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MecKanical or aconlticll vibrations and 
w .... In liquids and 1011da Ira qu.ntl •• d •• 
Ir. Illctro.AVDltlc •• v.. aDd the core"pold
U, anlr'lY qv.aUA are kII.own I' lCO.IUcal 
phonOll.I . AI COII •• qu'lI~ of the ,t:oIdc ,truc
ture of .. ttar there I, In upper I1mJtlng 
fr.qaaney for the ,alitenci and. P~9.tl0D 
of ~h4nlc.l ... ves r4nglnq frOll 10 2: to 
lOll Hlrta or up to 10 Tar,hert •• 

Acouitici at tlraherta-frequencie. con •• -
~ntlJ i. ID • • t.nticn of the ultra.ouic 
rln;e to the highest po.alble lr.~nci •• In4 
tb.u. la an are. tor ioft,tig,tillg .ave pro~
,Itlon, ablorptIon and. leatterIng 11\ "t.he vol
UM or at interface •• Be.tUring' and absorp
t i on Ire cI •• ed by re.onant ts.n.itiana of 
lapurity ato.. or ia~tice d.f.c~a a. for .x
_ple lll.locatio.l. Inveltl'iation. of thi. 
kin4 li. in the fi.ld of .co •• tic ab.orption 
lpeetroscopy wh.rl the ~.olution can exce.d 
tb •• en.itivity of far infr.r.4 .pectrolcoPY 
ia th ..... frequency rAn'ie by •• vlral orden 
of _gnitudl. 

X~ 11 _ll bova that high frequency _
chanieal vibr ation. are generat.d In .olt 
anlrvY tranafer proc.a.e. f or exa.pl. in .0-
lida aa heat. ~an.iator., light e.Lttlng 
4104ea or auperoonductlng tunnlling 'unc tlona 
ar •• x_ple. for 1.lrgy 10 •••• be.la •• the 
u'lful function. a •• "itching or light •• i.
lioll.. Th •• ' .nerqy 10 .... in gen.ral tir.t 
cau.e the creation of nonther.al acou.tic 
phOll.onl. Succeedlng phonon-phonon and phonon
.l.ctron int.ractionl l •• d to theraalilation. 

If the .. Interlction' are .upr •••• d. it 
il po.lible to diractly In • •• tigat- the p1'i
_"1 ~ttld phono ••• Thi •• upr ••• ion i. po.
.ibla it the priaary phonon •• r. ganer.tad In 
thiD fU •• whleh ara prepared on cry.t.l .ub
.tr.te. with _.k a.condary phonon Inur.c 
tioll.'. The frequency anlly.il of these IIOn
equillbri~ phononl il equivalent to an eai.
lion SpeCtrolCOPY .,ith Icou.tical phonon. and 
.llow. "0 .~udl ~h1 .o.t u.portan" aner!,. 
10 ••• ource. eaulil9 the phonon I.il.ion. Of 
9r.at laportanca ar. the prt..ry .lectron
phono. proc ••••• which IIrw to i"'lIt1ty the 

..... nti.l tran.ition proc ...... 
III tha.e inve.tig.tion. it ia !.port.nt 

tbat the phonon proplgatiorro 11 oot dlaturbal! 
by trivial influence •• So .,atly v.ry purl 
and dialocation free cryatal. ar. r.quir.d a. 
• xparteen"al techniqu., in the rlnge of low 
t.-peratur.' of roughl, 1 It il!! or~er to ra
auea the "her.&l phonon bac_9TOund . propaga
t.ion expert..I'lt: •• re parfor-.d .1 pull. _ •• -
ure"nt. whir. the det.rain.tion cf acou.ti
cal tra~.lling tt... allo.,. for the phol'lon 
lOde i4antificatica. 

