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LONG TITLE

_The fér=£§frared'atfenuétionkspeétrum‘due'ﬁb.5;1grge_éléctrbnfhéle :
Fdrop”ih inhoméééneously s#fgésed ¢e haé béénﬁﬁéasuféduand cbmpafed'tovfher
ﬁatfénuatioﬁ_bi;éma11 drqpskié_uhsﬁteséédlcé,'"Thé sp?ctrum iéuaﬁé1yzed
using‘thé‘fuli{Mie.theéry for tﬁé.abéorption due to a large.spheré; the
"éXperiméntélliééults_afe inﬁerpreted as bulk ﬁlaéma ébsorptiohvin é:dfbp-

with’péir'density'coﬁsidérably”10werediby the strain.
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- AUSZUG

’3Das'Atfenuatiohs;Spektrﬁm eines'groséén Eléktrbﬁ—ioék-Terfchéﬁs'in'
ihhomogen_beaﬁspruchteﬁlce_Qurdé im;fé:nen;infférét'éusgémessen und mit -
demjenigen kieiner*Traéfqheﬁ ih spannungéfréiémuce vérgliéhené. Das
 Spek£r§m wurde‘mif Hilfe de;'ﬁollstﬁndigen.Mie-Thédfieifﬁf Absorption
in g:ossen.kugéln'ausgewerget.  Die eXperimentélIen.Resgltaﬁé-Qerden |
1zurﬁckgefﬁﬁrt7$uf Plaéma‘Abéérptidn.in'einem TfBPchen miti—linfoige.def

- Spannung -. betrachtlich verminderter Paardichte.
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It hassbeen determinedl;a that a roughly spherlcal maSSvof electron- ‘
holevliquid (hereafter termed a Y drop) can be formed in a- potentlal well -
in non—uniformly stressed crystals of optically pumped pure Ge. ' Such .

drops can have‘radil as largeras 300'um:and'llfetimes_as“longAas 500 us:

éompared‘with radii”ofwtypically 5.um‘and lifetimes’of.about 40 usvfor thei;

“‘small droplets (a—drops) whlch ex1st in unstralned crystals. This enhancedp

s lifetlme 1s due to a lowerlng of the electron-hole dens1ty in the- Y- drop

'liquid5 relatlve -to. the value of n # ZlX 1017_. -3 for a—drops._ A Y-dropbjz>
‘:den51ty of nl~ 7 X lU16 m— 3 may be~direotly‘inferredffrom the reduced
) linewidth of the lnminesoence'speotrum.z
'We'hayegmeaSurestheffar—intraredsattenuatlon*ot_both.Yf.and u{drops.ii
loyer thelfrequeneyvrangeyfrom 25 cm™} to 200 cm“é}det a.given'excitationlg
level,jthe Y—drop attenuation'is~nearly an order:of magnitude larger'thanf“

[that'dde to a—drops. Desplte the lower Y- drop density, the attenuatlon -
' ”.Spectrum is 51m11ar to the unstralned case6 7 both show a broad marlmumsﬁ
vin attenuationaat abodt 7O‘cmf1r We present a theoretiCal analysis based
on the exact ﬁle theory of seatteting by a lgrgg;sphere which shons that
the observed Y-dropfspeetrum ls'consistent_with a lowered pair density.

”'Samples'of ultra—pure germanium (N +Ny-= lOll.om_3) cut into‘circular_

D

bdiscs 4 mm in d1ameter and 1.4 mm thlck were. mounted in a ring- shaped Kel ¥

plastic.holder The normal to. the plane of the dlSC was a (001 )crystal

axisl Strainlhas applied;perpendicular toathis‘axissby means of~a nylon-d
‘screw'as described'in-referencest3‘and?4; The- pos1tion of the drop in l.
the: potentlal well ari31ng from the inhomogeneous strain field whlth is -

produced_by this‘means'is described in reference 4, -Tw0'strain configurations'

-l
Y
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mere studied,'correSpondidg tovthernylohdscrewvaxiseiipafallel'tq the
(100) and the (110 ) crystal axes. 'Atﬁendaeion measurements were also
made on ah'unstrained_sample tb'allow adcomparisod between' the specﬁra
" of a=- and YedrOps. fb | | |

The ex1stence of a single Y—drop 1ﬁ the (llO ) samnle and two Y—drops
in the (100 ) sample was conflrmed both before-and after performing the
far—imfrared attenuaeion experlmenes‘sy:using.a vidicon_c_amera3 td monitor
~ the near-infrared reeombinatiom radia;idn at f7d§ meVQ_lFrqmithesebphoto—
:graphs,'the-;adllbqf tﬁelyedfops me;e-estlmated;llThese:large;drobs‘weme
_originally'discbvefed.by'ehe sbservation‘ofdAlfvén wa&e fesoﬁanees'lnm

samples with T !l (110 We ha?e new'eﬁserved Alfvén resonances in

our T |l (100 ) sample, at magnetlc flelds h1gher than lO kG these

bresonant fields are consistent. w1th the drop rad11 measured by 1mag1ng..

