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M. Kopcewicz and D.L. Williamson
Institute of Electronic Materials Technology,
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Colorado School of Mines, Physics Department,
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ORDERED NICKEL-IRON-NITROGEN PHASE PRODUCED BY ELEVATED
TEMPERATURE NITROGEN ION IMPLANTATION

The effects of high dose, high dose-rate, elevated temperature nitrogen,
carbon and oxygen ion implantation into ferrous alloys are being investigated for
improved surface properties [1,2]. The near-surface structural and compositional
modifications are characterized by conversion electron M ossbauer spectroscopy
(CEMS), x-ray diffraction and Auger spectroscopy depth profiling. Implantation of
2x10'"® N/cm? into pure bee Fe held at 400°C yields the well-known ferromagnetic
y'-Fe,N ordered fcc phase with two inequivalent crystallographic Fe sites, one of
which consists of two inequivalent magnetic sites. N implantation under identical
conditions into a disordered fcc Nig,Fe,, alloy (permalloy) yields a paramagnetic
phase with only Fe site defined by a rather large quadrupole interaction. The x-ray
pattern is clearly that of the y’ structure as detected by N sub-lattice diffraction, so
we conclude that the Fe occupies only the face-centered sites where it can
nearest-neighbor bond with two N atoms on opposite sides.
1. D.L.Williamson, Li Wang, R.Wei and P.J.Wilbur, Matter. Letters

9, 302 (1990).
2. D.L.Williamson, R.Wei and P.J.Wilbur, Nucl. Instrum. Meth.

B56/57, 625 (1991)

Peiny tekst opublikowano w materialach z konferencji.
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MICROWAVE RESEARCH AND INDUSTRY IN EASTERN CENTRAL EUROPE

The organisation of research and industry in the planified economy environment,
giving the historical background to the actual situation is briefly outlined in first part
of this paper.
Inthe second part more important results of microwave research and products
of microwave industry in Czechoslovakia, Hungary, and Poland are described.
Finally problems arising during the process of economy transformation, market

perspectives and trends in microwave research and development are discussed.

Petny tekst opublikowano w materiatach z konferencji
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ENHANCED STABILITY OF NITRIDES IN a-Fe CO-IMPLANTED WITH
Cr+N OR Al+N .

In order to elucidate the role of various steel constituents on the formation and
stability of nitride phases formed due to N-implantation we performed a detailed
study of model systems: pure metallic iron implanted with Cr* or AlI* and then post
implanted with N,*. The energies of Cr* and N,*, and AI* and N," ions were such
that their ranges in the iron target were similar (about 60 nm). Metallic iron samples
were implanted with 150 keV Cr* (dose 3x10'® and 1.5x10" at/cm?) and then with
1x10" and 4x10' N at./cm? or with 95 keV Al* (dose 3x10'® and 1.5x10" Al
at./cm?) and then with 1x10'” and 4x10"" N at./cm?®. Implanted samples were

annealed in vacuum for 1 h at 200°C < T < 550°C in 50°C steps. The formation and
evolution of nitride phases were analyzed by conversion electron M ssbauer spec-
troscopy. The results are compared with our recent detailed study of N-implanted
a-Fe in which new implantation/annealing *phase diagram* for N-implanted a-Fe was
proposed [1]. Present results show that the introduction of alloying elements such
as Cr and Al greatly increases the thermal stability of nitride phases formed due to
ion implantation. This type of study has a clear advantage over conventional investi-
gations in which commercial steels are implanted since we could follow the role of

an individual alloying component of well defined concentration in the material modifi-
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cation due to nitrogen implantation.

1.  M.Kopcewicz, J.Jagielski, A.Turos, D.L.Wiliamson, J.Appl. Phys. 71 (9) 1992
4217.

Peiny tekst publikowany bedzie w czasopi$émie Nuclear Instruments and Methods in Physics Research.
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INTRODUCTION OF NITROGEN INTO METALS BY HIGH INTENSITY PULSED
ION BEAMS

New process of introduction of foreign atoms, e.g., nitrogen, into the metallic matrix

is demonstrated. The characteristic features of this process are: 1) the doping

occurs by diffusion of pulse-delivered foreign atoms in the surface layer melted by

the heat supplied by the same ion pulse; the retained dopant doses are

10'%-10"at/cm? ;

2) the bulk material remains at practically unchanged temperature since tr{e process

occurs in the microsecond time scale. ARMCO, low carbon and high carbon steels

were processed. CEMS, XRD, NRA and microscope analyses reveal that when N

dose attains 4x10"” at/cm? then:

- the top layer (0.1 um) of all samples consists mainly of austenite (y), nitrogen
austenite (yy), a-Fe and e-Fe, , N phases,

- the nitrogen concentration decreases gradually, from about 6-8 at.% at the
surface to about 1 at.% at the depth 700-800 nm,
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the microhardness of all samples increases by a factor of 1.4 to 3.0, depen-
ding on the kind of the initial material.

