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In-plane magnetocrystalline anisotropy observed on Fe/Cu(1)Inanostructures grown
on stepped surfaces

C. Boeglin}* S. StanesclJ. P. Deville! P. Ohressef,and N. B. Brooke$
YPCMS-GSI-UMR 7504, F-67037 Strasbourg Cedex, France
2LURE, F-91405 Orsay, France
SESRF, BP 220, F-38043 Grenoble Cedex, France
(Received 21 February 2002; published 19 July 2002

Magnetic in-plane and out-of-plane anisotropies measured by angle dependent x-ray magnetic circular
dichroism (XMCD) on fcc Fe nanostructures are discussed and compared with fcc FeNi nanostructures. All
studies were performed using XMCD at the [Eg; edges for Fe grown on a Cu()ldicinal vic surface. The
step induced in-plane anisotropy in the step decoration regime is analyzed by measuring the orbital magnetic
moment dependence as a function of the in-plane azimuth and out-of-plane incidence angles. In the one-
dimensional limit where the out-of-plane magnetic easy axis dominates, Fe/Cwstidds a large in-plane
orbital magnetic moment anisotropy leading to a magnetocrystalline anisotropy energy of 0.4 meV/atom and an
in-plane magnetic easy axis perpendicular to the steps. In the nanometer scale the aspect ratio of the elongated
rectangular Fe stripes are found to be responsible for the in-plane and out-of-plane anisotropy. This is coherent
with previous findings where the circular shaped fcg §g8i, 35 nanostructures do not show any in-plane
anisotropy. The three-dimensional nanostructures are characterized by magnetic orbital moments connected
with the number of broken bonds in the direction of the quantization axis defined by the direction of the
saturation field. The microscopic origin of the in-plane large orbital magnetic moment anisotropy is attributed
to the nanometer size of the structures perpendicular to the steps and to the asymmetry of the number of broken
bonds in the plane.
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I. INTRODUCTION strongly increased when reducing the size of the nanostruc-
tures. This is explained by considering the contribution from
Magnetic nanostructures are nowadays among the mo#te edge and surface atoms where the quenching of the or-
interesting subjects where the microscopic structures and tHatal magnetic moment is less effective than that of the bulk.
magnetic anisotropy are ultimately related. Reduced symme- But for most of these systems, the strain and the broken
try and cluster size effects of ferromagnetic nanostructureBond effects are almost indistinguishable because the films
are challenging tasks for both experimentalists and theoretshow both effects simultaneously in a given growth regime.
cians. In particular, ultrathin films can exhibit strong out-of- OUr @im is to separate the regime where no strain relaxation
plane anisotropy. For thin films the magnetocrystalline®ccurs in order to relate the anisotropies of the nanostruc-
anisotropies(favoring out-of-plane magnetizatiprand the tures to the broken bonds and aspect ratio of the structures.

magnetostatc anisotrogfavoring the in-plane onexre the T 2 R SR i ST B PR SN 00T
mean contributions to the total macroscopic magnetic anisot- P

ropy. Strain relaxation in thin epitaxial films generally favors o, oo We will show that the magnetocrystalline anisotropy
Py- P 9 Yy 1avors | easured on Fe/Cu(1Lhanostructures can be attributed to

f h . ) M | UlORhe effect of the anisotropy of the number of broken bonds
avors the magnetostatic anisotropy. More recently our intery 4 the associated electronic structure. At a given tempera-

est was focused on reduced one-dimensiobB) Symmetry e the anisotropy of these materials are given in a simpli-