ult¥aaonic ranga It i. 
t.rahlrte Jlhelnonl co

pi.IOIlectric .ffact 

P2 
bec.u.a of t"- .nort wa.. Ilnqth of ro.ghly 
100 1. Pol' wid. band phonol!! da"actioa luper
col'lductuq bolo.et:era /1/ Ut.te.d ara •• aful. 
TUnable anI! frequency .el.ctive phono-cletec
Uon is poui bl. by phoooa tr.n.iUona in o~ 
tical .yat ••• anI! tho conco.itant change of 
optical fluore.cence /2/. phonol!! detection 
"Lth • low ener9J' threshold i. possible .. ith 
luparcoD4uctor thLa fila t:uanlling jWK:tioli' 
/3/ wber. the euparcoDductl.g _tal fi'" call 
ba cSepo.itld by higb vacu_ .vaporation Oft 
the au.rf.ca of .rbitr.ry p:.l1lhed cry.t:.l 
'Ill'face •• PhOI'lOIi' with tbe .tAt.wa enerqy of 
the luperoondueHng energy •• p (Ai - to CRa. 
51'1 - 280 GIll , Pb • no GIla) .re absorbed 11'1 
the _tal fila by cooplr pair braaUng. In 
thil pJ:OCI •• electron. or qua.iparticle. are 
•• cited and. thlY cln pe.,.tr.ta the od.d bar
rial' by t\lllnllin9 iruSucing a lignal l.a th. 
extlrnal cIrcuit . with tunnalin9 ,unction. 
uaing 'uperconductor. with 4iftarent. energy 
gap. it i. po •• ible to obtaill .dditional fra
quency iIlforaation of the phoQOn .pectru
aboVe tbI lover tbre.bold el'lerqy /.,. It i. 
.1.0 po.aible to analy.e the ea!ttld phonon 
apecte_ by tunable filterinq. o.ing pre .. 1lra 
dapal!!dent Itoaic ralonN\Ca abaorptioll aa for 
ellUiple La tM Iyat_ I:;e I Sb or sila. 

axperfaental tecbnique 
for ~:::~:!::: Ln pulla experi_nte i, tb. ~ beater _tal fil_ Ill. 
'l'be radi.t.d .pactrue corr •• poada to 
tbe phonon equllibrl_ 41.uibut.1on in the 
h • • tar fila . The phonon •• ra ra.,l.t. d Lato 
tb. lob.trate eryatal at bath t.~r.tura. 
How the radiated phollon. correapond to a oon
equlllbriUJI distribution .!.nee the hlaur 
teaperatura 11 hi9'her than the bath tltapCra
ture. By variation of the heater paver or 
corr •• pond1.nqly "hi .at.r t:e.perat.llre, the 
•• ara •• phOl\On frecru-Dey can be -t.unad over a 
Lar •• ran9. /5/. 

Marrow band or qua.i-MOnochroaatic pho
non apecteo.copy /l,./ i. po'lible by the 
11 • • of .upereonc1uctb.g tunnaling juaction. 
a. phonon g. neratora. Zl.ctron. tunneling at 
voUalla. above the en.r'iY gap titr •• bold re
caiv. a voltage 4epen~.nt kinatic enerqy. 8y 
intlrlctioa with the lattice of thl .. tal 
fl ... 11!1 .. hich the .lectrone panetrate tbi. 
ene1"9}" ..,ill be tranafor.ed to phonon • .,ith 
ttle aaxa- energy deten,irted by tha Nt
tery volta9a corr •• poDdlAg to h,. _ eo - aA 

