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polymer and SiÔ . Pitch - S.5 um. 57 

5.1 Results of several uafer temperature 
control techniques 65 

5.2 SEM micrograph of a trench after 5 Minutes, 
a) After etching, b) After etching and 
removing the polymer and oxide. Pitch - 2.5 
um 73 

5.3 SEM micrograph of a trench aftBr 10 
Minutes, a) After etching, b) After etching 
and removing the polymer and oxide. Pitch -
S.5 74 

5.4 SEM micrograph of a trench after 15 
Minutes, a) After etching, b) After etching 
and removing the polymer and oxide. Pitch -
2.5 um. 75 

5.5 SEM micrograph of a trench after 20 
Minutes, a) After etching, b) After etching 
and removing the polymer and oxide. Pitch -
2.5 um 

5.6 A vieiu of the second stage 

5.7 SEM micrograph for etching at 15 Seem, 
a) After etching, b) After etching and 
removing the polymer and oxide. Pitch - 2.5 
um 

5.0 SEM micrograph for etching at 30 Seem, 
a) After etching, b) After etching and 
removing the polymer and oxide. Pitch - 2.5 
um 

76 

78 

04 

05 



ix 

Figure Page 

5.9 SEM micrograph for etching at 50 Seem, 
a) After etching, b5 After etching and 
removing the polgmer and oxide. Pitch - 2.5 
um. BE 

5.10 SEM micrograph for etching at 70 Seem. 
aD After etching, b) After etching and 
removing the polgmer and oxide. Pitch - 2.5 

• um B7 

5.11 SEM micrograph of a trench etched at 15 °C 
and 50 Seem. a) After etching, b) After 
etching and removing the polymer and oxide. 
Pitch - Bum S3 

5.12 SEM micrograph of a trench etched at 15 °C 
and 70 seem a) After etching. b) After 
etching and removing the polymer and oxide. 
Pitch • 8 um. 94 

5.13 SEM micrograph of a trench etched at 15 °C 
and 100 seem a3 After etching, b) After 
etching and removing the polymer and 
oxide. Pitch - Bum. 35 

5.14 SE11 micrograph of a trench etched at 65 °C 
and 50 accm a) After etching, b) After 
etching and removing the polymer and oxide. 
Pitch - B um 37 

5.15 SEM micrograph of a trench etched at E5 °C 
and 70 seem a) After etching, b) After 
etching and removing thB polymer and oxide. 
Pitch * B um SB 

5.16 SEM micrograph of a trench etchBd at 65 °C 
and 100 seem, a) After etching, b) After 
etching and removing the polymer and oxide. 
Pitch- B um S3 



LIST OF TABLES 

Table Page 

3.1 Simulation parameters values far the three 
parameter case • 56 

3.2 Simulated etch rates 38 

4.1 Plasma parameters for section 4.5 49 

4.5 Percent oxygen, silicon and silicon dioxide 
etch rate and sideuall slope. SB 

S.l Plasma parameters for section 5.3 71 

5.5 Etch rates and sideuall angles 75 

5.3 Plasma parameters for section 5.4 BO 

5.4 Temperature effects on etch rates ...... BO 

5.5 Plasma parameters for flou rate effect 
tests . . B5 

5.6 Effects of flout rate B3 

5.7 Plasma parameters for section 5.6 tests. . . 90 

5.B Lou temperature etching results 91 

B.l Sas conversion factors 109 

x 



ABSTRACT 

Reactive ion etching has been used to obtain 

anisotropic silicon trenches with small sideuiall angles. 

This work demonstrates that the sideuiall angle can be 

controlled by the wafer temperature and percent oxygen 

using the chemistry of CHCl̂  uiith oxygen added. 

In a simultion study, it was predicted that the 

sidewall angle can be controlled by the deposition rate of 

a thin polymer layer on the sidewall of the silicon and 

silicon dioxide mask. This suggests that thosB parameters 

which determine polymer deposition rate will also determine 

sidewall angle. The sidewall angle is lower at high 

temperature because polymer deposition is lower and the 

opposite is true. In addition, adding oxygen reduces the 

sidewall angle because it reacts with carbon that forms the 

polymer. 

Indeed, sidewall angles between 5 and 45 were 

obtained by adjusting the electrode temperature between 15 

and 65 °C. Smooth sidewalls, low sidewall angles and 

silicon etch rate of 2300 A were achieved at electrode 

temperature of G5 °C. Also, sidewall angles between 7 and 

55 degrees were obtained when SO to 0 percent oxygen was 

added to CHCl̂ . 

xi 



CHAPTER 1 

INTRODUCTION 

Now developments in high density integrated 

circuits require the processing of hyperfine submicron 

structures. Etching of such fine structures could not be 

obtained using conventional wet etching technology; 

therefore, plasma etching becomes a necessity. Plasma 

etching can be utilized to produce deep trenches which have 

several semiconductor applications, such as isolation and 

depletion capacitors. For both applications, a trench 

that has a depth of two to several micrometers Cum 5 and a 

width of half to few micrometers is desired. The sidewall 

profile of the trench is a critical characteristic because 

it could determine the success of the application. Methods 

of controlling the slope of the trBnch sidewall are 

presented in this study. 

1.1 Applications 

1.1.1 Deep Trench Isolation 

Deep trenches are an attractive way of achieving 

electrical isolation between adjacent devices in very large 

scale integration CULSI) technology. To increase the dBvice 

density, the conventional doped isolation regions are 

1 
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replaced by narroui trenches which are Filled uith an 

insulator. The smaller the trench window size, the tighter 

the circuitry can be packed onto the chip. For this 

reason, the minimum window size that can be achieved using 

current microlithographic techniques is used. The ability 

to control the trench sidewall profile is the main reason 

for selecting plasma etching. The deep, narrow trenches 

required for this type of isolation are not possible by 

conventional wet Chemical etching. 

Trenches have to be refilled with some insulating 

material to provide electrical isolation and to planarize 

the surface for subsequent process steps. Trenches are 

filled uith thermally grown silicon oxide, chemical vapor 

deposited CCUD) silicon dioxide, polysilicon, glass, 

silicon nitride, polyimide or one of several other 

insulators. Good step coverage of the trench profile is 

important for affective isolation. Therefore, the control 

of trench sidewall profile is essential to this technology. 

Deep trench isolation technology was demonstrated 

to improve the device performance and integration density 

in bipolar by C13 and C23 and bulk CC1DS devices by C33 . 

The use of SiCl̂  and SFg gases to etch deep 

trenches was discussed by EID. A trench 2 um wide and 3 to 

6 um deep was etched in the epitaxial layer using SiCl̂  in 

a reactive ion reactor. When the deep trench was refilled 
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uiith 1500 Ao of thermal silicon-dioxide Film and S urn of 

polysilicon film, a void was formed in thB polysilicon. 

UJhan they added SFg gas, a slightly positive slope to the 

trench sideuall was generated, which avoided the formation 

of the void in the polysilicon film. Their 6 um deep trench 

perfectly isolated the N+ diffusion layer from the a 5 um 

deep n-uiell. The punchthrough voltage from the N+ diffusion 

layer to the n-well uias 19 U, uhich was limited by the 

avalanche breakdown between the N+ diffusion layer and the 

substrate. The CMOS devices using 6 um deep-trench 

isolation with an epitaxial layer did not latchup even with 

a latchup trigger current of S00 mfl. 

Trench isolation has several advantages C5D. First, 

trench isolation reduces the width of the isolation region 

significantly due to its vertical wall and the absence of a 

field implant. Second, the deep trench reduces the lateral 

NPN parasitic transistor gain and thus reduces 

susceptibility to latch up for a given n to p spacing. 

Finally, trench isolation gives higher packing density for 

the same latch-up performance since the trench width is 

about 1 um in comparison to the minimum 8 um spacing 

required for conventional local oxidation CL0CD5D 

isolation. 

Figure l.lCa,b) shows a cross section of a typical 

trench isolation configuration. The trench cuts through the 
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Figure 1.1 A cross section of trench isolation a) AftBr 
etching, b) After refilling the trench. 
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Figure 1.5 A cross section of a typical trench capacitor. 
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epitaxial layer and other lagers on top of it, reaching the 

substrate. A lager of an insulator covers the trench uialls. 

Then, the trench is Filled uiith the same or another 

insulator to planarize the uiafer surface. 

1.1.2 Depletion Capacitors 

In some tgpes of integrated circuits, capacitors 

occupg a large portion of the total chip area. The 

capacitance depends on area of the capacitor, the 

dielectric constant of the insulating material, and the 

separation between capacitor plates Ci.e. thickness of 

insulating material5. Tgpicallg. the capacitance of 

semiconductor capacitors can be enhanced bg using 

dielectrics with higher dielectric constants, decreasing 

the insulator thickness, and increasing the electrode area. 

Capacitor oxide thickness is difficult to be decreased 

below 100 fl : from manufacturabilitg stand point. Deep 

trenches can provide more capacitance for the same die area 

because of the vertical increase in electrode area. 

Morie, et al used CBrF̂  gas at a pressure of 15 

millitorr CmTorr) to etch a trench 0.6 um wide and more 

than 1.5 um deep C63. ThBn the trench was refilled with 

polgsilicon layer on top of 250-300 A" of oxide. A 

—15 capacitance of more than 40 femtoFarad CFF-10 F) was 
p 

obtained for a cell size less than 35 um . A cell capacitor 
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with only SO FF cannot be obtained For a SO um2 cell area 

and 15 nm Silicon dioxide using conventional planar 

techniques, but can be achieved using a trench capacitor 

C7D . 

Figure l.S shows a cross section of a typical 

trench capacitor. The top plate can.be metal, silicide, 

polycide, or heavily doped polysilicon. The bottom plate 

can be N+ layer to P-type substrate, P+ layer to N-typs 

substrate, or heavily doped polysilicon. The insulator can 

be 5iOg, Sî N̂ /SiOg, or any other high dielectric constant 

material. 

1.3 Discussion oF Contents 

A brief outline oF this thesis proceeds as Follows. 

