
12/27/ar. 17:47 ©509   335   7816 Physics Dept WSIi AFOSR/NA l^OOU 

P.3 

REPORT DOCUMENTATION'PAGE fern Approvhd 
OMJ No, 07M'6i»t 

<0l)'^llOfl yl I'lhttmallfrn, M{Hitfift|> (uaasiliiMt !'     ' 
Oavil Hi(r.-.vjy, »»,** l}C«, ArlirgHA, W     

irmiitiwn o w«M7r-n 1.1 lov.til* 1 n^w/ 5?r rHtpiaqit, IR^H»«iHfl 1*1» Itm# *•• i«*f«W*a; IMWKViSM. IWfll'nfl f I 
«majAtiM .in« m>»«n«ii jfi>»nll«;i«nsi MtsrmniWn. »ma temmrun MgiUlni; INK Bui»u« nli*li<e or »Äi 
«i iHiKin) «in sow,;.} wntinginn I iMtluwrtm S»rvi«m, Blrtatmc wr Inlorirwmft 0(y>rini»m .rta At» 

Oavil Hnr.-,vjy. twW »C«, *rlirgi<>K| W <\«t >W. iwt it ir.it <]t(ir> .it -.urnyamtnr Ann »linyI. »<B<fW8fit »Munlnn>r9(«nw/fliJIHli),VVi«fii>ijHa, Uli 

1. AÖENCY USf ONLY ft<u»C OUnk)    I 2. RCPOflt DAT! j 1. REPORT" fVIS AND DATES CbVSRED       | 

, «iftar «tb4KI *f tlit 
•rta KMwrn, Uli i«llrri8fl «er«, l 

I 2QHJ, 

J .12/20/95. 
4. TtTU AND SUBT1TLS 

AASERT:  Fracto-Emission from MEtal Ceramic Interfaces 

FINAE REPORT  8/l/92T7^31/95j 

6.AUTM0R(S)    '"" "" 

J.  Thomas Dickinson 

5, FUNDING NUMBJRI 

G:F49620-92-j)-0352 
PR:   3484 ] 
TA:   SI | 

7. PERFOKMINS ORGANIZATION1 tikknÜ AND AODKESsfc) 

Washington State University- 
Pullman,- WA     99164-3140 

AFOSR-TR-96 
CJ DUV 

9. JP0NS0R]N«/ttONITORiNe AGENCY NANU(S> Inn'AODRMsfifcf 

Air Force  Office of Scientific Research „oi. 
Boiling Air Force Base,  DC 20332-6448 

. 

ID. SPONSORING/MONITOR!^- 

AGENCY REPORTfNUMBGK 

11. $UP?L£MCNTARY NOTES 

123, DISTWBUTION/AVAIUBIUTY STATEMENT 112D. DISTRIBUTION CODE 

Am»OT*d far f»-abJte wstecf*^ 
DtasSbßtiGB Unlimited 

IS. ABSTRACT (Maximum200worts) "    •■»«■■—■»-■i^p- 

A description of the scope of work and important results from.AASERT funking is 
presented.  The major areas of sutdy included the types of defects produced by 
mechanical deformation, fracture, polishing, and abrasion on inorganic single crystal! 
and polymer surfaces and the way these defects interacted with UV laser-{irradiation 
The use of photoluminescence to quantitatively and spatially characterize these 
defects is described.  The role of such defects in the way intense laser light couplesj 
to normally transparent materials was also investigated. 

19960221 005 
T*. SUB4ICT ffiRMS "      ' ~  " 

deformation,  fracture,  adhesion,  laser induced desorptipn, 
electron emission,  ion emission, meutral particle emission 

\J 
H.   SKWRITY CLASSIFICATION   j| IB.'MCUWfT^AisiSSsTTOir 

■L 

JIFIpATION   ]| 19.   SECURITY CMa 
T bt ABSTRACT 

L I      v 

IS. NUMBER_Ü> PAGlS 

ifi. PRICE 
a 

if COOE 

«. UM TATION 6F ABSTRACT 

Standard farm 2*B (Rav. 2-89) 
r>l«(n«eJ ky fAfJll Ma li'M» 

BTIC QUALITY IN8PECTED1 



Final Report 
AASERT: Fracto-Emission from Metal Ceramic Interfaces 

Parent Award: F496720-91-G-0093 POOOOl 
Period Covered: 1 Aug 92 - 31 Jul 95 

by 

J. Thomas Dickinson, Dept. of Physics, Washington State University, Pullman, WA 99164 

The student supported by this grant was Richard Webb. During this period Richard 
devoted most of his time to laboratory experiments. He also took a course in the 
Characterization of Materials, participated in seminars on the Design and Evaluation of Materials 
Related Experiments, and attended several lectures by quest speakers on Topics in Materials 
Physics. His grades have been maintained well above a B average. Richard also presented 
papers on his work at a March Meeting of the American Physical Society and a Fall Meeting of 
the American Vacuum Society. He also presented his work at a seminar at Pacific Northwest 
Laboratory in Richland, Washington. 

His laboratory projects initially focused on mechanical processes which induce plastic 
deformation in single crystal MgO and NaCl and the accompanying point defects created by this 
deformation. The spectroscopy of point defects in these materials is well known and the defects 
themselves readily detected. Richard showed that high concentrations of dislocation derived F- 
centers (oxygen atom vacancies) lead to strong coupling with the laser which actually result in 
melting of the crystal, its vaporization into the gas phase, and drastic modification of the surface. 

