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where c~ and ck are the destruction operators
for the k =0 optical phonon and the acoustic
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FIG. 1. A schematic for the decay of an optical k=0
phonon with energy 8~0 into two acoustic phonons with

equal and opposite wave vectors k& and with equal ener-
gies &coo/2.

Recently, the existence of high-energy acous-
tic phonons possessing anomalously long life-
times Tk at low temperatures has been inferred
by Geschwind et al. ' A theoretical explanation
of this property for transverse phonons at low
temperatures was subsequently proposed by
Orbach and Vredevoe. ' The presence of these
long-lived vibrations allows the possibility
of "Suhl"-like processes' involving the k = 0 op-
tical phonon of energy h~o and its decay into
two acoustic phonons with equal and opposite
wave vectors k~ and equal energies hwo/2 (see
Fig. 1). This decay can, in principle, be used
as a parametric amplifier of high-energy lat-
tice vibrations. In this Letter we investigate
the use of this mechanism as a generator of
high-energy acoustic phonons. Though we do
not believe it possible to achieve breakdown
in the usual sense, we shall be able to show
that the occupation number of the driven acous-
tic phonons will be strongly enhanced over the
k = 0 occupation number. This enhancement
obtains because of the strong coupling to the
k = 0 mode and the long acoustic-phonon life-
time.

To be more specific, we shall assume an
anharmonic interaction Hamiltonian of the form

X3 =~kA(k)cpc-+c -++ c.c.,

where I'k =I" k =8/Tk represents the ener-
1

gy half-width of the acoustic phonons. It is
clear that if the occupation number of the k
=P phonon can be made sufficiently large (viz. ,
up»nk » 1), the right-hand side of (2) will
become positive indicating an exponential
growth of the populations of the +k, phonon
states. This is analogous to the so-called
"first-order" Suhl instability in ferromagnet-
ic resonance. The large energy of the k=0
optical phonon precludes this possibility unless
suitably intense optical sources at the infra-
red-absorption frequency can be found. In the
absence of large values of n„ there are other
steady-state solutions of (2) which are of some
interest. In particular, consider the situation
when nk «1, and nk n k «n0. The former

1 1 1
condition is easily achieved at low tempera-
tures (T «b&up/2kfl), the latter at reasonable
optical phonon-excitation levels. Then the
steady-state solution of (2) results in

n- = [4 ]A (k ) P/r- ']n
k1 1 k1 0 (3)

This relation implies a large enhancement of
nk over its thermal equilibrium value when

1
the optical phonon at k =0 is pumped sufficient-
ly. Orbach and Vredevoe' find high-energy
transverse phonon lifetimes at low tempera-
tures due to anharmonic processes to be great-
er than those introduced by boundary scatter-
ing (where mode conversion to the rapidly de-
caying longitudinal phonons occurs). Thus,
for a crystal 1 mm on a side, the transverse
phonon lifetime Tk -10 ' sec. The coefficient
A(k) is of the order of the Debye energy 5~0
resulting in an enhancement factor [the coef-
ficient of no in (3)] of the order of (&uDTk )'
- 10'~. This enhancement, coupled with the
availability of infrared gas lasers, should

phonon of wave vector k, respectively. The
rate equation for the occupation numbers of
acoustic phonons of wave Vectors k, and -k,
with energy A+0/2 is simply~

n +i - =[4)A(k )P/RI'- ][(n- +n - +1)n
k1 -k1 1 k, k1 -k

-n- n - ]-(n- +n - )/(5/I'- ), (2)
k1 -k1 k1 -k1 k,
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make it possible to pump paramagnetic salts
at low temperatures at the optically active
phonon frequency, producing acoustic phonons
at half the pump energy with anomalously large
amplitudes. These phonons could then be de-
tected in abso'rption as vibronic sidebands on
the low-energy side of the no-phonon line.
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A new type of structure in the tunneling char-
acteristics of Al-A10~-Pb film diodes (Al and

Pb both superconducting) has been reported
recently for diodes employing very thick Pb
films (2.9-9.7 p.).~ The structure consisted
of damped oscillations in d'V/dI2 vs V which

were periodic in V and reflected weak period-
ic structure in dI/dV. Evidence was present-
ed indicating that the structural period Av de-
pended only on Pb film thickness d(Pb). Spe-
cifically, hv was found to be proportional to
1/d over the range investigated. When inter-
preted in terms of a standing wave phenome-
non, the slope of hv vs 1/d yielded a charac-
teristic velocity comparable to the Fermi ve-
locity.

Similar oscillations have now been observed
with thick In films (5.8-32.2 p,), demonstrat-
ing that the effect is not restricted to strong-
coupling superconductor s and hence may occur
rather generally. Furthermore, preliminary
measurements indicate that the structural am-
plitude can be greatly enhanced (factors of five
or more in d2V/dI2) by deposition of a rather
thin "overlay" of silver (-0.2 p, ) on the exposed
In or Pb film surface, even though the silver
may be tens of microns away from the A10X
barrier at which tunneling occurs. Prelimin-
ary indications are that Av is insensitive to
the presence of the silver overlay for the rel-
atively thin silver films employed so far. Fin-
ally, measurements on very thick films (33 p.

for In and 26 p, for Pb) suggest the absence
of an energy gap in the excitation spectrum
in the long-wavelength limit.

Diodes were prepared by standard methods'
and exhibited room-temperature resistances
in the range 2-100 Q. Thin Al films (-300 A)
allowed the influence of longitudinal magnetic
fields to be studied with both Al and In super-
conducting. Diode pairs (sisters) fabricated
simultaneously, and differing only by one hav-
ing a silver overlay, were employed in struc-
tural enhancement studies. All films were
deposited on glass substrates nominally at room
temperature. Preliminary x-ray studies have
disclosed that the resulting polycrystalline In
films exhibit a, strong (101) texture, i.e., (101)
crystallographic planes tend to be aligned par-
allel to the glass substrate. ILead films be-
have similarly but with (ill) planes involved. j
Weighing techniques were utilized to determine
In film thicknesses. Conventional modulation
methods were employed to measure dV/dI a,nd

d V/dI2.
Plots of dV/dI and d'V/dI' for an In film 8.5 p

thick are presented in Fig. 1. These data are
for a diode unit with a silver overlay. The
structural amplitude (d'V/dI2) is approximate-
ly five times greater than for a sister unit with-
out silver. To within experimental accuracy,
hv was the same for both units. The corres-
ponding structure in dV/dI is much stronger
than previously reported for Pb (without sil-
ver), ' but is comparable to that observed with
Al-A10x-Pb diodes having a silver overlay.

Matters now proceed much as for the case
of Pb. Structural features in d V/dI' have been
indexed by integers g with q=1 corresponding
to the first and strongest peak of the series.