In Chapter 3, the apparatus used in this study is 

described. The chemistry used is discussed at the end of 

Chapter 3. 

The simulation process that is utilized in this 

work is discussed in Chapter 3. The simulation parameters 

and their contribution to the slope of the sidewall are 

also discussed. 

Chapter 4 describes the effects of adding oxygen to 

CHCl̂  plasma on the trench sidewall profile. The effects of 

oxygen percentage on the sidewall angle and thB etch rates 

are presented. 
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Temperature effects en the sideuall angle are 

revealed in Chapter 5. Methods of controlling the sideuiall 

profile are presented and discussed. The trench sideuall 

angle is found to be strongly dependent on uafer 

temperature during etching. 

A summary of this uork is given in Chapter G. 

Appendix A describes the operating procedure of the Tegal 

70S test bench. The conversion process involved uhen mass 

flou controllers are used is described in Appendix 3. Also, 

a table of conversion factors and an example are included. 

The cleaning procedure is described in Appendix C. 



CHAPTER S 

APPARATUS 

The etching system used in this study was a Tegal 

70S test bench. This system consists of a single wafer 

parallel plate plasma chamber, a 13.56 MHz power generator, 

a rotary mechanical pump, a temperature control unit, and a 

set of five Mass Flow Controllers. Figure S.l shows a 

block diagram of thB Tegal 70S test bench. A description of 

the system components fallows. 

5.1 Chamber 

The system chamber shouin in Figure S.S is a plasma, 

reactor for single four inch wafer. Power for the 

parallel plate reactor is capacitively coupled through the 

bottom electrode. The chamber body is grounded and 

separated from the bottom electrode by an insulating 

ceramic ring. The wafer is surrounded by a removable guard 

ring made of anodized aluminum. The chamber is surrounded 

by a cooling jacket which permits a coaling or heating 

medium to flow around the chamber. The same heat exchange 

medium also flows through the bottom plate. Therefore, 

temperature of the chamber and the bottom electrode can be 

controlled. Gas mixtures are fed through the chamber side 

B 



Figure S.l Block diagram of the Tegal 702 test bench. 
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into a hoilow plate located at the upper part of the 

chamber. The mixed gases then diffuse into chamber via 

small orifices in the bottom of the plate. Gases and by 

products are pumped out of the chamber via larger orifices 

in the same plate. Inside the plate, incoming gases and 

outgoing pumped gases have separate paths. The chamber has 

an optical vieui port by which the glow discharge can be 

observed. A manometer uihich measures pressure is connected 

via an inlet in the chamber side. The chamber body and 

bottom electrode are made of anodized aluminum which 

doesn't etch with the chemistries used. The bottom plate is 

designed to accommodate a four inch wafer. The following 

are some of the chamber physical measurements: 

Maximum wafer size • 4.00 inch 
Chamber diameter - SI.OB cm 
Plate separation » 4.05 cm 
Lower electrode diameter - S.OB cm 

5.S RF Power Source 

A.C. power is supplied to an RF CRadio Frequency) 

generator which delivers a 13.56 (1Hz signal into a 50 ohm 

transmission line. Since the plasma presents a complex 

impedance, a matching network is inserted between the 

chamber and the generator. The network can be adjusted to 

match the plasma load impedance to the 50 ohm line. As a 

result the reflected power is minimized. The forward power 

range is from 0 to l.B KUI. 
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5.3 Floui Control of Bases 

Gas containers are stored in a ventilated room and 

gas lines are fed through the wall to a group of 5 mass 

flow controllers CMFC5. When a liquid has a high vapor 

pressure at STP, the vapor may be admitted into the 

chamber. This is accomplished bu placing the liquid in a 

sealed container and evacuating the container on top of the 

liquid. The liquid vapor is then fBd to an MFC. The MFC's -

outputs go into a mixing manifold beforB entering the 

chamber. 

Mass flou controller CMFC5 is a precise instrument 

that measures the gas flow rate by counting the number of 

molecules of gas passing through it. The MFC's are 

interfaced with a digital control system that enables 

controlling the flou rates. The flou rate in each MFC is 

displayed on a digital readout. Each MFC is calibrated for a 

specific gas; therefore, when a different gas is used the 

meter reading has to be converted to the actual flow rate. 

Each MFC has a maximum flow rate for the calibrated gas. The 

display reading indicates the percentage of the maximum flow 

rate for each MFC. 

Appendix B explains the procedure of converting the 

flow rate readout from the calibrated gas flow rats to the 

flowing gas flow rate. This appendix also provides a list of 

the conversion factors for commonly used gases. 
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5.4 Pumoinn Sustain and Pressure Control 

This system utilizes a rotary mechanical pump to 

obtain desired pressures. The pump uses special oil that is 

not broken doiun by the gases and the by-products of thB 

plasma. The background pressure of the system is 1 mTorr. 

Pressure is measured by a baratron connected to the side of 

the chamber. The baratron measures pressures betuieen 1 mTorr 

to 10 Torr. Chamber pressure is controlled by injecting 

nitrogen at the inlet of the pump. Since the pumping speed 

of the pump is assumed constant, bleeding nitrogen into the 

pump inlet mill reduce the pumping speed at the chamber 

outlet and the pressure in -chamber increases. Therefore, 

increasing the nitrogen flow rate increases pressure in the 

chamber, on the other hand, decreasing nitrogen flou ratB 

decreases thB chamber pressure. The nitrogen does not pass 

through the chamber but it is injected betuieen the chamber 

outlet and the pump inlet. This method uiorks for chamber 

pressures less than £ Torr. For chamber pressure above 3 

Torr, back streaming of nitrogen may occur. The pump outlet 

is exhausted properly. 

5.5 Chamber Temperature Control 

The system is equipped uiith water cooling and 

heating equipment. The chamber is surrounded by a cooling 
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Jacket. The bottom electrode also has a uiater jacket in it 

through uihich temperature-controlled water based medium 

flows. Temperature of the uiater based medium may be set 

anywhere in the range of -15 to 39 Co. The temperature of 

the medium is indicated on a digital readout. The medium 

used depends on the temperature range desired. In this 

study, a mixture of deionized uiater CDI) and glycol alcohol 

is used. Oil have be used for temperatures above SO Co. 

5.6 Wafers 

The uiafers used in this study uiere 4 inch, single 

crystal silicon uiafers having the <100> crystal orientation. 

One micrometer of thermally grouin silicon oxide served as a 

hard mask for trench etching. A test pattern uias printed in 

the oxide using standard lithography techniques. The oxide 

uias etched using plasma etching. Figure 2.3 shows the 

initial oxide profile. The initial oxide had vertical 

sideualls. The pattern in the oxide mask has a variety of 

pitches ranging from 2.Sum to Bum. The photoresist was ashed 

using oxygen plasma. Then, the wafers were cleaned using 

piranha solution. 
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Figure S.3 A scanning electron micrograph of the 
initial silicon dioxide profile. 



IE 

5.7 Chemistru 

When chloroform CCHC13D vapor is ionzied, two 

species are generated as shown below, 

CHC13 + e >• CHClg + CI* + Se 

Chlorine radicals react with silicon to form silicon 

tetrachloride. 

4 CI* + Si > SiCl^ 

SiCl^ is a gas at room temperature; therefore, it is 

volatile and gets pumped out of the chamber. 

CHCl^ dissociates on impact with the wafer surface 

into carbon, hydrogen, and chlorine. Carbon can form a 

carbon polymer chain, consisting of chlorine, hydrogen, and 

oxygen Cif present3. The polymer is deposited on the wafer 

surface. The polymer deposited , if it is not removed, 

inhibits etching of underlying surface. ThB polymer 

deposited on the bottom of the trenches being etched gets 

removed by ion bombardment, but most of the polymer 

deposited on the sidewalls remains. As the polymer is 

removed from the trench bottom, chlorine radicals react with 

exposed silicon. The build up of polymer on the trench 

sidewall makes the trench window smaller. In effect, the 

trench sidewalls are moving in and the critical dimensions 

are shrinking. Figure E.4 shows the continuous deposit and 

etch sequence results in a sloped sidewall profile. 
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Figure 2-4 The continuous deposit and etch sequence. 
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The addition of oxygen to chloroform reduces the 

amount of carbon available to form polymer. This, in turn, 

decreases polymer depasition and sideuiall slops. 

The action of oxygen can be summarized as follaujs: 

The oxygen may react with carbon to produce COg and 

CO releasing chlorine and hydrogen which enhances the 

silicon etch rate. In addition, oxygen reduces the amount 

of carbon available to react with the oxygen in SiO^ uihich 

decreases SiOg etch rate, in turn improving selectivity. The 

oxygen may react with carbon after CHCl* dissociates making 

less carbon available to form a polymer chain. Ulhen the 

polymer is reduced the polymer deposition decreases and the 

sidewall angle decreases. 



CHAPTER 3 

SIMULATION 

Accompanying the experimental program uias a program 

of computer simulation of the etching process. The purpose 

of the simulation program is to develop an understanding of 

the etching mechanisms. Simulation And flodeling of Profiles 

in Lithography and Etching CSAMPLE) is a process simulation 

program developed at University of California, Berkeley, 

CA, and is available at the University of Arizona C12D. 

This program is designed to simulate a variety of 
« * 

fabrication processes. The etching part of this program was 

utilized'in this study. 

To run SAMPLE, the initial profile and the Btch 

rates of the substrate and mask must be known. However, it 

is desirable to be able to determine the etch rates if the 

initial and final profiles are known. The initial profile 

is approximated in a discrete manner by a number of points 

connected by straight lines. The program allows the etching 

of several layers of different materials. For each layer, 

an estimated isotropic and anisotropic etch rates are 

provided. The isotropic etch rate CUg) represents the 

chemical etching that is done by radicals while the 

anisotropic etch rate represents the etching done by 

IS 
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ions and/or any directianal species bombarding the surface. 

