
~~~

CONTENTS

I. MICRODIELECfROMETRY

D. R. Day
1

2

4

4

5
7

9

II

13

13

14

16

17

18

21

23

24

25

I.I CONSTRUCTION OF SETUP AND PERFORMANCE
1.2 PRINCIPLES OF OPERATION

1.2.1 Sensor Circuitry
1.2.2 Calibration
1.2.3 Measurement
1.2.4 Modes of Operation

1.3 APPLICATIONS IN THIN FILMS
1.3.1 Dielectric Response
1.3.2 Induced and Static Dipoles
1.3.3 Ionic Conduction
1.3.4 Electrode Polarization
1.3.5 Monitoring Curing Reactions with Dipoles and Ions
1.3.6 Dielectric Properties and Glass Transition Temperature
1.3.7 Crystallinity
1.3.8 Moisture Uptake and Diffusion Coefficient Calculation
1.3.9 Sub-Picoampere Leakage Measurement
1.3.10 Process Control

1.4 SUMMARY
1.5 REFERENCES

2. BENDING-BEAM CHARACTERIZATION OF THIN POLYMER FILMS
H. M. Tong and K. L. Saenger

29

2. 30

31

32

32

34

EXPERIMENT

2.1.1 Beam Materials

2:1.2 Preparation of Polymer-Containing Samples

2.1.3 Bending-Beam Setups

2.1.4 Deflection Measurement Techniques

xv

.~ d ~

~rr2J~m1llfJfll"1."'tJ'nl'
.



CONTENTSxvi

35

35

35

36

36

40

41

45

46

49

51

53

53

53

2.1.5 Bending-Beam Experiment
2.1.6 Film Thickness Measurements
2.1.7 Beam Modulus Measurement

2.2 MODELS
2.2.1 Stress Calculation for Simple Coatings
2.2.2 Stress Calculation for Multilayer Coatings
2.2.3 Fluid Transport Models

2.3 APPLlCA TIONS
2.3.1 Heat Treatments of Simple Polymer Coatings
2.3.2 Thermomechanical Behaviors of Multilayer Beams

2.3.3 Fluid Transport Studies
2.4 SUMMARY
2.5 ACKNOWLEDGMENTS
2.6 REFERENCES

3. POLYMER FILM STRESS MEASUREMENT BY X-RA Y DIFFRACTION

L. T. Nguyen

58

59

59

63

64

68

68

70

73

77

78

8}

87

90

91
1)1

3.1 BACKGROUND INFORMA TION

3.2 BASIC TECHNIQUES
3.2.1 General MethodS
3.2.2 Macrostresses and Microstresses

3.3 WAFER CURVATURE MEASUREMENT

3.4 APPLICATIONS
3.4.1 Polymeric Encapsulation
3.4.2 One-Sided Passivation
3.4.3 Microstresses Within Fillers

3.5 FILM STRESS MODELS
3.5.1 Two-Sided Coating Configuration
3.5.2 One-Sided Coating Configuration
3.5.3 Multilayered Coating Configuration

3.6 CONCLUSION
3.7 ACKNOWLEDGMENTS
3.8 REFERENCES

I\,

97

97

101

103

10(j

10(j

10(j

109

11~

112

11~

II'

4. LASER INTERFEROMETRY: A MEASUREMENT TOOL FOR THIN FILM

pol VMt" }"t))\'\1',"'.)'\1','S .:\~)) )\,,\)t:~'S'S\~~ t:\\x\\xa~\\\~l\~~

K. L. Saenger and H. M. Tong

4.1 GENERAL PRINCIPLES
4.1.1 Expressions for Reflected Intensity
4.1.2 Fringe Calibration
4.1.3 Transition Layer Effects on Reflectance

4.2 INTERFEROMETER CONSTRUCTION
4.2.1 Apparatus
4.2.2 Basic Constraints
4.2.3 Reflector/Materials Selection

4.3 APPLICATIONS
4.3.1 Etch Rate Monitor (Dry Processing)
4.3.2 Dissolution Phenomena
A 't 't Mnnitnr fnr J)rvinl1lCurinll



CONTENTS

4.3.4 Structural Stability
4.3.5 Thermal Expansion Coefficient/Thermometry
4.3.6 Sorption Phenomena

4.4 REFERENCES

5. PIEZOELECfRIC RESONATORS: CONSIDERATIONS FOR USE WITH
