma etch. A 

fairly uniform thickness aluminum layer is apparent for the 

wet etch case while the coverage of aluminum becomes quite 

thin at the edges of the window for the anisotropic plasma 

etch case. This thinning can create unwanted problems as 

severe as cracks or breaks thus impeding electron flow [1] . 

For thick oxide regions, the expected step coverage can 

worsen [2] . The height of the step and aspect-ratio can 

determine the extent of coverage. The aspect-ratio is 

defined as the height-to-width fraction of the window. The 

greater the height the more difficult it is to properly 

cover a step with the same width. Adjusting these 

values for a maximum step coverage may complicate the 

layout. 

This difficulty may be eliminated through the use of a 

sloped sidewall oxide etch. Achieving a sloped sidewall to 

obtain a funnel type geometry, more desirable step coverage 
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Mask 

Silicon dioxide 

(a) 

Mask 

Mask 

Silicon dioxide 

(b) 

Figure 1.2 Cross section of etched profiles: (a) 
isotropic wet etch; (b) anisotropic plasma etch. 
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Silicon 

dioxide Aluminum 

Silicon 

(a) 

Aluminum 

Silicon dioxide 

Silicon 

(b) 

Figure 1.3 Cross section of Aluminum step coverage of 
etched profiles: (a) isotropic etch; (b) Anisotropic etch. 



can be obtained. Fig. 1.4 illustrates the advantages of 

the sloped wall. The sidewall angle, theta, is measured 

with respect to the normal of the wafer surface as shown in 

Fig. 1.4. 

As already discussed, isotropic wet etching can 

deliver a profile with a curved wall, but often the amount 

of lateral etch is unacceptable. To avoid this over etch, 

a commonly used plasma etch technique which controls 

resist erosion during the oxide etch is used to create 

sloped sidewalls [2] . This is done by adjusting the resist 

to oxide etch ratio. Through adding C>2 to the feedgas, 

isotropic etching of the resist results exposing more of 

the underlying surface. The problem is once again similar 

to that of wet etching where the final Si02 window opening 

is larger than the initial value. Also, it is very 

sensitive to processing conditions and parameters making it 

unsuited for many applications. 

Other techniques have been developed, one by 

Bergendahl et. al. [3], uses a multi-step approach which 

concerns the optimization of etching processes for specific 

functions. Sloped oxide etching is achievable and process 

flexibility is great but vias with 35 degree slopes can 

require 11 or more steps. 
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Aluminum 

Silicon dioxide 

Silicon 

Figure 1.4 Aluminum step coverage of sloped sidewalls. 
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An alternate approach for controlling the sidewall 

slope without undercutting or eroding of a mask has been 

successfully developed at this laboratory in silicon trench 

etching by utilizing an inhibitor layer created during the 

etch [4] . The process chemistry of CHCI3, being a carbon 

based compound, can form a polymeric by-product which is 

deposited on the wafer surface and, without removal, will 

retard the etching of the underlying material. With this 

process, the initial opening in the mask is maintained and 

transferred to the top of the window while the bottom width 

is smaller than the original silicon width exposed. The 

amount of slope is variable and dependent on the substrate 

temperature during the etch. 

1.2 Objective of Study 

The purpose of this work is to investigate a method 

for controlling the sidewall angle of a silicon dioxide via 

etch. The desired profile should be smooth ana have a 

smaller dimension opening at the bottom than the top. The 

principles and ideas of sloped etching of Si trenches 

described briefly above will be adapted and modified for 

etching of Si02- Specifically, the Si02 etch rate must be 

of a reasonable value, generally, no less than 600 

angstroms/min. Also, the effects of substrate temperature 

control will be explored since this was found to be the 
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primary factor in determining the amount of polymer 

deposition on the wafer. 

Lastly, a technique for controlling the sidewall angle 

of the oxide etch will be developed and used to reproduce-a 

given slope from 0-67 degrees. 

1.3 Discussion of Contents 

In chapter two of this paper, a description of the 

equipment will be presented. Chapter three explains Si02 

etch mechanisms and chemistries used during this study. 

Results are presented and discussed in chapter four. 

Chapters five and six contain etch simulation and Optical 

Multichannel Analysis (OMA) respectively to support the 

developed theories on the via etch results. Finally, a 

summary and recommendations for future work are given in 

chapter 7. 



Chapter 2 

APPARATUS 

The plasma etch system used here, like many reactive 

ion etchers (RIE), is made up of several integral 

components. Fig. 2.1 shows a diagram of the system used in 

this work. It is quite apparent that several components 

are required for the complete test bench. 

Perhaps, most importantly, is the etch reactor itself 

whose size and geometry often determines what applications 

the system is best matched for. Not only is the discharge 

environment significant, but the operating pressures a pump 

can achieve in the chamber also decides etch material 

applications. Precise gas flow into the chamber' is 

required and is attained using mass flow controllers. In 

this work, it was desired to regulate the temperature of 

the chamber and wafer independently during etching. A 

description of this set-up along with the rest of the 

system components follows. 

2.1 Chamber 

A detailed schematic of the Tegal 1500 reactor is 

shown in Fig 2.2. Notice the layered design which is made 

up of 6 independent circular parts including the lower 

electrode or chuck. This design allows the chamber body to 
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be grounded and separated from the bottom electrode and top 

plate. The insulating rings are made of ceramic. The 

chamber is surrounded by a liquid holding jacket which 

permits a cooling or heating medium to flow around the 

chamber wall. 

At the lower left of the Figure is the gas inlet port. 

Gas mixtures are fed through the tube and flow around a 

path which allows it to diffuse evenly throughout the 

chamber along the bottom edge of the internal sidewall. 

Gases and volatile products are pumped out of the chamber 

through a mesh-covered circular hole with a diameter two 

inches smaller than the inside of the chamber. A quartz 

window is on the sidewall for observation and spectral 

analysis of the glow discharge. 

Important dimensions of the chamber are: 

Top plate diameter = 8in. 

Bottom plate diameter = 7in. 

Plate separation = '2.5in. 

The bottom plate, or high-voltage electrode, is also 

shown in Fig. 2.2. A viton o-ring near its edge seals it 

against the ceramic. Wafers of up to 6 inches can be 

placed on the electrode. In this work, four inch wafers 

were consistently used. Directly under, and sealed to the 

aluminum electrode, is a polymeric insulator. A hollowed 



portion below the center of the electrode makes it possible 

to flow a cooling or heating medium for obtaining 

temperature control of the electrode and ultimately the 

substrate. 

2.2 RF Power Source 

The high-voltage electrode was driven by a 13.56 MHz 

RF (radio frequency) generator. It is capable of 

delivering up to 1.8 kilowatts through a 50 ohm 

transmission line. Between the generator and electrode is 

a network for matching the highly capacitive plasma load 

impedance to the 50 ohm transmission line. When adjusted 

throughout a discharge period, the reflected power is 

minimized; thus maximum power transfer is achieved. 