systems where oriented nanostructures lead to out-of-plang,q approach by a constant volume anda Whered is the
and in-plane magnetic anisotropies. In this framework it is ofihickness of the filmsurface-dependent term. A generaliza-
interest to look for the microscopic origin of 1D stripe tijon of this concept along any direction is thought to be
anisotropies(in the plane and out of the plane). These possible inside the plane when specific structural or configu-
anisotropies are known to be related either to strain relaxration anisotropies are present. For instance, this is the case
ation (tetragonalisationpf the structures or to a large num- by growing self-similar magnetic nanostructures through dif-
ber of broken bonds in one direction. Surfa¢esinterfaces) fusion on controlled surface defects such as regular steps on
are known to be at the origin of the perpendicular magneticicinal surfaces.
anisotropy. We should thus be able to generalize this argu- Magneto-optic Kerr experiments performed on thin ferro-
ment to the in-plane geometry. magnetic layerd Fe/W(001), Co/Cu(100), Fe/Ag(1067}!
Many self-organized systems have been studied recentlyeposited on vicinal surfaces show the existence of step in-
(Co/Cu(100), Fe/Cu(131 FessNiss/Cu(111), Co/Au(1l], duced uniaxial anisotropies. Depending on the thin ferro-
-++) in order to correlate the reduced dimensionality of clus-magnetic layers, the growth mode and the step defidite
ters and surfaces to the increased magnetic mometite in-plane orientation of the easy axis remains parallel or per-
mean results show that the maanetic orbital moments arsendicular to the stens irresnectivelv to the crvstalloaranhic
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orientation. The important remaining question is to knoware directionally dependent and related to the directional de-
what is responsible for the either parallel or perpendiculapendence oM, .

orientation of the magnetic easy axis for these systems. In In Sec. Il we shall describe the angle-dependent MCXD
this framework, recent self-consistent tight-binding MAE results obtained at the Re, ; edges and we shall discuss the
calculations from J. Dorantes-Davifsshow that for 3 met-  results with respect to the growth mode and morphology of
als the easy axis of magnetization for 1D chains and 20°€ in the submonolayer regime on vicinal (Cid) surface.
ladders is oriented either out of plane, in-plane parallel ofFinally in Sec. Ill we shall discuss the origin of the measured
in-plane perpendicular to the chains, depending on the ele@'bital magnetic moment anisotropies.

tronic configuration. For example, Fe infinite monatomic

chains show a parallel in-plane easy axis of magnetization

. . L . . . Il. EXPERIMENT
whereas multichains with interchain packing of triangular
symmetry show a perpendicular easy axis of magnetization, A. Experimental setup

demonstrating the crucial role of the structure in the low-

dimensional systems. . , _ system with a base pressure 6£ 10" *° mbar equipped with
At present, the element specific orbitaVl() and spin  x,ger electron spectroscoES), low-energy electron dif-

(Ms) magnetic moments can be derived by x-ray magneti.a tion (LEED) and scanning tunneling microscof§TM).

circular dichroism(XMCD) applying the sum rules. The The gybstrate, further labeled as(Cli)-vic, is cut from a

high sensibility of the XMCD technique has favored recentIyCu(lm single crystal at 1.2° from thEL11] direction. The
many experimental works in the nanostructured 0.01-

