
CERTAIN DATA
C0NTAIrNED INTH'IS

ni

i DOCUNENTMAYBE
i

! DIFFICIJiLTTOREAD
|

i

! IN iVlICR0FICHE
a

,|

i

i PR.ODUCTS"
j, .
,!
l_

i
!

i
r|

I '



' _ _./_. DOE/ER/4526 5--6b

Dh_2 018726

PP.OGaEf;t; _,_OaT ]'OR

DEP_.T_(_:_T OF ENERGY

GRANT NO. DF_-FG02-'86P_45265

OPTI,MI_ATION OF FILM _YNTHESIZED

RAR_ ZARTH TRA_SZTION MBTAL

PERMkNENT MAGNET SYSTEMS

Time Period of Progrons Repozt

August I, 1991 to July 31, 1992

Program Monitors Dr. Josoph Darby

Prinoipal Investlgatorz Professor Fred J. Cadieu

Department of Physios

Queens College of rh.

city University of New York " .... '

Ylushlng, NY 11367 3UL_ J_

DISCLAIMER ..........':

This report was prepared as an ac_ount of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any !¢gal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
I_roccss disclc_scd, or rcp.r¢scnts that its use would not infringe privately owned rights. P,cfcr-
enc¢ herein to any specific commercial product, process, or sc.rvic,¢ by trade name, trademark,

manufacturer, or otherwise dc,cs not necessarily c_nstitute or imply its endorsement, recom-rnendatio.n, or favoring by the United Sta_e.s G,overnrnent or any agency ther_f. The views |_|and opinionsof authors¢xprcsse.xlhereindo not n_ssarily stateor refl_tthoseof the

Unit',_StatesGovernment orany agencyth,crcof.

DIS'FRIBU_ON OF THIS DOCUMENT IS UNLIMITED



STUDENTS SUPPORTED U_DF_ GRANT
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of Sm-Fe-TI Sput'.teredFilms With IntrinsicCoercive Force Greater Than
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degree at the May 1990 CUN_' commencement.

2. Dr, Hari Hegde completed his thesis titled"SputterSynthesis of RE-TM
2-17 Tyl_e Magnetic Films With Strong Allgnment of Easy Axes of Grains"

• during the Spring 1990 Semester. He was granted the Ph.D. degree at the
May 1990 CUNY commencement. Dr. Hegde was in part supported by the

• Department of Energy as _ graciuatestudent,
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about 50% from the Department of Energy and the remainder from the
Rome Air Development Center. Hanscom Air Force Base.



Progress Under Current Grant S_ August I, 1989

.... OPTIMIZATION OF FILM SYNTHESIZED

RARE HARTH TRANSITION META[.

PERMANENT MAGNET SYSTEMS

GRANT No. DE-FG02-86_4_5265

HIGH COERCIVITY Sm-Fe-Ti-V, Sm-Fe-Zr, AND TWO ELEMF_NT Sm-Fe

Sms(Fe'T)I7 TYPE CRYSTALLINE PHASES

--Relatedpublications:
I. N. Kamprath, N. C. Liu, H. Hegde, and F. J. Cadieu, Magnetlc Properties

and Synthesis of High lHc Sm-Ti-Fe, 4rh Joint MMM-Interm&E
Conference, July 1988, J. Appl. Phys. 64, 5720 (1988).

2. N. Kamprath, X. R. Qian, II. Hegde, and F. J. Cadleu, Magnetic

Propertiesof Sm-Fe-Ti-Al Sputtered Films with iHc Greater Than 30
.:Oe. ?4th Magnetism and ._,_agnetic Materials Conference, Boston,
;;ovemver 1989, J. Appl. Phys. 67, 4948 (1990).

:3.N. Kamprath, Ph.D. Thesis, "Synthesis and An_L[ysls Of SIl1-Fe-Ti

Sputtered Films With Intrinsic Coercive Force Greater Than 30 kOe",
i'ity University of New York, 1990.