2.3 Vacuum System 

A rotary vane pump was used to obtain a background 

pressure in the chamber on the order of 10 millitorr. When 

gas is admitted into the chamber during etching, operating 

pressures of 120-180 millitorr are typical. The pressure 

could be controlled via a butterfly valve inserted between 

the pump and chamber. By varying the amount that the 

butterfly was opened, the system pressure can be varied. 

The pressure was measured by a manometer capable of reading 

from 1 mtorr - 10 torr. The gauge makes use of the 
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deflection of an internal diaphragm which is measured by 

determining the difference in capacitance between the 

diaphragm it and a stationary electrode [5]. An electronic 

sensor unit converts the membrane position to a signal 

linearly proportional to the pressure. The D.C. output is 

then used to drive a digital read out. 

2.4 Control of Gas Flow 

Gases such as hydrogen, nitrogen, helium, and oxygen 

were obtained from high pressure cylinders located in a 

vented room directly behind the system. Teflon lines from 

a bulk head in the wall ran directly to mass flow 

controllers (MFC) which accurately control the flow rate to 

the chamber. Chloroform (CHCI3), in a liquid form at 

standard temperature and pressure has a high vapor 

pressure. This vapor can be admitted into the chamber. 

This is done by lowering the pressure in the near leak 

tight liquid container, thus assisting the vaporization of 

the liquid. The container can be connected directly to an 

MFC. 

Outputs of the MFC's are tied together in a manifold 

and sent direct to the chamber gas inlet. Accuracy within 

5% and repeatability off by less, than IS is obtained with 

the MFC's which operate by observing the temperature rise 

of a gas from a heated point to another point downstream 



[6]. Through a digital control system, a numerical value 

proportional to the flow of gas in standard cubic 

centimeters/minute (Seem) can be obtained. The meter 

setting corresponding to the flow in Seem is found by first 

knowing its maximum flow rate, and secondly, using the 

correction factor for the gas in use. This is defined as: 

[p (mfc) Cp (mfc) ] 
Fx = 

[p (x) Cp (x) ] 

Where Cp (mfc) and Cp (x) are the specific heat constants for 

the MFC calibration gas and gas being used respectively. 

The partial density of the gases is p. 

2.5 Temperature Control 

The main object here was to keep the temperature of 

the wafer held at a relatively fixed value throughout the 

etch. Previous work by Liang [7] has shown that a strong 

correlation between the etch profile and temperature of the 

wafer can exist. 

The best method found to control the temperature was 

first used by Liang and requires a clamp, as well as a 

backside pressure of helium on the wafer. The utility of 

this method is demonstrated by Fig. 2.3 which shows 

several wafer temperature vs. time plots for various 

methods of temperature control [12] . The flattest 
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Figure 2.3 Plots of wafer temperature vs. time for 
several temperature control techniques. 
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temperature range is when the wafer is fixed directly on 

the chuck via vacuum grease. Unfortunately, this practice 

is not practical in the sense that contaminants are likely 

to be introduced into the chamber. The next best technique 

is by clamping the wafer and subjecting a flow of helium 

between the backside of the wafer and chuck (electrode) . 

This setup was used and shown in Fig. 2.4. A counter 

sink of lmra is set in the aluminum chuck under the wafer. 

When the wafer is clamped into place, the volume under it 

is sealed with an o-ring. Helium flows into this volume 

via the port through the chuck. Helium is also pumped out 

through the same port via a vacuum pump line positioned as 

in the Figure. By varying the flow of helium, the wafer 

backside He pressure could be set from 1-10 torr. Control 

of the thermal conductivity of the wafer to the aluminum 

electrode is now possible. 

From Fig. 2.3, it is seen that the clamped helium 

pressure technique doesn't entirely keep the temperature 

constant during an etch. In order to obtain a near 

constant temperature throughout an etch, a gradual 

increasing of the helium pressure is performed. This 

increasing of helium is done over the course of an etch. 

The thermo-conductivity of the wafer to the chuck is now 

controlled. Since the chuck temperature is determined from 



GUARD RING 

WAFER 

PHOSPHOR 

RF POWER SOURCE 

WATER OUTLET He and-J 

FIBER OPTIC PORT 

WATER INLET 

Figure 2.4 Sketch of bottom electrode with helium cooling 
apparatus. 
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the water flow, its temperature can be preset and assumed 

constant. When etching begins without helium pressure, the 

wafer rapidly heats up approximately 40 degrees celsius 

within 30 seconds. If the flow of helium now begins, the 

temperature of the wafer can be stabilized within 15 

seconds. Continuous helium pressure adjustments can then 

be made throughout the etch to maintain the wafer 

temperature. Typical time versus wafer temperature 

characteristics are graphed in Fig. 2.5. Note the initial 

chuck temperature, rise time, and final wafer temperature. 

Different power and clamping conditions alter the 

final wafer temperature. It is therefore necessary to 

continuously monitor the temperature and adjust the helium 

pressure accordingly. 

In order to do this monitoring, a real time value of 

the wafer temperature is necessary. Due to the strong 

electromagnetic interference from the plasma and 

transmission line, many means of measurement are not 

possible. Previous work on similar experimentation 

resulted in an optical system that worked on the principle 

of fluorescent radiation decay. The system, a Luxtron 750 

Fluoroptic Thermometry unit, sends a xenon flash lamp 

signal through a fiber optic line. The fiber optic is 

inserted through the port were the helium is sent (refer to 
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Figure 2.5 Temperature of the backside of wafer vs. time. 



23 

Fig. 2.4) . The lamp signal is projected directly under the 

wafer on temperature sensitive phosphor which is dried on 

the middle of the backside of the wafer. When the phosphor 

is excited with the blue light, it exhibits a deep red 

fluorescence which decays over time. This decay is 

measured by the Luxtron. The Luxtron then compares the 

decay time to an internal calibration table in its memory. 

The result is a digital read-out in degrees continuously 

updated every 2 seconds. 

This is the temperature on the back of the wafer. 

Recent work by Nakamura et. al. [8] suggests differences of 

only a few degrees from wafer backside to the surface being 

etched. In their work, the surface was measured with IR 

thermography and compared to the backside value obtained 

from a similar luxtron thermometry unit. 

2.6 Optical Multichannel Analysis 

In order to better understand the species generated in 

the plasma, a spectrometer was used to observe emissions. 

Several selected wavelength ranges, upon background noise 

subtraction, were integrated and observed versus time. 

The spectrometer used was an EG&G Princeton Applied 

Research Optical Multichannel Analyzer (OMA) III. The OMA 

was furnished with a monochromator which is used to isolate 
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narrow portions of the spectrum by making use of the 

dispersion of light into its component colors. The signal 

to noise ratio and resolution was improved through 

monochromator adjustments. Emission was analyzed from a 

three inch aluminum port projected out from the chamber 

wall. A quartz window was mounted at the end of the port. 

