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1   Abstract 

An imwfclffltioa of thenncbatbn anä gmwth at well a* magnetic H*»^* jj 
SÄ-. onVUAs/GaA.(100) 1» report !£****«■> f™ 
«-« uHsltd> characterisethe wrfecs aad sswdtu MOKE measurements ware ueed 
to character!» the magnetic propirtits, Wa found that epitaxial fllmsioan be grows 
o^TfWoompeX r^ 0.B < * < ÖJ provided tin appropriate nation 
pTcedure k uee/most important of whto la .to *^«^»"j££ 
SjUi^Wbni «waling. BaJU^ii*tal«i- an unmual ineubatjon effect over the 
fest 3 bUayam of growth on AIAB. STM knaps taten at 1 and S Ule^ «ted some 
S oHhythk incubation effect «dati, After depeaitiag 90Ä end^eahng, *. 
&» «UfaL a (2 x 2) and/or a (5 x 5) «fa» «coyote, Tb* ™«^> 
tion depended upon tin annsal temperature and film compwition   STM images 
of a ^0«mial«d film ahowed atomic .tap ten«« with atop height» rough* 
LreaSn* to the haight of an RwAl^bilayer. Differences ware abo seen in 
Z^Sm^oM^^ Mold and 5-fold surfe**. Growth of RfcAJ^om 
£»ÄlSuJIifc- F»*»d ROT oerillatinne which ™ «»»* 
to oceur to 3 diettact mod«, monolayer and bilayar. It in. ***£«* ** ** 
growth moda was primarily dependant q» growth composition, bnt had come de, 
£X* on the -Wed Fb^WtaO« »fa». The «*P^* **^ 
Lwth mode changed from monoid to bilnyir closely eonesponded to the com- 
£Zn at which ra.AUchangei from ^magnetic to nonmagn^lc. Magnetic 
aeMurement* of several samples confirmed samples above s - 0.7 to **""»* 
oetic with magnetisation in-plane. A compositional dependence on coerdvity and 
saturation magnetization was also found. 
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2   Introduction 

Epitaxial vam&dtoml^&VW*^^?* ■^ rf, T? T"^ 
Mmrdy bVc**» of potential .«M»*a tto&Wcati^rfx^Ula^mid 

on III-V'i. Recently, magnetic fotenneteffics have begun to receive acme attention 
B flilJKÄential«ppUostainthefabricationofnov« magnetic 
Li«* and their Integration with III-V'i. Whether depositing magnetic or » 

?££ a**. Internets we «pected to be more ^«^^^ 
wwTls toy to achieving abrupt Juctos and maatejnmg epitaÄ ordering. In 

matched to III-V's making them prims caadidat« for epitaxial growth. 

We investigate Fe, Al^o» AlAa/GaAa as a continuation of prior effort* by Kua- 
nia and Wowchak to undeMtand it'a nucleatlon and growth. They grew Fe.Ali-.on 
pMudomorphic AUa/InP [5] and later on AlAs/GaAs [4]. In both ca^tW «hewed 

*ec^oeitionrange0.e<*<0^ ^^^f^^^X 
lubstrato because of the relatively small lattice mismatch it has with BaAl (CsQ), 
InfifcThevreportedseeingseveralinterestingelects. First, the initialnudaation 
ÄÄÄSÄ lasting 2 to 3 busy** in which the intensity of the 
«Mcular diffraction beam drops to near background and then recover». Second, 
SoXdrSKZ+* * ««"* fe.Ai^urface resulted in either a blUyer or 
££££ g!owtb mode a, determine* by RHEBD «dilations where ama^ 
HeZd «alüigle atomic layer with a characteristic thickness of abo utLttA. 
A t Is two atomic layers and has a chexaetistie thickness of about 2.80 A. 

MS^SM ev*n thou?» there is a big differs in lattice miamatch, -0.9% versus 
2.9% respectively. 