• .=. J. Cadieu, H. Hegde, N. Kamprath, A. Navarathna, and R, Ranl, High
_oercivitySm-Fe-Ti-V and Sm-Fe-Zr Crystalline Phases, Proceedings

Sixth Internationa.[ Symposium on Magnetic Anisotropy and Coercivity
.n Rare Earth-Transition Metal Alloys, pp. 463-476, editor, S.G.
:'ankar.. Carnegie Mellon University Press, Pittsburgh, October 25,
"990,

: ='. :. Cadieu, N. Kamprath, II, Hegde, K. Chert, A. Navarathna, and R.
;.ani, Analogous Sm-Fe-Ti High Coercivity Phases in Sm-Fe-V and
-m-Fe-Zr Sputtered Film Samples, 35th Magnetism and Magnetic
,lateria.is Conference, Paper FA-10, 1990, J. Appl. Phys, 69, 5608
/991).

._. .'..;. Cadieu, H. Hegde, and R. Rani, Cell Volume Expansion in

Sms(Fe,T)I7, T = TI, V, ._agnetic Phases, M&tl. Letters II, 284
!991).

-. R, Rani. H. Hegde, A. Navarathna, K. Chert, and F.J. Cadieu, "Synthesis

and Properties of Magnetically Hard Two Element SmBFel7 Phase in
Sputtered Films", submitted to Intermag 92, St, Louis, Mar. 1992.

In recent papers we first showed it was possible to crystallize a

Sm-Fe-Tl phase that exhibited a room temperature intrinsic coercivity,



iHc, of 38.5 kOe as measured at 298 K. 1'2 In subsequent paper_ we

reported measurements for a range oi' Sm-Fe-(T1,V) compositionm and

contrasted the crystal structure and magnetic properties wlt_l those of

Sm-Fe-Zr for corresponding composition ranges.3'4 The samples

investigatedwere made by crystallizingin situ originallymicrocrystal],Ine

or "amorphous" sputter deposits of the respective compositions. This

method of preparation generally produces fine grained crystallltes,300 to

600 A in diameter. The orientationof such cryst_lltesis expected to be

ranoom. The end points _'or Sm-Fe-Ti and Sm-Fe-V compositions

exhibited maximum coercivity values of 37.8 kOe and 16.7 kOe

respectively. For an intermediate Ti:V ratio of roughly 2:1 a room

e,......._ure maximum coerciv "It.,of 45.5 kOe was observed, lt was shown

that Sms(Fe,T)17 T = TI,V, could be crystallizedinto the same hlgh iHc

Srn:(Fe.T)17 type structure across the entire range of Ti to V
J

,:omDositior|s, for Sm concentrationsof approximately 20 at.%. The room

-emDerar,ure coercivity for Ti rich SmFe(TI,V) samples reached

approximately 50 kOe. All of the magnetic measurements as sho_,n in

_,_. ,#ere for the as measured hysteresis loop values without any

_ec,._nophase corrections. Whether there was reallya maximum coer_ivlty

for "'_:V rich samples is uncertain and may reflect details of the

cr'vstaliizingtime and temperatures. Somewhat higher values of coe_Ivlty
i

• have been observed for rapidly quenched Sm-Fe-Ti samples.9 Those
i

I alloyed samples "#ere made utlllzlngthe exact compositionmechanically
I

I that "_ve had previously reported as a high iHc phase. Samples of the
SmFe(T_,V) system formed into the same high [Hc crystalphase for similar

compositions from TI to V. In contrast to this,sl,milarly prepared SmFeZr

!



samples did not exhibit this high lHc phase, but instead formed into a

disordered I-5 TbCu 7 type structure.4

lt was also shown for the firsttime that just the two elements Sm

6
and Fe could be synthesized into the same high iHc phase as SmsFe17.

The room temperature iHc in that case was Ii.9 kOe at 293 K. The room

i _ temperature static energy product for this two element SmsFel7 sRmple

i #as 5.6 MGOe. 18 For lower temperatures the 1Rc values smoothly rose to

!' 23.4 kOe at 15 K. Up to this point such samples have only been

I
; syn_hesizeciin our laboratory. This was the first reporting of a two
!
,i

'_ element uniaxialSm-Fe compound.

I

Table I.The magnetic propertiesof subsequently crystallized Sm-Fe-TI-Vi

ii an,a_.-Fe-Zr films as measureci at 293"K are shown for representative

compositions. All except those marked with +++, crystallizedInto the

high iHc Sms(Fe,T)17 type phase. ']"hosemarked +++, crystallizedinto
the TbCu 7 structure.