This extension was found to significantly reduce the 

polymer deposition on the quartz window. Earlier results 

without the extension suggested that a layer of polymer 

adhered to the window thus reducing spectral transmission. 

Transport of the emission to the spectrometer was via a 

high quality optical fiber cable. Once the OMA was 

programmed for desired wavelength ranges, real time 

plotting of the spectral emission intensities were plotted 

on its CRT. A hard copy was then made on a dot matrix 

printer . 
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2.7 Wafers 

Wafers used in the experimentation were four inch, 

single crystal silicon with a <100> orientation. The oxide 

was chemically vapor deposited (CVD) with a thickness of 1 

micrometer. The mask material is polyimide. The polyimide 

thickness is about 0.8 microns. The mask pattern is of a 

set of lines resulting in SiC>2 etch windows. There are 

different linewidths on the mask which produce several 

different SiC>2 window dimensions. Fig. 2.6 shows a typical 

initial masked wafer. The pattern can be thought of as 2 -

dimensional vias since there is no complete square or 

circular window. The masked to unmasked lateral dimension 

is equal for each set of linewidths. A total of 8 separate 

* 
pitches ranging from 2.5 to 8 microns or 1.25 to 4 micron 

SiC>2 windows respectively, make up a die. 

* 

A pitch is defined as the lateral distance of one 
linewidth and one SiC>2 window for that set of windows. 



Figure 2.6 A Scanning Electron Micrograph (SEM) 
of the initial polyiraide masked silicon dioxide. 



Chapter 3 

ETCH MECHANISMS AND CHEMISTRY 

The content of this chapter is to give the reader an 

appreciation for the development of the SiC>2 etch 

chemistry. The chemistry is developed from a view point of 

etch mechanisms. Some reference to experiments in the 

laboratory and results are used. Chapter four will present 

these experiments. 

3.1 Silicon Dioxide Etch Mechanisms 

Sloped silicon dioxide etching requires a three 

mechanism process. First, high energy ions (>50 ev) [2] 

impinge the surface. These ions result in lattice damage, 

or' bond breaking, usually reaching several monolayers into 

the etched surface. Second, a chemical reaction takes 

place. This reaction is now likely since the damaged Si02 

has broken bonds of silicon which are more able to react 

with the radicals. These radicals from the plasma are 

atoms which are electrically neutral but exist in a state 

of incomplete chemical bonding. Radicals are thus very 

reactive. Lastly, to obtain the sloped 

characteristics, a surface inhibitor must adhere or 

chemisorb to the Si02 surface. This inhibitor layer 
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resulting in sloped sidewalls is supported by simulation of 

physical etching and will be presented in chapter 5. The 

etch process leading to sloped silicon dioxide etches is 

explained below. 

During reactive ion etching, impinging ions strike 

the wafer vertically. The bottom of the etch will receive 

the largest flux of ions. Therefore, a polymer inhibitor 

layer on the bottom is easily removed. Alternatively, for 

the sidewalls, the polymer inhibitor layer builds up. Since 

little or no ion bombardment occurs on the sidewalls, 

anisotropic etching of the side is limited. Simulation 

demonstrates that the sidewall develops a positive slope. 

Fig. 3.1 shows the continuous deposition and etch process 

resulting in sloped sidewalls. A difficulty when 

applying this concept to SiC>2 arises. Oxygen in the Si02 

will combine with a carbon polymer to form CO and CO2 [9] . 

Both CO and CO2 are volatile and therefore do not adhere to 

the surface. It is possible to reach a level of 

polymerization where adhesion of polymer to the Si02 

begins. If the level is not carefully controlled, etching 

may cease altogether. The level of polymer and etch energy 

must be precisely maintained to obtain reasonable Si02 etch 

rates and sloped profiles. Also, by controlling the ratio 

of ion energy and flux to polymer deposition rate, 

different amounts of the inhibitor layer are removed. 
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Mask 

Polymer 

Silicon dioxide 

Figure 3.1 Via etch profile showing the continuous deposit 
of polymer and etch sequence. 
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Controlling this ratio can tailor the sidewall angle within 

certain limits. 

3.2 Chemistry 

Plasma chemistries effect the polymer deposition rate 

mentioned above. Chemistries also must be chosen to obtain 

reasonable Si02 etch rates and selectivity of the mask 

material. For the case of via etching, it may be important 

to have a high selectivity with respect to the layer 

beneath the SiC^- This layer can be polysilicon or 

amorphous silicon. 

In this work, silicon is the underlying layer. A 

polyimide mask on the Si02 is used. The chemistry found to 

obtain the desired results is a mixture of chloroform 

(CHCI3) , carbon hexafluoroethane (C2F6) , hydrogen (H2) and 

nitrogen (N2)• A description of each gas now follows. 

3.2.1 C2F6 

C2F5 is believed to be the the main etchant of Si02-

CFX (x<3) radicals form from dissociation with or without 

ionization. Examples are: 

Dissociation without ionization 

C2F6 + e > 2CF3 + e 
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Dissociation with partial ionization 

e + C2F6 > CF3+ + CF3 -r 2e 

It has been determined that dissociative chemisorption 

of these radicals etch Si02 chemically, assisted by ion 

bombardment [9] . Eventually the volatile product formation 

of SiF4 occurs and is pumped out of the chamber. A 

statement of the chemical reaction, without stating the 

precise stoichiometry, is: 

CFX + Si02 > SiF4 + (CO , C02 , COF2 ) 

It is postulated that a surface reaction occurs where 

carbon from the radicals unites with atomic oxygen released 

from the Si02 to form CO, C02 and/or COF2 gases. 

Thus, it is believed that ion-assisted anisotropic 

etching of Si02 results from C2F^. The sidewalls of the 

etch will not be exposed to ion bombardment and, therefore, 

enhanced chemical reaction is unlikely. 

3.2.2 Chloroform 

It is postulated that chloroform results in polymeric 

formation. In a plasma, many species of ions and radicals 

can be generated through dissociation of CHCI3. For 

example, the reaction below shows two of these species: 

CHCI3 + e > CHC12+ + CI + 2e 
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Cl is typically not a strong etchant of Si02 but may 

account for some removal through the reaction: 

4C1 + Si > SiCl4 

The CHCl2+ ions (among others) are known to dissociate 

upon impact into a hydrocarbon and chlorine species [7]. 

