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High-grade submicron (thickness a 5 1 pm)  epitaxial yttrium iron garnet films were obtained, and 
the propagation of magnetostatic waves (MSW) and MSW pulses in such films were investigated 
for the first time ever. Forbidden sections ("gaps"), in which no MSW are excited and do not 
propagate, were observed within the MSW spectrum. At a fixed frequency (-4 GHz) the magnet- 
ic-field widths in these gaps are -4-10 Oe, corresponding to frequency bands - 10-30 MHz. The 
gap widths were found to be strongly anisotropic, i.e., dependent on the MSW propagation 
direction. With increasing film thickness, the gaps in the dispersion law decreases, collapse, and 
are transformed into anomalous-dispersion sections. The MSW pulses undergo strong dispersive 
distortions near the gap frequencies. A theory developed shows that the interaction of dipole and 
exchange waves can indeed produce in submicron films forbidden frequency bands. Comparison 
of this theory with experiment permits a qualitative, and in some cases also a quantitative expla- 
nation of the observations. In particular, it becomes possible to determine the constants that 
characterize the pinning of the spins to the free film surface and to the surface adjacent to the 
substrate. 

Among the ferromagnets with narrow resonance lines 
(EuO, CdCr2Se,, Y,Fe,O,,, and others), epitaxial films of 
yttrium iron garnets (YIG) occupy a special place. They can 
be easily obtained as homogeneous, with large diameter, 
with various thicknesses a = 0.1-40 pm, and most impor- 
tantly, with as yet unprecedently narrow lines. In the better 
samples at room temperature, the homogeneous-resonance 
line reaches1 2AHo - 0.15 Oe. Such films serve as good me- 
dia for the propagation of traveling magnetostatic waves 
(MSW). Up to now, MSW were investigated in films of rath- 
er large thickness, a 2 3 pm (Refs. 1-5). Yet it is known that 
with decreasing thickness of the influence of the exchange 
energy on the MSW properties should become ever more 
strongly pron~unced .~-~  We deemed it natural and most in- 
teresting to investigate the manifestations of exchange ef- 
fects in films having the minimum attainable thickness, sub- 
micron films, something apparently not performed before. 
The present paper is devoted just to the solution of this prob- 
lem. We have grown submicron YIG films of good quality 
( U H ,  < 0.5 Oe) and investigated experimentally the propa- 
gation of MSW in such films in the cw and pulsed regimes. 
Moreover, we developed a theory with the aid of which we 
succeeded in explaining the observations qualitatively, and 
in some cases also quantitatively. 

We investigated in the present study a wave of the Da- 
mon-Eshbach type1' traveling in a tangential saturating ex- 
ternal field H, with a wave vector qlH,. This wave is the 
most convenient for the investigation since, first, it is an iso- 
lated branch of the spectrum and, second, is sensitive to the 
influence of exchange interaction. It was indicated earlier" 
that such a dipole wave, since exchange boundary conditions 
must be satisfied on the film surface, must radiate spin waves 
into the interior of the film. The latter waves propagate in the 
film (as in a waveguide) in synchronism with the dipole wave 
that emits them, i.e., they have the same frequency w and the 

same longitudinal vector q. If the frequency w approaches 
one of the film's spin-wave-resonance (SWR) frequencies w, 
(n = 0, 1, 2.. .  is the number of the resonance),I2 the ampli- 
tudes of the spin (exchange) and dipole waves become com- 
parable and a hybrid dipole-exchange wave is produced with 
singularities of the "anomalous" dispersion type13 in the dis- 
persion law. Such singularities were observed experimental- 
ly in Ref. 5 for a film with a = 3.5pm. In our experiments we 
also obtained anomalous-dispersion sections for films with 
a 2 1.5 pm. In submicron films, however, we observed, rath- 
er than anomalous-dispersion sections, bands in which the 
MSW were totally blocked, or "gaps" in the spectrum. These 
gaps turned out to be large, of the order of 10-30 MHz, i.e., 
they constituted an appreciable part of the entire width of 
the spectrum. We investigated the dependence of the widths 
of the observed gaps on the film thickness and revealed the 
strong influence exerted on them by such factors as the crys- 
tallographic orientation of the substrate and of the orienta- 
tion of the vector q in the film plane (anisotropy of the gaps). 
We investigated for the first time ever the propagation of 
MSW at frequencies adjacent to the gap. In this case we 
observed a rather strong dispersive distortion of the pulse 
waveform, a strong damping of their intensity at frequencies 
in the region of the gap, an appreciable increase of the delay 
time, and the appearance of several delayed "echo pulses." 

