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INTRODUCTION

THIS REPORT INCLUDES RESEARCH RESULTS OBTAINED DURING THE

PERIOD JULY IST TO SEPTEMBER 30, 1990 WHICH IS THE THIRD

QUARTER OF THE FIRST YEAR OF THIS PROGRAM.

PROGRESS HAS BEEN MADE IN UNDERSTANDING GROWTH PATTERNS OF

THIN FINE GRAIN DIAMOND CVD FILMS. IN THE S= .ICH .4AZ "

PERFORMED BY HIGH RESOLUTION ELECTRON MICROSCOPY ATTENTION

WAS FOCUSED ON THE FAULT STRUCTURE AS A FUNCTION OF THE
POSITION IN THE GRAIN AS WELL AS ON THE FORMATION OF

MISMATCH BOUNDARIES WITHIN THE GROWING DIAMOND CRYSTAL.

THESE BOUNDARIES ARE FORMED DUE TO MISMATCH BETWEEN CERTAIN

TWINS WITHIN THE GROWING CRYSTAL. IT WAS FOUND THAT THESE

BOUNDARIES CAN SERVE AS PRECISE INDICATORS FOR THE LOCAL

GROWTH DIRECTION OF THE CRYSTAL AND THUS TO LEAD BACK TO THE

NUCLEATION POINT IN A GIVEN TEM CROSS SECTION. IN AN EXAMPLE

GIVEN IN THIS REPORT THE LOCAL NUCLEATION POINT IS TRACED

BACK TO A 5-FOLD TWIN SITE.

THE ROLL OF TWINS IN THE GROWTH OF DIAMOND CVD CRYSTALS HAVE

ALSO BEEN INVESTIGATED. IT WAS FOUND THAT TWINS SERVE A

VITAL NUCLEATION SITES FOR NEW PLANES AND THAT RAPID OWTH

OF CERTAIN CVD DIAMOND PATTERNS DEPENDS HIGHLY ON TWINING.

THE HIGH RESOLUTION ELECTRON MICROGRAPHS PRESENTED IN THIS

REPORT WERE TAKEN ON A JEOL 400 OF OXFORD, ENGLAND.

THE HELP OF DR. J.L.HUTCHISON, THE HEAD OF THE HREM
LABORATORY IS GREATLY APPRECIATED.



SPECIMEN PREPARAT I ON

THE DEPOSITION OF FREE-STANDING CVD DIAMOND WAS PERFORMED AT

NIST. A SILICON WAFER 3- IN DIAMETER AND 400 MICRONS THICK

WAS POLISHED ON ONE SIDE AND THEN CUT INTO SQUARE SUBSTRATES

1.9X1.9 CM EACH. AN INDENTATION 0.95 CM IN DIAMETER WAS

GROUND INTO THE CENTER OF THE UNPOLISHED SIDE OF EACH

SUBSTRATE. THE DEPTH OF THESE INDENTATIONS IN ROUGHLY HALF

THE THICKNESS OF THE WAFER. THE POLISHED SIDE OF THE

SUBSTATES WAS THE MANUALLY POLISHED WITH 1 MICRON DuPont

DIAMOND POWDER. THE MANUAL POLISH IS NECESSARY TO INCREASE

THE NUCLEATION DENSITY AND THUS DEPOSIT DIAMOND FILMS WITH A

SMALLER GRAIN SIZE.

THE POERE FOR THE MANUAL POLISHING IS AS FOLLOWS:

DIAMOND POWDER IS SPRINKLED ONTO A LARGE GLASS PLATE AND

THEN PRESSED INTO A "PANCAKE BETWEEN TWO GLASS PLATES.THE

SILICON SUBSTRATE IS PLACED, POLISHED SIDE DOWN, ON THE

DIAMOND POWDER "PANCAKE" AND RUBBED MANUALLY FOR SEVERAL

MINUTES IN A CIRCULAR MWTION. IF THE DIAMOND "PANCAKE"

BREAKS APART IT MUST BE PRESSED AGAIN. FUSSED SILICA OR

OTHER OPTICAL GLASSES CAN BE ALSO PREPARED FOR DIAMOND

DEPOSITION THIS WAY. IT IS INTERESTING TO NOTE THAT THE USE

OF FINER DIAMOND POWDER SUCH AS 0.125 MICRON HAS LITTLE

EFFECT ON THE DIAMOND NUCLEATION DENSITY.