Polymeric by-products are then formed and deposited on the 

wafer. This polymer is believed to be different from that 

formed with C2Ffc. The CHCI3 polymer is postulated to be a 

CCI2 unsaturated species. This by-product, if not 

controlled, will deposit at so great a rate that etching of 

the underlying material will not occur. The polymer 

deposited on the bottom of the via is sputtered through ion 

bombardment, but the polymer on the sidewalls of the vias 

will not be sputtered. Therefore, etching of the sidewalls 

is inhibited. As the CHCI3 polymer builds up, the 

resultant effect is a continual closing of the via window 

altogether. The critical dimension w, shown in Fig. 3.2, 

is maintained during the etching [13] . Only theta, the 

sidewall angle, is varied and thus a larger value results 

in an increased slope as well as a smaller opening at the 

bottom. 

The CHCI3 polymer appears to be dominate over the 

carbon residue polymer generated from C^F^; and is 

responsible for controlling the sidewall angle theta. 
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Mask 

Silicon dioxide 

Figure 3.2 Via etch defining sidewall slope angle theta 
and effective window opening w. 



3.2.3 Hydrogen 

The gas, hydrogen,' benefits the reaction by increasing 

the selectivities. It is well known [9] that H2 in a 

halocarbon discharge will not effect the SiC>2 etch rate, 

but will significantly reduce etching of Si. The 

postulated reasons for these effects are as follows. 

First, hydrogen combines with F atoms to form stable HF. 

Fluorine is a potential Si etchant so with a sizable 

decrease of F atoms, Si etching decreases. Secondly, 

hydrogen changes the discharge chemistry through increased 

dissociative ionization of CF4; thus an increased 

concentration of CFX is produced. An increase in CFX will 

cause an increase in polymer derived from C2F5. Since SiC>2 

tends not to chemisorb the polymer derived from C2F6 , the 

etch rate will not be affected. Alternatively, silicon 

readily chemisorbs polymer and will not etch. Hence, the 

selectivity is increased and the underlying silicon, when 

exposed, will etch slowly. 

The other material of concern is the mask. In this 

work, the mask is polyimide. Typically, polyimide etches 

with CI2 and CI2 containing gases, as well as O2. Both are 

present in the plasma since CHCI3 contains Cl ions and O2 

is released from the Si02- From experimental results 

obtained here it is found that with H2 additions, mask 

degradation is significantly reduced. 
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Two possible explanations for the low mask etch rate 

are: 1) the increase in the carbon polymer (as explained 

above) adheres to the mask and retards erosion; and 2) 

hydrogen reacts with oxygen or chlorine in the gas phase, 

and reduces their availability for reacting with the mask. 

The hydrogen additive in the discharge ranged from 20 

50% for these experiments. Ideally, it was desired to 

use levels just below the polymerization point which caused 

etching to cease. This usually meant that of the total gas 

flow, 401 of that flow is H2, with some dependency on 

operating pressures. 

3.2.4 Nitrogen 

Nitrogen's effect in the plasma is important. This 

was found to be true in a CHCI3 chemistry when silicon 

trench etching was performed [7] . With 10% N2 present, a 

reduction in the polymer deposition generation was 

discovered [10] • This reduction permitted control over 

etch profiles. 

For SiC>2 via etching, nitrogen was found to also 

produce a desirable CHCI3 generated polymer level. 10% of 

the total flow was found to be optimum. A theory of its 

effect is that N2 creates CN in the discharge. The CN 

formation reduces the available carbon for polymer 

formation. This is further discussed in chapter 6. 



Chapter 4 

RESULTS 

Presented here are the silicon dioxide etching results 

using a chemistry consisting of CHCI3, C2F5, H2, and N2-

For the following work, the Tegal 1500 test bench system 

described in chapter 2 was employed. All wafers were 4 

inches in diameter and clamped to the electrode by an 

aluminum ring as explained and depicted in section 2.5. 

The substrate temperature of the wafer during etching was 

not always monitored due to limited access of the Luxtron 

750 unit. Through monitoring over 75 etches, correct 

helium pressure versus time throughout the etch was 

recorded. This data was used to obtain wafer temperatures 

in the low temperature region. Wafer temperatures are 

within respectable approximations believed to be no greater 

than +/- 20% off from the expected temperature. More 

important is the consistency of temperature throughout an 

etch which is believed to be within +/- 10 degrees. 

After loading of the wafer, chamber pump down began 

until reaching a background pressure of 12-15 mTorr. Chuck 

temperatures were set by selecting the water flow 

temperature. Once pumped down, the flow of the various gas 

components was set via the mass flow controlling devices. 

Numerous combinations of the parameters were used. Some 
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were varied while others were held constant or changed 

simultaneously. After the gases were chosen, the 

parameters of power, pressure, wafer temperature, and gas 

component flow rates were selected. 

The parameters listed in table 4.1 were found to be 

optimally suited for the etch profile desired. 

Table 4.1 General Plasma Parameters. 

Power 

Pressure 

Total Flow 

Etch time 

Electrode 
temperature 

Chemistry -

CHCl 3 

c2f6 

«2 

N2 

550 watts 

150 mTorr 

37.5 Seem 

5 min. 

15 °C with Helium pressure. 

- 25 Seem total 
90 - 100? 

0 - 10% 

10 Seem (40? of above) 

2.5 Seem 

The remainder of this chapter presents and discusses 

the results of silicon dioxide via etching with CHCI3, H2, 

N2, and C2F6 plasma; the percent of the total flow of C2F6 

and CHCI3 was varied. 
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4.2 CHCI3 and C2^s: Percent ratio effects 

Controlling of the sidewall slope through varying the 

percentage of CHCI3 and C2F5 was achieved. The total flow 

was constant throughout the range of percentages used. H2 

and N2 were present in all runs in the amounts shown in 

table 4.1 

4.2.1 Results 

Figures 4.1 through 4.7 show Scanning Electron 

Micrographs (SEM's) of etched profiles in SiC>2- The SEM's 

are end-on profiles of SiC>2 etches for percentages of C2F5 

and CHCI3. The percentage of C2F5 and CHCI3 in the figure 

captions are for 67% of the total flow. The remaining 331 

was fixed amounts of N2 and H2 as given in table 4.1. All 

SEM's were taken after the mask removal and cleaning 

process explained in appendix A. 
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Figure 4.1 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch Si02 via etches. 
90S CHC13 10% C2F6 with H2 and N2. 



Figure 4.2 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch SiC>2 via etches. 
95% CHC13 5% C2F6 with H2 and N2. 



Figure 4.3 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch Si02 via etches. 
96% CHC13 4* C2F6 with H2 and N2. 



Figure 4.4 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch SiC>2 via etches. 
97% CHCI3 3% C2F6 with H2 and N2. 



Figure 4.5 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch SiC>2 via etches . 
98% CHCI3 2% C2F6 with H2 and N2. 



Figure 4.6 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch Si02 via etches. 
99% CHC13 1% C2F6 with H2 and N2. 