A feature of submicron YIG films is satisfaction of the 
condition 

where a is the inhomogeneous exchange constant 
(a = 3.3 X lo-" cm2), M, is the saturation magnetization 
(M, X 140 G, and AH, is the wave-damping parameter (half- 
width of the corresponding resonance). At 2AHq = 0.5 Oe, 
for example, the condition (1) is satisfied if a(2.7 pm. We 
develop in this article a theory which shows that when (1) is 
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satisfied the spectrum of the hybrid dipole-exchange waves 
contains in the vicinity of w, frequency bands in which the 
MSW are freely transmitted. The spectrum spans a large 
interval of wave numbers q, and the width of this interval 
depends substantially on AH,.  No such spectrum was ob- 
tained in the known theorie~."~.'~ We have thus obtained a 
more accurate form of the MSW spectrum in submicron 
films. 

1. EXPERIMENT 

YIG films 0.5-1.5 p m  thick were previously (e.g., Ref. 
14) obtained on the gadolinium-gallium garnet Gd3Ga,012 
(GGG) by the rocking-vessel method at an initial growth 
temperature 1000-1 100 "C and using lead borate as the sol- 
vent. A number of studies, e.g., Refs. 15 and 16, were made 
of the conditions for obtaining YIG films with minimum 
ferromagnetic resonance (FMR) width, namely: maximum 
purity of the initial reagents, high growth temperature, low 
degree of supersaturation (which ensures a minimum Pb 
content in the film when lead-containing solvents are used), 
and good substrate quality. In accord with these data, we 
have grown the YIG films by the procedure of Ref. 16 on 
horizontal substrates of GGG single crystals with orienta- 
tion (1 10) and (1 l l). The solvent was PbO-B203. The sub- 
strate was rotated at 90 rpm, the film rate was 0.2-0.8 pm/ 
min, TgrOwth -950 "C, AT = T,,, - TgrOwth z 3-5 "C, and 
the resultant film thicknesses were 0.2-5 pm. The width of 
the FMR lines at 9.3 GHz was less than 0.5 Oe. The unit-cell 
parameter for films grown at rates <0.4 pm/min was 
12.376 f 0.003 A, which corresponds practically to pure 
YIG. The width obtained with an x-ray diffractometer with 
a monochromator, for the diffraction lines (880)al of films 
with (1 10) orientation and (888) a, of films with (1 11) orien- 
tations, was (0.3-I)', attesting to the high structural perfec- 
tion of the films. No broadening or splitting of the diffraction 
maxima, which might be attributed to the possible pres- 
ence15 of transition layers on the film-substrate interface, 
was observed at all for the YIG films. 

Rectangular samples with representative dimensions 
10 X 5 mm were cut from the obtained films. These samples 
were placed on two aluminum microstrips of length 5 mm, 
width 5-6 pm, thickness 2 p m  deposited by photolitho- 
graphy on the surface of a glass plate whose opposite side 
was clamped to a grounded metal plate. The distance 
between the strips was I = 0.5 mm. One of the strips was 
connected to a microwave oscillator and served as a trans- 
mitting antenna, and the other to a microwave receiver. The 
measurements were made at frequencies close to 4 GHz. The 
external field produced by an electromagnet was parallel to 
the strips. 