The possibility of introduction of other elements, including metals, is pointed out.

Peiny tekst publikowany bedzie w czasopi$mie Nuclear Instruments and Methods in Physics Research.
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ION BEAM MIXING AND AMORPHIZATION OF Ni-Zr IRRADIATED WITH NOBLE
GASES

lon beam mixing and amorphization of the Ni-Zr system were studied by
means of the in situ RBS/ channeling technique. Nickel single crystals covered with
a 50 nm thick Zr layer were irradiated with medium energy Ar, Kr or Xe ions at liquid
nitrogen temperature. The amorphous fraction was found to increase linearly with
the irradiation fluence as it is also the case of the number of mixed Zr atoms and of
the variance of the Zr distribution. The degree of amorphization of the Ni crystal was
demonstrated to depend essentially on the number of mixed Zr atoms independent-
ly of the mass of the irradiating ion. Total amorphization occurs at irradiation
fluences in the range of 10'%ions/cm?, i.e. one order of magnitude lower than in the

case of amorphization through direct ion implantation.

Peiny tekst opublikowany bedzie w czasopi$mie Nuclear Instruments and Methods in Physics Research.
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LATTICE LOCATION AND MIGRATION OF LEAD IN IRON

Lattice location and migration of Pb atoms implanted in Fe single crystals were
studied by means of the RBS/channeling technique. The results indicated that the
formation of Pb-vacancy complexes governs the lattice site occupation of impurity
atoms. The mobility of these complexes plays also a crucial role in the the migration
of Pb atoms. The Pb transport mechanism was identified as radiation induced
migration of Pb-vacancy complexes with the migration energy equal to about 1.5 eV.
Some of the samples were annealed during additional 30 keV H* bombardement
leading to a continuous production of point defects. In this case the migration
energy was significantly lower and amounted to about 1.1 eV.

Pelny tekst opublikowany bedzie w czasopi$mie Nuclear Instruments and Methods in Physics Research.
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BADANIE ZJAWISK ZWIAZANYCH Z FORMOWANIEM SIE GRANICY
MIEDZYFAZOWEJ W KOMPOZYTACH SREBRO-NIKIEL.

Na styki do tacznikéw niskopradowych jest stosowany materiat srebro - nikiel

w postaci drutu, o strukturze ztozonej z osnowy Ag i osadzonych w niej wtdknistych
czastek Ni. Uktad srebro-nikiel nie jest jeszcze dostatecznie poznany. Podaje sig, ze
charakteryzuje sie on znikomg wzajemng rozpuszczalnoscig sktadnikéw w stanie
statym i bardzo matg w stanie cieklym [1]. W zwigzku z tym materiat Ag-Ni jest
kompozytem, a do jego wytwarzania wykorzystuje si¢ metody metalurgii proszkéw
w potaczeniu z obrébka plastyczng[2].
W technologii materiatbw kompozytowych istotnym problemem jest uzyskanie
dobrego potgczenia sktadnikow fazowych. Ze wzgledu na nieznaczng wzajemng
rozpuszczalnos$¢ sktadnikéw, zdecydowano wprowadzi¢ na granice miedzyfazowg
sktadnik o chemicznym powinowactwie do obu faz kompozytu. W oparciu o analiz¢
wtasciwosci i majgc na uwadze aspekt aplikacyjny materiatu, wybrano miedz,
tworzaca roztwory state z obydwoma metalami.