" The decay llfegimes T of the dropsbwere also measured : for T H (110 )

_T was 500 Us and was 1ndependent of temperatdre between l 8 and 4.2 K

for T || €100 T was 380 ps at 1: 8 K but decreased at higher temperatures;
pOss1b1y»because of evapqratlon of electron-hole‘palrs from ;he relatlvely
shallow popential well in‘ﬁmislstmain cbnfigdpatiom."ln neither'sf the
IVSCrained.saméles was‘there-ahy evidence of a short deeay‘lifetime (1 = 40 us)
which'is eharacteristic df.small a—dmOplets.in unstressed Ge.

The samples were. immersed directly in liquld helium which could be
cooled to 1.5 K. A light pipe of alumlnlzed mylar transmltted both the
far-inffared:radlationlfrom a Fourierv;ransfqrm_specqrpmeter'and.the.',:5
pumpimg radiation from a tungstenfhalpgen lamp.co_cmedfronmfcircular-face
of the'sample. A short light pipe adjacent tevthe?back_faee of_thed

Sample.carried'the transmitted radiation to a germanium bolometer at 1.2°K.
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.In this geometry' the 1arge‘aperture detectorfcollects a:significant‘fractionv
of the radiation whichfis'scattered from the'drop so,that‘the‘attenuation
measurenent'is more ciose1§~reiateditoithe absorption{than to-the eXtinctiOn.
Figure 1 shows the absorption spectra of Y dropslin the two strained

::samples for a‘range of optical pumping levels. The spectra are‘plotted
"as ln(I /I ) where: IL and-ID are the transmitted far infrared inten51t1es
-with and without optical pumping. Forieach=of the7curVes~theovaiues of

.:ln(ID/IL)ahave been normal;zed'to‘gige_the-same{peah:absorption; .The
'f_dé{icaltpumping'ieueis_and_tﬁe‘mg*imum'vaiuesiof 1n(ID/iLj arevgivén in
.the figurefcaption.p:Asla:comparison,{the figure aisOIShous an.absorptiOn'
Spectrum.obtainedvfor d—drops in;an unstrained sample,;which closely .
-resembles that preViously obtained by other workers.657v;inspection'of

1the spectra shows that the (110 ) Y—drop absorbs relatively more strongly -
1'than the (100 Y y- drops and the a—drops on the low frequency side of the
.‘maximum‘ The ( 100 ) —drop.and the a—drops have an almost identical_line—
" shape.f The most: striking difference between the absorption spectra for
the two types of drop is that at a giuen level. of optical pumping, the
Y~-drop- absorption is about one order of magnitude 1arger than that for
'a—drops, -ThisWenhancedvabsorption4issthe-result of the longer lifetimev
of carriers in the YedrOps;:so that.at“a-given.pumping.ievel theitotal '
equilibrium number of)carriers'iS-an-order,of.magnitude higher.for ourv
strainedfcrystalsi “ L

-DeSpite thetsimiiarity-in‘lineshapes; theoretical.analysishof these

data shows that the electron-hole density in the Y—drops is conSiderably
.lower than that obtained for o= drops. We have calculated:the'absorption"

due to a sphere of radius a, using exact:resuits:of;Mie'theory8 and_
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‘assuming a dielectric constant

. ‘ w? A :

a2l R BT

EL"R L w+ i/ty - S _ .(1)
: where mp _.Anne /ethptfls the plasma frequency 1as1de.the drop,_mopt is

the ccmbined Optical.effective mass- of the~conductida and valence bahds:

m ~l=m !4 om 1

opt oe . oh

; n is the plasma den31ty, L-is'the_lattice.dielectric

constant, and T- 1is the plasma.momentum relaxatlon time.