monolayer(ML) —1-ML range. In the absence of alloying the monoatqmic steps are parallel to' the10] dirgction and
magnetic momen¥ s relates generally to the atomic volume perpendicular to thE112] one, leading tq111) microfacets.
of the element and1, to the electronic structure influenced The substrates were cleaned by repeated cycles disput-
by the hybridization and strain in the film. Conversely, thet€ring and annealing at 850 K. After elimination of all impu-
magnetic orbital moment anisotropies are far less understodéfies, checked by AES, it was verified by STM that straight
in this thickness range. Besides the effect of the electroni@nd parallel steps with an average terrace length of 9 nm for
hybridization at the interfaces and of tetragonalization in théh€ 1.2° miscut sample were obtained. In agreement with
strain relaxation regime, in the very low thickness raf@le ~ Previous studies on Fe/CliD)-vic 1.2° (Ref. 14) a p(1
0.8 ML) the microscopic origin of the strong orbital moment X 1) LEED pattern with a threefold symmetry was observed
anisotropy is still an open question. The strong electron loUP to 2-ML Fe deposition indicating a pseudomorphic
calization caused by low atomic coordination occurring forgrowth of the Fe fcc film. .
the low-dimension nanostructures is thought to be the main For the XMCD experiments the Cu(11kingle-crystal
origin of the strong orbital moments and anisotropies. Nev-Substrates were prepared under ultrahigh vacuum conditions
ertheless, for most of the experimentally grown thin films,(1X 10 '° mbar). During these experiments the thickness of
the two parameter@tructure and reduced Symmetwe of- the thin film was checked by mea.SUring the X-ray-absorption
ten superimposed so that no simple relationship can bE€Ls edge heights as previously reported fogdRess ultra-
drawn between one and the other microscopic phenomerifin films® The XMCD experiments were performed at the
and the observed moments. Using well characterized FE212B beamline of the European Synchrotron Radiation Fa-
nanostructures grown on a G_l]_]_) vicinal Surfacé4rl5in the CI|Ity in Grenoble by monitoring the total electron y|9|d The
pseudomorphidFe fcc)thickness range we have the possi- XMCD measurements were performed at saturation for dif-
bility to measure along the 3D coordinates all the magnetiderent incidence and azimuthal angles of the light, applying
parameters and to compare them to the density of brokethe magnetic field parallel to the incident circular polarized
bonds. light. The XMCD spectra were obtained by reversing both
Thus in the absence of tetragonalizatibefore the relax- the magnetic field=4 T) and the helicity of the light at 10
ation of the epitaxia] StrabnheM L anisotropy can be shown K. In order to check and insure the magnetic saturation along
to be configurational in origin. Epitaxial nanostructuresthe quantization axis we record the XMCD magnetization
grown by self-diffusion on patterned substrates can thu§ycles at the Fé 3 edge.
show specific directions along which reduced coordinations
are found and thus lead to a direction dependent orbital mo-
ment which provides the macroscopic magnetic anisotropy.
We will show that this is the case for elongated Fe stripes X-ray magnetic circular dichroism in thie, 3 absorption
grown along the step edges of vicinal surfaces where a reedges gives access to an element specific local magnetic mo-
duced number of nearest neighb¢&\’s) is obtained along ment. A theoretical analysis performed in an atomic frame-
the perpendicular to the step direction whereas parallel to th@ork predicts that for p-3d transitions the ground-state ex-
steps large NN numbers are found. We will also show thaPectation values for the spin and orbital magnetic moments
the reduced number of NN's along the growth direction lead$:an be derived®*’In this paper we will use these sum rules
to large out-of-plane anisotropies of the orbital magnetic mo0 extract the values of the orbital magnetic momigitand
ment. These anisotropies are coherent with those measur#te effective spin magnetic momet" per hole. A constant
in the plane considering the number of NN’s. The local elec-hole number of 3.34 per iron atom has been introduced and
tronic_structires associated with the numher of hroken honddnes _not_affect_anv_relative variation M. _or MET _Thig
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point is supported by Sho*® showing that reduced symmetry "
does not change significantly the electron or hole distribu-
tion. This allows to compare ouvl, and M&" values with
that of bcc iron grown after 2.5-ML Fe/(l:ljll) -vic. We can
neglect the saturation effects in total electron yield at the Fe
L, zedges because the thickness of our films does not excee
8 A which is small compared to the escape deffhA) and
to the x-ray penetration at 710 é¥Assuming this limited
thickness of the films the orbital moment and the effective
spin magnetic moment can be measured as a function of th
film thickness. Moreover, in the case of the nanostructures
studied in this work, the incidence angle dependence of the
XMCD signal is affected by errors less than 5% due to satu-
ration effects in total yield measuremeftsThe azimuth
variations of the in-plane spin and orbital magnetic moments

FFe L 0.15 ML Fe/Cu(111)

s | " z
— (6=Q) .o ¢=0°)

normalized intensity (a.u.)