In tide «port, we addreass several main topic»; nucleate, annaaUng, growth 
and inagnet^properties of ft.AV.on AlAs/GeAs. In the nncteation «ectkm we 
SportoK. uVoTsTM to image the surface during the ^^J^™* 
bah» us to provide a more detailed emanationi or the tacubatitm.effect, In the 
ZLung action, we report on the apparent inability to obtam ^*»^»bg 
^TaMeatag vary thinfilms and also w tto different surface rero^tructWh*t 
rbalSX annealing FMU-Jtai of various compoaifcons to t«npeia- 
Z* between 560 and 700"C. We also show STM images of ^.»T" ~*"J 
S confirm previous result* of step layer height and terrace **b *•£»* 
section, we report on the factors affecting bilayer and monolayar growth mod« and 
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nrnoerti» eectionj we report an MOKE nseisureroestB of several films with differ- 
JÄpÄt wwTtrende ^ b« obiimd In the «*rrivlty and »tin*» 

magnetization. 

3   Experimental 

A eou^lonal GeA* MB® ^tem equipped .with ^^^^^i^ 
made to fit m a Kumitaen call wurce port, ^^/^ f^™*J™£ 
„uwe ia almilar to thai described by Joafar et-al -W- *«»*» «"^ ^^ 
«u performed with a standard RHEED meüurament system operat **«aU0 KeV. 
XSSd to the MBE eyrtem we* a UHV STM. Sample* could be tranced to th, 
UHV STM without expose to air, allowing for imaging of a d^fBfe» After 
growth, MOKE measurements, specifically longitudinal and polar Kerr bop*, were 
performed on several sampl» in air. 

Sample Feperation w» ae follows: 0*ld« were deeorbed from » OtA. (100) 
N+Tdopedsubstrate by heating to 62D «C in a Araemc background.* 1 *W • 
ibrr A 30TOA GaA* buffer, doped with Si to about I x ltfW», J^J«^ 
The bufer andsubstrate wire doped to insure that the,«mpto wouldbe mdurth« 
^STTmeaeurements. After the GaA*buffer, an AlAe fc^f^^* 
WM denofllted This «u intended to act as a diffusion/reaction bamer fer tne 
^^vJ^ZlZ ^BampleweacocledtoSOO^a^re^^ 
thedepoaitioj chamber. The Arsenic source was turned down and tha remaining 
AwSw&cniirf was gettared with Oa and Al until tha base J"«»™™^ 
a!!^ TteTle ft and Al soureas wert then «et to give the daeired Fe-Al ratio 
uaÜ a «L «£S deposition rate monitor. The sample waa returned to the 
SSltodLte and heated to 700 -C untU an AlAa (3 x 2) pattern appeared^ 
TwTnroo^dure was shewn to driv* off Ga surface contaminates and reduce the 
I^Toovarage on the surface [7]. Finally, the ^J^^SZi "^ 
back down to 200°C and Ft^Al^wa* g*own by co-depoaition of Fe and AL 

To produce an epitaxial film, we depoUted a ntajaum of 90Ä of ^Jj?fj*j 
A1A?aS^tibct «MMltal to between 550 and 700«C- After annealing, additional 
ÄÄ W^»fC by again «.depoeiuing Fe and Al. Ate M 
I^aWv 100A the film would again be annealed to between 550 and 700 C This 
jS2 J^-T—JlÄfci b. r^ed indent without degradation 
of tha RHEED pattern. 

Prtvioue work focuaed more on the 0*01 phaee of Fe.Al^which, according to 
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the bulk Fe-Al phase diagram, i«^6 between 0.5 < a < 0.68. In o«r;!study, we pit 
more emphasis on the BIFj pW of ^Al^whfch exist bet**® 0.63 < * < 0.78. 
««We JeLTeraited in this phase bficauss it has a amalkr lattice mismatch with 
GaAs than the CeGl phase, 1.6% versus a.iaddition, FfeAli-eb«amei ferrwaejetic 
above * - 0.7, giving us the ability to study the magnetic properties of these films. 

4    Results and Discussion 

4.1   Nucteatioa 

As mentioned earlier, the nuckatioa of Fe^A^on AlAs exhibits aalncubatlon ef- 
fect lasting 2-8 bÜayere. This «Sect TOS feund to be mote or 1MS impendent of 
«rawth composition with theexception that the duration of incubation and the rate 
of recovery was somewhat dependent on composition. In general, higher Fe com- 
positions produced a longer Incubation period and slower recovery. This, however, 
was a small effect and accounted for the Incubation lasting up to 5 bilayers instead 
of 3 Also after the incubation period, the RHEED intensity weakly oscillated at 
lower It compoaltioM. This did not happen at highsr Fe compositions. Wedidnot 
study these effects in detail. Instead, we attempt to provide some inalsht into why 
we get this unusual incubation effect. 