Xn thie equation b il the Planck'. eon.tant. 
V""hI phonoD fr.quency. e the al_nuO' 

charg., 01lltt the batt.ary .oltage. 24110 the 
aupe~conductor .n.rgy gap. The aodul.tion 
III of the battary volt.ge cerra.pond. to 
the lOdulation of the deUctcr alqnal at the 
Uraquency IT 1 aDerw h" with the band .,idth 
of the battery voltage. aod"GlaUon aapl1tudlo • 
If the enar9Y gap of the ,,_rator 1. a_11 
in C08PIrilon to tha aaxt.al phonon .nar9Y, 
it. ,. poillble tc u.e the lecon-d har.onic of 
the det~tor aodulation ai9nal for an i.
proved .pactral analy.i. 13/. !he analy.ll 
ot the prt.aO' phonon _la.ion .pactrw. of 
.uperconductl.B9 tMneling jUllct.ion. and the 
quaUt.ative .9ra ... "t .,itta ell ttl.c retically 
e.plcte4 proc ••••• and tr .... 1tioll. (ecapar' 
III ana ,./1 i. an a~a.ple how by controlled 
(lA thil ea.e thin tU .. technique) eupr •• -



aioa of t~hor ID~.r.ction prQC ••• ea IphO
non-pbon~. phonoft-alaetron) ttter:.al .qui
I1brio. can be prohibited. 

Abso~tLon speetrosCOfiI 
Wtlt respect to the application there 

are alr •• d:y ltnowa • 1.r~ n\Dlber of .... pl •• 
lco-para /3/. I~/). ~ .specially inter •• t
in9 appears the phonon ab.orptlon of inter
stitial oXJg-en In alUcon I~re f1<j.1). 
In ~hi. experL.ent t~n.bl. phonen. vera 90-
nerated with an At-I-AI tunnel junction and 
.... ~.4 with .. Sn-I-Sn tunneling detector. 
The concentration of lOll c.- oXJgen atca. 
lea4s to • stronq abaorptlon at 878 Gaz. 
Tbis resonance corresponds to .. Tary typical 
quaataa "chanlcat bending vibration and 1'0-
tltionAl transitloa of the 1'0 .~ between 
two neighbouring silicon atc. •• A •• cond 
... kar but ..... ch sharper lin. at Ul cas <:or
r •• pond. to the transition of the '0 iso
tope whIch Mf a MU~b lover natural concan
t.rat.lon of 10 4 tw- • The t.nt. 1ina widt.h of 
tb. '0 vibration ie as ... 11 a. th. 180 lao
t.ope vibration al can ~ ob"e",ed at lover 
concent.eat.ions in t.h. ranqe of 1014 cm-J. ~ 
indicat..d in fiq.l .. ny w.ak ab.arptlon 
lina. ar. ob.erved in t.h. frequency e.ng. 
fro. JOO GHa to 1.15 THs. Th ••• lin ••• how 
clearly up in t.hl second h.l'1IIOnic .adulat.ion 
t.echnique. They are cauaed by neiqhbour
naiqbbour-oxyqan interact.ions wblch give 
riae to .any differ.nt d.t.uninq coupling 
.trenqt.h. which depend on t.he different. 
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1.3 1lb; by PO-pair utaratUoe ara eUiltt1:ad ta 
tb • ..:olld. darhath. "'u].U:lo •• 1pal. Ia:f /4/ 

aeigllboul' pOlition site. and 41stanc ••• Tbe 
concent.rat.ioD. Of t.hese neighbour pair. h of 
the order ot 10 J c.-J /4/ and 4cDOnstrate. 
the high .en.itivity or phonon spectro.copy 
.xc.edinq _p&l'ul. raz afearad _aa\11'a
_nt. by .av.r.l or~r. of .. ",itu4e. 

Ab.orpt10n .pectroaoopy wlth aCDu.tical 
phonon I _an"hile h •• ~n luec.aatolly 
appl1ecl to • aany fold of ato.ic or .obcu-
1.1.1' relonant. .rste •• a. indicated 1A refer
enc .. /3/. /4/. /". 17/. 11/. . 