Figure 1 shows the receiver input signal, with the field 
H, swept, as photographed from the scope screen. In a defi- 
nite range of H, in which the wave of the investigated type 
exists, oscillations of this signal were observed. They are due 
to interference between the MSW signal and electromagnet- 
ic noise, both incident on the receiving antenna. In fact, the 
period of the oscillations agrees in magnitude and in H, de- 
pendence with the calculated interval between the interfer- 
ence maxima 

FIG. 1 .  Dependence of the receiver signal on the field Ho (interference 
patterns): a-film with a = 0.54 pm on a ( 1  10) substrate Hol/[lOO]; t- 
film with a = 0.81 pm on a (1 10) substrate, H,//[100]; c-film witha = 0.8 
pm on a ( 1  1 1 )  substrate. MSW frequency 0 / 2 r  = 4310 MHz. 

a similar interference was observed also earlier in films of 
relatively large thickness." The distinguishing feature of the 
submicron films is the appearance of sections where the os- 
cillations fade (Fig. 1). We believe that the fading is due to the 
cessation of MSW propagation (to the appearance of gaps) in 
those fields H,  whose working frequency w is close to one of 
the SWR frequencies w, . The latter can be verified by con- 
sidering the dependences of the fields H,,  , taken at the cen- 
ter of each section, on the number n of this section. We assign 
the smallest number (n = 0) to the section at the maximum 
H,. In Fig. 2 the experimental points yield the values of H,, 
for different n .  The straight lines are the calculated depen- 
dences of the resonant SWR fields on n2. It can be seen that 
at equal thicknesses a the dependences of the resonance 
fields and of the fields H,, on n2 are close to one another. 

Comparing the interference patterns in Figs. la and b, 
we see that the number of fading sections (gaps) within the 
limits of the MSW spectrum increases with increasing film 
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FIG. 2. Dependence of the resonant SWR fields (solid lines) and of the 
fields H,, at the centers of the gaps (experimental points) on the number n 
of the gaps: 1 - 0  = 4.76pm, 2-1.96, 3-1.22, 4-0.81. 

thickness, and the widths of the gaps decrease somewhat. 
These tendencies are particularly clearly seen for large 
thickness changes, as for example on the interference pat- 
terns shown in the inset of Fig. 4 below. The widths of the 
gaps and their number depend substantially also on the crys- 
tallographic orientation of the substrate. It is seen from Figs. 
lb and lc  that at a constant thickness, but on going from a 
substrate with developed plane (1 10) to a substrate with (1 11) 
plane, the gaps increase in width and decrease in number. 
This attests to anisotropy of the dispersion properties of the 
dipole and exchange MSW. Inside the gap, the noise signal 
varies nonmonotonically with Ho. The change of the noise is 
apparently a reflection of the dependence of the input imped- 
ance of the transmitting antenna on Ho. 

Rotating the film sample placed on the antenna and 
observing the interference pattern at different rotation an- 
gles we note that the gap widths depend strongly on the an- 
gle. This dependence duplicates the angular dependence of 
the resonant FMR field. For example, the dependence for 
films on (1 10) substrate is similar to that shown in Gure- 
vich's book18 (Fig. 2.28, p. 95). The absolute maximum of the 
gap width is reached at Holl[l 101, the minimum, equal to 
zero, at HoII[l 111, while at Hol([lOO] we have a certain local 
maximum. The foregoing illustrates the interference pat- 
terns of Fig. l a  and Figs. 3a and 3b, obtained for different 
orientations of a film with a = 0.54 pm. For the same film 
(a = 0.54pm (1 lo)), the inset of Fig. 4 shows above the inter- 
ference pattern the measured Ho-dependence of the power 
reflected from the transmitting antenna. It is seen that at the 
center of the gap the power is a maximum and equal to the 

FIG. 4. Film dispersion laws: 1 - 4  = 4pm,  2-1.55, 3 4 . 8 1 .  in the in- 
sets: 1) lower curve-interference pattern for film with 0.54pm, upper- 
power reflected from transmitting antenna; 2) interference pattern for film 
with a = 4.76 pm. Distance between antennas ~2 mm, antenna width 
-, 20 pm. 

value outside the MSW spectrum. This shows directly that 
the gaps are due to cessation of the MSW excitation. 