The degree of anisatropy CA) is defined as: 

u + u 
A B 

The extreme tmo cases are, A-l where the etching is 

totally anisotropic as in sputtering and A-0 where the 

etching is totally isotropic as in wet-chemical etching. 

Hence, There are two distinct types of profiles that can 

result: anisotropic and isotropic. The anisotropic profile 

results when the isotropic etch rate is zero and is shown 

in Figure 3.1. The trench sidewalls are vertical and 

undercutting of the mask is not present. The isotropic etch 

profile results if the anisotropic etch rate is zero and is 

shown in Figure 3.2. This profile is obtained when wet 

chemical etching, typically, it is characterized by etching 

that proceeds in all directions uniformly. Figure 3.3 shows 

a typical profile observed in the laboratory when 

temperature control is applied. 

The simulation procedure is as follows: 

1. A test is conducted in laboratory 

2. SEM samples are prepared then Scanning Electron 

microscope CSEMD micrographs are obtained. 

3. The micrographs are used to obtain an approximation of 

the final profile. Same estimates of the etch rates 

are made. 
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Figure 3.1 Anisotropic etch profile. 
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Figure 3.S Isotropic etch profile. 
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Figure 3.3 Typical Final profile observed in the labaratory. 
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4. The initial profile is estimated from SEH micrographs 

obained before the uiafer utas etched. 

5. Enter data into SAMPLE simulation program. 

E. The program is run once using the estimated etch rates 

and a profile is produced. 

7. The produced profile is compared to the final profile. 

If the profiles don't match the etch rates are 

altered and the program is run again. This process is 

repeated by hand Cnot automated3 until the final 

profile is obtained. 

8. The etch rates that produce the final profile are 

assumed to be the actual etch rates. 

The simulation results uiere obtained from C8U . The 

simulation process was a group project tuhich involved 

the team in C8D. Most of the Figures listed in this chapter 

uere provided by them. 

In SAMPLE, negative values of etch rates represent 

deposition rates. Therefore, a negative isotropic etching 

rate is used to model polymer deposition. 

In the simulation of silicon trench Btching using 

SAMPLE, there are four paramerters that can be controlled 

to produce a final profile. These parameters are: 

1. The isotropic deposition rate on the mask. 

2. The isotropic deposition rate on the substrate. 
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3. The anisotropic etching rate of the mask. 

4. The anisotropic etching rate of the substrate. 

ft series of computer runs tuere performed to 

determine uihich combination of these parameter values 

produced the profiles observed in the laboratory. 

3.1 Three Parameter CasB 

If the polymer layer on the sidewall of both oxide 

and silicon is thick enough, the isotropic deposition of 

polymer uiould be the same for both. In this simulation 

experiment, it is assumed that the isotropic deposition 

rate of the polymer on the mask is equal to that on the 

substrate. The isotropic deposition rate was varied between 

0.01 um/Min to 0.05 um/flin while the anisotropic etch rates 

were adjusted so that the etch depth remains constant. 

Table 3.1 summerizes the etch rates used in all five cases. 

The anisotropic etch rates for oxide and silicon are 

different. Hence, the three parameters are: the isotropic 

deposition rate on the oxide and silicon, the anisotropic 

etching rate of the mask, and the anisotropic etching rate 

of the substrate 
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Table 3.1 Simulation parameter values for the 
parameter case. 

three 

Isotropic 
Case Deposition Rate 
No. for Si and SiDg 

um/min 

3.4 .01 

3.5 .02 

3.6 .03 

3.7 .04 

3.0 .05 

Anisotropic 
Etch Rate 
for SiQp 
um/min 

.075 

.082 

.092 

.102 

.112 

Anisotropic 
Etch Rate 
for Silicon 
um/min 

.307 

.317 

.327 

.337 

.347 

It is seBn in Figures 3.4 through 3.8 that there is 

no control of the sideuiall slope in these cases. The 

sideutalls are vertical and the trench is narrower at higher 

depasiton rates. The profiles produced in the laboratory 

can not be achieved uith the constraint that the deposition 

rate is identical for the oxide and silicon. Thus, it is 

concluded that, to obtain sloped sidewalls, isotropic 

deposition rate of polymer on oxide must be different from 

that on silicon. 

3.2 Five Parameter case 

The five parameters are: the isotropic polymer 

deposition on the oxide, the isotropic polymer deposition 

on the silicon, the anisotropic etching of the mask, the 



UI 

u 

•IB 

'UI 

MM MM t 
X 

Figure 3.4 Computer simulation of Case 3.4. 



SB 

U 

•14 

LM 

X 

MM MM 

X 

Figure 3.5 Computer simulation of Case 3.5. 
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Figure 3.6 Computer simulation of Case 3.6. 
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Figure 3.7 Computer simulation of Case 3.7. 



u 

u 

u 

141 mm A LB 

X 

Figure 3.8 Computer simulatian of case 3.B. 
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anisotropic etching of the substrate sideuialls, and the 

anisotropic etching of thB substrate trench bottom. This 

experiment is performed to determine if the anisotropic 

etching rate of silicon on the sideuialls is the same as 

that on thB trench bottom. In Figures 3.S through 3.13, the 

-3 sideuall anisotropic etch rate is varied from E. x 10 
-3 

um/Min'to 6.4 x 10 um/Min. The trench bottom anisotropic 

-3 etch rate is held at 6.4 x 10 urn/din. The isotropic 

-5 deposition rate on the mask is held at 1.5 x 10 um/Min. 

The isotropic deposition rate on the substrate is held at 

-3 1.4 x 10 um/Min. The anisotropic etch rate of the mask is 

held at 1.01B x 10^ um/Min. 

It is seen in Figures 3.9 through 3.13 that the 

trench profile approaches the profiles observed in the 

laboratory as the anisotropic etch rate of the sidewall and 

the trench bottom approach -each other. This demonstrates 

that to have planar sideuialls, it is necessary for the 

anisotropic etch rate of the sideuall and bottom to be 

identical. 

3.3 Four Parameter Case 

In the previous sections it uas concluded that the 

polymer deposition rate on the oxide mask and silicon 

substrate are different. On the other hand, the anisotropic 

etch rate for silicon sideuialls and silicon trench bottom 
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Figure 3.S Computer simulation of anisotropic etch rate of 
0.005 at trench sideuiall and 0.0064 at the 
trench bottom. 
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Figure 3.10 Computer simulation of anisotropic etch rate of 
0.003 at trench sideuiall and 0.0064 at the 
trench bottom. 
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Figure 3.11 Computer simulation of anisotropic etch rate of 
0.004 at trench sideutall and 0.0064 at the 
trench bottom. 
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Figure 3.12 Computer simulation of anisotropic etch rate of 
0.005 at trench sidewall and 0.0064 at the 
trench bottom. 



a 
Computer simulation of anisotropic etch rate of 
0.006 at trench sideuall and 0.0064 at the 
trench bottom. 
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arB identical but different from anisotropic etch rate of 

oxide. Therefore, four parameters can define an etch 

similar to the observed profiles. The four parameters are: 

the isotropic deposition rate on the oxide mask, the 

anisotropic etching rate of the oxide mask, the isotropic 

deposition rate on the silicon substrate, and the 

anisotropic etch rate of the silicon. 

Some of the profiles obtained from „etching with 

CHC13 and oxygen were simulated. Figures 3.14 through 3.15 

shorn the simulated profiles for 0, 8, and SO percent 

oxygen, respectively. Table 3.2 presents the etch rates 

that were used to produce thesB profiles. It is seen that 

the variation in the four parameters can result in a sloped* 

sideuall profile. 

Table 3.5 Simulated etch rates 

• 

(Percent Oxygen 
Mask 

• • 

! Substrate 
• 

(Percent Oxygen 
UA 

c
 

CO
 

* ! 
1 0* .085 1 -.042 

1 
! .177 : -.083 

! 8% .071 ! -.015 i .187 1 -.065 

I 20% .06<i ! -.0S1 1 .239 
i — — 
! -.047 
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Figure 3.14 Computer simulation of the trench at 0* oxygen 
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Figure 3.15 Computer simulation of the trench at B \  oxygen 
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Figure 3.IB Computer simulation of the trench at 20k oxygen 
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3.4 Conclusion 

In this chapter, the Following has been established 

1. The polymer depasition rates on the oxide mask and on 

the silicon substrate are different. 

2. The anisotropic etch rate of the silicon trench 

sideuialls and bottom are identical. 

3. To simulate the profiles observed in the laboratory, 

there should be four parameters, namely, the silicon 

substrate isotropic deposition rate and anisotropic 

etching rate and the oxide mask isotropic deposition 

rate and anisotropic etching rate. This implies a 

material controlled isotropic deposition and 

anisotropic etching. Thus, the polymer layer must be 

very thin, only three or four molecular layers on 

oxide and silicon. 



CHAPTER 4 

OXYGEN EFFECTS 

4.1 Introduction 

Presented in this chapter are the silicon trench 

etching results obtained by using a mixture of CHCl^ 

CChloroformD and oxygen. The objective was to etch a deep 

trench that has a sloped sidewall. Some control of the 

sideuiall angle and profile is highly desirable. If the 

trench is to be used for isolation, it is refilled with a 

dielectric. Therefore, the positive sideuiall slope uiill aid 

the refilling process. Simulation of the etch process 

demonstrated that positive sideuiall slope can be achieved 

by depositing a thin layer of polymer on the trench 

sideuiall while the etching is in progress. The critical 

dimension "a" in Figure 4.1, which is the thermal silicon 

dioxide mask window size on the processed wafer was 

measured and found to be equal to the original dimension on 

the unetched wafer. Thus, this parameter is preserved 

throughout etching. Therefore, the profile is not a result 

of the mask erosion. The slope angle is defined as 9 as 

shown in Figure 4.1. Therefore, an increase in slope means 

an increase in 8. 
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Figure 4.1 Trench etch profile characteristics. 
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Figure 4.2 Representation of the polymer chain. 
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When CHCl^ is ionized, it is presumed that the 

following process occurs: ' 
) 

CHC13 + e" > CHC1* + CI* + 2e~ 

Two main species are gsnBtatBd. First, chlorine 

radicals react with silicon to Form silicon tetrachloride. 