DIAMOND FILMS WERE GROWN ON THE PREPARED SILICON SUBSTRATES

IN A MICROWAVE-PLASMA ASSISTED CHEMICAL VAPOR DEPOSITION

(MPACVD) SYSTEM.



DEPOSITION CONDITIONS WERE AS FOLLOWS:

MICROWAVE POWER - 1KW

GRAPHITE SUSCEPTOR TEMPERATURE - 6500C

(THE TEMPERATURE OF THE GROWING FILM IS KNOWN TO BE
CONSIDERABLY HIGHER AS A RESULT OF THE HEATING IN THE

MICROWAVE PLASMA).

GAS PRESSURE - 50 TORR

GAS FLOW RATE - 260 STANDARD CM3/MIN;

GAS COMPOSITION - 99.5% H2 , 0.5% CH4

DEPOSITION TIME - 45 MIN FOR SPECIMEN LR-1 (231C)

120 MIN FOR SPECIMEN LR-2 (222C)

GROWTH RATE - 0.4 MICRONS/HOUR

TOTAL THICK NESS - 0.3 MICROtIS FOR SPECIMEN LR-1

0.8 MICRONS FOR SPECIMEN LR-2
OPTICAL REFLECTANCE MEASUREMENTS SUGGEST THAT THE ROOT MEAN

SQUARE SURFACE ROUGHNESS OF THESE FILMS IS APPROXIMATELY

0.02 MICRONS.

FOLLOWING DEPOSITION THE SUBSTRATE WAS ETCHED USING STANDARD

SOLUTION (SEE REPORT NUMBER 1) AND SQUARES, 3 MM ON THE SIDE

WERE CUT FROM THE FREE STANDING FILM. THE DIAMOND SQUARES

WERE THEN PLACED BETWEEN GRIDS AND THINNED BY ION MILLING.

THE DEPOSITION RECORDS ARE GIVEN IN APPENDIX #1.



MULTIPLE TWNSAND MISFIT BOUNDARIES

DIAMOND GRAINS WHICH CONTAIN MULTIPLE TWINS HAVE BEEN SEEN

IN DIAMOND CUBIC MATERIALS. SEVERAL EXAMPLES INCLUDE SILICON

(REF 1,2) AND DIAMOND (REF 3). IN MANY CASES THE DIAMOND

PARTICLES POSSESS AN ICOSAHEDRAL SHAPE AND NUMEROUS SUCH

EXAMPLES CAN BE OBSERVED BY SCANNING ELECTRON MICROSCOPY.

HOWEVER, THE FORMATION OF 5 TWINS WHICH TOUCH AT A POINT IN

THE PLANAR ARRANGEMENT AND ALONG A LINE IN THE [110]
DIRECTION IN SPACE CAN BE A LOCAL PHENOMENON WHICH DOES NOT

CREATE AN ICOSAHEDRALLY SHAPED CRYSTAL SINCE OTHER TWINS

DIVERT THE GROWTH DIRECTION DURING THE CONTINUING GROWTH OF

THE CRYSTAL.

ONE SUCH EXAMPLE IS SHOWN IN FIGURE 1I. IN THIS CASE FIVE

TWINS MEET AT A POINT AND THE FORMATION OF THE 7.5o MISFIT

BOUNDARY IS CLEAR, AS ILLUSTRATED IN THE INSERT.

SUCH A MISFIT BOUNDARY CAN STRETCH TO THE SURFACE OF THE

CRYSTAL OR BE CORRECTED LOCALLY AT ANOTHER TWIN BOUNDARY AS

SHOWN IN FIGURE 2. IN ALL CASES THE EDGES OF THE MISFIT

BOUNDARY WILL EITHER END AT A TWIN BOUNDARY OR AT THE

SURFACE OF THE CRYSTAL.