It is of interest to clarify the character of the variation of 
the MSW dispersion law near a gap as the film thickness is 
varied. Measurements of the dispersion law were made by 
the method of moveable receiving antenna,5 the antenna be- 
ing displaced at a low constant speed with an electric mo- 
tor.19 In these measurements we used thin antennas of 10pm 
diameter. The results are shown in Fig. 4. At film thick- 
nesses ~ 4 p m  the w(q) dependence is practically monotonic. 
The influence of the dipole-exchange interaction manifests 
itself only in a weak waviness of w(q). It is knownz0 that for 
films of such thickness the exchange influences mainly the 
wave damping, which undergoes giant oscillations as a func- 
tion ofHo (or a). When the film thickness is decreased to 1.55 
pm the influence of the exchange on the dispersion law in- 
creases considerably-at frequencies near the resonant w, 
there appear clearly pronounced sections of nonmonotoni- 

FIG. 3. Interference patterns for (1 10) film with a = 0.54pm at 
the frequency o / 2 ~  = 4.148 GHz; a-H,JI [110], b--H, close in 
direction to [ I l l ] .  
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FIG. 5. Passage of MSW pulses. Film ( 1  lo), a = 0.81 pm, Ho(l[lOO]. Fre- 
quency o/2a = 4.310 GHz, marker duration 0.5 psec, Ho = 1044 Oe (a), 
955 Oe (b), 946 Oe (c), 942 Oe (d), 939 Oe (e). 

city (of anomalous dispersion). Finally, at submicron thick- 
nesses (0.8 1 pm) near the frequencies w, , frequency bands 
appear in which the MSW cannot be detected (gaps). We 
emphasize that in contrast to Ref. 5 we have observed quite 
broad MSW rejection bands (up to --, 10 MHz for a film with 
a = 0.81 and to ~ 3 0  MHz for a = 0.54 p m  Fig. 1). In our 
experiments we measured the dispersion law up to values 
q , - - 3 ~  lo3 cm.-' 

The presence of strong dispersion in the gap region 
should manifest itself in the propagation of MSW pulses. To 
observe this effect, the signal from the microwave oscillator 
(4.31 GHz) was modulated by pulses of duration r, ~ 0 . 2  
psec at low repetition frequency and applied to the input of 
the setup to obtain the interference pattern of Fig. lb. The 
received pulses were heterodyned to -- 160 MHz and dis- 
played on an oscilloscope. Figures 5a-5e show these pulses 
at various H,,. Outside the MSW spectrum (Fig. 5a), only the 
noise pulse is observed. When the magnetic field is applied, a 
delayed MSW pulse appears-Figs. 5b. Further advance 
into the interior of the spectrum increases the delay time and 
causes noticeable spreading of the pulse-Fig. 5c. The most 
noticeable distortion of the MSW pulse shape is seen on Fig. 
5d, where "corrugation" of the envelope of the delayed pulse 
is observed. It should be noted that Figs. 5c-5e show that 
not one but several delayed pulses arrive at the receiving 
antenna. One of the most probable causes of the appearance 
of such echo pulses is the excitation of magnetoacoustic 
waves in the film + substrate structure. This question, how- 
ever, calls for a special study and is outside the scope of the 
present paper. 