@ -
are insensitive to such effects. g s
The Fel,3; XMCD spectra, recorded in the total yield g L
detection mode were performed using a 7-T cryomagnet. The E §
T =~

sample holder allowed pold¥) and azimuthal rotation&p) T g
of the sample around the surface normal as already describe N E
by Cherifiet al® The incidence anglé) dependence of the g =
XMCD signal was measured along different azimuthal § g_

angles defined by the direction of the steps. These measure
ments where performed in order to extract the out-of-plane T T T
magnetic anisotropies relative to the in-plane step directions 700 710 720 730 740 750 760 770
and the in-plane magnetic anisotropies. The magnetizatior Photon Energy (eV)

direction could thus be tuned between paralle0°) and

perpendicular §=90°) to the steps at a constant incidence g, 1. Two XMCD spectra at the Fe, 5 edges obtained for
angled. The incident x-ray beam is 90% circularly polarized g 15 ML at 9=50° for the parallel and the antiparallel alignment
and is kept parallel to the saturated magnetization directioBetween the incident light and the applied magnetic field. The nor-
during the XMCD measurements. In Fig. 1 we present a paimalized differences of the XMCD spectra are presented at the bot-
of typical normalized x-ray-absorption spectra at theLkg@  tom and we compare the results obtained parallel to the steps and
edges for 0.15-ML Fe/Gd11)-vic 1.2° obtained by revers- perpendicular to the stefie=0° and ¢=90°, respectively). The
ing the magnetic field from the parallel to the antiparalleldifference is noticeable at tHe, edge. The integration over the Fe
alignment in respect to the photon spin. Below we show twd-, ; is plotted in order to evidence the large orbital magnetic mo-
XMCD differences and the related integrated spectra obment differenceproportional tog) between the two geometries. In
tained for two different geometries in respect to the stepsthe inset we present the XMCD geometry defining the incidence
The magnetic moments!, and Mgff are extracted from the angled and the azimuthp with respect to the iron stripes.

XMCD spectra using the sum rufés’ where for thel,

edges one has tween 0<#<50° in order to extract the out-of-plane
anisotropy of the magnetic moments.
49N, In Fig. 2 we show the evolution of the three components
ML=~ 3R (1) of the orbital magnetic momentd{, M{* M\ with the Fe

film thickness. These components are extracted applying the
sum rules and the sif¥) dependence of the orbital moment
MET= Mo+ M(0)= (6p—49)Ny @) anisotropy??along the specific azimuths in order to extract
s Riso ' the projected in-plane componer(ts!; and M|). For ex-

i ) ample, one can extract the in-plakli§' component following
wherep and q are, respectively, the integrals oveg and  he expression

L,+ L5 of the XMCD difference aniRg, is the integrated
isotropic spectrum assumed to be equal to the magnetization-

averaged absorption cross sectibiy.is the number of holes ML(8, @=0)=M{+[M{~M{]sir’(6).
in the 3d electronic statesMt (6) is the dipolar spin mo-
ment, generally neglected ford3metals. This will allow us to define the easy axis of magnetization if

Between the direction parallel to the steps<0°) and one assumes that ford3metals it is related to the largest
perpendicular to the stepgpE90°) the Fel, 3 integrated component of the orbital magnetic moment measured at
value q doubles and can be correlated with the in-plane orsaturation:>?* As will be discussed later, XMCD is re-
bital magnetic moment anisotropy. For each azimuth a comstricted to the magnetocrystalline part of the magnetic anisot-
nlete set of values oM, (A _and M« (A _is measured he- ronv_Thus we will he ahle tao define the easv axis of maane-
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0 1 2 3 4 along directioni. All moments are extracted from the XMCD data
Thickness (ML) obtained for stripes below the 2D coalescence.

FIG. 2. Evolution of the magnetic orbital moment as a function
of the thickness plotted for th¥, Y, andZ direction. The open — bcc transition the magnetostatic anisotropy, which favors
symbols are the out-of-plank!{ magnetic orbital moments. The in-plane anisotropy, is clearly dominating over the magneto-
full symbols indicate the evolution d¥1 andM defined respec-  crystalline anisotropy.
tively by the two azimuthsp=0° and¢=90°. In order to describe more quantitatively the magnetic an-

tization for the samples when the magnetocrystalline effect i$50tropy for the Fe stripee0—1.5 ML's) we will focus spe-