EVEN THOUGH MISFIT BOUNDARIES ARE ALWAYS FORMED WHEN 5 TWINS

MEET AT A POINT, SUCH A MISFIT BOUNDARY CAN FORM ALSO BY A

FORMATION OF A SMALLER NUMBER OF TWINS SUCH AS IN FIGURE .

IN THIS CASE THE MISMATCH BOUNDARY FORMS BETWEEN TWO TWINS

AND EXTENDS FROM ONE TRIPLE POINT TO ANOTHER.

MISFIT BOUNDARIES ARE USUALLY FOUND IN THE PERIPHERY OF THE

CRYSTAL WHERE THE NUMBER OF TWINS AND THEIR DENSITY IS HIGH

(FIGURE ). A MORE DETAILED ANALYSIS OF MISFIT BOUNDARIES IN

CVD DIAMOND WILL BE GIVEN IN ONE OF THE NEXT REPORTS.



MISFIT BOUNDARIES ARE ESSENTIAL TO THE UNDERSTANDING OF THE
DIAMOND CVD CRYSTAL GROWTH. THIS IS DUE TO THE FACT THAT

THEY ARE THE LOCUS OF THE POINTS OF INTERSECTION OF GROWING

PLANES FROM TWO ADJACENT NON MATCHING TWINS. THEY ARE

ALIGENED THEREFORE ALONG THE LOCAL GROWTH DIRECTION OF THE

CRYSTAL AND ALLOW THE DETERMINATION OF THE GROWTH DIRECTION
AT VARIOUS POINTS OF THE CRYSTAL AS WELL AS THE NUCLEATION

POINT OF GROWING PLANES IN THE TEM CROSS SECTION.

AN EXAMPLE OF SUCH A DETERMINATION IS GIVEN IN FIGME5.

A COMPLETE CROSS SECTION OF A CRYSTAL IS SHOWN AND THE
GROWTH DIRECTIONS ARE MARKED BY ARROWS ALONG MISMATCH

BOUNDARIES. THE NUCLEATION IPOINT OF THE GROWING PLANES IN
THIS CROSS SECTION CAN BE TRACED BACK TO THE 5-FOLD TWIN
SITE (MARKED BY A CIRCLE). THE IMPORTANCE OF THE 5-POINT

TWIN SITE TO THE NUCLEATION AND GROWTH OF CVD DIAMOND
CRYSTALS WILL BE DISCUSSED LATER IN THIS REPORT.



THE ROLL OF TWINING IN THE GROWTH OF CVD DIAMOND

A LARGE NUMBER OF DIAMOND GRAINS HAVE BEEN INVESTIGATED

IN THE COURSE OF OUR STUDY. IN ALL CASES THE GRAINS WERE

TWINNED AND THE DISTRIBUTION OF THE TWINS WAS IRREGULAR.

SINCE EVEN THE SMALLEST REGIONS CONTAIN TWINS AND MULTIPLE

TWINING IS VERY ABUNDANT IT SEEMS THAT THE ROLL OF TWINING

IS IMPORTANT IN THE GROWTH OF CVD DIAMOND CRYSTALS

IN GENERAL THE DENSITY OF TWINS WAS FOUND TO BE HIGHER CLOSE

TO THE GRAIN BOUNDARIES (SEE FIGURE ).

IT HAS ALSO BEEN OBSERVED THAT REGIONS CLOSE TO THE EDGE OF

THE CRYSTAL WHICH DO NOT CONTAIN A HIGH DENSITY OF TWINS DO

NOT GROW AS FAST AS REGIONS WHICH DO. CONSEQUENTLY, REGIONS

LEAN IN TWINS LOSE IN THE COMPETITION FOR SPACE TO THE

GROWING NEIGHBORING GRAINS AND TEND TO FORM A BAY SHAPE IN

THE CROSS SECTION (SEE FIGURE 6).

THE IMPORTANCE OF TWINS TO THE GROWTH OF GERMANIUM HAVE BEEN

STUDIED IN THE PAST AND CONSEQUENTLY UTILIZED FOR THE GROWTH

OF GERMANIUM DENDRITES FROM THE MELT [REFS 5, 6, 7, 8, 9].