Pig. 1 ebowe a couple of 8TM image* taken at 1 bilayer of growth and 3 bilayer« 
of growth. 1 bilayer of growth corresponds to the point in the incubation where 
the RHEED pattern intensity reaches a minimum and S bilayer« correspond to the 
point where the intensity Is almost My recowed. The first image, Fig K shows£ 
long range scan of the 1 bilayer «uiface is which we can «* large, fiat, atomic height 
tmaceTA close range scan. Fig. lb, shows that the entire surface, including the 
Sao« a» eowedwith «nail dusters 40Ä in a*e and 1.IA high on average. We 

believe that the clusters are composed of ft. AWad the large terraces are due to 
the underlying AlAs surface. Fig. lc shows a long range scan of the 8 bilayer surface 
and Fig. Id slows a short range scan. It can be seen that the AUs terraces are no 
LTger^sable^ut acme «natures on the surface are »till vlsabljHowevar, they 
do not appear to be clusters lite those shown in Fig lb. The RHEED patterns at 1 
WW and 3 bilayer exhibits distinct FaAl 1-fcld patterns. At 1 bilayer, &*V*«<f 
tavery dim, but the shape and ilze of the difracted beams are nearly identical to 
the ones at 3 Wlayers. The only difference appears to be the intensity. 

With the combined Information from RHEED and STM we can postulate that 
the incubation effect is due the the almost immediate formation of amorphous or 
Berru-amorphous FeAl clusters.  The amopnoue or »eml-amorphou« nature of the 
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■urfae» would thah account fdr jtba drop in MEED bt^.J**£MV of the 
Ä^Ltyi would then be du* to t^AIord^dp^^^-o« 
ena^leally favorable than the amoiphoui phase at around 2 to 3 buayera. 

4.3    Annealing 

As we described in the experimental section, we grew at leajt SOAeTBfeAli^ Mi 

•Jtartbif to amM ftlstfl» than 90*. to thkfcat« commonly;readad* ***** 
StS^p^ in the diffraction P^™j2*^ ~ 
Lt the film had poor long range onto and pcmbly *^.fZ*£*Zm "2 
««dble to recover a sharp di&actios pattern V depositing additional F^ AJi-8an4 
SÄ? ^dltion,7w« not poiible to obtain «TO ojriDiitoM «*J 
Sta wa. acme evidence that the «inbnu» fib* thickness »•*•"*" 
SM wai dependant upon film composition, however, this was not studied to 
SI kl^-StoS thTeffoct i. due to s certain amount of them«>dynamlc 
instability of the I^Ali-^ln». 

We were able to get a good dinHctioa pattern when annealing Sims thiekarthaa 
904 iZsZ2g, thftoexhibiteda W' (1x1)diffrafltionlpMtern. After 
^ean^t^Äibitad either a (2 x 2)and/or a V***^» 
A .harp*2 x 2)pattem would appear «m ^ZZ HowLr tJ* 
appearance of tbla pattern was not dependent on ^P«*1^" ^!™' TfjoZ 
flWteßBO.700 «C resulted In the composition dependent formation of a (2 x 
S^^sSfcSEpattern. At * = M, tha film axhibitad a pure Wd 
paUa^T^n0.56 < • < 0.7 tha film exhibitedla .«riMW;*»£ 
Stan with the Wold pattern becoming more and more dominant at higher,F* 
c^nceSratlon«. At ox above x « 0.75, the film exhibited a pure Moldpattern. 
S«««! evidence that the 5-feld pattern i. due to exce» Fe on tha eurface. 
This is discussed hi more detail in the, growth section. 

Wa looked at tha aurfece of 2 annealed Aim» with 9TM one -OM*«; J*JJ 
dJft^ioT^attern and one exhibiting a 5-fold pattern. Fig 2» ah^the imap 

SÄ to «• « ^» ■Sä Ä^Ä 
£X £t» atep bunching in many location« where 2 Ulaye* atepa come together 

ÄaÄtepIÄn height. Fig. *^*»2££ffi* 
€hm 5-fold pattern, Thia eurface also shows terraces with lengths over 40UA^ena 

bilayer step. Comparison of the two image« efcow a oramaw <*«* 
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«wphologjr with)*« 2-fbia Bdrfe« exhibiting rounded corners and the Wäd surface 
exhibiting sharp «Anon». 