. . . 14
dominant in the total macroscopic magnetic anisotropy.  Ccifically on this morphology. As described by Shenal.
The overall evolution observed in Fig. 2 corresponds tothe first stage of growth of the Fe nanostructures is defined as

the results of Ohressat al and shows that the moments €longated stripes 10-20 nm in tkelirection, parallel to the

are dependent on the fcc to bee structural phase transitioffePS: @nd 2—3 nm along tielirection, perpendicular to the
which occurs at 2.3-ML Fe/Ga11)-vic 1.2°. If we compare _steps. '_I'hus along thedirection, a_sect|on Wlth 10-15 atoms
the relative values of1} (i=x, y, z) along different direc- is obtained almost up to an equivalent thickness of 0.8 ML.

tions of the Fe nanostructures we clearly find two thicknes{;>urlng the first equivalent monolayer grow{fi—1 ML) of

regimes. The first one is located before the 2D coalescence /Cu(11)-vic 1.2° this in-plane morphology yndgrgoes
1.5-ML Fe where a splitting of all three componemét is only small changes, whereas along the growth directitre

observed and the second one occurs after 1.5-ML Fe wherseIngle atomic Igyer Fe is progressively completed k_)y the sec-
. i : o ond layer. In this early stage of growth, the iron stripes show
both in-plane values d¥1| are equivalent. Qualitatively, be-

fore 1.5 MLs the splitting of the valued!¥, MY, andmM? & strong in-plane anisotropy aloig 10] arising from the

can be understood by the pseudomorphic fcc structure ofirohlgh aspgct ratio. We should thus be _able to _descnbe the

on copper. In the absence of structural tetragonalization ag-\ree orbital magnetic moments and their e_volut|on up to the

reported by Sheat all® the magnetocrystalline term reduces D coalescence biy a simple model assuming a ;urface; and a
golume term forM| . The related magnetocrystalline anisot-

to the aspect ratio and broken bond effects of the Fe stripe . .
After the 2D coalescence a bt transformation of the strucfOPY Will thus be connected to the difference of the surface to

ture leads to a Kurdjumov-SackiKS) superstructure. The bulk ratio alo?g both m-pla_ne d”ec“F’”S andY. In Fig. 3
structural phase transformation was shown to bring up '€ plot theM values obtained f(_)r different n_anostructures
compression of the bec structure in theirection leading to ~ Pelow 1-ML Fe/Cu(11las a function of the rati®; , where

a bct phase where the surface planélis) and defined by a  Ri represents the numbgr _of b_roken bonds over the total
threefold domain orientatiol?. This can be correlated to our Number of atoms along thedirection (=X, y, 2). The lin-
XMCD data which show strongly enhanced magnetic orbita€ar dependence shows clearly that independently from the
momentsM?Z compared to the in-plane valuds) andM' . directioni the orbital magnetic momem, is defined by a
Moreover, due to the threefold symmetry of the KS domains Volume” iron fcc term of 0.03%5/atom and a “surface”

in the plane of the 2D iron films neither the structure nor theterm of 0.12%.5 /atom.

morphology are expected to induce uniaxial anisotropies. We Moreover, the evolution of the differencésvi, (Fig. 4)

find by XMCD that no in-plane magnetic anisotropy is shows that the magnetocrystalline anisotropy, proportional to
present at this stage of growtM{=M)). The orbital mag- AM_=M{—M{, before the 2D coalescence, decreases
netic moments measured by XMCD are restricted to thestrongly whereas in the plane the difference®, =My
magnetocrystalline contribution of the magnetic anisotropy—M{ keeps constant. This is related to the double layer
The macroscopic measurements by magneto-optic Kergrowth in the out of plane direction, whereas only a slight
effect’® evidences the magnetic out-of-plane—in-plane transienlargement of the stripes is expected in the plane up to 1
tion of the easy magnetization axis at 2.3 ML's for Fe/ML. For the 3d elements where the ground-state spin-orbit