Composition 4nM (KG) 4nMr (KG) iHc(KOe)
90 (KOe)

Lm=Te,7 8.9 5.6 II.9

,:m_ )Fe72.7Ti8_4 4.4 3.9 37.8

Zm19 5Fe73.5V6,9 6.3 4.4 15.7

_m21 3Fe69.ITi,l.7V4.7 5.0 3,2 26.6

Sml5 [Fe70.4TilO.8V3.7 5.8 3.8 45.6

Sml9 9Fe71.2ZrS.l -_*+ 5.6* 4.0 6.4

Sml3 3FeS0,7V6.0 -++ 8,6' 1.9

t.--._

" _._]Mat 18 KOe

_' " '"" ,, , I lIll l _ lJJIll '" '"" ' J] ,= I! I 11_
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:t,_,. In plane hysteresis ioops are shown for a Sm5Fel7 sample for

lifferent measurement temperatures. At 29,3 K the IHc = 11.9 kOe
with an energy product oi'5.6 MGOe. The coercivltles al; 298, 200,

:00, and 15 K were respectively 11.9, 15.1, 18.8, and 28.4 kOe.

,. comparison of the volume changes for Sm5(Fe,Ti) 17,

SmstFe.Ti,V)IT, Sm5(Fe,V)IT, and SmSFel7 have allowed us to show there

is a ._ystematic expansion of the unit cell as the third elemertt either V

or ''i t:3 added. These results which are shown in Table II Indicated that

r.he third element was actually being added substltu%ionally for part of

the [:e.

._ complete indexing of the high coercive force phase based upon a

hexagonal cell with a = 20.12 ..\,and c = 12.34 A, the 5-17 cell, was

recently reported by us in the symposium paper.8 The indexing reported



was based only on a cell fitting. Ali possible indices which flt the

experimental angles within +_0.06" for the CUKa diffraction lines were

gi,ven. Ali 37 of the diffraction angles observed between 2S and 50" 20

were fit. That indexing included as a subset the powder pattern based

indices that have now been published in Ref. 5. The indexing in each

case for Table II was done using only the indicated powder pattern lines

from Ref, 5. The hexagonal unit cell volume showed a clear and

systematic expansion upon the partial replacement of Fe with V, V-TJ,

anti ,:'i. The compositions in each case were very close to Sn_2Fe7T1, for

which it was previously observed that the room temperature i_Ic reached a

maxiraum.

Ali of these samples were synthesized by at first making an

"amorphous" or microcrystalline =5 l_m thick deposit of the desired

composition by sputtering the elements, and then subsequently

:rvs_allizing in situ that deposit. The compositions, x-ray parameters,

anra _agnetic properties were de_ermined by direct analysis of the films

after :he subsequent crystallization. The as deposited films only

_._aibi_ed a weak characteristic amorphous hump in the vicinity of 34 ° for

Curia .-adiation.



Table II. The hexagonal 5-17 latticeparameters, % unit cellexpansion

over binary SmSFelT, x-ray density,and iHc as measured at 293 K, are

shown for Sm5Fel7 and for Sms(Fe_T)17 compositionsfor T : TJ,V. The

x-ray parameters are based on fittingof from 30 to 87 observed

diffractionlines from 20 = 25 to 50' for CUKa radiation.

Composltion a (A) c (A) % Cell X-RaM Density iHc

Expansion (q/cre3) at 293 K

Sm5Fel7 20.061 12.282 7.922 12
kOe

Sm5 (Feo.9oVo.I)17 20.115 12.318 0.83% 7.818 16
kOe

::_.,?c_9.8970.055Ti0°055)1720.i42 12.336 i.25% 7.769 45
kOe

:_m5iFeo.89Ti0.ii)17 20.169 12.354 1.674 7.724 39
kOe



ThMnl2 Type Pseudoblnary SmFel2_xTx (0 :_ x _; 1.5)

Related Publications:

I. F.J. Cadleu, H. Hegde, A. Navsrathna, R. Rani, and K. Chen, High Energy

Product ThMnl2 Sm-Fe-T and Sm-Fe Permanent Magnets Syntheslze_..............::.................
As Oriented Sputtered Films,Appl. Phys. Letters 69, 87_ (1991). I_=........:._:=:.:=i.=_......