Figure 4.7 SEM micrographs of 2.5 (top) and 4.5 (bottom) 
micron pitch SiC>2 via etches. 
100% CHC13 with H2 and N2. 
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In each Figure, there are two SEM's of the same etched 

wafer. The lower micrograph has a pitch (See Sec. 2.7) of 

4.5 microns. An equal masked area to etch window ration of 

1 occurs for each pitch in a die. From the 4.5 micron 

pitch SEM's, it can be seen that the horizontal etched Si02 

distances are nearly equal to the initial masked Si02 

distances. Since these lengths were equal prior to etching, 

evidence of no serious mask deterioration or undercutting 

is present. It is highly doubtful, therefore, that the 

slope is largely due to mask erosion. 

The top photos in the Figures have a 2.5 micron pitch 

or 1.25 micron SiC>2 window opening. These SEM's are 

presented to show that the slope is not a function of the 

window size. 

SEM micrographs are used to compute sidewall slopes 

while etch rates are measured using a Tencor Alpha Step 

Thickness Measurement system. A summary of these values 

appear in table 4.2 below. 
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Table 4.2 Percent C2^f), silicon dioxide etch rate, and 
sidewall angle. 

Percent Silicon Sidewall 
C2F6 Dioxide angle 
(%) Etch Rate (Deg.) 

(A/min.) 

10 1940 0 

5 1660 9.5 

4 1250 19.8 

3 960 27.5 

2 660 49.5 

1 580 56.0 

0 420 67.5 

Figs. 4.8 and 4.9 show etch rate and sidewall angle 

plotted vs. C2F5 percentage. The percentage referred to 

here is of the 25 Sccra's composing the £2^6 anc* CHCI3 

components only (See table 4.1). A linear regression 

straight line fit is shown on both Figures. 

4.2.2 Discussion of Results 

Figs. 4.1 through 4.7 show an increase of the sidewall 

angle as the amount of C2F6 is decreased. For 10% C2F6 

(Fig. 4.1), anisotropic etching occurs, with a sidewall 

angle of 0° . Without C2F6 (Fig. 4.7) , large sloped 

sidewalls of 67.5° result. It is also seen from Fig.4.7, 

that a reduction in etch rate occurs. For iOOl CHCI3, the 

etch rate is 420 A/minute. This is in contrast to an etch 



48 

70.0 i 

10.0 -

-i r~ 
2.0 

t 1 -r 
0.0 4.0 6.0 8.0 

Percent C2F6 

i • 
10.0 

Figure 4.8 Percent 
angle. 

C2F& dependence on SiC>2 sidewall 



2000.0 -i 

1500.0 -

c 1000.0 : 

_c 500.0 -
-t-j 
LJ 

0.0 
2.0 6.0 

Percent C9F, 
8.0 10.0 4.0 

Figure 4.9 Percent C2Ffc dependence on Si02 etch rate. 
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rate of 1940 A/minute when 10 i C2F6 is used. This etch 

rate reduction and large slope, both for high CHCI3 

percentages, lead to a supposition that polymer is adsorbed 

onto the SiC>2 surface at much higher net deposition rates 

for low amounts of C2F6 than for greater levels of C2F5 

flow. 

At least two approaches can be taken to formulate a 

theory for the above results. The first approach is that 

the increased flow rate of C2F5 causes a greater rate of 

Si02 removal, thus preventing polymer build up on the SiC>2 

surface. Since C2F5 is a good etchant of SiC>2 through 

dissociative chemisorption of CFX (x<3) radicals and 

induced ion reactions, this approach seems plausible. 

Another approach is that the amount of polymer 

generated is reduced for. higher levels of C2F6 in the 

plasma. Support of this approach is found when observing a 

reduction of polymer build up on the interior of the 

chamber for higher percentages of C2F5 flow rate. Polymer 

is assumed to be generated through dissociation of CHCI3. 

It is known that CC1 is present in the gas phase. CCl is a 

building block of presumed polymer, (CCl2)x- When the 

percent C2F6 is changed, a change in the available Cl for 

polymer building may take place. This Cl reduction is 

postulated as being due to larger amounts of available Si 

from Si02- This increase in Si is due to the increased ion 
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reactions from the CFX radicals. With more free Si, 

volatile SiCl4 is more likely to form, reducing the CI 

available for polymer generation. 

Lastly, a combination of these effects could be the 

case. Supporting evidence through simulation and 

observance of gas phase ions in subsequent chapters 

advocate this approach (Chapters 5 & 6) . 

To obtain accurate data on SiC^/polyimide (mask) 

selectivity, measurements on an Alpha Step Thickness 

Measurement device were made. The initial mask thickness 

is 0.8 microns. Measurements of the mask thickness after 

etching showed that it is reduced on the average by 0.3 

microns. No clear trend of mask etch rates for the 

sequences of etches in Figs. 4.1 - 4.7 was found. The low 

mask etch rate is believed to be due to: 1) keeping ihe 

substrate temperature cool during etching (40-60 °C) ana 

thus retarding chemical reactions; and 2) polymer build up 

on the mask itself may have slowed removal. 

4.3 The Effect of Temperature on the Etch Profile 

For the etches in Figs. 4.1 - 4.7, the high-voltage 

electrode temperature was set at 15 °C. This provided a 

good starting wafer temperature for keeping the substrate 

at a low temperature throughout the etch. When etching 



began, the substrate rapidly increased to approximately 50 

°C. Helium pressure on the wafer backside (section 2.5) 

started at 15 seconds into the etch. For 8-12 torr of He 

throughout the etch, wafer temperature was maintained at 50 

°C. 

The substrate temperature during etching was found to 

be an important factor in determining final etch profiles. 

This importance was largely due to low wafer temperatures 

reducing the polyimide etch rate. Si02 etching with no 

temperature control, or with wafer temperatures above 70 

degrees Celsius, resulted in serious mask erosion. As 

stated in section 3.2.3, polyimide etching is mostly 

chemical. At the lower wafer temperatures, chemical 

reactions appear to be slowed. 

Wafer temperature is also believed to control the 

polymer desorption rate on the SiC>2 surface. For low 

temperatures, polymer desorption rates may decrease and 

thus polymer build up increases. The polymer inhibits 

etching of the sidewalls resulting in sloped profiles [13] . 

A constant temperature during the time of an etch is found 

t i give a constant slope. This constant wafer temperature 

throughout the etch made possible the planar sidewalls of 

Figs. 4.1 - 4.7. Without a constant temperature for an 

etch period, two stage sloping of the sidewall occurred. 

For this work, a single smooth slope of the sidewall is 
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desired and could only be produced from constant 

temperature throughout an etch. 

4.4 Summary 

In conclusion, as the percent C2F5 in the plasma 

increases, the sidewall angle decreases. The etch rate of 

SiC>2 also increases with greater flow rate of C2F(,. A 

saturation of this etch rate was found to occur at about 

2000 A/min. for levels of C2F5 10% and above. All etching 

was done at low constant temperatures ("50 °C) . This 

temperature region minimized mask removal and maximized 

polymer formation throughout the etch resulting in smooth 

single sloped Si02 etches. 