THE TWIN BOUNDARY REENTRANCE ANGLE MODEL OF HAMILTON AND

SEIDENSTICKER [REF. 7] HAS SHED LIGHT ON THE VITAL

IMPORTANCE. OF TWINING IN THE GROWTH PROCESS OF GERMANIUM.

THE MODEL FOR FAST GROWTH (ILLUSTRATED IN FIGURE 7) CALLS

FOR A PAIR OF PARALLEL TWIN BOUNDARIES WHICH FORM A NEW

REENTRANCE ANGLE AS ONE TWIN BOUNDARY CEASES TO SERVE AS A

PPEFERRED GROWTH SITE. IN THE CASE THAT ONLY ONE TWIN

BOUNDARY IS PRESENT A BICRYSTALLINE TRIGONAL SOLID IS FORMED

PROVIDED THAT ALL THREE REENTRANT CORNER SITES ARE ALLOWED

TO GROW.



WHILE IN THE GROWTH OF GERMANIUM CRYSTALS TWINS SERVE A

CRUCIAL ROLL, THIS DOES NOT SEEM TO BE THE CASE IN THE

GROWTH OF SILICON CRYSTALS. TWINED SILICON CRYSTALS HAVE

BEEN GROWN FROM THE MELT [REF 10] BUT IT IS NOT CLEAR THAT

FAST GROWTH IS ACHIEVED AS IN THE CASE OF GERMANIUM.

IN OTHER METALS AND INTERMETALLICS TWINS SERVE AS A

PREFERRED SITE FOR THE GROWTH OF DENDRITES. ONE EXAMPLE IS

THE GROWTH OF CADMIUM CRYSTALS [REF 11]. HOWEVER, WE WILL

NOT DISCUSS IT AND LIMIT OURSELVES TO CRYSTALS WITH DIAMOND

CUBIC STRUCTURE.

THE KEY TO UNDERSTANDING THE ROLL OF TWINING IN THE GROWTH

OF DIAMOND CRYSTALS IN THE CVD PROCESS IS THE STABILITY OF A

CARBON ATOM ATTACHED TO THE SURFACE OF A GROWING CRYSTAL AT

A GIVEN POINT. DURING THE FORMATION OF NATURAL DIAMONDS

(SEE FOR EXAMPLE REF. 12) OR IN COMMERCIAL PROCESSES IN

WHICH THE PRESSURE-TEMPERATURE ARE SUCH THAT THE DIAMOND

PHASE IS STABLE, GROWTH IS NOT PERFORMED IN A REACTIVE

ENVIRONMENT AS IN THE CASE OF CVD GROWTH. A CARBON ATOM

ATTACHED TO A FREE SURFACE OF THE GROWING CRYSTALS UNDER

EQUILIBRIUM GROWTH CONDITIONS IS STABLE AND CAN STAY IN

POSITION THUS FORF.IN;G A PREFERRED, SITE FOR THE FORMATION OF

A NEW fIll} PLANE. IN CVD DIAMOND GROWTH SUCH AN ATOM WILL

BE LIKELY TO ETCH AWAY BY THE ATOMIC HYDROGEN. CARBON ATOMS

WHICH POSITION THEMSELVES IN A REENTRANT ANGLE SITE WILL BE

MORE STABLE. WHEN A NEW PLANE FORMS AT THE REENTRANT SITE

IT CAN GROW FAST SINCE THERE ARE STABLE POSITIONS AT THE

STEP SITE OF THE PROPAGATING PLANE. THE REENTRANT SITE

BETWEEN TWINS CAN SHOOT OUT PROPAGATING PLANES AT A FAST

RATE WHICH CONTROLS THE LOCAL GROWTH RATE (FIGURE 8).

THE LOCAL GROWTH IS ON ADJACENT fill) PLANES BUT ON A

LARGER SCALE THE CRYSTAL GROWS IN THE <211> DIRECTIONS

THE BEST DEMONSTRATION OF THE EFFECT OF TWINING ON GROWTH IN

DIAMOND CUBIC STRUCTURE IS GIVEN BY HAMILTON AND

SEIDENSTICKER IN REF. 7.