2. H. Hegde, R. Rani, A. Navarathna, K. Chen and F.J.Cadleu, Film

Synthesis and Magnetic Propertiesof ThMnl2 Type Sm(Fel-xTx)12- x
":0.12,Paper KD-02, 5rh Joint MMM-Intermag, Pittsburgh,June i8-21,
1991, J. Appl. Phys. (to be published,1991).

-3.._..iavarathna, H. Hegde, R. Rani, and F.J.Cadieu, "ControlledSynthesis

of DifferentlyTextured Sm(Fe,T)12 T = TJ, TJ+V, V, Sputtered Films",
submitted to Intermag 92, St. Louis,MRr. 1992.

During the past year we have made a very important breakthrough

in _.hat a high energy product system has been discovered that can be

synthesized such that the easy axis of magnetization is directed

_erpen_icular to the film plane. 12'7 Binary SmFel2 and Sm(Fe,T)12 films,

•vnere _' = Tl and V, crystallized into the ThMnl2 type structure, have

:ecn :;ynthesized as sputtered films such that the c-axes of the

crystatiites are oriented perpendicular to the fllm plane. It has been

possible to synthesize Sm(Fe,T)!2 films which exhibit a very dominant

(002) _exture with intrinsic coercivities of 5 or more KOe. Such films

exhibit flux densities, 4nM s, of more than 10 kG perpendicular to the film

plane. No discernible columnar structure is exhibited so that the static

energy product measured perpendicular to the film plane is nearly 21

._,iGOe.



Although it has been possibleto synthesizebulk 1-12 samples with

either high flux density values, or intrinsiccoercive force,iiic, in the 6

to 8 kOe range,19'20'21 it has been difficultto attain the high remanent

flux density and hlsh intrinsiccoercivity simultaneously in the same

sample which is necessary to realize a high static energy product or

magnetic energy density. Generally it was thought that a relativelylarge

third element addition was necessary to stabilizethis structure. The

usual composition required for bulk samples was approximately $m(Fe11Til)

or Sm(Fel0V2), 22'23'24

But by our special sputtering methods, well defined Sm(Fe1_xTx)12

_amDies with x ( 0.1 have been synthesized. The crystal structure is of

the ThMnl2 type. In bulk it has not been possibleto synthesize this

system with x values as low as this, or to mak_ ThMn12 bulk samples

,#_th '_ligned crystallites. ..\ sample with a random orientation of

crystallites can at most exhibit 25% of the energy product of an aligned

: _amni_, tn bulk it has not been possible to synthesize ThMnl2 samples

_ithout replacing about 20% of the Fe with a nonmagnetic third element

_: __ucn :_s Ti. In film form we have been able to make ThMnl2 type films

' even _'hen x = 0.0, but a x value of about 0.05 is necessary to obtain

sufficient coercivity so that a high energy product can be realized. The

central part of room temperature hysteresis loops, measured perpendicular

i to the film plane, and in the film plane, are shown in Fig. 2, The static

enerT_y product measured perpendicular to the plane was 20.7 MGOe.

!
,, ,, ,,, .........
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Fig, 2. Room temperature hysteresis loops measured perpendicular to the

ilm plane for a highly textured Sm(Fe,T)12 sample are shown. The.nergy product with M directed perpendicular to the film surf&ce

,ras 20.7 MGOe.

'.digh field measurements were necessary to magnetize such samples

in the film plane. Hysteresis loops measured to +90 kOe are shown in

Fig. 3. The +90 kOe applied field when applied perpendicular to the film

tane is nearly sufficient to saturate the sample of Fig. 1. The field that_ould be required to saturate this film to the same value if applied in

the film plane is estimated to be t30+10 kOe. For these highly aligned

I

[
, , m ,,, ,,,, ,r, ,, ,,



films which have the cr'yst:_llogr'apb,tc c-axes orlen_ed perpendlcularto the

plane thls anlsot,ropy t'_Idts _hen t,he magnetocry_tallineanisotropyfield,

ThMn - Fm T[ V
£2 8.i_I "/9.16 9,t i 3.69

I 2 ........................ - " + ;." . " "Jlllllk..l ........ " :'... ..... ". ".... - ....