In addition to qua.i-.onochro.atic pho
non specttoacopy it has been .bown that al.o 
bivh ra.olution JIIOnocMOIMtic phonon apcc
t~o.c:opy /9/. /1/ "ith the help of the A.C. 
Jo.eph.on .ff.et ia poaaible . XR all t~.a 
..aapl.s acoultice h&s .nta~.d atcalc pro
ce,s.1 in aolid state physics. 

~~~;~~~~~tl~!i~~~~~!~.~ spactroacopy 

to reaLi •• qU6nti-
with re.pect to 

by luperooft
phonoo ~-

.. a,ure.ent. 
Ill. ca.parison 
with Il/. /4/ in-
dicata. phoDO~ intensity at ths de-
taet.Or ia roughly one ordar of .. gnit.Ude be
low the celculated values. Detailad invelti
v.tiona /10/ lad to tha r •• ult that the 
cau.. of 10.... le locali.ed at tha intar
face batween the ;lnera1:o1' and the .ub.trat. 
and the detector and the .ub,tr.ta. Taking 
account of the.e Influanc ••• ".n"hill .ura 
quantitative data On the fraqu.acy depend
enca of phonon abaorpt.lon and .catterinq in 
the yolu.. of 101i4 crYltlll ara polaibl" 
Sinc. the phonon Icattaring 10 ••••• t intar
face. are a.pacially i.portent it 1. wery 
intara.ting to inv.ltivat. th.ir propazti •• 
by phonon reflectIon en4 backlclttarinv 
_alurelHnt •• 

at fra. ai-surfa
ces r •• ult. in diltinct ah.rp .cho sig
nail /11/ a. inclicated in fiq.l. The phonon 
p-ol.a. haVI bean q.naratad by a haater fia 
In4 detected with I Sn-I-Sn tunnel ,unction • 
the .harpne .. of the aign.la genarally in
dic.t.a ~rror rlfllction, but tha fourth 
pul.a can only be .ttribut.d to the t.raVI1-
11ng paths. of diffu •• acattar1ng. FUrthlr 
expaltUocntl "ith _tal covlriag of the It.
flecting aurfac. re.ulted ift 50\ reflectiol 
In.taad of the o.loulatad rlflaetlon factor 
of n. Thil renaction facto~ of §O\ i. 
roughly equal to the reflection "ith a covar
ag. by nit.rogen or hall~. d.spite the f.ct. 
that in tht. c •• e the theoretical r.nection 
ia cloae to 100\, Monte Carlo calculation. 
whicb have bean parfonMd ia "Hng account 
of the innuance of ths snlaotropy of the 
propaVation Of balU.Uo phOn01U (12/ or of 
phonon focu •• ing (11/. /7/ at the unCOTer.d 
.urfaco. de-=on.trau4 that .v'ln i. the ce .. 
of diftlla. scatt.ll'in9 aharp phoneft backlc.t
tAring' pulaea al'l obtai_4 /12/. Phonon fo
cu.ling can ~ ••• 1ly daRonatrated by eapa
rt.ent /7/. /11/ in accordanc. with calcula
tion. /ll/. 

In contr •• t to the iaotropic heat.con
duction 1n cubic cry.tal. a •• ilicon ao4 
gl~niu. the propag.tion of balliltic pho
non. 1. det..r.inad by the ,roup velocit.y 
.lon.. In the ca •• of It.ron9 ani.ot.ropy of 
the phonon valocity and rouqhly aqual occu
pation of 4iffarant k-atat.. In a finite 
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(010) 51 Pil 2 "9&.& back.eattoria, oiCDal .t • 
• ~u. • . Sipal aloAl path Wo. 1 cornspotuU to 

4iffu •• 'C&ttoriDI' a,t /1./ 

Fi, .3 PhODOA iuteaoitr dir~tl.it1 pottor. ia C. 
for .. pobtliko ".tor. 1 • 1.11.&' -; 11• T, ·lut 