2. THEORY 

We considered a model of an isotropic ferromagnetic 
layer in a tangential saturating field H,, and MSW with a 
tangential vector q-H. The boundary conditions imposed on 
the layer surfaces were 

wherex and y are respectively the coordinates along the vec- 
tor q and along the normal to the layer; S M is the vibrational 
component of the magnetization in the wave; A ,,, are con- 
stants that describe the degree of spin pinning by the sur- 
faces.'' The following conditions were assumed satisfied: 

(3) 
where = 2w/wm, urn = 4 1 7 ~ 6 ,  y > 0 is the gyromagnetic 
ratio r ] ,  = r ] ,  + 1, 7, = 2aH/wm, w, = yHo. The condi- 
tions (3) denote relatie smallness of the exchange-energy con- 
tribution and sufficiently strong spin pinning. These condi- 
tions can be realistically satisfied in YIG at a > 0.2 p m  and 
not too close to the lower (in frequency) end point of the 
spectrum, when (1 + 17')"~ #vO. On the basis of the preces- 
sion and magnetostatics equations, we obtained in standard 
fashion (see, e.g., Ref. 7) the following MSW dispersion 
equation: 

(T2-R2-S2) [ eqa  (qt-q2) -e-'la] 

where 

s = -  6(p--l)(p+qo) b 
2~ sin 2c ' 

The vanishing of the first factor in the left-hand side of (4) 
determines the SWR frequencies, and that of the second fac- 
tor the dispersion law of the Damon-Eshbach dipole wave. 
The right-hand side describes the connection of the dipole 
and exchange fields. 

We shall show that Eq. (4) leads to the conclusion that 
gaps exist near the SWR frequencies. This is easiest to do at 
A, = A2=A, i.e., R 0 .  It is seen from (5) and (6) that in the 
vicinity of their zeros the frequency functions T f S are de- 
creasing ones, i.e., T + S >  0 at w = w, - w' and T & S < 0 
at w = w, + w', where w'+ + 0 and n is the number of the 
SWR mode. The right-hand side of (4) is non-negative in the 
vicinity of the SWR frequencies, as can be easily verified by 
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substituting in it T = + S. We shall approach some SWR 
frequency from below (w*, - 0). Then T & S-, + 0. 
Equation (4) might be satisfied only as 9-0 (we emphasize 
that, by definition, 920, and this was used basically in the 
derivation of (4)). If q-+O, however, the quantity in the square 
brackets on the left in (4) is negative in the entire frequency 
range in which SWR exist (i.e., f is real or r12>77,2 - 1). 
Thus, the left- and right-hand sides of (4) have opposite signs 
and the equation cannot have any solutions as w-m,  - 0. 
This proves in fact that existence in the frequency spectrum 
of a forbidden band (gap) whose bottom is equal to the SWR 
frequency. 

The existence of such bands was not noted before. In 
Refs. 7 and 13 they investigated only a small vicinity of the 
intersection point of the dispersion curves of the dipole and 
exchange waves, and repulsion of these curves in this vicinity 
was obtained. A numerical analysis639 yielded likewise no 
forbidden frequencies. To understand qualitatively the 
cause of the appearance of the gap, we note that the right- 
hand side of (4) (the coupling of the waves) increases with q in 
view of the presence of the factor qf i .  Therefore, although 
by increasing q we move away from the intersection point of 
the dispersion curves, the waves remain hybrid and the 
branches of the spectrum continue to be pushed apart. Of 
course, such a gap can collapse at very large q, at which (3) is 
violated, or in sufficiently strong dissipative processes. To 
discuss the role of these factors, we proceed to a more de- 
tailed description of the form of the dispersion law near the 
gap. 

Let us describe the dispersion law at < =qa( 1. We con- 
sider the case of strong surface pinning of the spins, at which 
2lA T, 1 ~ 4 1 .  It is known7." that in this case the dipole-ex- 
change interaction is particularly effective. We shall see that 
the gap is in this case also a maximum. Linearizing (4) with 
respect to 6, we get 

It follows from (9) that the forbidden frequencies are 
obtained from the conditions 

oa ( T - S )  < ' / 2 S ( ~ l ~ - q H ~ ) ,  (10) 

since the solution must ensure satisfaction of the inequality 
6>0. 