Si + 4 CI* > SiCl4 r 

Now, SiCl^ is a gas at room temperature, 

therefore, it is volatile and is pumped out of the chamber. 

Second, CHCl^ dissociates on impact with the wafer surface 

into carbon, hydrogen, and chlorine. Carbon can form a 

polymer chain consisting of chlorine, hydrogen, and oxygen 

Cif present}. The polymer chain can be represented as shoun 

in Figure I.E. 

The polymer which is not volatile is deposited on 

the wafer surface. If the deposited polymer is not 

removed, it inhibits the etching of the underlying 

surface. The polymer deposited on the etch bottom is 

removed by the ion bombardment, while most of the polymer 

deposited on the sidewalls remains in place. As the 

polymer is removed from the trench bottom, chlorine 
* 

radicals CI react with exposed silicon. The build-up of 

polymer on the sidewall makes the trench bottom smaller, 

but the dimension "a" in Figurs 4.1 does not change. The 

trench bottom is the mask for subsequent etching. 

Therefore, the etched silicon dimensions at the bottom of 



IE 

the trench mill be narrower than the top of the trench. As 

this process continues the bottom keeps decreasing in 

width. The result is a sloped side profile. 

An oxygen plasma is known to react with organic 

polymers C9D. It is mainly used to ash photoresist. For 

this reason, it was proposed to add oxygen to chloroform 

plasma in order to gain some control over polymer 

deposition. The degree of control depends on the amount of 

oxygen present in the chamber. 

The action of oxygen can be summarized as follows. 

The oxygen may react with carbon to produce COg and CO 

releasing chlorine and hydrogen which enhances the silicon 

etch rate. In addition, oxygen reduces the amount of 

carbon available to react with the oxygen in SiOg which 

decreases SiQg etch rate, in turn, improving selectivity. 

The oxygen may react with carbon after CHClg dissociates 

making IBSS carbon available to form polymer chain. Ulhen 

the polymer is reduced the polymer deposition decreases and 

the sidewall angle decreases, as seen in the simulation 

results. As oxygen combines with carbon more chlorine in 

released. The extra chlorine becomes available to react 

with silicon. As a result, the silicon etch rate increases. 

Hence, there are two mechanisms that take place in 

the plasma chamber. First, a polymer is created and is 

deposited on the wafer and chamber walls. Oxygen can 
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regulate the generation rate of the polymer. Second, 

silicon and silicon dioxide are etched by chlorine 

radicals. 

This chapter discusses of the effects of the 

addition of oxygen to a chloroform plasma on the trench 

characteristics Cetch rates and sideuall slopes}. A 

statement of the results is provided in section 4.5.3, 

while a discussion that provides a theory that explains 

thesB results is stated in section 4.2.4. Scanning Electron 

Microscope CSEM3 micrographs are included to shout the 

effects of oxygen on this process. 

4.2 CHC13 and Oxygen: Percent Oxygen Effects 

4.2.1 Introduction 

The viability of controlling the slope of the 

sideuiall profiles by varying the oxygen percentage is 

investigated. Oxygen is added as a percentage of the total 

flout rate. When the total flout rate is 30 Seem, ten percent 

oxygen utas achieved by adding 3 Seem of oxygen to 27 Seem 

of CHC13. Several tests were performed using different 

percentages of oxygen, ranging from 0 to 20 percent of the 

total flout rate. Aside from the sideuiall angles, secondary 

characteristics such as etch rate, selectivity, and 

surface condition utere also recorded. While varying the 

oxygen and CHC13 flout rates, experimental parameters held 
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constant were: power, pressure, total flow rate, electrode 

temperature, and etching time. 

4.E.S Tests and Plasma Parameters 

In the following experiments, the plasma etching 

system described in chapter E uas utilized. CHCl^ and 

oxygen mere admitted to the chamber via separate mass floui 

controllers CMFCD. The two mass flout controllers set the 

flout rats of each gas. The outlet of each MFC goes to a 

manifold where the gases are mixed before entering the 

chamber. Oxygen floui rates uiere set at 0, 1.5, 2.4, 3.0, 

4.5 and G.O Seem. The sum of the floui rates for both Q-, and 

CHCl^ is 30 Seem. Thus the percent of the total floui rate 

of is 0, 5, B, 10, 15 and HO percent, respectively. More 

experiments using higher percentage oxygen mere also 

performed, but the etch rate of silicon and silicon dioxide 

were small. After experimentation with other parameters, it 

was found that the parameters listed in Table 4.1 were best 

suitsd for testing of the oxygen percentage variation. 
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TablB 4.1 Plasma Parameters For section 4.2 

PouJBr 

Pressure 

Total Flow 

Etch Time 

Electrode 
Temperature 

Oxygen percent: 

GOO UJatts 

550 mTorr 

30 Seem 

10 tlin 

15 °C 

1 . 0  5 >  

2. 5 \ 

3 .  B  

4. 10 % 

5. 15 * 

6. 20 * 

The system operation procedure outlined in 

appendix A was followed when performing these tests. AftBr 

completing each test, the wafer was divided into two 

sections and the cleaning and analysis procedure discussed 

in appendix C was performed. 

In all tests of this section, the wafer was placBd 

on top of the bottom electrode as shown in Figure 4.3 

without any thermal conductivity enhancement. The 

electrode temperature was set at 15 °C. However, duB to 

poor thsrmal conductivity between the wafer and the 

slBctrodB, the wafer will have a higher temperature than 
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Plasma 

Uafsr Guard ring 

Watsr-coolsd slsctrods 

Figurs 4.3 Tsmpsraturs control mBthod. Uafsr lying on 
slectrods uiithout any tsmpsraturs conductivity 
snhancsmsnt 
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thB electrode. Thus, the integrity of this method of wafer-

temperature control is doubtful. During thB etching cycle, 

the wafer temperature is believed to have risen uiell above 

150 °C C103. Since no direct temperature measurement 

techniques were available, this is only an estimate. 

4.5.3 Results of Tests 

Silicon and silicon dioxide etch rates and the 

sideualls slope angles mere computed from SEM micrographs 

and listed in Table 4.2. Etch depths used in computing etch 

rates and angles uiere measured using the Tencor Alpha-Step 

Thickness Measurement system. ThB Scanning Electron 

Microscope uias used to produce micrographs to shou the etch 

profile. The tranch top and bottom widths were computed 

using data obtained from SEM micrographs. 

Figure 4.4 through 4.3 shoui the micrographs for 0, 

5, 8, 10, 15 and SO percent oxygen respectively. Each 

Figure consists of two micrographs. The (a) part of each 

Figure shows how the wafer appears when it is removed from 

the chamber; the CbD part of each Figure shows the wafer 

after removing the polymer and the oxide mask as described 

in appendix C. All thess figures have a test pattern with 

a pitch of S.5 um. 

The angles of the sideualls were computed using 

data obtained from the micrographs in Figures 4.4 through 
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Figure 4.4 SEM micrograph of a silicon trench etch using 
CHClg and 0% oxygen, a) After etching; b) After 
etching and removing thB polymer and SiOP. 
Pitch • 2.5 um. e 
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Figure 4.5 SEM micrograph of a silicon trench etch using 
CHC1- and 5% oxygen, a) After etching; b) After 
etching and removing the polymer and 5iOa. 
Pitch - S.5 um. e 



Figure 4.6 SEM micrograph of a silicon trench etch using 
CHC1_ and Bk oxygen, a) After etching; bJ After 
etching and removing the polymer and SiQ_. 
Pitch - S.5 urn. 



55 

Figure 4.7 SEM micrograph of a silicon trench etch using 
CHCl^ and 105s oxygen, a) After etching; b) 
After etching and removing the polymer and 
SiOg. Pitch " S.5 um. 



Figure 4.8 SEM micrograph of a silicon trench etch using 
CHCl^ and 155s oxygen, a) After etching; b) 
After etching and removing the polymer and 
SiOg. Pitch - S.5 urn. 



57 

Figure 4.9 SEN micrograph of a silicon trench etch using 
CHC1- and 20% oxygen, a) After etching; b) 
After etching and removing the polymer and 
SiOg. Pitch - 2.5 um. 
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1.9. Table 4.2 provides a summary of silicon and silicon 

dioxide etch rates, and the angles of the sideuiall slope 

after removing both polymer and oxide, as a function of 

percentages of oxygen used. 

Table 4.2 Percent oxygen, silicon and silicon dioxide 
etch rate, and sideuiall slope. 

PERCENT SILICON SILICON SIDEWALL 
OXYGEN 
C5S5 

ETCH RATE 
C A/flinD 

ETCH RATE 
CA/HinD 

ANGLE 
CDEG.3 

0 330 430 25. B 

5 975 475 IB. 3 

a 1225 550 14.6 

10 2000 650 

(U 01 

15 2000 550 7.7 

20 1925 425 7.1 

4.2.4 Discussion of Results 

In Figure 4.4 through 4.9, It is seen that the 

slope of the sidewalls decreases as percent of oxygen 

increases. The slope varies between 7 and 25 degrees. The 

silicon etch rate increases from about 900 A/min at zero 

percent oxygen to about 2000 A/min at twenty percent 

oxygen. However, silicon dioxide etch rate seems to 

fluctuate around 500 A/min almost randomly. The generation 

of the sloped sidewalls and the increase in silicon etch 

rate are consistent with the theory presented in Section 

4.1 of this chapter. 



59 

When CHC13 is ionized, it generates chlorine 

radicals. It is presumed that the following reaction 

occurs. 

CHC13 + e~ > CHClx + Cl3_x + Sb~ , 

where x is probably 5. 

As discussed earlier, chlorine radicals react with 

silicon to form volatile silicon tetrachloride. As a 

result of this reaction silicon and silicon dioxide are 

etched. 

Polymer deposition rate is determined by: 

1. The type of polymer being deposited. 

2. The material of the surface, i.e. the polymer 

deposition rate on silicon is different from 

polymer deposition rate on silicon dioxide. 