.ad 01 ... tr .... .,. _04 ••. lid IlSl 

enorgy ron9* , there I, •• ~n9 lner •••• of 
tho anergy flow 1n deflnite diraction. /ll/ 
, ••• fig.). Thi, pronounced .nlaotropic 
directivity dlatribution of onariY flow can 
be deDOnatrated in a .~pl' 'xperiMent by 
tho phonon radiation or fountain pr ••• ur. in 
• liquid hel1u. fi~ /7/. lII/. rbe oxperi
_ntal arrangement 1, shown in fi9_ •• In the 
t •• peratura rang. of ouperfluid heliu.. I.e . 
below t.h_ IIJllb4a-point, tho upper ,1da of • 
al1icon ory.tal partly t.Braed 1n liquid he· 
li~ 1. cov.rod by • t.hin h.liua fit. . Pho
lOn. eo.ing fro. a h.Ater on the lover .id. 
of the cry. tal, accor4in9 to the .troog 4i
rectivity 4istribution by phonon focu •• 1nq 
lead to a loeally incr •••• d temperatura dia
t.ribut.ion alld corrre.pondinqly to • distri
bution of iocr •••• d r'Oiation pr.s.ur •• 
'bar. for •• t.ha haliwa fi~ I~p&r. witb 
f19.5) buckla. which i. diractly vi.ibl. And 
CUI be phot.oqraphad. The oba.rve4 diat.ribu
t.iona ar. in aqr .. .ent with tha cslculation. 
Altarnativa tachniques 11/. 111/. /1/ allow 
a .or. accurat. ~.ntltatlT. · .n'lyai. of 
tha •• diractivity di.tribut.ion • • Recently 
the techniqua of t.A9iDQ by tha fountaia 
pre •• ura hAl be.n .ucc ••• fally used for 
idant.ifying hot .pot.. in ~ •• ur ... nt.. of the 
OUantua H.1I aUact.. 

sut'fttL 'He at l5K. Si-CI)'5tal. heotlK. cryostata-woll 

ril .4 ExJHI-rillnt.al &r-ratl,a.ant to-r phollo. iII",b.g 
bJ th. tOUAtain p-r"lu-ra of liq~id tHa . 

ltd IT/ . /11/ 

- , ........ ---
.-~, . --

't&.5 Phonon te"a at th. (111) .orfaca of 51 bJ 
th. fO'IAhil. p-rall'll-ra . Rat 11/. /11/ 

and; 4i 
ly.ad by Monte Carlo com-
pared with experimenta. l~rtant para~et.ra 
in t.his r •• pect. Ara .urfAca t.r • • taent and 
phonon fr.quency dependence of ·KAt.terin9· 
Earliar re.ult. for di .. ant. poli$hed .ilicon 
And phonon frequancle. of l80 CHz indic.t..d 
predo~inAnt diffu.e phonon .cattering /12/ 
accordillg t.o this eo.parison method. Sur
fAce. of corundu. A120) (100) .how.d .pecu
ler reflection5 for 80 GKz phonons for • 
poli.b ing tra.~nt with cUbic Al~Ol /1 '/ . 
In.teed poliahing wit.h colloidal 510l 15yton) 
re.ult.ed in do-inant di[f~e · 'CAtt.er Qq. At 
phonon frequenci •• of l80 GH& the corundum 
.urfAc, poli.had by dia~nd r.vaalad a r.t.io 
of 4 to ) bat.ween .peculAr And diffu.e .c.t.
t.ered pbonons 114/. . 

5urpri.in~IY ·'lao silieon surf.ce. Icom
para fiq.6, which .ra ·polished with colloidal 
5iOl 15rton) at 80 GHz frequencies show only 
specul.r reflection 11 5/. coverAqe wit.h li
quid Heli~ according to our expec tation in
dicat •• no raduction of t.h' r .fleet.ion inten
sit.y 115/. Also for diAmond poli.had .ilieon 
surfAces and 10 GRz .... uring frequency we 
see nO siqaifieant difference loo_pare wi t.h 
f1q.7) bawa.n phonon .eattering at uncOvered 