A CLEAR EXAMPLE OF THE HAMILTON SEIDENSTICKER MODEL CAN BE

SEEN IN FIGURE 3. THE PART OF THE CRYSTAL MARKED Tl-T2-Tl 'S

THE SHAPE THAT CAN GROW IN A LATH FORM INDEFINITELY. TO

OBTAIN FAST GROWTH IN OTHER DIRECTIONS MORE TWINS ON OTHER

{11} PLANES ARE NEEDED. THE GROWTH DIRECTION IN THIS PART

OF THE CRYSTAL IS MARKED. THE NEW (1i1) PLANE WILL START TO

FORM IN POINT [A] AND THE GROWTH CONTINUES IN BOTH

DIRECTIONS AS MARKED BY THE SMALL ARROWS ALONG THE {11i}

PLANES.

PRIOR TO THIS POINT A MISFIT BOUNDARY HAS FORMED AT [B]. THE

FORMATION OF SUCH A MISFIT BOUNDARY WAS DISCUSSED EARLIER IN

THIS REPORT AND THE "V" SHAPE' WITH AN ANGLE OF 70.50 BETWEEN

{111} PLANES INDICATES THE GROWTH DIRECTION AT THAT POINT

(THE CRYSTAL GROWS FROM THE TIP OF THE "V" UPWARD). IT THIS

VICINITY ANOTHER "V" SHAPED TWIN COUPLE IS MARKED BY [C].

THE MISFIT BOUNDARY THAT STARTS AT [B] PROPAGATES FURTHER

INTO THE PERIPHERY OF THE CRYSTAL ALONG A PATH MARKED BY * $

* *. IT IS IMPORTANT TO NOTE THAT THE MISFIT BOUNDARY

PROPAGATES PARTLY ON A NON CRYSTALLINE PATH BUT MAINLY ALONG

tI11 PLANES. THIS POINT WAS ALSO:,ILLUSTRATED IN REPORT #2.

THE COMMON AXIS OF 5 FOLD TWINS IS AN IMPORTANT NUCLEATION

SITE FOR NEW PLANES ALONG THE GROWING CRYSTAL. THIS IS

MANLY DUE TO THE 5 REENTRANT ANGLES AROUND THE CENTER (SEE

FIGURE TBD). IT MAY ALSO SERVE THEREFORE AS A SUPERIOR

NUCLEATION SITE FOR THE WHOLE CRYSTAL AND MAY EXPLAIN WhrY

MANY OF THE OBSERVED CVD CRYSTALS ARE ICOSAHEDRAL IN SHAPE

SINCE THESE MAY HAVE 30 REENTRANT ANGLE SITES AROUND THEM.



HIGH RESOLUTION OF PLASMA ASSISTED CVD DIAMOND FILMS WAS

PERFORMED. THE FILM IS FINE GRAINED WITH GRAIN SIZE OF THE

ORDER OF 0.1 MICRON. SEVERAL FEATURES OF THE MICROSTRUCTURE

WERE STUDIED AND THEIR IMPORTANCE TO THE UNDERSTANDING OF

THE DIAMOND FILM GROWTH EVALUATED.

THE OBSERVATIONS INCLUDE:

1. TWINNING DENSITY RISES AS A FUNCTION OF THE DISTANCE

FROM THE CENTER OF THE CRYSTAL.

2. THE TWINS HAVE AN IMPORTANT ROLL IN THE RAPID GROWTH OF

THIS KIND OF FILM. THE REENTRANCE ANGLE BETWEEN PARALLEL

TWINS SERVES AS A NUCLEATION SITE FOR THE GROWTH OF NEW

(111) PLANES.

3. THE CENTER POINT OF TWIN QUINTUPLET HAS FIVE REENTRANCE

ANGLES AND THUS SERVES AS A PREFERRED NUCLEATION SITE FOR

NEW PLANES.

4. MISFIT BOUNDARIES, BEING THE LOCUS OF INTERSECTION

POINTS OF THE GROWING PLANES ON TWO ADJACENT TWINS CAN SERVE

AS AN INDICATOR FOR THE LOCAL CRYSTAL GROWTH DIRECTION.