Simulation results presented in chapter three show 

that this probably was the case. 

3. The geometry of the surface that the polymer is 

being deposited on. 

4. The temperature of the surface. 

Surface geometry may effect the polymer deposition 

and etching rate. Polymer deposition rate on vertical or 

sloped walls may be different from polymer deposition rate 

on horizontal surfaces, because of the difference in the 

orientation of the surface area exposed to the polymer 
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source. Some of the polymeif may be formed inside the 

trench, but most of the polymejr is formed elsewhere in the 

chamber. As the trench becomes deeper, the polymer 

deposition on the trench surfaces is reduced. This is due 

to the reduced flow of polymer into the trench from the 

chamber due to the fixed~size window. In addition, the flout 

of active species into the trench is reduced as the trench 

becomes very deep. ThBse surface geometry effects on 

polymer deposition are only speculative; there is no data 

available to prove these statements at the present time. 

Etching rate of polymer of sloped walls is less 

than the etching rate polymer of horizontal surfaces. This 

is due to the following: First, there is less ion flux onto 

sloped walls than onto horizontal surfaces; second, the 

incident angle of incoming ions on the sidewalls are much 

greater than that of the horizontal surfaces, resulting in 

less energy transferred from the ions to the sidewalls. 

This means that less bonds are broken on the sidewalls, 

which in turn decreases the sidewall etch rate. 

•n the sidewalls, the polymer deposition rate must 

be higher than the polymer etching rate, otherwise, the 

sloped sidewall could not be produced. On the other hand, 

at the trench bottom, the polymer etching rate must be 

higher than the polymer deposition rate, otherwise, 

vertical etching could not occur. 
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Tha above assertions, of the relative rates of 

polymer etching and deposition, are supported by computer 

simulations of the etch process as discussed in chapter 3. 

The above discussion shows that, in order to 

control the angle of the sideuiall slope, the control of the 

rate of polymer deposition is essential. Since the polymer 

is a carbon based polymer, increasing the polymer 

deposition rate requires increasing the availablility of 

carbon. Conversely, in order to decrease the polymBr 

deposition ratB, the carbon availability must be decreased. 

This is done by introducing oxygen that can react with 

carbon to produce CO or CDg. Due to this reaction, the 

amount of carbon available to form the polymers is 

decreased and the amount of chlorine ions and radicals is 

increased. Therefore, the polymer formation and deposition 

rate both decrease. Ulhen the polymer deposition rate 

decreases, two processes take placB. First, the slope 

decreases and second, the etch rate increases. This is the 

case at 20* oxygen where the angle is the smallest and etch 

rate is the largest. On the other hand, when no oxygen was 

added the slope was the highest and the etch rate was the 

lowest. 

According to the above discussion and simulation 

results, 

1. The slope is increased by increasing the rate of the 
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polymer deposition which is accomplished by decreasing 

the percentage of added oxygen. 

2. The etch rats of silicon increases when decreasing the 

polymer deposition rate. This is accomplished by 

increasing the availability of oxygen. 

3. A certain slope and etch rats could be achieved by 

adjusting the percent oxygen. 

All of the previous experiments uiere not performed 

using effective temperature control. While the high voltage 

electrode and chamber temperature mere controlled, it is 

incorrect to assume, that the wafer temperature is the same 

as electrode temperature. In chapter 5, evidence is 

presented to show that the wafer is being heated rapidly to 

a temperature above 150 °C without any temperature 

conductivity enhancement. It might be expected that very 

different etch profiles will occur if the wafer could be 

maintained at a constant temperature of 90 °C or lower. 

4.3 Conclusion 

The contents of this chapter suggest the following: 

1. Sidewall angles decrease as percentage of oxygen gas 

is increased. Therefore, it is possible to control the 

sidewall angle by changing the percent oxygen in the 

chamber. 
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E. Silicon and silicon dioxide etch rates increase as 

the percentage of oxygen gas is increased. It is 

concluded that oxygen reduces the polymer deposition 

and/or releases more chlorine radicals. 



CHAPTER 5 

TEMPERATURE EFFECTS 

5.1 Introduction 

Temperature control is essential to any reliable, 

controllable, and repeatable etch process. Temperature is 

important because most of the plasma etching process is 

chemical. Temperature variation during etching cycle 

alters the process properties and trench characteristics. 

Etch rates, polymer deposition, and polymer etching are 

temperature dependent; Plasma parameters could also change 

if temperature changes. Wafer temperature control means 

maintaining a reference point on the wafer at a known and 

controllable temperature which is time independent, wafer 

temperature uniformity means the temperature is spatially 

independent on the wafer surface. Both wafer temperature 

control and uniformity are essential to obtain uniform 

repeatable etching. 

During etching, the temperature of a wafer lying on 

the H. U. electrode can rise to over 160 °C within the 

first 2.5 minutes of etching time C103. It was observed by 

these authors that gluing the wafer to the H. U. electrode 

using silver conductive paint can improve the thermal 

64 
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conductivity betoken the uafer and the electrode. In this 

case, the temperature rose from 26 °C to about 65 °C and 

then stabilized. Figure 5.1 summarizes the results of that 

study. OF course, this method can't be used in a 

manufacturing environment, but it shows that the wafer 

temperature rises far above the electrode temperature. 

5.5 Temperature Control Methods 

Temperature control is a very complicated task. A 

wafer lying on an electrode is in contact with the 

electrode at very limited number of points; therefore, the 

thermal conductivity between the wafer and the H. U. 

electrodB is extremely poor and nan-rBpeatable. The use of 

any method to improve thermal conductivity without 

disturbing plasma parameters is a non-trivial task. In 

this study, several thermal conductivity enhancement 

methods were evaluated. Host of these methods cannot be 

used in a production environment, but they are useful in a 

research environment. 

It is desirable to measure the wafer temperature 

during etching. For this purpose, it was attempted to use 

temperature tape. Temperature tape consists of strips of 

temperature sensitive film with temperature markings. The 

tape was placed on top of the wafer and covered with a thin 

layer of Dow Corning vacuum grease. The vacuum grease was 
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used to prevent reaction between the tape and the plasma. 

The tape that bias used had a maximum reading of 71 °C. 

Unfortunately, It was discovered that the 71 °C maximum was 

too low. Also, the tape discolored due to a reaction with 

the plasma. For these reasons, the tape use was abandoned 

and there was no other device available to measure wafer 

temperature. The speculated wafer temperatures are based on 

patterns of the trench profiles. 

Listed below are the temperature control methods 

that were evaluated in this study. 

1. The wafer was placed on the H. <J. electrode without 

any thermal conductivity enhancement. The H. (J. 

electrode temperature. was set to IS °C. The 

temperature tape indicated that the temperature rose 

above 71 °C. The plastic part of thB tape appeared to 

have melted which indicates that the tape reached a 

high temperature. 

2. The back of the wafer was coated with a thin coat of 

Dow Corning vacuum grease. Then, the wafer was placed 

on the H. U. electrode. Again, the temperature tape 

indicated that the temperature rose above 71 °C. 

However, the tape did not show the signs of high 

temperature as it did in the first case. 

3. A silver based. thermally conductive rubber disk was 

placed between the wafer and H. U. electrode. The 
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rubber disk was 4 inches in diameter and about 1.5 

millimeter thick. This disk uias placed between the 

wafer and the H. U. electrode. This method uias less 

effective than using vacuum grease on back of wafer, 

but it was more effective than placing the wafer on 

top of electrode without any thermal conductivity 

enhancement. The thermal conductivity is still poor 

because the contact between the rubber and the wafer 

is poor as is the contact between the rubber and the 

wafer. This was due to a slight elasticity in the 

rubber, which prevented it from lying flat on the 

electrode. 

4. A layer of vacuum grease was inserted between the 

thermally conductive rubber disk and the H. U. 

electrode. The wafer was placed on top of the rubber 

disk. This method was slightly more effective than 

using the rubber disk by itself. The reason for the 

improvement is that the vacuum grease improved the 

contact between the rubber disk and the electrode. 

5. Uacuum grease and aluminum powder were mixed to form a 

paste ("alumi paste"). A layer of this paste was 

inserted between the wafer and H. U. electrode. The 

viscosity of the paste could be varied by the amount 

of aluminum powder that was added to the vacuum 

grease. The more aluminum that was added the higher 
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the viscosity. It was presumed that the higher the 

viscosity of the paste the higher the thermal 

conductivity. This method was very effective in 

providing thermal conductivity between the wafer • and 

the electrode. 

E. A high viscosity paste which had a texture of a clay 

C"&lumi-clay"3 was used. The top of the H. U. 

electrode was coated with a thin layer of the clay, 

then the wafer was placed on top of the clay and 

gently pressed to form a good thermal contact. 

Before performing any tests on temperature effects, 

a temperature related improvement in the design of the 

system was achieved. The bottom H. U. electrode had a 

removable aluminum anodized ring which help keep the wafer 

in place. This ring would get very hot because it was not 

in a good thermal contact with H. U. electrode. Of course, 

some of the heat in the ring would transfer to the wafer. 

This ring was glued to H. U. electrode using a low vapor 

pressure silver paste. This action improved thermal 

conductivity between ring and H. U. electrode, and it is 

speculated that the ring was at the temperature of the 

electradB. 
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5.3 Temperature and Time 

5.3.1 Introduction 

In order to investigate the evolution of the sloped 

sidewall profile, the experiments described in this section 

was performed. Since temperature effects the etching 

process, • these experiments wBre designed to minimize 

temperature effects. The total etching time was chosen to 

be 50 minutes. The experiment was performed in 5 minute 

segments with 10 minute cooling period in between each 

segment. 

5.3.2 Experiment and Plasma Parameters 

The * experiment was performed as follows: A 5 

minutes etch was performed on a wafer. The chamber was 

opened and one quarter of the wafer was removed. This was 

followed by a no etch period of 10 minutes so that the 

chamber and the wafer could cool. A second etch was 

performed for 5 minutes on the remainder of the wafer, 

followed by 10 minutes cooling period. The chamber was 

opened and a second quarter of the wafer was removed. A 

third etch was performed on the remainder of the wafer for 

another 5 minutes, followed by a 10 minutes cooling period. 