.urfAce. And .urfacas in contact. with 48a. 
oespita t.ba fAct that. 1n this CAse_diffus. 
se.ttering i •• ign~ficant.ly increa.ed. I n 
contrA.t. to thi. sil1con sarf.ce. poli.hed 
with Si02 ISyton) ahow at. fr.qu.nciee of 
2'0 GHz addit.ion.l atronq diffu ••• cat.t.ring 
contributions which di.appe'r at Ha liu. 
coverag •• 

~hi. re.olt. ls con.lstant with the .adel 
~12/ that. Oiffu ••• urrac. ICAtt..ring can be 
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FiS .' Pllo.oll ba,bcathriac troll a .,u. polhhed 
S1 autlca It II""'Iuoc1 .. of eo CHz with 1.114 
sit.b.out liquid 4,.. .co .... r ... . Rat /1&/ 

CIU.e4 .1 _11 by geo.etrieal rou9Me •• (no 
eoverage i.fluenCI by 4ao) II ~ll I' by 
ato.ie or .oIIC\,Ill,. lv.r!lcI .tat •• or 1""0-
NlI\C:. aCeo.pIonie4 by • U :ronq InflQl&nea of 
co •• rage by Beliua. The additionally pr ••• nt 
.tronq fr'qulncy dependence of phonon baclt
Icattering hal been .110 obaervad in phonon 
tr.n~ls.1on experiment. /161 into liquid 4fte 
vlth .upercondactor tunneling junction •• It 
h •• been ob •• ~.d that _boy. tlI. fr.qulncy 
of 80 CHI tnlre 1, an incre ••• of phonon 
tran .. i •• lon vbieh can not be explained .lth 
.!.pla ,covltie .odell. Till, phlno.enon 1, 
known I' the X.pit.a Ino .. lf and pre.~bly 
h •• ,tailar CI.'" •• the 1.0.&101.11 high pho
non backlcltterlng rate of 50' .t a cryat.l
~tal interface, whereaa the acouat1cal data 
predict al.ouat eo.plet ... tChing. 

o 2 

-..... -0"'.., 
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~=====:---~ """ .. ft! C9Wr'0~ 

3 • , • TIme (~l 
Fl, .1 'bolloll b .. cllluUariDC froa • 4i_ad 

poliah4 Si .urhu lot 80 GHz dt~ uul 

• it~o.t li~ .. i4 ... co~.r-sa . R.f /lS/ 

Sinc. th. acouatical properti •• of real 
interface. appear r.lativ.ly invol~~ but 
alao phyalcally intereatinq, th.r. axlat. 
tha qu •• tion how .coustic.lly idaal int.r
fac. a caB be prapared alao in tha tarahart«
frequency ranga. Po •• ibilitie. in thia ra
ap.ct ara cleaving under UBV conditione 117/. 
tha preparation of ideal interfacaa by la.ar 
anna.ling I I / or al.o the growth of layer. 

i.portant to in.a.tig.ta the poaaibilitia. of 
oth.r ai.pl. p~.durae of ideal int.rfac. 
prepar.tion •• for ex.apl. in difterent po1i
.hing techniqu •• 114/. 115/ . In recant .xpe
riment. it ha. been po.libl. to prepara 
acouetic.l ideal interf.c.a of .11icen by 
cheeical poli.hing and l.aar .nn.al1n9 up to 
• frequency of 210 GHa . 
Phonon trana.ie.ion in thi~ aolid laxera .nd 
aue-rlattlc •• 

Tha phonon propcgation and .cattarln, in 
thIn .011d l.yar. can be In ••• tI9.t.d by d.
poaltinq fi~a on cry.t.l aubatrat ••• nd 
ev.poratin, tunn.ling gen.r.tor •• nd det.c
tor. on top of the eyatea. In thle caa. it 
i. ag.in •• ry t.pGctant that the intarf.c •• 
between the diff.r.nt l.yar •• ra acouatical