The analysis on the basis of the complete Eq. (4) remains 
in force by virtue of the condition (10)-the lower limit of the 
gap can only be lowered somewhat at 6 2 1. Using the defini- 
tions (5) and (6) and the conditions (3),  we obtain from the 
equation (T - S)  = 0 the upper end point of the gap (the 
SWR frequency) in the form g, =f(w,) = n.rr/2, where 
n = 1, 3, 5, . - .  . At this frequency the wave number of the 
dipole wave is 

E = ' / 2 ( q 2 + l - q O 2 )  =625,2 ( ~ , 0 + ' / 2 6 ~ % ~ "  <I, 

if S '<, '11,<1. Since (3) is satisfied and ~ , 2  1, the last en- 
hanced inequality can be satisfied, but only for the first 
numbers n. Satisfaction of this inequality is essential to be 
able to describe with the aid of (9) the region near and to the 
right of (relative to q) the synchronism point of the dipole 
and exchange waves. If it is recognized that S 'f, 'T,( 1 the 

FIG. 6. Calculated form of dispersion law: &for dipole wave, 1-for 
hybrid exchange-dipole wave at a = 0.81 pm, 2-the same at a = 2.8pm, 
3-the same at a = 4.0pm. In all cases 2AHq = 0.5 Oe and H,, = 888 Oe. 
The inset shows the initial section of the spectrum In enlarged scale. 

lower end point of the gap is found from the equation 
( T  - S )  = "'S(~J~ - VH ') to be equal to 0 at n = 1 and to 
f, - f n  at n = 3, 5, . . . Thus, th gap width is Af, = 6, 
and Af, = f n  -' at n = 3, 5, . . . . In the original notation 
we obtain for the gap width w, (n) 

It can be seen from (1 1) that the gap width changes little 
with the number n, but on the other hand it increases with 
decreasing film thickness a (like a-2) and is therefore par- 
ticularly large in submicron films. Substituting the YIG pa- 
rameters at a = l pm we get (o,/2n-)-20 MHz, in good 
agreement with experiment. The dissipative processes can be 
taken into account by making in (9) the substitution 
Ho-+Ho - iAHq. It turns out then that if ( I )  is satisfied the 
expressions (1 1) remain in force, and the dispersion law takes 
the form shown in Fig. 6 (curve 1). It can be seen that the 
spectrum of the hybrid waves covers a large interval of wave 
numbers up to 

and at 6 = g,,, there is a vertical tangent and the dispersion 
curve begins to return to small 6. As already noted, in submi- 
cron films the condition (1) is satisfied with good margin. 
Therefore the dispersion properties of MSW in such films 
are not very sensitive to the film quality (so long as 2AHq < 5 
Oe). At the same time these properties depend strongly on 
the thickness a. A small increase of the thickness leads to 
collapse of the gap, so that only the section of anomalous 
dispersion remains-Fig. 6, curves 2 and 3. 

Let us discuss also the question of the consequences of 
violation of the first condition of (3). It is violated 6 R 2$ )T, 
meaning q 2 .rr/a > 3. lo4 cm- ' for a < 1 pm. Such large q are 
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not excited in practice and are not received by the microstrip 
antennas used in the MSW te~hnique.~ Therefore, although 
in principle purely exchange waves could propagate for such 
q even inside the gap described by us, they do not occur at all 
in experiment. 