THE MAIN SOURCE OF GROWING PLANES CAN THUS BE TRACED BACK

TO A QUINTUPLET TWIN POINT.
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-APPENDIX1

DIAMOND DEPOSITION RECORDS



DIA.:O::D DEPOSITION RECOCRD

Tube Fu.rnace fA) Be.l Jar (B) 'Microwave (C)

Specimen Nun.*-.er Start 4 '.7 ,0 End

2- 10

Substrat.e M.a:e.-ial. : / .
surf'ace :.-eat=en- , .. . a " /, 4. n d O o -n,

substrate te=peraz:re 5o" C

F'la=ent Number Filament run number

Ma teri-al Current

No. of turns Voltage

Wire diameter Resistance

Turn diameter Power

Temperature Run time

Forward power fco o 1/ Top stub 2Z Z

Reflected ;pwer C Substrate position 30
End stub 23 .Run time q*4 Y~

Gas =ixture

42 set poi-t )D - Base pressure

f I se: poin:t 1 .- Run pressure

set point Flow (SCCM)

Coments Pe -
11 • I D J I- i

).-



DI.:O:D DEPOSITION RECCiD

Tube Furnace (A) Bell Jar (B) (C)crowave )

Specimen Number Start L - 0' 9 End

3, 22C¢. ~,i

Substrate Material.  S ,.
su.rface treatment

-. , ' . .

substrate tempera:ure 6 SOC

Filament Number Fila=ent run number

Material Current

No. of turns Voltage

Wire diameter .Resistance

Turn diameter Power

Temperature Run time

Forward power iO., Top stub 2

Reflected power 0 Subs:rate position .36

End stub -7 Run time 2 C- -j

Gas mixture

N set point .
Base pressure

I+ set point J. Run pressure

set point Flow (SCCH)

CommentsLA[ 
2r



FIGURE CAPTIONS

FIGURE 1. A TWIN QUINTUPLET (MARKED A) CREATES A 7.50

MISFIT BOUNDARY ALONG ONE OF THE TWIN HABIT PLANES (SEE

INSERT). THE MISFIT BOUNDARY GEOMETRY AND IMPORTANCE IS

DISCUSSED IN THE TEXT.

FIGURE 2. MISFIT BOUNDARIES CAN TERMINATE AT TWIN

HABIT PLANES (AS IN THIS EXAMPLE) OR STRETCH TO TRE SURFACE

OF THE CRYSTAL AS CAN BE SEEN IN FIGURES 4 AND 5.

FIGURE 3. THE MISFIT BOUNDARY AT [B] BETWEEN THE -V- SHAPED

T2 AND T3 FORMS ON A SURFACE WHICH IS THE LOCUS OF

INTERSECTION POINTS OF GROWING PLANES ON TWO ADJACENT

NON-MATCHING TWINS. IT THUS INDICATES THE CRYSTAL GROWTH

DIRECTION IN THAT VICINITY (MARKED BY A DARK ARROW). THIS

MISFIT BOUNDARY PROPAGATES IN A PATH MARKED BY * * * *.

ANOTHER "V" SHAPED PAIR OF NON-MATCHING TWINS IS 'SEEN AT

POINT [C]. THE REENTRANCE POINT AT [A] SERVES AS A PREFERRED

NUCLEATION SITE FOR A NEW PLANE WU]ICH GROWS AS INDICATED BY

SMALL DARK ARROWS ALONG Ti AND T2. AS NEW PLANES ARE ADDED,

THE TWINS GROW IN THE DIRECTION MARKED BY HOLLOW ARROWS.

FIGURE 4. MISFIT BOUNDARIES (ALL.ARROWS) ARE MORE

FREQUENTLY FOUND IN THE PERIPHERY OF THE CRYSTAL. HOLLOW

ARROWS INDICATE ALSO THE LOCAL GROWTH DIRECTJON OF THE

CRYSTAL.



FIGURE5. GROWTH DIRECTIONS. MARKED BY ARROWS IN THIS CROSS

SECTION OF A COMPLETE CRYSTAL CAN AID IN TRACING BACK THE

NUCLEATION SITE OF THE GROWING PLANES TO THE TWIN QUINTUPLET

MARKED BY A CIRCLE.