W pracy badano zjawiska dyfuzyjne w obszarach rozdziatu faz Ag/Ni po
wprowadzeniu metodg elektrochemiczng na powierzchni¢ miedzyfazowg miedzi.
Badano przekroje poprzeczne probek warstwowych, otrzymanych przez zgrzewanie
dyfuzyjne ptytek.Zastosowano nastepujgce instrumentaine metody analizy:
mikroskopie skaningowg (SEM) w potaczeniu z EDX oraz mokroanalize
rentgenowskg (WDX).
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Badania wykazaly, ze wprowadzenie miedzi, w postaci cienkiej warstwy, na
powierzchnig rozdziatu faz sprzyja zjawiskom dyfuzyjnym w warunkach wytwarzania
materiatu stykowego Ag-Ni, przy czym maksymalnej zawarto$ci Cu odpowiada

stosunkowo duza ilo$¢ Ni.

1.  M.Singleton, P.Nash: Bulletin of Alloy Phase Diagrams, 8(1987)2;
2.  A.Dulska-Wehr, B.ldczak: Materiaty Elektroniczne, 1(1990)14.

Materiat przedstawiono na konferencji w formie posteru.
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MATERIAL KOMPOZYTOWY WOLFRAM-MIEDZ PRZEZNACZONY NA
ELEKTRODY DO DRAZENIA ELEKTROISKROWEGO.

Niejednokrotnie jedyng technikg umozliwiajacg precyzyjng obrobke materia-
téw narzedziowych jest drazenie elektroiskrowe . Dotyczy to zwtaszcza obrobki
materiatéw weglikowych, cechujgcych sie bardzo wysokg twardoscia. Do drazenia
w stalach narzedziowych stosuje sie elektrody miedziane, ale stosowanie ich do
obrébki weglikéw jest juz zbyt kosztowne. Znacznie korzystniejsze efekty daje w tym
wypadku zastosowanie materiatu kompozytowego wolfram-miedz, gdyz charak-
teryzuje go znacznie wyzsza odporno$¢ na erozje w warunkach drazenia. Wysoka
cena kompozytow jest tu kompensowana znacznie mniejszg czestotliwoscig
regeneraciji elektrod. Materiaty kompozytowe W-Cu otrzymuje si¢ metodami
metalurgii proszkéw, stosujac albo spiekanie mieszaniny proszkéw wolframu i miedzi
0 pozadanych proporcjach (spiekanie z fazg ciektg), albo spiekanie porowatego
szkieletu wolframowego i nasycanie go miedzig. Bazujgc na tej drugiej metodzie w
ITME opracowano technologie naktadek stykowych z materiatébw W-Ag i W-Cu.
Prowadzono tez szereg badan nad aktywacjg i modyfikacjg procesu spiekania
porowatych szkieletéw wolframowych w celu sterowania ich wtasciwo$ciami i
struktura. Naturalnym rozszerzeniem zakresu stosowania tych technologii jest préba
ich wykorzystania do produkcji kompozytowych elektrod do drazarek.

Prébki materiatu kompozytowego poddano badaniom eksploatacyjnym na
drgzarce ROBOFORM-100 firmy Charmille. Parametry obrébki ustawiano wg tabel
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opracowanych przez producenta urzadzenia dla drazenia elektrodg kompozytowg
w wegliku. Materiatem drazonym byt weglik o handlowej nazwie FERROTIC. Badania
potwierdzity petng przydatno$¢ opracowanego kompozytu na elektrody do drazenia.
Parametry eksploatacyjne catkowicie odpowiadaty materiatom wiodacych firm.

Mozna zatem stwierdzi¢, ze stosujgc metode spiekania i nasycania miedzig
porowatego szkieletu wolframowego otrzymano kompozyt W-Cu, ktéry moze by¢
stosowany jako materiat na elektrody do drazenia elektroiskrowego, o wysokich
walorach uzytkowych.

Materiat przedstawiono na konferencji w formie posteru.
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ZMIANY STRUKTURALNE W KOMPOZYCIE W-Ag W WYNIKU PROCESOW
TOWARZYSZACYCH ROZEACZANIU DUZYCH PRADOW ELEKTRYCZNYCH

Podczas pracy zwigzanej z przenoszeniem duzej energii elektrycznej materiat
stykéw elektrycznych podlega dziataniu wysokich temperatur, szczegdlnie
w wytgcznikach roztgczajgcych prady zwarciowe. W omawianej pracy badano
wybrane aspekty zachowania si¢ kompozytowego materiatu stykowego W-Ag50.