3. DISCUSSION 

Let us consider in greater detail the correspondence 
between the reported experimental results and the theory. In 
a real film structure one cannot expect identical spin pinning 
on the free film surface and on the one in contact with the 
substrate, i.e., A, #A,. In addition, the pinning may not be 
strong enough to be able to assume that (2A :,/a)-tO. We 
therefore return to Eq. (4) and assume only one simplifica- 
tion, viz., {(I. We can then solve (4) for {,and obtain 

(q2+1-qa2) (T2-R2-S2) 
E = [2 (T2-Ra-S2) (qZ-qzz2) ( T f  S) ] 

as R 4  (i.e., A ,+A,), Eq. (12) goes over into (9), and an 
entire series of SWR, the one obtained from the equation 
T + S = 0, is lost. The reason is the existence at A, = A, of a 
symmetry plane in the film, the ensuing lower efficiency of 
excitation of modes from this series by the almost uniform 
({( 1) field of the dipole wave. Allowance for terms -6 in (9) 
allows us to estimate the sizes of the gaps near the frequen- 
cies of the "lost" series-they turn out to be smaller by a 
factor { than the ones obtained from (1 1). The situation is 
entirely different at A '#A (i.e., at R #O). Since there is no 
symmetry plane in this case, all the SWR sets are effectively 
excited by dipole waves. Therefore, when numbering the 
SWR modes (and meaning also the gaps) we shall refer the 
odd numbers n, as before, to the sets excited at A, = A,, and 
the odd ones to the sets excited only at A, #A,. The upper 
end point of the gap (or the SWR frequency), o n ,  is obtained 
from the condition that the numerator of (12) vanish; this 
yields the equation 

a 4At0&* 
5% ctg 25, = 

2 (A,*+A,.) [ I - c ~ ' - - ~ ] ,  .=o, I , & .  . . , 
(13) 

in which <,, =<(on ). The lower end point con * of the gap is 
obtained from the condition that the denominator of (12) 
vanish, which yields 

2 (At0+Az') + 5,' ctg 25,' = 0, a 
(14) 

where f n  *=< (on *)and it is assumed that q$ '5, 2( 1. A gra- 
phic analysis of the equations (13) and (14) shows that the gap 
widths determined from them (independently of the sign of 
A T,) are smaller than the values as (2A t,/a)+O. We use 
now (13) and (14) to analyze the interference patterns of Fig. 
lb. Four gaps can be seen at n = 0,1,3, and. The frequency 
is fixed and equal to 4.3 1 GHz. The left end-point of the nth 
gap determines f n  , and the right < *, . To determine 2A *,/a 
and U *,/a we can make up from (13) and (14) four pairs of 
independent quadratic equations. We then verify directly 

that all these equations pairs are satisfied by the values 
A ,* = - 3.24.10W5 cm, which corresponds to 
A, = - 7.20-6 cm and A, = - cm. Thus, Eqs. (13) 
and (14) are indeed valid for the interpretation of the inter- 
ference patterns and enable us to find the constants of the 
surface pinning of the spins. The spin pinning is very strong- 
ly asymmetric. On one of the surfaces (apparently the one in 
contact with the substrate) the spins are practically com- 
pletely pinned. The experimentally observed anisotropy of 
the gap widths is most probably due to anisotropy of the spin 
pinning, i.e., of the parameters A :,. The anisotropy of the 
dissipative parameter AH, makes no contributions, inas- 
much as under real conditions the gap width does not de- 
pend at all on AH,.  

The calculated form of the dispersion law (Fig. 6, curves 
1 and 2) helps understand qualitatively also certain observed 
peculiarities of the propagation of the pulses, Fig. 5. For 
example, an increase of the delay time and the spreading of 
the delayed pulses on Fig. 5c are connected with landing in 
the region of large curvature-point A on curve 1 of Fig. 6. 
The drastic weakening of the delayed pulses on Fig. 5d is due 
to the influence of the gap. The gap is incapable of total 
extinction of the pulses, since the pulse occupies a frequency 
band l/rp comparable with the gap width. The corrugation 
of the delayed pulses in Fig. 5d is apparently due to the in- 
flection of curve 1 at the point B (Fig. 6), as was indeed pre- 
dicted by the theory.,' 
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