| The afdrOp spectrum has previously“been_analy;ec6 using the‘small
,Sphere'(aipole) ap?tqkimationsico'Mie*écatteringethedrrlwhich predicts a -
__peak ihrabsorption'at,aifrequency ef w /fglreThis acprekimation is'ohly
vaiid however- where d : 2ﬂa/k << 1 where X is the wavelength in germanluﬁ{
" For the 1arge Y- drops q >> 1, and we have analy ec the absorptlon u51ug
the exact Mie expre551on for multipole absorpt;on, retainlng all terms- up
to the 2£—pole where £ is an'integer greater than q° The calculated
'.absorptlon spectrum for‘a large drop (Flg 2) has a broad resonahce>w1th
a peak which is shlfted-;o‘a frequency slightly hlgher (10—204) than u$,
ithe amount ofhshiftjrhcreaaing with;drcp radius; _ F

Thus since the a and Y aBSOrptionzpeakShare_observed to.chUr at

.esSentially the sahe frequency; the»q—drcp density.uuat&be.laréer':than
‘three times the Y—drop den31ty Figure Z'Showe that the abovevtheery,'
gives a reasonable fit to the y- drop absorptlon for T l] <100 ), howeuer;
it cannot explaln the enhanced absorgtion on the low frequency Slde of the
T Jl‘llOt) spectruh. For both derop épectra;.ue find a theoretiCal.

¢év=-6}5 t 1.3 meV. The UhcertaintY-iS.due to the,range'cf'ualues'of pr
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'that'can be.fitted.. B | |
| The abovevintetpretationiigneres'tneeeont;inntipn”of intervalence
_band transitions to'the:dieleétrie'eonstant:9-13j These‘transitions have
- been found to. consmderably alter the 11neshape of the resonancevw1thout
: significantly changlng the. frequency of -the peakll 3. 'Afsimilar calcu—f'
'latlon for Y- drops is. compllcated by the 1nhomogeneens strain but thlS:
14

-strain also weakens the 1nten51ty of the interband tran51tions. e

A determlnatlon of the. plasma den51ty n from wp ‘is compllcated :

o because the optlcal effectlve mass ‘is- stress dependent.. It vat1es from

0. 081 m° at zefo-screSS'to 0.Q461mo at hlgh stress wnere tne tw0'va1ence.'
: bands are'eemplete}y>decbnnledf; Frqmsthe ffequency shift ef'thetlumines—
’cenee_linelslrelati;e te.thatvfof-an:nnstrained'crystal, the maXimum-
,,_Valuejoftthe Stress at:the'Yedrep is estimaten.to.‘b‘e'slkg/mm2 which 151
s not sufficient td.compieteiy deceue1e>theibanes: 'ébnsequently, using’
';the 1ower and upper 11m1ts of the optlcal.mass and assumlng wp 6.5 meV
the Y—drop plasma density is- estimated to be between 2.2 and 3.8 % 1016
cm'g; Because of the many assumptlonsvlnvolved tn derlving thls value,
~we consider it to be inzreaSOnable.agreement with previous estimates»ofu
tne Y-drop densityg, but it is'cdnsiderably redueed ftpmvthe d—drep’value;.
‘twé are indebted to C. D. Jeffriesiand,J._P.'WOlfe for many‘helpful
'discussions; to E;‘E. Haller ana ﬁ; Hansen for prbviding'ns with the.
v sampies_ofIhigh%purity-germaninm,mandltbsﬁ;»Baiieyrfot’assistance'with .

_the Fourier transform program.
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Figure Captions:5
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. _Figure 1 The absorptlon spectra of electron—hole drops in three samples'vi

of Ge plotted as. ln(I /I ) ' The values of ln(I /I ) in each Curve. are

normallzed so that they are the ‘same. helght at the peak

Tlare the directlons of the applied inhomogeneous straln, the 1nc1dent

‘?opticaﬂ pumplng level P and the peak values_a

fflmallzimg.

‘(1) xav~ T || <110 > 70 mW; @ =
'un@_}rn<um P—7w a, =

@it =T || (1000, P = 7o oM, o "»0-25 :

(Av) e -'T’tl-<1004>, P.=-ll‘mw, a =,0{isz

y(v)/ Cbhtihuocs curve: 'va—drops;in unstrainedvcrystal; P
'Flgure 2 Solid line: ‘ theoretical'Mie'absorptioﬁ_of an electron-hole
.drop calculated for wp = 6.8 mev;.Radius'a'= 250vum,'pr

experimentelzdeta (lv)'of Figure lv{T'[}'(IOO > 1.

Thevfollowlng

70’mw, v}
. > Y

100. @

of 1n(I /I ) before nor-

0.06-
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LEGAL NOTICE

. This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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