MECHANICALL V LOSSV MEDIA
K. K. Kanazawa

125

126

126

126

127

128

131

132

132

133

134

135

135

135

136
"'L

5.1 GENERAL
5.2 EXPERIMENTAL CONSIDERATIONS

5.2.1 The Electrical Admittance, Bo9-e Representation
5.2.2 The Complex Admittance Representation,
5.2.3 Influences of Loss
5.2.4 The Electrochemical Interface

5.3 THEORETICAL CONSIDERATIONS
5.3.1 Elastic Overlayers
5.3.2 Vi&cous Overlayers
5.3.3 Sources of Frequency Change

5.4 APPLICATIONS
5.4.1 Polymer Dissolution
5.4.2 Redox of Conducting Polymers
5.4.3 The Future

5.5 REFERENCES

6. ION BEAM ANALYSIS OF THIN POLYMER FILMS 139
P. F. Green and B. L. Doyle

6.! FUNDAMENTALS OF ELASTIC RECOIL DETECTION,
6.!.! Thin Target Approximation
6.!.2 The Thick Target Approximation
6.!.3 Optimizing Experimenta! Conditions. .~

6.2 FUNDAMENTALS OF RUTHERFORD BACKSCATTERING
SPECTROMETRY !52

6.3 POL YMER/POL YMER DIFFUSION (THEORETICAL BACKGROUND) !55
6.3.! Tracer Diffusion !55
6.3.2 Mutua! Diffusion !57

6.4 HELIUM ERD DEPTH PROFILING OF POLYMERS (GENERAL) !58
6.5 MEASUREMENT OF TRACER AND INTERDIFFUSION IN

POLYMERS
6.5.! RBS Studies of Diffusion in Po!ymers
6.5.2 ERD Studies of Diffusion

6.6 CONCLU.DING REMARKS
6.7 ACKNOWLEDGMENTS
6.8 REFERENCES AND NOTES

141

141

144

IdR

161

161

163

174

174

175

7. FLUORESCENCE REDISTRIBUTION AFfER PATTERN PHOTOBLEACHING

Barton A. Smith
181

7.1 THE METHOD

7.2 THEORY
182

183



CONTENTSxviii

185

185

185

188

188

189

189

189

190

11)1

7.3 APPARATUS
7.3.1 Laser
7.3.2 Excitation Optics7.3.3 Sample ,

7.3.4 Fluorescent Dye
7.3.5 Detection Optics
7.3.6 Motion Isolation

7.4 EXAMPLE
7.5 OTHER APPLICATIONS
7.6 REFERENCES

8. SURF ACE SENSORS FOR MOISTURE AND STRESS STUDIES
L. T. Nguyen ,

195

196

197

207

214

216

216

217

220

224

225

8.1 MOISTURE MONITORING
8.1.1 "Volume Effect" Sensor
8.1.2 " Surface Effect" Sensor

8.1.3 Other Techniques
8.1.4 Implications

8.2 STRESS MONITORING
8.2.1 Miscellaneous Techniques
8.2.2 Piezoelectric Gages

8.3 CONCLUSIONS
8.4 REFERENCES

9. PHOTOTHERMAL ANALYSIS OF THIN POLYMER FILMS

H. Coufal

231

231

233

236

240

242

243

243

244

244

245

247

248

250

252

252

254

255

256

256

9.1 PHOTOTHERMAL AND PHOTOACOUSTIC EFFEcT IN THIN FILMS

9.1.1 Signal Generation Process
9.1.2 Detection Methods
9.1.3 Instrumentation

9.2 SPECTROSCOPY OF THIN FILMS
9.2.1 Homogeneous Films
9.2.2 Spectroscopy of Layered Films
9.2.3 Nonradiative Quantum Yield

9.3 THERMAL ANAL YSIS OF THIN FILMS

9.3.1 Thermal Diffusivity
9.3.2 Film Thickness
9.3.3 Phase Transitions

9.4 ULTRASONIC ANAL YSIS OF THIN FILMS
9.4.1 Nondestructive Evaluation of Thin Films

9.4.2 Depth Profiling
9.4.3 Imaging

9.5 DIELECTRJC PROPERTIES OF THIN FILMS

9.6 CONCLUSION
9.7 REFERENCES

10. THERMALLY STIMULATED DISCHARGE CURRENT MEASUREMENT FORTHIN POL YMER FILMS ,
265~



CONTENTS

270

271

271

272

272

273

274

275

277

280
281
281