Do badan przygotowano dwa rodzaje prdébek, réznigcych sige znacznie
stopniem rozdrobnienia sktadnikow fazowych.Srednice ziaren szkieletu w pierwszej
wersji kompozytu byly wielko$ci rzedu kilku do kilkunastu mikrometréw, natomiast
w drugiej nie przekraczaty jednego mikrometra.

Naktadki stykowe poddano zwarciowej prébie zdolno$ci taczeniowej w
wytgcznikach powietrznych typu FB-150.

W naktadkach, wymontowanych po prébie z wytacznikéw, badano strukture
materiatu w aspekcie jej zmian w wyniku obcigzen energetycznych. Zaobserwo-
wano, ze zmiany te zachodzg nie tylko na powierzchni czy w warstwie naskérkowej,
ale réwniez gteboko w objetosci materiatu.

Stwierdzono, iz wielko$¢ uziarnienia fazy trudnotopliwej kompozytowego
materiatu stykowego W-Ag50 ma wptyw na wielko$¢ i zasigg zmian strukturalnych

104



AMT’92 Advanced Materials Technology
Xlll Konferencja Metaloznawcza
Warszawa 23-25/09.1992

w tym kompozycie w wyniku dziatania wysokich temperatur, i moze by¢ decydujaca
o wtasnosciach eksploatacyjnych stykéw.

Materiat przedstawiono na konferenciji w formie posteru.
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THE ROLE OF MICROSTRUCTURE AND OF INTERNAL THERMAL STRESSES
IN THE TOUGHENING OF AL,0, BASED CERAMICS

There are two basic mechanisms of toughening of alumina ceramics
well-described in the literature : one - related to microcracking zone, the other -
related to grain-bridging. The internal residual (thermal expansion mismatch) stress-
es play a controlling role in both kinds of toughening. The, author has studied two
alumina based ceramics. Ceramics Al-99 contained 99.5% Al,O, and ceramics Al-Zr
contained 84.5% Al,O, and 15% ZrO, (in a monoclinic phase). The results of
strength and acoustic measurements, of microscopic observations of fracture planes
and profiles led to the conlusion, that the microcracking zone mechanism of tough-
ening prevailed in Al-99, while the grain-bridging mechanism prevailed in Al-Zr. The
samples of both materials were thermally treated in the sintering temperature to
produce materials of various grain sizes and thermal crack lengths and concentra-
tions. The increase of grain size led to higher toughness and strength of Al-99 and
to the slighty lower toughness and strength of Al-Zr. The increase of the thermal
crack lengths and concentrations in the materials lowered the values of toughness
and strength.

Pelny tekst opublikowano w materiatach z konferencii.
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THE BI,,GeO,, LIQUID CRYSTAL LIGHT VALVE

The paper in devoted to the investigation of light valve with Bi,,GeO,, layer
photoconductor obtained by sputtering in atmosphere of oxygen and argon mixture
(1:1 by volume) under pressure of 10 Tr. The device is a biased four-layer sand-
wich structure consisting of two transparent electrodes and between them a
photoconductor in series with liquid crystal as an electro-optical medium. In the dark
the photoconductor is highly resistive and the electric field applied to the sandwich
drops essentially across the photoconductor. When the write-in light is turned on
charge carriers are generated by the incident photons and resistance of the
photoconductor drops and the field across the liquid crystal increases. If the inten-
sity of the light exceeds a certain level than the voltage across the LC exceeds the
threshold for the electrooptical effect.

Our light valve is basically a high resolution optical to optical image converter
with nematic liquid crystal with electrically controlled birefringence and twisted
namatic effects. Detailed description of the structure, operation, fabrication and
performance characteristics are given.

Pelny tekst wystapienia bedzie opublikowany w SPIE - The International Society for Optical Engineering

Proceedings Volume.
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ELECTRON - PARAMAGNETIC - RESONANCE SIGNALS IN SrLaAlO,
HIGH-TC SUBSTRATES

Electron Paramagnetic (EPR) spectrum in undoped strontium lanthanum
aluminate (SrLaAlO,) single crystals was observed. The following values for three
dublets were obtained:

g |(£1/2)=1.987, g | (£3/2)=5.961, g | | (+5/2)=9.934.