m ,.,_. -- p _ljm_++, _._,,ll_tP]arm I

+a i -- 2_qJ_ '+C -L_rr'

r( /3 :

6 BH Perp.Plane •

"m_'+ _ ,o • • • o,• +.+ _t.. ,,,

I_ "2

-_

-,5

.,+

-ta

- [2 " "-+_ ...... +-+-:...... " -- " --++++"+_-.:-+ " _-:. _'*-_-+_+"
-L_-88 -_@ ,-+ -2a a 2_ 4a _ _ t_

H EnternaL(kO_)

;-i..._.. The room temperature ._nisotropyfieldwas 130±10 kOe, Since all

he c-_×es were perpendicular to the film plane, thls is a dlreet

,,measurementof the rnasnetocrystalilneanlsotropy field,

<II film composltio._swere determined bF+ dlrecl;lyanalyzinllfllm

pleces. The perpendiculnr to the film piane loop as meuured versus tl_e

:_ppiiedfield i_ shown _s t.he dashed-do_ loop, SEM photographs of

l"racturedsample edges iu.dlc_teno dlscern_blevoid or columnar s_ructure

for _hese flims, The high flux densitlesa._meuur'ed perpendlcul&rl:othe

1



film plane also justifythe use of Nd = 4n which would be the case for a

dense plate for measurements made pe_eridicul_r to the plane. For

measurements made in the film plane the demagnetization factor has been

taken as 0. The perpendicularto the film plane staticenergy product as

measured at room temperar,ure was 20.7+0.5 MGOe. The intrinsic

coercivity,lhc, in thls case was just sufficientlyhigh at 5 kOe so tllat

t,he static energy product value is not coerclvityIirnited.

The hl.ghratio of the remanent to saturationintrinsicflux densities

versus H internal,4nMrl4nM s, observed perpendicularto the fllm plane for

Fig. 2 is only consistentwith a uniaxial system that has the easy axes of

= the crystallite_ oriented nearly perpendicular to the film plane.

4,:_:',Ir,_nMs = 0.9131 The magnetic propertiesthus provide very specific

expectations to aid in assigning a crystal structure and indexing of the

observed x-ray diffractionlines,

Expected powder pattern intensitieswere published in Ref. 25 for

",ueTh._dnl2structure, lt is expected that certaindiffractionlinesshould

: _e :,ommon to the CaCu 5, TbCu 7, 2-]7 rhombohedral, and tetl_lilonal

-k._In,_structures. Certain correspondinglines in the 1-12 indexing are

,.'onnectedby the foilowingmatrices.

h i -i O, h,
i -= I 2
li

i :..l_' 1-5
I!
li
!=

•i .= 02
i

| i I 0
_i L- 12 I-5
II
I!
_ii

__q,'



For the ThMn12 structure, reflectionswhich would have some

indices negative have been shifted to equivalent ones with all indices >-

0. In addltion to these transformationconnected linesthe 1-12 structure

exhibits a higher density of lines because the structure is not in

agreement with the ideal structure transformationsize which would have

ai_12 .---2.ci_5, and ci_12 = al_ 5. The deviationsfrom this ides/ case

are driven by the ordering at the dumbbell sites and leads to the much

higher density of observed linesof the 1-12 superstructure,as oppvsed to

that posslbte for the fundamenr.ai I-5 structure. The 1-12 structure is

the only one that accounts for all the observed lines,

!rraddition to the fact that all the observed x-ray lines can only

-e ."itL_y the 1-12 phase, the magnetic propertiesvery strongly support

that indexing and provide conclusive evidence ags/nst the i-5, I-7, and

2-17" phases as possible structures, lt has already been noted that the

magnetic properties are only consistentwith a uniaxial system which has

"as --axes of the crystallltesstrongly aligned perpendicular to the film

olane. As the films become more highly textured as illustratedin Fig.