ly id.al. Th. cryatal .ubatrat ••• rv •• tor 
aupport of tbe fila a"d of the gan.r.tor and 
detactor and, i. n.c •••• ry to diatinqul.h be
tween longitudin.l and tracay.r.e phonona. 
In thi • . way th& phonon .cattering of • .or
Pnou. layer. of SilO, GaIO, SI. Ge. 5il82 
have been inTe.ligated. Tbl 1.yer thickn ••• 
r.nge . fron 100 to 1000 • COrr •• poDQia, 
.... ur ... nt. of the fr.qu.ncy 4a~Ddenc. of 
pbonon ac.tt.rin9 .re i.port.nt with r •• pect 
to th. phonon tranaport in 91 •••••• the phy
aieal netar. ot the two·l ••• l-.y.t.... and 
the Mtur. of the .o-caned ther.al con4uc
tivity pl.t.au in the temperature r.nq. be
twaen 5 and 10 K. ~ecent .... ur ... nt. ba •• 
indic.ted we.k in.la.tic .catt.rlng in 8i10. 
GaIO, Si : 8 beginnin, in tbe ran,. of l OO to 
500 GKs. W.ak ala.tic phonon .catt.rin, h6. 
bean oll •• rv.d in 81 an4 Ga at higher fre
quancie. 111/ . In the •• azparLa.nt. phonon 
.catterin, at the interface. turn.d out to 
be negligeable. Thi. i. iaport.nt for th. 
pr.paratiOD of .uparl.ttic •• of differ.nt 
aaorphou •• yete •• a. for example Ge/Si or 
al.o 5i/Sl0. suparlattic •• of th ••• a.or
phou •• y.te •• in the thickn ••• ran~ of 
roughly 50 A .how atronq phonoD int.rfer
.nc •• and phonon atop-~nd. ori,iMlly da
~n.tratad by phonon reflaction in aultlpla 
cry.tallin. and epitaxial hataro.tructaz •• 
118/. ~. ra.ulta of phonon tran •• i.alon 
.e •• ur..ent. for a auparlattice Dultilay.r 
.tructur. of aaorphoU. ~l/siO with 40 1 
thick l.yer. in a .t.ck of 7 .how a .barp 
atop-band aa indicated in fi9.1 120/. The 
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IUlt'p .~op-band et.ructure at: 400 GIll 1D1I1-
~.te. that: the lD~rf.e. properti •• of the 
hl'"U are n.d _4 .ilJO "the 1ft4b!"l 
thiekn ••• of the .ulti1ayarl i •• e~.t. 
within 1 ••• than 1 • By clIevl.tioft ••• -
eond atop-band around 100 ca. 1. expecte4. 
n. tact thAt. uta canDoe ". o~~. in
dicat •• that t~ imtllt'felt'lnca properti •• of 
the layer ara 4i.tDr~4 at t~ .. b19b fre
quenci •• by .1 .. tic IcattariDg vithLD the 
fila yola.. or It the iDterfac... Oft t~ 
other bInd.. the ob.arvation of the SilO re
lonanee indicat.. tbat the pbonon. Ire DOt 
loat by lnel •• t1c Icatt.riD,_ 

PhonoconduetiYity 
It I. the aatural aLa of phonOD phyaic. 

at tentulrts lrequlnei •• to ertend the pos
aibla ranq. of phonon .pectrolcopic in~.ti
qationa to the upper l1ait of 10 ~8.. Yblre 
are 10 .. approachel in this direc tioD, .~
o1.ally •• aieonductor pbJdcI .ad aicroelec
tronici lee the impartanca of phonon a~c~a . 
With raspect to tha tranaitions of photona 
in bigh enel'9atic phonona i1l a_icoRdactora 
aa C./As vary intere.ting reaulta have been 
obta1..Dad /21/. 

In the.e investigationa yet it is neees
aery to di.t!ngvisb between high energeti~ 
DOnequil1bdua phoDOlla .. d ther.al phonon. 