Chapter 5 

SIMULATION 

5.1 Etch Profiles 

Physical etch profiles were simulated with the use of 

the program Simulation and Modeling of Profiles in 

Lithography and Etching (SAMPLE) [14] . A better 

understanding of etching mechanisms and theory support were 

found from its use. SAMPLE relies only on physical etch 

parameters consisting of isotropic layer etch rates 

(deposition rates) and anisotropic etch direction. 

To run SAMPLE, an initial profile and etch rates for 

all layers defined must be known. For the simulations 

here, a simple 2 layer initial profile as shown in Fig. 5.1 

was used. This profile has two layers: the mask and the 

layer to be etched (substrate) . For each layer, an 

isotropic and anisotropic etch rate is required. The 

isotropic etch rate represents the chemical etching (all 

directions) that is done. The anisotropic etch rate, 

through ion and/or any directional species bombardment, is 

vertical etching only. To simulate a deposition, such as 

that of a polymer, a negative isotropic etch rate can be 

specified. Simulation output is in the form of etch 

profiles for selected times during the etch sequence. 
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Figure 5.1 Initial profile used in SAMPLE simulation. 
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Fig. 5.2 shows the final profile of a simulation of an 

etch using the profile of Fig. 5.1 and the SAMPLE input 

file of appendix B. The etch rate variables are shown in 

table 5.1 below. 

Table 5.1 Simulated Etch Rates. 

Anisotropic 

Isotropic 

It is therefore seen that a deposition on the etch 

surface can in fact create sloped profiles. As explained 

in section 3.1, this is a continuous isotropic deposition 

and anisotropic etch sequence. As the polymer is deposited 

on the wafer surface, only the amount on the bottom of the 

via is removed through ion bombardment. Most of the 

polymer on the sidewalls remains thus a closing of the Si02 

etch occurs. 

5.2 Methods for Achieving Sloped Si02 Etches 

Two techniques of varying the slope of an etch were 

simulated. Each technique, as well as both techniques 

together are now presented. The simulated profiles were 

not meant to duplicate what was seen in the laboratory but 

Mask Si02 
(microns/min) (microns/rain) 

0 .05 0 2 

-0 .0026 -0 08 
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Figure 5.2 SAMPLE simulation of a typical final sloped 
profile as result of isotropic deposition. 
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rather to support the Si02 etching mechanisms. 

5.2.1 Sidewall Slope Control Through Si02 Etch Rate 

Variations 

Through increasing the anisotropic etch component of 

the SiC>2 layer and holding the deposition rate constant, it 

is found that the slope of the etch sidewall can be 

controlled. A lower etch rate was found to produce a large 

sidewall slope. This increased slope is due to deposition 

being more significant with low etch rates than for cases 

with higher etch rates. For anisotropic etch changes, it 

was also observed that constant simulation etch times give 

varying etch depths. 

Figs. 5.3 and 5.4 are the results of SAMPLE 

simulations of etches which portray anisotropic etch 

changes for fixed deposition rates. The profile is plotted 

for intervals of 1 minute with the bottom (or last) profile 

at 5 minutes. The SiC>2 anisotropic etch rate is decreased 

from 0.28 microns/minute in Fig. 5.3 to 0.2 microns/minute 

for Fig. 5.4. Both simulations have Si02 isotropic etch 

rates of -0.15 microns/minute. The negative value pertains 

to isotropic deposition. Parameters are shown in table 5.3 

below. 
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Figure 5.3 Etch profile from SAMPLE with parameters 
listed in table 5.2. 
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Figure 5.4 Etch profile from SAMPLE with parameters 
listed in table 5.2. 
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Table 5.2 Simulated Etch Rates For Varied Anisotropic 

Etch Component. 

Mask Si02 
(microns/min) (microns/rain) 

Anisotropic 
Fig. 5.3 
values 

Isotropic 

Mask SiC>2 
(microns/min) (microns/min) 

Anisotropic 0.05 0.2 

Isotropic -0.0026 -0.15 

The increase in the anisotropic SiC>2 layer etch rate 

used in these etch simulations is analogous to greater 

percentages of C2F6- This is reasonable because atomic 

fluorine reacts spontaneously on Si and SiC^# thus 

achieving a high anisotropic etch component. 

5.2.2 Si02 Sidewall Slope Control Through 
Deposition Rate Variations 

Conversely, a fixed anisotropic etch rate with a 

varied isotropic deposition rate gives similar results to 

those shown for the previous case (Section 5.2.1) . The 

0.05 0.28 

-0.0026 -0.15 



62 

analogy to laboratory results would be that of percent 

changes of CHCI3. Since CHCI3 is believed to be the main 

polymer forming compound, an increase of its percent 

results in greater polymer forming components. Also, in 

Section 3.2.2, it was postulated that the presence of C2F6 

results in reducing the available Cl for polymer 

generation. Therefore, SiC>2 isotropic deposition rate 

changes are believed to be controlled through the 

percentage of C2F5 flow in the plasma. 

5.2.3 Sidewall Slope Control Through Both SiC>2 Etch Rate 

and Deposition rate variations 

Through variations in both the SiC>2 anisotropic etch 

rate and deposition rate, controllable Si02 etching occurs. 

Profiles similar to those obtained in the laboratory were 

produced. Figs. 5.5 and 5.6 show simulation results for the 

parameter values in table 5.3. 

Table 5.3 Simulated Etch Rates for Two parameter 

Variation. 

Mask SiC>2 
(microns/min) (microns/min) 

Fig. 5.5 
values 

Anisotropic 0.05 0.24 

Isotropic -0 .0026 -0 . 08 
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Figure 5.5 Etch profile from SAMPLE with parameters 
listed in table 5.3. 
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Figure 5.6 Etch profile from SAMPLE with parameters 
listed in table 5.3. 
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Mask 
(microns/rain) 

Si02 
(microns/rain) 

Anisotropic 0.05 0 . 1 6 8  
Fig 5.6 
values 

Isotropic -0.0026 -0.104 

The parameters of Fig. 5.6 constitute a 30% increase 

in Si02 deposition and a 30% reduction in Si02 anisotropic 

etch rate over those values of Fig. 5.5. The siaewall slope 

increased from 18 to 32 degrees while the etch depth 

dropped to about 0.35 microns from 0.8. 

Figs. 5.3 through 5.6 have shown silicon dioxide 

profiles obtained through simulation techniques. Through 

changes in the Si02 isotropic deposition rate and 

anisotropic etch rate, the sidewall slopes seen in the 

laboratory were simulated. It is thus proposed that a 

combination of both the SiC>2 anisotropic etch rate and 

isotropic SiC>2 deposition rate can be attributed to the 

percentages of C2F5 and CHCI3 in the etch plasma, 

respectively. 