Cu(112-vicinal 1.2°. We thus show, comparing Kerr effect coupling ¢ is small compared to the crystal field and to the
and XMCD data_that after the 2D cnalearence _and the feexchanne interactiof_.. the MAF can he exnressed hv the
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FIG. 4. Evolution of two orbital moment anisotropiad (left 00 02 04 08 08 10 12
axis) and calculated MAE'Sright axis) with the thickness: The 2/d (A")
difference between the out-of-plane and the in-plane magnetic or-
bital momentsAM?™Pane= (MZ—MY) is plotted for the out-of- FIG. 5. Evolution of the orbital magnetic moment anisotropies

plane magnetic anisotropffilled triangles)and compared to the AM_=(M| —M{) (left axis)and calculated MAE¢right axis)as a
in-plane magnetic orbital moment anisotrop{epen circles)given function of the inverse thickness of the iron stripesdj2&long
by AM{™Pa"=(M'—MY{). The vertical dotted line at 2.3-ML directioni. The plottedAM| values are obtained with respect to the
thickness define the feebcc phase transition. X axis, assuming that the stripes are infinite alongXtairection.

following expression given by Brufb??linking the orbital  evolution of the effective magnetic anisotropy as a function
anisotropyAM, to the anisotropy energy: of 1/d and including the in and out of plane anisotropy on the
same footing we plot in Fig. 5 the effective magnetic anisot-

& ropy energy extracted from Bruno’s formétand stemming
MAE=— _[(MZ E)T_(ME_ Mi()l] from all our data points for fcc Fe below 1-ML Fe/Qd1).
The linear evolution scales with 1fd the restricted thick-
n 3¢ (TMZ=7M%) ness range considered. This can thus be described by an ef-
2E it T T fective anisotropy energy per atom:

The MAE is obtained neglecting the majority spins and in- 2
troducing a spin-orbit coupling constagt=50 meV2! We MAEer=MAEy+ £ MAEs. (€)
shall also neglect the dipolar spin magnetic-moment anisot-
ropy energy which is quadratic i& This approximation is The straight-line fit shows that all directions can be coher-
confirmed by our measurements on the Fe nanostructureshtly described by a broken bond effect and that we can
studied in this work wher#/£"(¢) show no angular depen- extract a direction independent magnetocrystalline surface
dence inside the error bars related to low dipolar magnetianisotropy energy MAE= 1 meV/atom and a volume anisot-
momentsM . ropy energy of MAE,=0.1 meV/atom. This shows that sur-
In this framework a large out of plane MAE value of 1 face MAE is ten times larger than the bulk contribution.
meV/atom is found for the 1-ML-height Fe stripg&s15-ML Recent calculatio’8 show that the surface contribution to
Fe/Cu(11}] in the Z direction decreasing to less to 0.4 meV/ the MAE turns out to be an order of magnitude higk@l
atom for the double layer stripeg®.8-ML Fe). The out-of- meV/atom)than the volume contributiof0.01 meV/atom).
plane anisotropy vanishes completely at the phase transitioDur XMCD measured surface versus bulk MAE’s are in per-
(2.3 MLs). The large in-plane anisotrop.4 meV/atom) fect agreement with this calculations but lead to one order of
related to the constant aspect ratio in the plane decreasesagnitude larger numerical values. This has recently been
down to O at the 2D coalescence confirming the role of shapexplained by the fact that XMCD measurements of the MAE
of the iron stripes. As compared to theoretical work thediffer fundamentally from those obtained by the macroscopic

1-meV/atom MAE of the 1-ML situation is close to the free- low-energy techniqgues (SMOKE, ferromagnetic
standing monolaye(111)-oriented fcc iron value found by resonance$®
Bruno and Renard in the range 0.6—1.2 meV/atom. As compared with previously published data of MAE for

Assuming that at 0.1 ML the stripes are infinite in the fcc FggNiss nanostructures on Cu(Ltgic 1.2° the present
direction parallel to the steps, the two previous magnetic/alues scales by a factor of 2 in the thickness range between
anisotropies defined using XMC(:D/IL ,i=zory)can 0.7 and 1.5 MLs. But unlike with the previous data, the
be considered as a combination of a surface term and a volr-plane anisotropy is present on the oriented Fe stripes be-
ume _term. Thus in_order to verifv the validitv_of the linear low the coverane of 0.5 MI_whereas the-Féi.- islands do

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