4.3   Growth 

1» th» section w*talk about growth-of Fe^i^on *nannealed FeaA^-Bsur**ce, As 

SaTwmporitioni above X - OJxwft* to rjumOlayer growth and compcaitiofB 
SITS 0.7 MM H%r growth, however the aiartir* eu^e W~» 
effect on growth mod*. By »tarting iurfeet we mean the «inaated KM^£? 
u^ wMAw* were growing. When attempting to grow on ^^^^ 
fold dl&acüon pattern, the tot 1 to 15 Hyer* of growth would ^ *™"*P* 
powth. A-uming the growth composition ^ bale* .-0.7, *^J^J 
to transition to Mayer growth after 1 to 15 layers of «^.^ ****"* 
which the growth would transition to bilayar growth was **"*"**% ""** 
slttan. At *-0.8 the transition would occur after 1 layer of growtft. At « - M 
transition would take a» mush a. 10 layers. The closer we got*,.>- 0.7 tie 
Sger the tradition would take, Jhli efftct was in contra« to gr*rth cm a2-fold 
IXe where the transition was quite abrupt. Below , -0.7. the growtwould 
sJart and remain in bilayer mode. From the results stated above, we oonduded 
SffgSl^ w-»Wy * ** -i «bat the reason why we ^d always 
got monolayer growth cm this surface wae due to the excess F* ^J^""*?" 
and^hXo^ating into the growing lay«. If enough *_"•£••? «*J 
surface, So, growing low F* composition on «ich a surfe«, the excess EbroU 
JeVueed up {riäUyart the growth would transition to bilayer eft«*   At higher Je 
££rt£2 the Lea ft would be used more slowly and the traction to Mayer 
growth would take long«. 

On a 2-fold surface, the transition from monolayer to bilayer occurs etzP-CK7 
M ^described. However, on a 6-fold surface, the first **)**»« *£* 
rieL occur in a monolayer mode, even at , - 0.5 which* well into the H£yec 

than what is being deposition, thua eauaiag monolayer gtewth. 
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4.4   Magnfijtlc Prapjttfcte 

optic Km Efeet). Figure «M«*» ^^^^^^agnetjBBtloii 
sLpl*. lUelongitudeteM" ~*£ÄSo no* 
rf the film. ^^itlÄ»«^^ 
more magQfitlc as expected. Th* magnetic sans me8Btt*em8nfcs, we find 
a «WM* *P"£-« "r'^^J^^ÄST« cation . the saturatloB Add and marimias Kfflf rot&tion «• «p«ww» *• l™,    """ n - 6L m n 228' aud K, * 16 KOB whareaa for a * 0.3, fl* ■ 0.10 
well. At X - 0.2, 9k * Ü-«»  *"B ■"' .1.-B-J ««ma evidence of structural 

5    Conclusion 

SiLteto nail ortatod 03* *• Tb» audaitton b.r*rforinay «»«" 1« 

In order to obtain a smooth «urfaca. It to ""J?^? r"7~ ^^ wlth a, 
th. MU* of to thinner tto -ft*»**"' "^ JlrÄudaatlon 
„«tarlyta, A1A. to« or to ^J^KiSLd apitaaial 

flteoB can be produced over tne emu« «J»P ^^^ . primarily determined 
growth mode of FebAW* - ^^1^1^-0 7 LTbilayer growth 

far «W to««. FlnaUy, «apl« »dih» >" ~ "^ t0 u dependmt on 
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7 

Figure C*p4iöBi 

m» i MEED«Mi >)**d c^cspoiiai^ STM im^gw b) ^*^£"£ 
rig.l R»&ay .P»w 7 ^V.Ä„ „.WJüS fS x^surface. The 8TM image 

to 68? #C «d «* comwponang STM Iffifiga «u*™S 0"*^ "» 
IBOA in i 

growth at & composition of x-0.72. 

Pig.» tatfMU K« toop. of three «npta e-) -U.») *-<>■' «d c) »*M. 
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