FIGURE 6. TWIN-RICH PARTS OF THE CRYSTAL (MARKED R) GROW

FASTER AND THEREFORE PROTRUDE INTO AVAILABLE SPACE WHILE

TWIN-LEAN PARTS (MARKED L) LOOSE IN THE COMPETITION TO THE

NEIGHBORING CRYSTALS.

FIGURE 7. THE HAMILTON-SEIDENSTICKER [7] MODEL FOR FAST

GROWTH OF GERMANIUM CRYSTALS CALLS FOR A SET OF TWO PARALLEL
{111 TWINS WHICH FORM 6 REEN7RANCE SITES. WHEN 3 OF THE

STTES CLOSE UP TO A TIP THE OTHER 3 OPEN UP TO ALLOW FOR
CONTINUING GROWTH. THE PREFERED GROWTH DIRECTION BELONGS

THUS TO THE <211> FAMILY.

FIGURE 8. THE GROWTH OF A (111) PLANE STARTS AT POINTS

ALONG THE 1410 REENTRANCE LINE. THE GROWTH CAN CONTINUE
THROUGH THE 2190 PROTRUSION.
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2190

Twin Plones

F19UR_ 7. THE HAMILTON-SEIDENSTICKER [7] MODEL FOR FAST

GROWTH OF GERMANIUM CRYSTALS CALLS FOR A SET OF TWO PARALLEL

{111} TWINS WHICH FORM 6 REENTRANE SITES. WHEN 3 OF THE

SITES CLOSE UP TO A TIP THE OTHER 3 OPEN UP TO ALLOW FOR

CONTINUING GROWTH. THE PREFERED GROWTH DIRECTION BELONGS

THUS TO THE <211> FAMILY.



FIGUM~ THE GROWTH OF A (111) PLANE STARTS AT POINTS

ALONG THE 1410 REENTRANCE LINE. TUE GROWTH CAN CONTINUE

THROUGH THE 2190 PROTRUSION.



6 March 1991

DISTRIBUTION LIST

Mr. James Arendt Dr. John Field
Hughes Aircraft Company Department of Physics
8433 Falibrook Ave. 270/072 University of Cambridge
Canoga Park, CA 91304 Cavendish Laboratory
(838) 702-2890 Madingley Road

Cambridge CB3 OHE
Mr. Larry Blow England
General Dynamics 44-223-337733, ext. 7318
1525 Wilson Blvd., Suite 1200
Arlington, VA 22209 Dr. William A. Goddard, INi
(703) 284-9107 Director, Materials and Molecular

Simulation Center
Mr. Ellis Boudreaux Beckman Institute.
Code AGA California Institute of Technology
Air Force Armament Laboratory Pasadena, CA 91125
Eglin AFB, FL 32542 (818) 356-6544

Fax: (818) 568-8824
Dr. Duncan W. Brown
Advanced Technology Materials, Inc. Dr. David Goodwin
520-B Danbury Road California Institute of Technology
New Milford, CT 06776 Mechanical Engineering Dept.
(203) 355-2681 Pasadena, CA 91125

(818) 356-4249
Dr. Mark A. Cappelli
Stanford University Dr. Kevin Gray
Mechanical Engineering Dept. Norton Company
Standford, CA 94305 Goddard Road
(415) 723-1745 Northboro, MA 01532

(508) 393-5968
Dr. R. P. H. Chang
Materials Science & Engineering Dept. Mr. Gordon Griffith
2145 Sheridan Road WRDQCMLPL
Evanston, IL 60208 Wright-Patterson AFB, OH 45433
(312) 491-3598

Dr. H. Guard

Defense Documentation Center Office of Chief of Naval Research
Cameron Station (ONR Code 11 13PO)
Alexandria, VA 22314 800 North Quincy Street
(12 copies) Arlington, VA 22217-5000