The chamber was opened and the third quarter of the wafer 

was removed. The last 5 minutes etch was performed and the 

last quarter was removed from the chamber. 
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Here, the tests mere done by placing the wafer on 

thB H. U. electrodB without any thermal conductivity 

enhancement. The H. U. electrode temperature uias set at 

IS °C. By thB end of thB experiment, there was four 

samples whose properties are described in section 5.3.3. 

Table 5.1 includes the plasma parameters used in 

this experiment. 

Table 5.1 Plasma parameters for section 5.3 

Gases Used 

Flow Rate 

Power 

Pressure 

CHC13 + D2 CIS*) 

30 Seem 

650 UJatts 

550 mTorr 

High voltage 
Electrode Temperature : 15 °C 

5.3.3 Results 

Figures 5.2 through 5.5 show SEM micrographs for 

5, 10, 15, and 20 minutes of etching time. Each Figure 

consists of two micrographs. The CaD SEM micrograph in all 

Figures shows how the wafer appears when it is removed from 

the chamber, and before any cleaning procedure has been 

performed. The Cb) SEM micrograph in all Figures shows the 

sample after the cleaning procedure outlined in Appendix C 

was performed. 

Table 5.2 summarizes the etch rates and sidewall 
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angles computed from SEM micrographs and Alpha-Step 

thickness measurements. 

Table 5.5 Etch rates and sidewall angles 

Time Trench Average Sidewall 
Depth Etch Rate Angle 

CMinJ Cum) CA/f1in3 CDegree3 

5 0.75 1500 53.5 

10 1.15 1150 IE.a 

15 S.S 1466 17.1 

20 3.2 1600 15.0 

5.3.4 Discussion of Results 

Figures 5.2 through 5.5 show the etching process 

evolution. The sideuall surface appears more planar than 

seen before. The slope is well defined and consistent 

during the 20 minutes etch. The slope for the 10, 15 and 20 

minutes etch times is almost the same. The average etch 

rate is also around 1500 A/min and almost nonchanging 

except for the 10 minutes etch which is 1150 A/min. The 

above data suggest that the wafer temperature did not 

change very much. Also, it shows that temperature variation 

can effect etching results. 

In this experiment, the chamber was opened after 

each run. This doesn't appear to have perturbed the 

process, because the transition of the etch at the 

iterruption times seems continuous. 
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Figure 5.S SEtl micrograph of a trench after 5 Minutes, a) 
After etching. bD After etching and removing 
the polymer and oxide. Pitch - S.5 um. 



Figure 5.3 SEM micrograph of a trench after 10 Minutes, a) 
After etching, b) After etching and removing 
the polymer and oxide. Pitch - 2.5. 



75 

— J. 

Figure 5.4 SEtl micrograph of a trench after 15 Minutes, a) 
After etching. b5 After etching and removing 
the polymer and oxide. Pitch - S.5 um. 
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Cb3 

Figure 5.5 3EH micrograph of a trench after SO tlinutes. a) 
After etching, b) After etching and removing the polymer 
and oxide. Pitch • S.5 uni. 
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5.3.5 The Second Stage 

In some of the experiments performed earlier, 

there utas a change in the sidewall profile at some time 

after the etching begins. This change is referred to as ̂he 

second stage and is shown in Figure 5.5. At the begining of 

the etching period, the trench exhibits a sloped sideiuall 

profile, because the uiafer temperature is relatively cool. 

But, as the etching continues the wafer temperature rises 

and the second stage is formed. Hence, The second stage is 

due to the increase in uiafer temperature. According to 

simulation, decreasing the slope is due to a decrease in 

polymer deposition. Therefore, simulation indicates that 

the polymer deposition decreases as the temperature 

increases. 

When the temperature of wafer increases, tuio 

processes might take place. First, polymer deposition rate 

may change uihich is probably the case. Second, the polymer 

type may change which results in a polymer that etches or 

deposits at a different rate than the first type of 

polymer. 

The second stage phenomenon didn't appear in this 

case which supports the hypothesis that the second stage 
f 

was a result of the rise in wafer temperature. 



Second St«9e {r,'rSt 

Figure 5.6 A vieui of the second stage. 
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The second stage could also be compared with the 5 

parameter simulation. IF the anisotropic Btch rate of the 

trench bottom increases and exceeds the anisotropic etch 

rate of the sidewalls, the second stage could occur as was 

shouin in chapter 3. 

5.4 Thermallu Conductive RubbBr Effects 
on Uafer Temperature 

5.4.1 Introduction 

In order to further investigate temperature effects 

on etching, the same chemistry used in section 5.3.E was 

used herB. In this case, thermally conductive rubber was 

used. The conductive rubber was placed between the wafer 

and the H. U. electrode. Also, between H. U. electrode and 

conductive rubber a thin layer of vacuum grease was 

applied. The H. U. electrode temperature was varied as 

follows : 5, 10, 15, 55, 35, 50 °C, 

5.4.2 Plasma Parameters 

Plasma parameters used in this experiment are shown 

in Table 5.3. 
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Table 5.3 Plasma parameters For section 5.4 

Cases used 

Total Floiu Rate 

Power 

Pressure 

Electrode Temperature 

Etching Time 

CHCI3 + 02 ClOSO 

30 Seem 

S00 UJatta 

250 mTorr 

15 °C 

10 Minutes 

Table 5.4 Temperature effetcs on etch rate 

Silicon 
Etch Rate 
CA/f1in3 

Silicon Dioxide 
Etch Rate 
CA/Min!) 

SidBuall 
Angle 
CDegreeD 

1S51 
+S0.4 

621 
+77.3 

10. B 
+ 1.56 

5.4.3 Results and Discussion 

Table 5.4 shouis the averaged data for the six H. U. 

electrode temperatures. 

The above data show that etching rates appear to 

be the same for all temperatures and there uere no apparent 

trends uith any of the measured quantities. It could be 

concluded that the uafer temperature rose in all cases to 

approximately the same maximum temperature. This means 

that conductive rubber thermal conductivity uas 

insufficient to maintain the uafer at a temperature uhere 

the defined process is occurring. 
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5.5 Floui Rate Effects at Fixed Temperature 

5.5.1 Introduction 

The purpose of these experiments is to see if the 

Flaw rate could effect the etch rate and selectivity. In 

doing these experiments, the effects of the flow rate on 

the etch profile characteristics were monitored. The floui 

rate used in all previous experiments bias 30 5ccm. Here, 

the total floui rates investigated were from 15, 30, 50, and 

70 Seem. 

In these experiments, the uiafer uias placed on the 

H. U. electrode without any thermal conductivity 

enhancement. The only means of temperature control was that 

the H. U. electrode and the chamber body were maintained at 

15 °C. 

5.5.2 Plasma Parameters 

Table 5.5 summerizes thB plasma parameters used in 

this experiment. The parameters were similar to those used 

in section 5.4.5 except that the flow rates are different. 

The etching was performed as outlined in Appendix A. 
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Table 5.5 Plasma parameters for Flaw rate effects tests 

Gases used 

Pokier 

Pressure 

H. U. electrode 
Temperature 

Etching Time 

Total Flow Rates: 

: CHC13 + DgClOXD 

: BOO Watts 

: 250 mTorr 

15 °C 

10 Minutes 

1. 15 Seem 

5. 30 Seem 

3. 50 Seem 

4. 70 Seem 

5.5.3 Results of Tests 

Table 5.6 summarizes the silicon and silicon 

dioxide etch rates. The depth before oxide strip is the 

depth measurement obtained before the cleaning procedure in 

Appendix G was performed. Depth after oxide strip is the 

depth after performing the cleaning procedure. 
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Table 5.S Effects of flow rate 

Flow Si Etch SiOS Etch 
Rate Rate Rate 
Seem A/Nin A/flin 

IS 100 low<50 

30 470 45 

50 1575 400 

70 2250 BOO 

5.5.4 Discussion of results 

The etch ratB of silicon and silicon dioxide 

increased as the flow rate is increased. At 15 Seem the 

oxide etch rate is very low. When observed uiith a SEH, it 

uas found that the wafer surface becomes cleaner as the 

flow rata increases. 

At 15 Seem the etching uias very low. Figure 5.7 

shouis two SEM micrographs for the 15 Seem case. Figure 

5.7Ca3 shows that a polymer is deposited on the surface 

which inhibits etching. The oxide mask is still almost 

unetchBd. Figure 5.7Cb) shows the sample after removing the 

oxide. It is clear that the etching rate is very low. 

Figure 5.8 through 5.10 show SEn micrographs for 

the flow rates of 30, 50, and 70 Seem, respectively. From 

these Figures, it is sesn that the polymsr deposition on 

the wafer is decrBasing. The surfaces in the 70 Seem case 



e* 

Cb) 

i ' , _4_ is Seem. a5 

_7 SErl micrograph Btchlno and removina 
Floure S.7 S etching « « pltoh - E.5 u>n. 

the polymer ana ox* 
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Figure 5.B SEN micrograph For etching at 30 Seem. a) 
After etching, b) After etching and removing 
the polymer and oxide. Pitch - £.5 urn. 
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Figure 5.9 SEfl micrograph for etching at 50 Seem. a) 
After etching, b) After etching and. removing 
the polgmer and oxide. Pitch • E.5 um. 
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Figure 5.10 SEM micrograph For etching at 70 Seem. a) 
After etching, b) After etching and removing 
the polymer and oxide. Pitch - 2.5 um. 



SB 

are cleaner than the 50, 30, and 15 Seem cases. Also the 

trench is getting deeper as the Flau rate increases. The 

increase in etch rate is due to the increase of active 

species that perform the etching. Namely, it is the 

increase of chlorine radicals. The surfaces are cleaner at 

higher flow rates which is due to the increase of energetic 

ions which bombard the surface to remove the polymer. The 

energetic ions bombardment also prepares the silicon 

surface atoms to react uiith chlorine. This is done by 

clearing the surface of the polymer and by breaking silicon 

to silicon bonds in the lattice. 