Artykut bedzie publikowany w SPIE - The International Society for Optical Engineering Proceedings

Volume.
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THE GROWTH AND PROPERTIES OF YTTRIUM ALUMINUM GARNET DOPED
WITH RARE-EARTH ELEMENTS

With use of the Czochralski method single crystals of the following materials
have been obtained:

YAG:Pr (0.1; 0.25; 0.6; 1 at.%),

YAG:Tm (0.1; 0.5; 5 at.%),

YAG:Er (30; 33 at.%),

YAG:Ho (0.36 at.%) Tm(5.7 at.%) Cr(1 at.%).

To regulate dopant levels in single crystals it is necessary to know the correct
values of distribution coeficients. According to Monchamp [1] the plot of distribution
coefficients to rare earths in YAG versus ionic volumes of +3 ions yields a straight
line. From the line it is possible to derive distribution coefficients for other
tripositive rare earths.

The values of effective distribution coefficients have been evaluated by deter-
mining the concentrations of dopants in boules using X-ray fluorescence analysis.

Single crystals of YAG: Er (30 at.%) and YAG: Ho, Tm, Cr obtained in our labo-
ratory because of their optical quality and dimensions can be successfully used in
laser technique. Laser rods made of YAG: Er (30 at.%) emit photons whose wave-
length is 3 um and of YAG: Ho, Tm, Cr - 2 um.
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Single crystals of YAG: Prand YAG:Tm are now investigated to determine their
laser properties.
1. R.R.Monchamp, J.Crystal Growth 11(1971)310

Peiny tekst wystapienia bedzie opublikowany w SPIE - The International Society for Optical Engineering

Proceedings Volume.
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LITHIUM NIOBATE AS AN EFFECTIVE MATERIAL FOR MANUFACTURING OF
ELECTROOPTIC MODULATORS

The results of experimental investigations on single crystal growth of lithium
niobate for optical purposes are reported. The crystals were grown by the
Czochralski method with use of induction heated equipment type CGS-2 made by
Spexon. The thermal system consisted of platinum crucible and active platinum
afterheater.

To determine the homogeneity and optical quality of single crystals the distri-
bution of birefringence and of refractive indices n,, n, were measured. Samples of
active elements were prepared and their conoscopic images were checked. On the
basic of these elements the electro-optic modulators were made for which
extenction ratio and V,,, were measured.

Optoelectronic structures with "cut-off* effect on lithium niobate substrates
were also prepared for streight and Y waveguides. The waveguides were obtained
by Ti in-diffusion.

Petny tekst wystapienia bgdzie opublikowany w SPIE - The International Society for Optical Engineering

Proceedings Volume.
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POTASSIUM TITANYL PHOSPHATE SINGLE CRYSTALS PROPERTIES AND
GROWTH

The single crystals of potassium titanyl phosphat (KTP) is a relatively new
nonlinear - optical material. Its unique properties make it useful in nonlinear optics
KTP crystals are widely used for second harmonic generation of Nd laser emiting
1.065 um light, are also attractive for electrooptic applications such as modulators
and Q - switches. KTP has an electro-optic waveguide modulator figure of merit that
is nearly double that for any other inorganic materials.

KTP - compound melts inoncongruently at about 1170°C so single crystals
cannot be grown from a melt under normal pressure. In the literature there are
papers reporting two method can be met to obtain KTP-crystals: Flux-technic and

hydrothermal growth.

Peiny tekst wystapienia bedzie opublikowany w SPIE - The International Society for Optical Engineering.
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THE SINGLE CRYSTAL GROWTH AND ESR AND OPTICAL PROPERTIES OF
CaNdAIO,

In the paper the results of experiments on single crystal growth
of CaNdAIO, are reported. CaNdAIO, is a very promising material for us
as a substrate for high temperature superconducting epitaxial layers (HTSC). The
method of preparation of charge material as well as the conditions of single crystal
growth by the Czochralski method are give. The equipment type MSR-2 with induc-
tion heating made by Metals Research Ltd, England and the thermal system with
iridium crucible and afterheater were used.

The quality of obtained single crystals was examined by polarizing methods.
Optical transmission in the range 200-2000 nm was also measured. Using a newly
developed ESR spin-probing methodology, magnetic properties of this material were
investigated. It should be pointed cut that because of neodymium presence the
material exhibits high paramagnetic susceptibility.

Pelny tekst wystapienia bedzie opublikowany w SPIE - The International Society for Optical Engineering
Proceedings Volume.
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