which ara genera tad in parallel. ID thi. re
.pect new detactor. with high anervY tbre.h
olda .re eapecially !.portant. 8upercond~ct
Lng tQftnel1nq datector. with eaaanti.lly 
higher v.lue. of tbe anarqy 9ap .a lib .0 far 
.ra not known. In.te.d it haa bea. fOQDd 
that ~d aeaJ.conductora •• Sil8 ft. g. In' 
.how in aa.lovy to photoconductivity .1ao a 
Tery .en.ttt.e phPnoconductiTity /22/. /23/. 
For thi. purpo.. it i. po •• ibl. to u •• the 
phonon •• cit.tion of charg. carrier. which 
are bound to D--or A+-centar s. The aXperi-
.. ntal arrang ... nt i. .c~tically sbown 1ft 
fig.,. Pig.IO ahow. ~ aivuel incr •••• for 
the syat .. Silln when the pbonon. whlcb ar. 
r.di.tad from the .1lDinua junction .s qan.r-· 
ator .xc_d the binding .nergy of the .r"
corre.ponding to '.2 -v or 1.5 TIls. Th • re
.ult 91 •••• Tidence for • new and very aenai
tiT. phonon 4et.ctor and al.o a~ that qua· 
st-.,nocbro-atic aonsq1l11U,r11111 pbonona iD 
thin .1'IIIl1nua UlAa cu be generated up to 
thes. frequence •• In priclpla phonon. ca. be 
g •• arat.d in .1ga1R~ fita. up to 10 tBs 
UoftlJitU41nal~ and 5 'tis (transvers.l) . Maan
_hila the direct phoDOioni •• tion of Mutral 
donor. 1D ue ayataa ~ISb .t 10 _v corre
sponding to 2.5 'fila .nd in the ayst_ ~IAa 
corre.ponding to 3 t'lls be.,. beaD ob .. r?ed . 
This i. shoWn in fi9l" "Ith • natur.l donor 
concentr.tion of 101 ~- /2./. 

l'\Itu-. question. concen • f1ll'~r de
tailed quaatitati.e di.eription of pbOnon 
ealasioll. phonoD ab.orptiOD and .catt.r1Dq 
and phonon d.tectlon for .11 diff.rent .ade. 
eA4 the corr •• ponding .xperI..ntal coDtrol. 
.. iUl respect to que.tiOD. of techDolO9Y ·in 
aicroeloctroaica and enerD 10 .... iD .lec
tronie davie •• ·• phonOD physic. 1.Jler ••• h.gly 
_ ill be t.portaDt. More fundaeellt.l r .... reb 
1A pbonon phy.ic. _y concero tha eaten.ion 
of ultra.onic illapection to the _11 object. 
aa I.ttiee Tacancia •• dislocationa, void. or 
iD OJenerel radiation def.c~e cbaracteri,a4 by 
phonon r • .onant absorption or back-scatt.ring 
at Tary high frequenci.s. In fun~.t.l re-
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ri,.' IzpoIr1 ... taJ, arTaq_t for pUaoeoaftct1-
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'11 . 11 "oaocoa4acthhy aipal for t:.:A, ,. at 
10 _V aa4 13 .. y c:orrlM]lO&4iaa t. 2 . 1 Th .... 
3 .2 THa. a.f /24/ 

.aarth the different field of ~ 1ft4irect 
b19t1i r.aol'8tion 4etec:tioll of nllCla.r parti
claa by thalr pbellon ..t •• lon lIMII aeattare. 
iD eorwt-naa4 _ttar ia .rrotber ".ry .eti _ 
lIew field of phonoD pb10ics /25/ . ,bo~ de
t.CtiOD by aoperconducU.A9 tlUUlaUII9 ,lome
tlo_ of .luailllWl in co.bination with phonea 
focua.iR9 itl .11icoll cryst:.ola appe.rs .a 
.... ry pn.i.ug alao with n.p'ct to the eo
loUon of the aolar ne\ltrino probl ... 
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