At a given pressure, the number of species inside 

the chamber is constant. Uhen the flow rate is increased, 

the resident time of the species in the chamber decreases 

because the flow into the chamber has to be equal to the 

flow out of the chamber, A high flow rate coming in requies 

the same high flow rate going out in order to maintain the 

same pressure. In these experiments, it appears that there 

is more etching and less polymer deposition at higher flow 

rates. Therefore, the flow rate increase is enhancing the 

etching process by increasing the number of species that 

perform etching. On the othBr hand, the increase in flow 

rate is decreasing the polymer deposition. This could mean 

one of two processes is taking place. First, the resident 

time of the etching species is longer than the resident 
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time of the species that Farm polymer. Second, and most 

probably, it takes less time to produce a reactive specie 

than it takes to produce a pplymer. This means that some of 
I  

the polymeric ingredients arlb being pumped out before they 

combine to form the polymsr. 

5.S Loui Temperature Etching 

5.E.1 Introduction 

In section 5.5, it uias shown that silicon etch rate 

increases as the floui rate increases. Also, the uiafer 

surface was relatively clean at 70 Seem. It was decided to 

perform more temperature related experiments in the region 

of 70 Seem. Three different flow rates and two temperatures 

were chosen. At each temperature, three runs were 

performed, one run at each flow rate. The three flow rates 

were 50, 70, and 100 Seem. The H. U. electrode temperatures 

were 15 and 65 °C. 

In this experiment, the temperature control method 

used was a mixture of vacuum grease and aluminum powder in 

the form of a paste. This paste is placed between wafer and 

H. U. electrode. This was done by applying a thin coat 

between the wafer and the electrode. This method was used 

to reduce the temperature difference between the wafer and 

the electrode. The effects of temperature on the trench 

characteristics at various flow rates were investigated. 
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These experiments differ from all other reported so 

far since it is believed that the uiafer is at a temperature 

not much higher than the H. U. electrode and therefore is 

at a lamer temperature than any of the etches done 

previously. 

TablB 5.7 Plasma parameters for section 5.E tests 

Gases used : CHClg + OgCIO 

Power : BOO Watts 

Pressure : S50 mTorr 

Etching Time 10 Minutes 

A. H. U. electrode Temperature : 15 °C 

Total Flou Rates:' 

1. 50 Seem 

S. 70 Seem 

3. 100 Seem 

B. H. U. electrode Temperature : 65 °C 

Total Flaui Rates: 
1. 50 Seem 

S. 70 Seem 

3. 100 Seem 

5.6.2 Plasma Parameters 

The plasma parameters are shown in Table 5.7. In 

part A, the experiment was performed while the H. U. 

electrode temperature was fixed at 15 °C. In this 
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experiment, the flout rates uiere set at 50, 70, and 100 

Seem. In part B, the same experiment uias repeated except 

that the H. U. electrode temperature was set to.65 °C. 

5.6.3 Results of Test 

The results of this experiments are summarized in 

Table 5.B. Figures 5.11 through 5.16 show, the SEM 

micrographs of both parts A and B. 

TablB 5.B Low temperature 

A. TEMPERATURE : 15 °C 

Total Silicon 
Flow Etch 
Rate Rats 
Seem A/Min 

50 820 

70 1550 

100 5300 

B. TEMPERATURE : 65 °C 

50 1350 

70 1700 

100 2250 

5.6.4 Discussion of Results 

Tabla 5.B shows that the etch rate of silicon and 

silicon dioxide increases as the flow increases. In Figures 

5.11 through 5.16, The Ca3 SEM micrograph shows the wafer 

etching results 

SiQp 
Etcfi 
Rate 
A/Min' 

low 

400 

1000 

425 

525 

S00 
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as it appears when it is removed From the chamber. The Cb) 

SEM micrograph shows the sample after performing the 

cleaning procedure outlined in Appendix C. 

Figures 5.11 through 5.13 present the micrographs 

for the experiments done at H. U. electrode temperature of 

15 °C. Figures S.llCaJ, 5.1HCa3, and 5.13Ca) show that 

there is a considerable polymer deposition on the wafer. 

The profile of thB silicon trench is not very clear in 

those SEM micrographs. However, Figures S.llCb!), S.lECbD, 

and 5.13Cb3, revBal a well defined profile. This implies 

that the polymBr was removed during the cleaning process. 

The polymer is clearly visible in these SEM micrographs. 

The trench bottom is completely closed which means that the 

angle of the sidewall is high, approximately 45 degrees. 

Figures 5.14 through 5.16 present the micrographs 

for experiments done at H. U. electrode temperature of 

65 °C. The (a) SEM micrograph is before cleaning and the 

CbD SEM micrograph is aftBr cleaning. Figures S.llCaD 

through 5.15Ca3 reveals the profile of the silicon trench. 

The polymer is not visible. The SEM micrographs before and 

after cleaning reveal almost the same profile. Here, the 

slope is less than the case of 15 °C. The trench bottom is 

still visible and did not close. These results are 

consistent with simulation which indicates that a thin 

layer of polymer on the sidBwall is sufficiant to control 
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Figure 5.11 SEM micrograph of a trench etched at 15 °C and 
50 Seem. a3 After etching. bD After etching and 
removing the polymer and oxide. Pitch - Bum. 
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Figure 5.IS SEfl micrograph of a trench etched at 15 °C and 
70 eccm a) After etching, b) After etching and 
removing the polymer and oxide. Pitch - B um. 



95 

Ca) 

Figure 5.13 SEM micrograph of a trench etched at 15 °C and 
100 seem a) After etching, b) After etching 
and removing the polymer and oxide.Pitch - 8um. 
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the the sidewall slope. Since the slope is less, the 

polymer deposition is less when the temperature of the 

wafer is higher. 

From the previous discussion the following has 

been established: 

1. ThB polymer deposition rate is higher at lower 

temperatures. Here, It is higher at 15 °C than at 

S5 °C. The higher the temperature the louier the 

polymer deposition. This might be true up to some 

unknown temperature, where other parameters may play 

some role. At very low temperature the polymer 

deposition may become .very high and may inhibit 

etching. 

2. It is clear that the difference in the results is due 

to temperature, because temperature was the only 

parameter changed. 

3. The method of temperature control via "alumi-paste" 

CDou Corning vacuum grease mixed with aluminum powder) 

appears to be effective. 

4. The polymer deposition is strongly related to the 

sidewall angle and temperature is strongly related to 

polymer deposition. Therefore, the temperature is 

directly related to the sidewall slope. 

5. There is a better control of the etch rate and the 

slope at lower deposition rates, hence, at higher 
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Figure 5.14 SEM micrograph of a trench etched at 65 °C and 

50 seem a5 After etching, to After etching and 
removing the polymer and oxide. Pitch - B um. 
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Figure 5.15 SEM micragraph of a trench etched at 65 °C and 
70 seem a5 After etching, b) After etching and 
removing the polumer and oxide. Pitch - B urn. 
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Flours 5.16 SEM micrograph of a trench etched at 65 °C and 
100 seem, a) After etching, b) After etching 
and removing the polymer and oxide. Pitch- 0 um 
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temperature. The term high temperature means 

temperatures between SO °C to perhaps ISO °C with 

SO °C being a good operating point. 

6. The temperature effects on polymer deposition could 

depend on the type of polymer deposited. 

7. All results are consistent with the simulation 

results. 



CHAPTER 6 

CONCLUSION 

B.1 Summaru 

This study shows that it is indeed passible to 

produce a controllable sideuall angle. The two main means 

of controlling the angle are temperature and percent 

oxygen. 

The sidewall angle decreases as percentage of 

oxygen gas increase. Therefore, it is passible ta control 

the sideuall angle by changing the percent oxygen in the 

chamber. The carbon from CHCl^ forms a polymer chain 

consisting of chlorine, hydrogen and possibly oxygen. The 

polymer Cuihich is not volatile) is deposited on the wafer 

surface. If the deposited polymer is not removed, it 

inhibits the etching of the underlying surface. The 

polymer deposited on the etch bottom is removed by the ion 

bombardment, while most of the polymer deposited on the 

sidewalls remains in place. The oxygen may react with 

carbon to produce COg and CO releasing chlorine and 

hydrogen which enhances the silicon etch ratB. In 

addition, oxygen reduces the amount of carbon available to 

form polymer. When the polymer is reduced the polymer 

101 
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deposition decreases and the sidewall angle decreases, as 

seen in the simulation results. 

Temperature experiments indicated that polymer 
' I  

deposition is ,!strongly related to temperature and that 

polymer deposition is strongly related to the sideuiall 

slope. Therefore, the sideuiall slope can be controlled by 

controlling the wafer temperature. The higher the wafer 

temperature the lower tha deposition rate and the smaller 

the sidewall angle. 

All these results are consistent with the 

simulation results. Computer simulation of the etching 

process has shown that: 

1. The polymer deposition rates on the oxide mask and on 

the silicon substrate are different. 

S. The anisotropic etch rate of the silicon trench 

sidewalls and bottom are identical. 

3. To simulate the profiles observed in the laboratory, 

there should be four parameters, namely, the silicon 

substrate isotropic deposition rate and anisotropic 

etching rate and the oxide mask isotropic deposition 

rate and anisotropic etching rate. 

This implies a material controlled isotropic 

deposition and anisotropic etching. Thus; the deposited 

polymer layer must be thin; only three or four molecular 
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layers on the oxide and silicon are sufficient. 

UJhen the electrode temperature uias set to 65 °C, 

smooth and clean sidewalls and low sidewall angles were 

produced. The selectivity of silicon to silicon dioxida 

mas between 3 and 1. Silicon etch rate of about 5306 A was 

achieved. 