Dr. Al Feldman Dr. Alan Harker
Leader, Optical Materials Group Rockwell Int'l Science Center
Ceramics Division 1049 Camino Dos Rios
Materials Science & Engineering Lab P.O. Box 1085
NIST Thousand Oaks, CA 91360
Gaithersburg, MD 20899 (805) 373-4131
(301) 975-5740

Enclosure (2)



Mr. Stephen J. Harris Ms. Carol R. Lewis
General Motors Research Laboratories Jet Propulsion Laboratory
Physical Chemistry Department 4800 Oak Grove Drive
30500 Mound Road Mail Stop 303-308
Warren, MI 48090-9055 Pasadena, CA 91109
(313) 986-1305 (818) 354-3767
Fax: (313) 986-8697
E-mail: sharris@gmr.com Dr. J. J. Mecholsk), Jr.

University of Florida
Dr. Rudolph A. Heinecke Materials Science & Engineering Dept.
Standard Telecommunication 256 Rhines Hall
Laboratories, Ltd. Gainesville, FL 32611
London Road (904) 392-1454
Harlow, Essex CM17 9MA
England Dr. Russ Messier
44-279-29531, ext. 2284 Pennsylvania State University

Materials Research Laboratory
Dr. Curt E. Johnson University Park, PA 16802
Code 3854 (814) 865-2262
Naval Weapons Center
China Lake, CA 93555-6001 Mr. Mark Moran
(619) 939-1631 Code 3817

Naval Weapons Center
Dr. Larry Kabacoff (Code R32) China Lake, CA 93555-6001
Officer in Charge
Naval Surface Weapons Center Mr. Ignacio Perez
White Oak Laboratory Code 6063
10901 New Hampshire Naval Air Development Center
Silver Spring, MD 20903-5000 Warminster, PA 18974

(215) 441-1681
Mr. M. Kinna
Office of Chief of Naval Research Mr. C. Dale Perry
(ONT Code 225) U.S. Army Missile Command
800 North Quincy Street AMSMI-RD-ST-CM
Arlington, VA 22217-5000 Redstone Arsenal, AL 35898-5247

Dr. Paul Klocek Mr. Bill Phillips
Texas Instruments Crystallume
Manager, Advanced Optical Materials Branch 125 Constitution Drive
13531 North Central Expressway Menlo Park, CA 94025
P.O. Box 655012, MS 72 (415) 324-9681
Dallas, Texas 75268
(214) 995-6865 Dr. Rishi Raj

Cornell University
Materials Science & Engineering Dept.
Ithaca, NY 14853
(607) 255-4040

2



Dr. M. Ross Dr. Charles Willingham
Office of Chief of Naval Research Raytheon Company
(ONR Code 1113) Research Division
800 North Quincy Street 131 Spring Street
Arlington, VA 22217-5000 Lexington, MA 02173

(617) 860-3061
Dr. Rustum Roy
Pennsylvania State University Dr. Robert E. Witkowski
Materials Research Laboratory Westinghouse Electric Corporation
University Park, PA 16802 1310 Beulah Road
(814) 865-2262 Pittsburgh, PA 15235

(412) 256-1173
Dr. James A. Savage
Royal Signals & Radar Establishment Dr. Aaron Wold
St. Andrews Road Brown University
Great Malvern, Worcs WR14.3PS Chemistry Department
England Providence, RI 02912
01-44-684-895043 (401) 863-2857

Mr. David Siegel Mr. M. Yoder
Office of Chief of Naval Research Office of Chief of Naval Research
(ONT Code 213) (ONR Code 1114SS)
800 North Quincy Street 800 North Quincy Street
Arlington, VA 22217-5000 Arlington, VA 22217-5000

Dr. Keith Snail
Code 6520
Naval Research Laboratory
Washington, D.C. 20375
(202) 767-0390

Dr. Y. T. Tzeng
Auburn University
Electrical Engineering Dept
Auburn, AL 36849
(205) 884-1869

Dr. George Walrafen
Howard University
Chemistry Department
525 College Street N.W.
Washington, D.C. 20054
(202) 806-6897/6564

Mr. Roger W. Whatmore
Plessey Research Caswell Ltd.
Towcester Northampton NN128EQ
England
(0327) 54760

3