5.3 Conclusion 



Chapter 6 

OMA AS SUPPORTING EVIDENCE 

6.1 Introduction 

Through optical spectroscopic analysis, it is possible 

to obtain data regarding the gas phase of a plasma. This 

procedure does not disturb the discharge. Optical 

Multichannel Analysis (OMA) analyzes the spectral emission 

of the plasma. The ability to analyze plasma spectral 

emission with a resolution of a tenth of a nanometer allows 

observation of single species in the discharge. In this 

work, three species were observed: CC1, Si, and CO. Real 

time observation of the intensity of the emission of these 

species is assumed to be proportional to the number density 

in the gas phase. The observance of each species' number 

density throughout an etch was used to develop a theory of 

the chemical and physical processes that lead to the 

etching results described in chapter 4. 

6.2 Emission Results 

In this work, spectral emissions in the range of 278.2 

- 298 nanometers were used: CCl at 278.2 and 298 nm; Si at 

288.2 nm; and CO at 296.4 nm. The OMA was programmed to 

observe a narrow range, or wavelength interval (~2nm), of 

the spectrum. Three of these intervals could be observed in 
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the plasma at one time. The wavelength intervals were 

centered at the three species linewidths listed above. 

Spectral emission intensity vs. time plots for each of the 

three emitters were made. 

6.2.1 Spectral Emission Results 

The parameters that were varied for these measurements 

were percentage of C2F6 anc* N2- Fig. 6.1 shows the 

spectral emission intensity vs. time for the three species 

emissions: CC1, Si, and CO. The spectral intensities are 

plotted on the y axis for arbitrary values. Time is 

plotted on the x axis for arbitrary values. 

During the observation period, etching of a single 

wafer occurred at a pressure of 120 mTorr. Initially, 

CHCI3 and N2 were present. C2F5 was added as explained 

below. Si wafers with CVD Si02 were patterned using a 

photoresist mask as shown in Fig. 2.6. The high-voltage 

electrode was maintained at 10 degrees Celsius and thermal 

bonding of the wafer to electrode was provided by a ring 

clamp. A pressure of 8-10 torr of He between the wafer and 

electrode allowed the substrate to quickly reach an 

equilibrium temperature of about 70°C [13] . 

6.2.2 Silicon Spectral Emission Intensity 

The middle trace of Fig. 6.1 is for the silicon 

linewidth intensity during a plasma etch for the conditions 



68 

Region I Region 11 Region III 

Intensity 
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C2*6 
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C2F6 
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CCl 

Si 

Co 

Region IV 

*2 
off 

I*1"*** 

Time (Arbitrary units) 

Figure 6.1 Emission intensities plotted over time for 
CCl, Si, and CO. 
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described above. The Si spectral emission intensity is 

considered a viable means of monitoring the SiC>2 etch rate 

since the only source of Si in the plasma would, be that 

from the SiC>2. At the initial stage of the etch, a slight 

decrease in the Si emission intensity occurs. This decrease 

may be accounted for by the continual polymer deposition 

due to the large initial percentage of CHCI3 in the 

discharge. The wafer was held at a fixed temperature of 

70°C during the etch, (Luxtrori monitoring, Sec. 2.5) . In 

region II of Fig. 6.1, C2F5 was introduced into the gas 

flow at 8% of the total gas flow. The effect of the C2F5 

is seen as an increase in the Si spectral intensity. 

Therefore, C2F5 flow in the discharge, largely controls the 

Si02 etch rate. 

6.2.3 CO Spectral Emission Intensity 

Like Si, the intensity of CO emission is also believed 

to be an indicator of Si02 etching, since there are no 

other sources of oxygen in the plasma to form CO besides 

oxygen from the Si02- The bottom plot of Fig. 6.1 shows 

the CO spectral intensity vs. time. An increase in the CO 

spectral intensity at the onset of region II (where the 

C2F6 was introduced into the plasma) occurred. This 

increase in CO spectral intensity is again in agreement 

with the assumption that the C2F5 percent of the total gas 

flow largely controls the Si02 etch rate. 
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In Fig. 6.1, C2F6 flow was stopped at the beginning of 

region III. An abrupt drop in the Si and CO spectral 

intensities occurred. This suggests a drop in the SiC>2 

etch rate and again demonstrates that the C2F6 flow 

dominates the Si02 etching. 

6.2.4 CC1 Spectral Emission Intensity 

The top trace of Fig. 6.1 is for the spectral 

intensity of CC1. This species is believed to be a 

building block of the chloroform generated polymer. Since 

CCI2 is believed to be the base of the polymer, CCl is 

postulated to be an intermediate step in the polymer base 

formation. Direct measurement of CCI2 is difficult because 

CCI2 is a poor spectral emitter. Its spectral weakness 

results in a high noise level when observed. Therefore, 

CCl spectral intensity was recorded. 

The CCl number density in the gas phase is believed to 

be generated through several ways. The dissociation of 

CHCI3 forming CCl is one proposed path. The other is that 

photoresist, when etched by CI, forms CCl [11] . It is 

unknown whether both of the generation paths resulting in 

CCl form the unsaturated polymer believed to control 

etching. However, observation of the CCl number density in 

the gas phase is believed to provide support for 

interpreting the polymer present in the discharge. 
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In Chapter 3, it was stated that N 2< when used in a 

CHCI3 plasma, is postulated as considerably reducing the 

proposed polymer species and thus CC1 [13] . Therefore, the 

CCl species is expected to be affected by changes in the 

flow of N2 • For the observations in Fig. 6.1, the N2 

flow was ceased (from an original level of 6% of the total 

flow) in region IV. Initially, it is seen that the CCl 

spectral emission level is up. The increase suggests that 

the CCl spectral intensity of the proposed polymer is 

increased for reasons stated above. It is therefore 

believed that the number density of the CCl in the gas 

phase is controlled by levels of N2 gas in the discharge. 

Thus, the proposed polymer generated on the wafer may also 

be controlled by percent N2 flow. 

The CCl spectral emission intensity for varied C2F6 

flow is recorded in Fig. 6.1. Recall that C2F5 flow was 

increased in the plasma at the onset of region II for Fig. 

6.1. At the beginning of region II, it is seen that the 

CCl spectral intensity increases. This rise is due to 

higher concentrations of CCl in the gas phase. Two 

suggested explanations for the CCl increase follow. One 

theory is based on the assumption that the increased Si02 

etch rate is due to the increased C2F5 flow. The larger 

removal by C2F(, of SiC>2 requires that polymer covering SiC>2 

must be also removed thus increasing CCl in the gas phase. 
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A second explanation for the CCl increase in the gas phase 

for increased C2F$ flow is postulated as being through 

recombination. When Cl is dissociated from CHCI3, e.g. 

via chemisorption and dissociation on CHCl2+ ion impacts, 

the carbon available from C2F5 combines with Cl to form gas 

phase CCl. 