282
282
283
283
283

B. Chowdhur~

10.1 BASIS OF TSQC MEASUREMENT FOR POL YMERS
10.1.1 Interactive Properties of Polymers
10.1.2 Consequences of Interaction with Electric Field
10.1.3 Polarization and Discharge Current

1072 INTERFACIAL DEPOLARIZATION AND CALCULATION OF
RELEVANT PARAMETERS

10.3 CONSIDERATIONS OF SURFACES AND INTERFACES IN THIN
POL YMER FILMS

10.3.1 Physical Aspects
10.3.2 Charging Characteristics of Thin Polymer Films
10.3.3 Origin ofTSDC in Thin Polymer Films
10.3.4 An Example of tlle Usefulness of TSDC for Very Thin Films

10.4 PRINCIPLE OF OPERATION AND EXPERIMENTAL SETUP
10.5 REVIEW OF SOME APPLICATIONS OF TSDC MEASUREMENT

10.5.1 Structural Parameters
10.5.,2 Other Physical Parameters

10.6 PRESENT AND POTENTIAL FUTURE APPLICATIONS OF THIN
POL YMER ELECTRETS

10.6.1 Electret Transducers
10.6.2 Electrostatic Imaging and Charge Transfer
10.6.3 Piezoelectric and Pyroelectric Devices
10.6.4 Biomedical Applications
10.6.5 Other Applications

10.7 CONCLUDING REMARKS
10.8 REFERENCES

II. XPS/SIMS/ AES FOR SURFACE AND INTERFACE CHARACTERIZATION OF
THIN POLYMER FILMS
N. J. Chou

2R9

291

291

296

298

300

304

306

308

313

313

314

315

316

317

318

11.1 X-RA Y PHOTOELECTRON SPECTROSCOPY (XPS)
11.1.1 Instrumentation
11.1.2 Experimental Techniques
11.1.3 Interpretation of Data
11.1.4 Surface and Interface Studies

11.2 SECONDARY ION MASS SPECTROSCOPY (SIMS)
11.2.1 Instrumentation
11.2.2 Experimental Technique and Interpretation of SIMS Data

11.3 AUGER ELECTRON SPECTROSCOPY (AES)
11.3.1 .Instrumentation
.Jl.3.2 Interpretation and Quantification of Data
11.3.3 Depth Profiling
11.3.4 Application of AES to Polymer Surface and Interface

11.4 CONCLUDING REMARKS
11.5 REFERENCES .

12. PROSPEcrs FOR EXAMINATION OF POLYMER MOLECULES WITH
SCANNING TUNNELING MICROSCOPE AND ATOMIC FORCE
MICROSCOPE
D. H. Reneker

.

327
-



rnNTFNTS

~

327

328

329

329

330

331

332

332

333

335

335

335

336

339

340

341

341

12.1 METHODS
12.1.1 Scanning Tunneling Microscopy
12.1.2 Replica Techniques with the STM

12.1.3 Atomic Force Microscopy
12.1.4 Inelastic Scanning Tunneling Microscopy

12.1.5 Other Tip Scanning Microscopies
12.2 MOLECULAR SUBSTANCES INVESTIGATED

12.2.1 Small Molecules

12.2.2 Polymers
12.2.3 Polymeric Conductors

12.2.4 Liquid Crystals
12.2.5 Biological Molecules
12.2.6 Molecular Membranes
12.2.7 Biological Structures

12.3 SUMMARY
12.4 ACKNOWLEDGMENTS
I'S REFERENCES

347
13. ADHESION MEASUREMENT OF THIN POLYMER FILMS BY

INDENTATION
M. J. Matthewson and J. E. Ritter

347

349

350

354

358

359

360
]61

13.1 INTRODUCTION
13.2 THE INITIATION STAGE OF FAILURE

13.2.1 Type I -Elastic Film Deformation
13.2.2 Type 11- Plastic Deformation without Penetration
13.2.3 Type III -Plastic Deformation with Penetration

13.3 THE PROPAGATION STAGE OF FAILURE

13.4 SUMMARY
13.5 REFERENCES

363
~UBJECTINDEX

.

,

~