6.5 Recommendation for Future Work 

The fallowing are madB with regard to future work: 

1. Investigating more practical techniques of wafer 

temperature control. 

H. Converting this process to manufacturable process. 

3. Measuring the wafer temperature and relating the data 

to the sidewall slope. 

4. Investigating some other chemistries that produce 

polymer and testing the temperature effects on polymer 

deposition. 

5. Evaluating wafer uniformity. 



APPENDIX A 

OPERATION PRDCEDURE FDR TE6AL 705 TEST BENCH 

SYSTEM SPECIFICATIONS : 

Chamber : Maximum wafer size 

Chamber diameter 

Parallel plate separation 

H. U. electrode diameter 

Power Range 0 - 1.8 KUI. 

Frequency 13.SB MHz. 

Pressure: Range 0.01 - 1.5 Torr. 

Pump : Mechanical pump with minimum pressure 1 

mTorr. 

Temperature : 

Range -IS - +99 °C. 

1. Turn on the cooling system, then set the temperarture 

readout for the desired chamber temperature. 

E. To open the chamber, the following procedure should be 

performed : 

a. Shut off the vacuum pump line valve and the 

baratron valve. 

b. To support the H. U. electrode, place hand under 

it. 

104 

- 4.00 inch. 

- 21.06 cm. 

- 4.05 cm. 

- 9.08 cm. 
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c. Press the purge button to let nitrogen into the 

chamber. 

d. When the chamber pressure reaches atmospheric 

pressure, H. U. electrodB uiill drop on hand. 

3. Place sample in the chamber as Follows: 

a. Place the sample on top of the H. U. electrode. 

b. Place the H.U. electrode back under the chamber 

and push it up to have Full contact with the 

bottom oF the chamber. 

c. Turn the vacuum switch on. The vacuum mill hold 

the electrode in place. 

d. AFter 10 seconds turn on the baratran valve. 

4. Turning on the desired gases: 

a. IF changing gases evacuate the line between the 

chamber and the gas container before opening the 

gas container. 

b. Open the gas containers. 

c. Set gas Flout For desired level. 

d. Set the switches For the desired gased to on 

position. 

e. Turn on the gas. suitch. Now, all gases will Flow 

at the same time. 

5. To set the pressure, turn on the nitrogen bleed switch 

and adjust the nitrogen bleed using mass Flow 

controller number 5. 
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To turn on the power, the procedure is: 

a. Turn on thB main pouier switch leading to the 

power source. 

b. Switch power meter to read forward power. 

c. Turn on the power and start timer. 

d. Adjust the power to desired level. 

e. Switch power meter to read reverse power. 

e. Adjust reverse power to zero using the matching 

network. 

When the test is complete, do the following: 

a. Turn off the power. 

b. turn off gas flow. 

c. Turn off bleed. 

d. Flush the chamber with nitrogen. 

e. Let chamber pump to minimum pressure CIO mTorr). 

f. Open the chamber using opening procedure. 



APPENDIX B 

CONUERSIDN PROCEDURE FOR MASS FLOU CONTROLLERS 

MFC is a precise instrument that measures the gas 

flaw rate utilizing the mass af the flouting gas. The MFC's 

are intefaced with a digital control system that enables 

dialing the desired flow rates. The flow rate in each flow 

cantrolsr is displayed on a digital readout. Each MFC is 

calibrated for a specific gas, therefore, when a different 

gas is used the meter reading has to be converted to the 

actual flow rate. Each MFC has a maximum flow ratB for the 

calibrated gas. The display reading indicates the 

percentage af the maximum flow rate far each flFC. 

When the Mass Flow controllers CMFC3 are used, the 

number an the display does not indicate the flow in Seem. 

To obtain the flow rate in Seem of the flowing gas, a 

conversion has to be performed. 

The fallowing procedure should be followed ta 

obtain the correct flow rate in Seem. 

1. Select the desired gas and feed it through the MFC. 

5. Multiply the desired flow rate by the conversion 

factor of the gas for which the MFC is calibrated. 

3. Divide by the conversion factor for the gas desired; 

this will convert to an Seem of thB calibrated MFC. 
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4. Divide the number obtained in step 3 by the maximum 

flow rate of the MFC and multiply by 100 to give the 

percentage of Flaw desired gas through the calibrated 

MFC; the result is the reading of the display meter. 

The following equation summarizes all of the above 

steps: 

Desired gas Conversion factor 
flow rate x for MFC gas 

x 100 - Meter reading 
Maximum MFC Conversion factor 
flow rate x for gas used 

Example: 

If a mass flow controler with a maximum flow rate of 

100 Seem, is calibrated for CCl^, but one wishes to obtain 

a flow of SO Seem of CF^, the follwing data is relevant: 

Maximum Meter Flow Rate - 100 Seem 

CF^ conversion factor - 0.43H 

CCl^ conversion factor - 0.331 

Using the equation above we obtain, 

20 Seem of CF,, x 0.331 
2 x 100 - 15.32 

100 Seem x 0.432 

Hence; 15.32 is the desired reading on the meter. 

The conversion factors of the most common used 

gases are listed in Table B.l 
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Table B.l Gas conversion Factors 

Gas 

NS 

CC1, 

CCLGF 

CCI2F2 

CHF_ 

H2 

sfb 
CHC1F. 

C2C13F3 

CgClFg 

BC1_ 

5 

NH3 

CD 

CDF-

»2 

HF 

ch4 

NO-

Conversion Factor 

1.000 

0.331 

0.330 

0.367 

0.522 

1.01B 

0.253 

0.503 

0.225 

0.254 

0.3BS 

0.335 

0.6B6 

1.000 

0.433 

0.324 

1 .018 

0.337 

0.723 

0.715 

Gas 

CHC1. 

CF4 

CC1F. 

CBrF. 

Cl_ 

CHClgF 

SiCl.. 

C2C12F4 

C2F6 

SiHgClg 

BF_ 

co2 

Ar 

cs2 

He 

HC1 

H2S 

Ne 

50-

Conversion Factor 

0 .333 

0.432 

0.330 

0.386 

0.852 

0.336 

0.446 

0.230 

0.221 

0.233 

0.417 

0.64B 

0.746 

1.443 

0.435 

1.446 

0.382 

0.733 

1.443 

0.673 



APPENDIX C 

CLEANING PROCEDURE USING PIRANHA AND HYDROFLUORIC ACID 

The objective of the cleaning process is to: 

a. RemovB the remaining of the oxide mask. 

b. Remove the polymer deposited of the wafer surface. 

The cleaning procedure performed in this study is 

part of the standard cleaning procedure documented in the 

University of Arizona microelectronic laboratory manual 

£113. The cleaning process is as follows: 

1. Place the uafer into piranha cleaning solution Calso 

called piranha etch): 10 parts 35% concentration HgSO^ 

to 1 part 305s concentration Hg0g. This solution is 

heated to 100 C. Remove thB wafer after 15 minutes. 

This step is done to remove the polymer. 

£. Rince the wafer for 5 minutes in DI water. Water 

should overflow during rinse. 

3. Dip the wafer in 6:1 CHgO:HFD buffered HF solution 

for 10 minutes to remove the silicon dioxide mask. 

1. Rince the wafer for 5 minutes in overflowing DI water. 

5. Blow completely dry with Ng. 

B. Measure the depth of the etch using the Tencor Alpha-

Step profilemeter. 

7. Prepare SEM sample to study the sidewall profile. 

110 



REFERENCES 

1. •. •. Tang, P. (1. Solomon, T. H. Ning, R. D. Issac, 
and R. E. Burger, "1.25 um Deep-graove-isolated Self-
aliged Bipolar Circuits.", IEEE J. Solid State 
Circuits, vol. SC-17, no. 5, p. 3S5, Oct. 19B2. 

5.' A. Hayasaka, T. Takami.M. Kauiamura,K. Ogiue, and S. 
Ohwaki, "U-groovB Isolation Technique for High Speed 
Bipolar ULSI's."in IEEE IEDI1 Tech. Dig.p. 62, Dec 
1982. 

3. R. •. Rung, H. Momose, and Y. Nagakubo, "Deep Trench 
Isolated CUDS Devices." in IEEE IEDM Tech. Dig.,p. 
237, Dec 1SB2. 

4. T. Yamaguchi, S. Morimoto, H. Park, and G. Eiden, 
"Process and Device Performance of Submicrometer 
channel CMOS Devices Using Deep Trench Isolation and 
Self Aligned TiSi_ Technologies",IEEE J. Solid State 
Circuits, vol. SC-20, no. 1, p. 104, Feb. 1SB5. 

5. K. Cham, S. Chiang, D. Wencur, R. Rung, 
"Characterization and Modeling of the Trench Surface 
Inversion Problem for the Trench CMOS Technology. 
"IEEE IEDM Tech. Dig.,p. 23, July 1983. 

B. T. Marie,K. Minegishi, S Nakajima, " Depletion Trench 
Capacitor Technology for Megabit Level MOS dRAM", IEEE 
Electron device letters, vol. EDL-4, no. 11, p. 411, 
Nov. 13B3. 

7. E. Arai,"Submicron MOS ULSI Process Technology."IEEE 
IEDM Tech. Dig.,p. IS, July 19B3. 

8. Private communication, Olgierd Palusinski and Douglas 
Dewey, June, 1SB5. 

S. I. S. Goldstein, "Oxygen plasma etching of thick 
polymer layers",J. Uac. Sci. Technol. 13 C33, 
sept./oct. 1SB1. 

10. E. J. Egerton, A. Nef, bl. Millikin, D. Barill, 
"Positive Ulafer Temperature Control to Increase Dry 
Etch Throughput and Yield", Solid State Technology, p. 
84, Aug. 1SB2. 

Ill 



112 

11. James N. Fordemuialt, "Laboratory Manual For Integrated 
Circuit TechnologyMicroelectronic Laboratory, 1982. 

12. SAMPLE Version l.Ea, Electronic Research Laboratory, 
Department of Electrical enginering and Computer 
Sciences, University of California, Berkeley, Ca, Feb. 
1SB5. 