._(a),_.he texturing in the extreme becomes only (002) for the 1-12

_e_ragonal indexing This indexing is consistent with the observed

extreme perpendicular anisotropy. 'Thisx-ray corresponds to the magnetic

properties as illustrated in Fig. 2. In contrast to this, the

transformations and indexing illustratesthat the a axis of the I-5

structure corresponds to the c-axis of tlle1-12 structure. The (002) c-

axis reflectionof the 1-12 structure would correspond to the c-axls in

plane (ii0) line of the I-5 phase, and the c-axls in plane (800) llne of

tl_erhombohedral 2-17 phase, Hysteresisloops for a binary SmFe12 film

were shown in Nel. 12. Other (002) textured SmFe12 samples exhibit a



t.

nearly flat topped hysteresis loop when measured perpendicular to the

plane, but then fewer x-ray lines can be detected. The extreme in film

plane anisotropy observed for (II0) textured TbCu 7 type films,17 or (300)

textured 2-17 fllms,26 cannot be confused with the extreme perpendicular

anisotropy observed for the SmFe12 films. The Sm2Fe17N x phase has been

shown to become uniaxial for up to three N per formula unit with up to a

6_ cell volume expansion.27 This phase cannot account for the observed

x-ray lines,and the magnetic propertieswould have to exhibit in plane,

not perpendicular, anisotropy. Mossbauer measurements have also shown

the extreme perpendicular anisotropy films to be a uniaxlal system with

c-axes oriented perpendicularto the fllm plane.7

As the third element additionhas been reduced to zero,it has still

been possible to form a well defined SmFe12 phase which can be made so

as to exhibit extreme perpendicular anisotropy. The large values of

4nMr,4nM s and the perpendicularmagnetic anisotropy are only consistent

•#1lh a collection of uniaxial crystalliteswhich have c-axes strongly

aii_neciperpendicular to the film plane. The film compositions,magnetic

_roperties,and possible x-ray indexing all support the identificationof

:hese ,_iensedeposits as ThMrtl2 type films.



SP_ PROCESS CONTROL FOR THE SYNTHESIS OF P_Y TEXTURED

RE-TM KAGNETIC FILMS

Principal publications:
1. F. J. Cadieu, H. Hegde, and K. Chen, Enhanced Crystal Texture Control

For Sm-Co Based Films Sputtered In Ar-Xe Gas Mixtures,Paper
presented at 8th InternationalConference on Thin Films,San Diego,
April 1990, Thin Solid Films 1931194, 857 (1990).

2. H. Hegde, Ph.D. Thesis, "SputterSynthesis of RE-TM 2-17 Type
Magnetic Films With Strong Alignment of Easy Axes of Grains",City
University of New York, 19.90.

3. F.J.Cadleu, "Permanent Magnet Thin Films" in Physics of Thln Films,
vol. !6, Acaderalc Press,NY (to be published, 1991).

4. K. Chen, H. Hegde, and F.J. Cadieu, "Strong In-Plane Uniaxial
Anisotropy Induced Through External Magnetic Field in Amorphous
Sm-Co Sputtered Films",submitted to Intermag 92, St. Louis,Mar.
1992.

Over the last few years we have been able to synthesize a great

many rare earth transitionmetal permanent magnet systems which exhibit

well defined crystallitegrowth textures. This is necessary if an energy

prociuctis desired which is more than can be expected from the Isotroplc

_vstems. Such preferentiallytextured films are synthesized by sputter

,iepos_tingthe atoms onto sufficientlyheated substrates so that the

deposit ts immediately crystallized. Such films are said to be directly

crystallized.Crystallinefilms of the RE-TM magnetic systems can also be

made by first making' an amorphous deposit which is subsequently

crystallized. Such films made by subsequently crystallizingan amorphous

deposit generally consist of a random collectionof slngle domain grains

for the systems of interest. The coercivltycan be near optimal,but the

remanent flux densities are low because of the Isotropic crystalllte

distribu_,ion.Such films correspond raostclosely to bulk samples made by

mechanical alloying.



In contrast to this processing, direct crystallization allows for the

direct growth of highly textured films. If properly done, sputter process

control can be used to favor the growth of crystallites wtth specific

cry'stellite orientations over competing growth modes. It is thus possible

to grow relativelythick highly textured films onto polycrystaUlne

substratesby utilizingsputter process controldynamics. An x-ray

diffractometertracefor a highlytexturedSm(Fe1_xTx)12filmlashown in

Fig. 4. For this sample the c-axes of the vast msJorltyof the

crystailitesare alignedperpendicularto the substrateplane.