In addition, Richard showed that reduced laser intensities can produce highly localized 
modification of MgO cleavage surfaces. Here, cleavage produces high concentrations of defects 
along cleavage steps. Localized heating can be shown to result in metallic Mg coming to the 
surface. The appearance and distribution of the modified areas is consistent suggests that heating 
was localized to dislocation cores. We suggest that these studies are a way to characterize the 
plasticity that occurs in fracture and in tribological loading of ceramics surfaces. 

Richard also developed an exciting new way to image the regions of high point defect 
concentrations using photoluminescence. The spectra of these centers has been acquired and 
shown to be due to clusters of F-centers concentrated along dislocations. Indents, scratches, 
cleavage steps, and other features have been imaged successfully. 

In the last year of his thesis research (after the termination of this grant), Richard applied 
and extended his work with mechanical defects and laser interactions. Mechanical defects were 
found to be especially important in the localized ablation from the "back side" of MgO crystals, 
where the laser beam passes through the crystal and ablates material from side of the crystal 
facing away from the incident irradiation. He also studied the effect of abrasion on the 
ion/molecule emission detected from solution-cast PMMA films under 308-nm irradiation, and 
the effect of laser-generated shocks on the particle size distribution of the "smoke" produced by 



irradiating single crystal NaN03 at 248-nm in air>. For completeness, the expected publications 

resulting from this work are included below. 
Richard defended his Ph. D. thesis in August, 1995, and accepted a tenure-track position 

in the Department of Physics and Computer Science at Pacific Union College in Angwin,. 
California where his principle duties are to teach undergraduate physics. 

All funds were expended as salary for Richard and to purchase supplies used in his 
research. 

The results of the above studies are or will be published in the following articles: 

R. L. Webb, S. C. Langford, L. C. Jensen, and J. T. Dickinson, "Ablation of single crystal MgO by UV excimer laser 
radiation", Mat. Res. Soc. Symp. Proc. 236, 21 (1992). 

R. L. Webb, L. C. Jensen, S. C. Langford, and J. T. Dickinson, "Interactions of wide bandgap single crystals with 
248 nm excimer laser radiation: I. MgO", J.Appl. Phys. 24,2323-2337(1993). 

R. L. Webb, L. C. Jensen, S. C. Langford, and J. T. Dickinson, "Interactions of wide bandgap single crystals with 
248 nm excimer laser radiation: U. NaCl", J. Appl. Phys. 24 2338-2346 (1993). 

J. T. Dickinson, L. C. Jensen, R. L. Webb, M. L. Dawes, and S. C. Langford , "Interactions of wide bandgap single 
crystals with 248 nm excimer laser radiation: III. the role of cleavage-induced defects in MgO," J. Appl. Phys. 21 
3758(1993). 

J. T. Dickinson, L. C. Jensen, R. L. Webb, and S. C. Langford, "Laser ablation of wide band-gap materials: The role 
of defects in single crystal MgO," Proceedings of the Second International Conference on Laser Ablation (COLA- 
II), AIP Conf. Proc. 288, J. C. Miller and D. B. Geohegan, eds., pp. 13-25 (1993). 

J. T. Dickinson, L. C. Jensen, R. L. Webb, and S. C. Langford, "Laser ablation studies relevant to thin film 
deposition," in Advanced Materials '93. IV. Laser and Ion Beam Modification of Materials, edited by I. Yamada et 
al. [Trans. Mater. Res. Soc. Jpn. J7J, 283-288 (1994). 

J. T. Dickinson, L. C. Jensen, R. L. Webb, M. L. Dawes, and S. C. Langford, "Mechanisms of excimer laser ablation 
of wide bandgap materials: the role of defects in single crystal MgO," MRS Symposium Proceedings 285. 131 
(1993). 

J. T. Dickinson, L. C. Jensen, and R. L. Webb, "Photoluminescence imaging of mechanically produced defects in 
MgO," J. Non-Cryst. Solids 122, 1-8 (1994). 

R. L. Webb, S. C. Langford, and J. T. Dickinson, "Neutral atom and molecule emission accompanying 248-nm laser 
irradiation of single crystal NaN03," Nucl. Instrum. Meth. Phys. Res. B. 103, 297-308 (1995). 

R. L. Webb, G. Exarhos, and J. T. Dickinson, "Characterization of particulates generated from laser ablation of 
single crystals of NaN03," in preparation. 

R. L. Webb, L. C. Jensen, and J. T. Dickinson, and C. R. Davis, "Sensitization of PMMA to excimer laser ablation 
at 308 nm wavelength," in preparation. 

R. L. Webb and J. T. Dickinson, "The role of defects in the rear side laser ablation of MgO at 308 nm," in 
preparation. 

R. L. Webb and J. T. Dickinson, "Positive ion emission from 248-nm irradiated sodium nitrate," in preparation. 
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Richard also assisted in two experiments involving a new technique for examining the 
plasticity of metals during the deformation and fracture of metals and the fracture of a metal- 
glass interface. These studies were published in: 

J. T. Dickinson, L. C. Jensen, S. C. Langford, and R. G. Hoagland, "Chemisorptive electron emission as a probe of 
plastic deformation in reactive metals," J. Mater. Res. 2,1156-1165 (1994). 

Sumio Nakahara, S. C. Langford, and J. T. Dickinson, "Chemisorptive electron emission and atomic force 
microscopy as probes of plastic deformation during fracture at a metal/glass interface ," J. Mater. Res. ifi(8), 2033- 
2041 (1995). 