6.3 Conclusion 

The importance of these results are that they support 

previous theories. For example, in chapter four, when 

C2F5 flow was increased in the plasma, etch rates of SiC>2 

were found to increase. When spectrally observing the 

plasma when the C2F6 flow is increased in the discharge, 

increases in the observed spectral intensities were found 

to occur. This increase implies a larger SiC>2 etch rate. 

The believed polymer building block, CCl, was found to 

increase in the gas phase when C2F5 flow is increased. 

The gas phase rise may result from a decrease of CCl on 

the SiC>2 surface. This supports our observations that an 

increase in C2F5 flow produces less SiC>2 sloping. The 

reduced slopes are believed to be from a lower deposition 

rate of polymer. 



Chapter 7 

CONCLUSION 

7.1 Summary 

The experiments presented in this thesis show that it 

is indeed possible to produce a controllable sidewall angle 

when etching Si02- The main technique for controlling the 

angle is through variations of the percent C2F6 in the gas 

flow to the plasma. It is found that the sidewall angle 

decreases as percentage of ^2^6 of the total flow 

increases. Other factors that are important in controlling 

the final Si02 profile are; 1) A constant low temperature 

throughout the etch; 2) Precise percentages of all gases; 

and 3) A polyimide mask that is resistant to etching. 

The sloping mechanism is postulated as resulting from 

a polymer generated in the plasma. This polymer, adheres 

to the wafer surface. The polymer is believed to control 

etching characteristics by covering the surface of the 

wafer. Si02 surfaces, which are not exposed to high energy 

ions from the plasma, develop a layer of polymer. These 

surfaces are the sidewalls of the Si02 etch. Conversely, 

the etch bottom is bombarded by high energy ions, which 

sputter the deposited polymer. As a result, a continuous 

anisotropic etch and isotropic deposition sequence occurs. 
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This sequence causes the sidewalls to develop a slope. 

Si02 etch rates are also determined from the 

percentage of C2F5 in the total gas flow. The larger the 

percentage of C2F6 flow, the higher the Si02 etch rate. 

This is true until about 7% of the total gas flow is C2F6-

At this point, a saturation level in the Si02 etch rate of 

about 2000 angstroms/min. is reached. 

Two explanations for the controllable SiC>2 sidewall 

slope for C2F5 percentage variations have been presented. 

First, the generation of the polymer may be controlled by 

the amount of C2F5 gas in the discharge. Generation 

control of the polymer is postulated to occur because of a 

reduction in Cl due to increased amounts of available Si. 

The increase in available Si is due to the increased 

reactions from the CFX radicals and the SiC>2 surface. With 

more free Si, volatile SiCl4 is more likely to form thus 

reducing the Cl available for polymer generation. 

A second mechanism is based on the increased Si02 etch 

rate with greater percentages of C2F5. Increased levels of 

C2F6 cause a greater etch rate of SiC>2 and thus polymer 

build up on the SiC>2 sidewalls is less effective in 

controlling the sidewall angle. 

Results are consistent with simulation. Computer 

simulation of the etching process has shown that: 



75 

1. Varying Si02 anisotropic etch rates for constant 

isotropic deposition levels resulted in control 

of the Si02 sidewall slope. 

2. Varying SiC>2 isotropic deposition levels for 

constant anisotropic etch rates resulted in 

control of the SiC>2 sidewall slope. 

3. A combination of Si02 anisotropic etch rate and 

isotropic deposition level resulted in control 

over the SiC>2 sidewall slope. 

Optical Multichannel Analysis of the discharge 

provides real time observation of the intensity of species 

believed to be related to the SiC>2 etch rate and polymer. 

For increased percentages of C2F6 flow, Si and CO 

intensities increased. These increased intensities suggest 

higher Si02 etch rates. Also for increased C2F6 

percentage, the intensity of CCl, believed to be related to 

polymer generation, increases. The rise of CCl in the gas 

phase may be due to lower amounts of polymer deposited on 

the wafer surface. It is also postulated that the 

increased carbon from increasing b fl°w maY combine 

with CI to form CCl. This alternate route of the CCl 

generation may alter its ability to deposit on the wafer 

surface. 

From the experimental results, simulation, and 



spectral emission observations, it is thus implied that 

both a controlled isotropic deposition and anisotropic etch 

rate produces sloped Si02 etching. For this work, the 

controlling mechanism was found to be the percent C2F5 flow 

in the plasma. 

7.2 Recommendations for Future Work 

The following are made with regard to future work: 

1. Using the process to etch via patterns for subsequent 

processing steps. 

2. Sputter deposition of Al on SiC>2 etched via's from 

this process. 

3. Modification of wafer temperature control set-up for 

industrial environment. 

4. Investigating the uniformity of the SiC>2 etch 

process. 



APPENDIX A 

Mask Removal and Cleaning Process 

The purpose of the cleaning process is to remove the 

remaining polyimide mask and clean the wafer surface free 

of polymer and particulates. The following processes are 

done in the order they are presented. 

1 . Polyimide Mask Removal 

The polyimide mask was removed with an oxygen plasma in 

the previously described Tegal 1500 system. 

Plasma parameters were: 

Power : 500 watts 

Pressure : 200 millitorr 

C>2 flow : 50 Seem 

Time : 5 minutes 

2 . Polymer Removal 

Samples were placed in a pure Xylene solution for 5 

minutes. Samples were then removed and blow dried with 

nitrogen. 

3. Wafer Cleaning 

Samples were placed in a piranha solution consisting of 

6 parts of H2SO4 to 1 part H2O2 for 10 minutes. The 

samples were then rinsed in DI water for 10 minutes and 

dried with nitrogen. 
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APPENDIX B 

* SAMPLE input file for Table 5.1 
* Plasma assisted etching. Etch rates in ( ) with 
* mask first and silicon dioxide layer second. 
* Values in brackets are isotropic & anisotropic etch 
* rates respectively. 
etchrates 10 (-0.0026, 0 . 05) (-0.08,0.2) 

etchlayers -1 2 
* 

etchlayers 1 1 
« 

etchlayers 0 4.0 
etchaccur 4 

# Two etch layers 

# Top layer is 1 micron 

# Bottom layer is 4 microns 
# Etch accuracy 

etchDrof (0.8,0) (0.9,0) (1.0,0) # Coords for profile 
(1,1.0) (3.5,1.0) (3.5,0) (3.6,0) (3.7,0) 

etchwindow 3.7 
* 

etchplot 1 1 
* 

etchtime 60 300 -5 
* 

etchrun 

# Total etch window 

# Output options 

# Output times 

# Etching Begins 

Figure B.l Input file to SAMPLE for figure 5.2 
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