Sm Fe Ti V
8.8_ "_.16 9.11 3.69

F841-22.prn Th_n
t2

F---- I _ I I I I IIIII III II I ............

:

z 15_ -

" (222)

2e c_ _l_im

Fig.4. An x-ray dlffractometertrace for a directlycrystallized(002)

texturedSm(Fe,TI,V)I2filmisshown.

We have come to understandthe dynamicsof texturecontrolto a

great extent during our studiesof RE-TM systeme. The most complete



description of the dynamics of textured ftlm growth is contained In the

article titled "Permanent Magnet Thin Films" which is scheduled to appear

momentarily in T_hin_ Film Phys_ics, Vol. 16_.15 At the present time the

growths possible for a particular system can, to a large extent, be

predetermined from a knowledge of the crystal structure, and

ferromagnetic Curie point.
i

Three factors have been deflnfd which determine the favored growth

textures.15 The firstis the selfdemagnetization energy which favors the

growth of uniaxial crystalllteswith c-axes aligned towaxd the substrste

plane. This mechanism can only be useful for systems which can be

directlycrystallizedbelow their Curie point. The second factor la the c/a

ratio ;'orthe crystal unit cell. Ratios which appreciably differ from i,

either greater than i, or less than I, c=n be used to promote preferential

growth. The third factor is _alled the stacking sequence complexity

factor. The second and third factorsdo not depend on the systems being

.::rownin a magnetic state below r.heirCurie point. These factors can be

" used to also control the growth textures of nonmagnetic systems.

For any of these texture control factors to be effective requires

that the energy and momentum of the sputtered atoms be controlled so
I

i that _he sensitive factors favoring the growth of certain textures are notrandomized. Some form of thermailzed or selectively thermallzed

I sputtering is normally required to synthesize highly textured I_-.TM

permanen_ magnet systems.
'The influence of energetic neutral sputtered atoms impinging during

the growth of crystallinetextured rare earth transitionmetal f11ms has

been experimentally studied and modeled. The main system modele4 has

I been Sm2(Co,Fe,Cu,Zr)17 films that have been directly crystalllzedby
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sputtering onto heated sapphtre and polycrystsLline A1203 substrates. By

varying the sputtering pressures and gas compositions, the composition of

the films sputtered from the same targets could be shifted so that either

a disordered hexagonal TbCu 7 type structure wu formed, or for richer Sm

concentrations, a hexagonal i-5 type structure was formed.28 Films

exhibitingthe TbCu 7 type structure were the principalinterest for these

studies. The magnetic anisotropy field of these films was sulTIclentiy

high that the magnetic propertieswere a very sensitiveIndicatorof the

presence of crystallltesthat had c-axes skewed out of the filmplane, lt

has been possible to sputter such films,with thlcknemms from 1 to )50

_m, with in plane energy products of _-20 MG0e in Ar-Xe sputtering gas

mixtures such that no crystallltesthat have c-axes skewed out of the

film plane can be detected. A principalresult of the modelling,which

used a distribution of sputtered neutral atom energies, Is that the

fraction of nonchermal atoms striking the crystalllzingf11mJ can be

appreciably lowered by using Ar-Xe mixtures at much lower total

pressures titan if Ar alone were used as the sputtering gas. To obtain

agreement between the modeling and the experlmenr_alresults it was

necessary to use energy dependent scattering cross sections for the

sputtered atom - sputtering gas atom collisions. Figure 5 shows the

calculated distributionof energies for Co atoms sputtered from a RE-TM

target in 60 mTorr of Ar--50%Xe.15



Fig. ,5. The calculated energies as a function of the target to substrate

distance for Co atoms sputtered in SO reTort At-SO%Xe is shown.

The model uses an ener_ dependent collisioncross section. Suc,ha

modeling is required to agree with the experimental pressures

required to obtain completely textured Sm(Fe,Co0Cu.Zr) type f11ms.

[f a simpler energy independent cross section were used. then

thermalization is expected for lower pressures than are ac_uaily

required.16

.i -i_-7. I . - I .
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